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Wind, hydropower, solar, and other renewable energy (RE) replace conventional energy sources when the global green and low-carbon transition is broadly considered. Therefore, the current study investigates the core determinants of renewable energy development (RED) in China from 1990 to 2020: carbon emissions efficiency (CEE), green finance (GF), urbanization (URB), openness (Op), and gross domestic product (GDP). However, advanced econometric techniques are used to investigate the desired objectives, such as an interactive fixed effects panel test, threshold panel regression, Pooled Mean Group, and Bootstrap Panel causality test. The research findings shows a negative association of CEE with renewable energy development. According to these findings, which are in line with the optimization method, it seems that RED is doing an outstanding job of reaching carbon neutrality. However, there found an increase in RED via green finance and economic growth over time. Also, a negative relationship exists between urbanization and openness with energy development. In comparison, zero-emission competition is expected to reshape the globe’s demographics.
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1 INTRODUCTION
Hundreds of thousands of people in more than 125 countries are feeling the impacts of global warming, which is already at a record high. Globally, it presents a serious threat to long-term development. Increased fossil-fuel burning and carbon dioxide (CO2) emissions are cited as the primary drivers of climate change by the United Nations (U.N.) Environment Program (Golpîra, 2020; Shan et al., 2021). Minimizing air pollution via decarbonization may help mitigate or even halt the effects of global warming. The “zero-carbon” race has become more popular. As of this writing, more than 120 nations and territories have suggested a goal of zero carbon by the 2030s. Globally, it represents a major threat to long-term development (Zhang et al., 2019). According to the international panel on climate change, anthropogenic activities, such as the overconsumption of fossil fuels and producing CO2 and methane, are the primary drivers of environmental issues. According to the World Energy Outlook, 2030 (Zang et al., 2022), energy power plants account for more than 70% of global energy consumption. Authorities have stepped up their sustainability responsibilities because of the effects of climate change (Ge et al., 2022). And over 800 million individuals will be affected by the “environmental movement” by March 2019, when 1046 authorities in 30 states proclaim it (Iqbal et al., 2019). According to the most recent International Energy Latest Statistics (Dong et al., 2021), global energy consumption increased by 2.4% in 2018. There was a rise of 35% in renewable energy and a 60% increase in energy resources between them. Petroleum currently provides for over 35% of energy requirements, while energy sources account for 85% of the world’s primary use (Chien et al., 2021; Ip et al., 2022). Many nations throughout the globe have aggressively embraced environmentally friendly renewable energy sources to combat climate change.
According to researchers (Wen et al., 2021), even though fossil fuel use fostered economic development in other nations (such as India, Brazil, Tanzania, and other emerging countries), these renewable technologies were non-renewable, and the emissions of greenhouse gases drastically depleted the environment. However, mentioned economies are in the same vein as China. As a result, the need for a hydrogen economy was critical. The future of ecological sustainability would be based on using renewable energy sources that are both environmentally and economically beneficial (Mele et al., 2022; Tirkolaee et al., 2022). Policymakers are encouraged to support ecologically sustainable energy technologies because that is the aim of economic development. The use of sustainable energy not only reduces greenhouse gas emissions and the total amount of energy needed to generate electricity (Anser et al., 2020). Since signing the International Convention and joining the United Nations Agency, almost all industrialized civilizations have committed to using alternative energy sources (Wang et al., 2020). Non-renewable renewable technologies, on the other hand, are present in several countries; therefore, they should be considered as an option for balancing an economy’s decline.
A decline in demand from industrialized nations may cause this slowdown. As a result, replacing local non-renewable fuel sources saves numerous economies from global catastrophes, such as cutting energy imports and generating a financial system less vulnerable to periphery crises. The primary goal of every economic system is to raise GDP without sacrificing emissions standards. Many studies (Walker, 2020; Ge et al., 2022) show a direct relationship between economic growth and sustainable energy use. Studies have shown that information and communication technology can help to minimize energy consumption in different areas, such as construction, storage, and transportation, by offering practical technologies (Wang H. et al., 2021). The oil and gas industry must be on top of the battle against anthropogenic global warming since it accounts for two different greenhouse gases, a substantial portion of which is CO2. Conventional energy consumption is rising in developing nations, causing air pollution and negatively affecting people’s health. Information and communication technology may improve overall performance by disseminating data, managing environmental power grids, and incorporating clean energy to enable distributed energy production, trade, and consumption. Research into how development may be used in construction, infrastructure, and manufacturing is now known as “green energy transformation” (Srivastava et al., 2021).
Regardless of the industry, technique, and earlier part, projections predict that the digital revolution might result in a 15%–40% increase in energy consumption. Energy is a crucial influence on current societal wealth creation and economic progress. Economic growth is good for society, but it also causes global warming because of the widespread use of fossil fuels. Thus, energy efficiency has become a major topic of discussion in recent years at international conferences. The overarching goal was to determine the most efficient means of obtaining green energy for long-term economic growth. Therefore, renewable energy sources appear to be one of the most effective options, and a clear connection has emerged between the two concepts of the environment and sustainability. There is a direct causal relationship between economic development and the rise in energy use that has a negative impact on the natural world. Countries, especially developing countries, are increasingly interested in switching to renewable energy sources like wind and solar to lessen their negative effects on the environment and speed up their economic growth. Selected macroeconomic variables produce dramatic increases in CO2 emissions, such as a growing financial sector that offers various financial services like Automated Teller Machine (ATMs). Increased trade by encouraging an extrapolated productive efficiency geared toward exports; and increased private sector investment for structural transformation and capacity building are just a few examples (Pan et al., 2019; Jin et al., 2022). There has been a lot of concern in the energizing news, especially the impact that renewable energy has had on population development.
Similarly, the second group of experts also found that RE plays a key role in minimizing greenhouse gas emission problems and restoring environmental consequences caused by excessive CO2. A long-term answer to our energy problems will be to lower our reliance on fossil fuels and increase our dependence on RE sources. Although substantial improvements have been achieved in understanding the water resource industry’s journey toward decarbonization, little is known about many other emission businesses’ developments (Calise et al., 2022). More and more mining businesses are looking into renewable energy alternatives as part of environmentally friendly mining practices (Ouyang et al., 2019). This would have a substantial influence on Australia’s attempts to reduce CO2 emissions since resource extraction accounts for 15% of the nation’s total energy utilization (810 PJ) and is the third greatest source of CO2 emissions (95 Mt CO2-e) (Tang et al., 2022). Mining has produced more greenhouse gas emissions for the last 3 decades than any other industry (Jin et al., 2022).
This research adds to the current research domain in several ways. One must remember that the environmental advantages of renewable energy might vary widely, although research suggests expanding their usage would decrease pollution. The regional variation in the proportion of renewable energy sources in the patterns of RE consumption has been the main focus of recent studies in this field. China’s commitment to promoting renewable energy (RE) has made it the most desirable nation for renewable energy development to attain carbon neutrality now. As a reaction to this shift, this study examines the influence of renewable energy development (RED) on CO2 releases at a national scale and the obstacles encountered by the energy revolution within CO2 emissions reduction. Second, the causation between the two factors has only been rarely studied. This study aims to help guide the dynamic panel threshold model with interactive fixed effects to close this gap using data from 1990 to 2020. Therefore, analyzing the various impacts of selected determinants on renewable energy development. The proposed method backs up the test’s findings, which show that RED and CEE have a close relationship at a molecular level. Because of CEE, renewable energy has been shown to suffer. The rise in CO2 emissions has prompted the development of policies encouraging zero emissions. As a bonus, differing state regulations have been shown to drive renewable energy in China significantly. It should also work to fight CO2’s global warming effects, encourage the development of renewable energy technologies, and make it easier to switch to renewable energy.
Next, the study presents a literature review in the following areas. Methodology and data sources are presented in Section 3. The findings and analysis are presented in Section 4. In the final section, the findings and their policy implications are discussed.
2 BACKGROUND
More than 50% of global clean energy investment goes to Asian countries alone. In addition, China received 40% of worldwide energy efficiency improvements in 2017, which fell to $92 billion in 2018, whereas Russia ranked as the sixth biggest market for such investments in 2019 (Pata and Caglar, 2021). In 2017, this funding was reduced from $17.8 billion to $14.7 billion, a decrease of 7% (Liu et al., 2020). The link between energy consumed, stock exchange developments, and the relationship between economic growth in various economies has lately been the subject of several research studies (Nasir et al., 2022). Various nations’ energy usage has changed significantly as a result of the growth of global commerce. Researchers (Li et al., 2022a; Du et al., 2022) have discovered that trade globalization positively impacts energy use. According to (Lee et al., 2021), trade liberalization measures the long-term impact of sustainable energy demand. When the exchange rate volatility index rises, it adds 0.25 percentage points to the proportion of wind resources in low-income nations’ energy requirements. It has led to an increase in energy production, which has made other countries want to do the same.
Policymakers and academics throughout the globe are increasingly concerned about greenhouse gas (GHG) emissions. Material production will increase as the world moves forward into negligible distributed generators since particular minerals are required to create RE technology. The mining industry’s increased need for energy (Lee and Wang, 2021; Du et al., 2022) and the resulting increase in greenhouse gas emissions will result from this rise in mineral consumption. The energy sector needs to know that it can use renewable technologies to meet environmental and climate goals. 2.4 zettabytes of data were created in 2018 (Lee and Chen, 2021) due to a 19-fold increase in worldwide electronic communications over the previous decade. Customer preferences, smart meter data, and commuting activities (Lanoie et al., 2008) are essential to power generation. Furthermore, suppose this fast digitization is not adequately handled. In that case, it might lead to a rise in electricity production due to the growth in world wide web devices, wireless communication systems, and data centers. Because of the increasing efficiency of these providers need to be aware of growing digitization. It is very much in the research that technology may result in fluctuations in demand, such as a rise in energy consumption.
Considering the resource extraction firm’s desire to switch to renewable energy technology and its considerable influence on decarbonization efforts, implementing renewables at chemical plants is fraught with difficulties. In addition to the problems caused by the remoteness of many mine locations, mining firms and energy corporations don't know enough about renewable energy sources. Uncertainty around renewable energy production might negatively influence mining companies’ capacity to undertake initiatives (Langpap and Shimshack, 2010). A critical first step in developing solutions for the problems and hastening the shift to responsible resource extraction is knowing where the sector is right now regarding its low-carbon development strategy. There is a tremendous opportunity for renewable energy projects in these three states since they contain both operational and underutilized locations. To begin with, these states have the most significant number of potential sites for RE in terms of the total number and relative abundance. Furthermore, reserves still in the planning stages are prime locations for installing new renewable energy systems (Keng et al., 2020). They may be tailored to feed the mine over its entire life cycle. For example, it has been identified as contributing to the widespread adoption of RE systems as a result of the long-term viability and financial viability of reconditioned RE systems, in addition to operating sites (Jiang et al., 2021). Leveraging the additional income of distributed generation over gasoline-electric engines, the mining life expectancy must be matched to the lifetime of RE technologies. This benefit may be attributed to the fact that RE techniques have significant capital expenditures but low operating expenses. On the other hand, a gas or diesel plant is less expensive to establish but more costly to run over time. Since coal mines have a finite lifetime, only renewable energy sources like solar P.V. and wind can compete on a net energy demand basis with diesel and gas. While these investigations do not assess the lifespan limitation that favors RE implementation over gasoline and hydrocarbons, this one has been approximated (Hsieh and Lee, 2020) that operators can lower fuel productivity by up to 30% in current processes and 60% in new plants with RE technology. The use of RE will also rise in countries that have new mines.
Numerous sustainability issues, such as the growth in atmospheric concentrations of greenhouse gases, will be fueled by the increasing global need for fuel. CO2 emissions come mostly from using CO2 in the atmosphere in many sectors of the economy, such as commercial farming, mass transit, and power generation. The major hydropower is petroleum, which connects many industries, transportation, the home, and farming. In developing countries, such as Argentina, the agricultural industry relies heavily on power and petroleum, which cause environmental pollution by releasing CO2 into the air. To help with economic and financial regulations, the administration should keep up with them (Guan and Chen, 2012).
Hydropower helps mitigate energy performance and quality by altering the energy industry. Economic activity and expansion may be aided by this occurrence (Fang et al., 2020). It is possible, however, that changes in the depletion of fossil fuels and the output of CO2 might lead to a greater desire to use alternative energy sources. RE investment is also on the rise. Over $100 billion has been invested globally every year since 2016. This is three times the investment in fossil fuels made a few years ago. China produces the most CO2 per individual, yet it is the world’s largest market for renewable energy production. Because of this, the ecological outcomes of its power configuration will serve as a model for nations worldwide looking to reduce their environmental impact.
In particular, the present study is focused mainly on the eco-friendly materials of renewable energy. Furthermore, it is possible to illustrate the positive effect of CO2 emissions on sustainable energy growth by examining the two links between RED and CO2 emissions. Global warming significantly impacts the development of alternative energy initiatives (Dai et al., 2021). Because of this, here may safely assume that environmental costs can be used to forecast the possibilities of a renewable market’s creation. The current body of research does not mention the dynamic causation between atmospheric RED and CO2 emissions. The dynamic association between these variables has been examined using the Bootstrap Causality Test. Renewable energy may be seen as a direct means to cut carbon emissions across the whole energy structure if one takes this theoretical road. Aside from that, the need to address climate change and the associated economic advantages has propelled RED to the forefront of the international energy scene.
This research contributes in the following three ways to close these gaps: 1) The SE-SBM model is used to compare the effectiveness of statement units’ regions institutions. The analysis and comparison of the current CEE are effective for policymakers, even if it seems to be a tiny contribution at first glance. It’s possible to achieve emission reductions using RED and CO2 in the same framework. This research examines the non-linear effects of RED on CO2 emissions under various external circumstances, using power consumption frequency, economic deepening, renewable energy development, and CO2 vital factors. It provides a scientific foundation for optimizing the transition to renewable energy. Panel threshold models with fixed effects are established in the econometric approach in this study. Moment confounders can be efficiently captured, cross-sectional dependency reduced, and reliable identification possible.
3 DATA AND METHODOLOGY
As prior has shown, if nations adopt similar policies for the environment, it could lead to strong economic interdependencies. Data dependencies must be managed carefully, or analysis results could be seriously skewed (Pesaran et al., 2004). Following the procedures laid out by Pesaran (2004), (Friedman et al., 1937), and (Frees, 1995). In order to represent the heterogeneous dimension of the states in question, This study then focused on the slope’s homogeneity by referring to Pesaran et al. (2008). More generally, a panel where T→∞ and N→∞ satisfy the requirements of the CSD test as proposed by Pesaran (2004). Furthermore, this study provides some common formats for these evaluations:
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In the above equations, N refers to number of number of observations. However, N (0, 1) refers to the classical linear regression assumption that error term must be normally distributed between 0 and 1. Similarly,[image: image] (T-1) refers to independent variables with random variables with T-1 degree of freedom [see: (Frees et al., 1995); theorem 2]. The estimated value represents the correlation between residuals in separate OLS regressions. The CSD test for heterogeneous dynamic models with several breaks in the slope coefficient was first given by Pesaran (2004). Later, using the LM statistic, which is trustworthy even when the cross-sectional mean of the factor loading is near zero—a condition under which the CSD test is unreliable—Pesaran et al. (2008) created a bias-adjusted variation of the Lagrange multiplier (LM) tests. The following can be expressed mathematically:
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However, k represents the repressor’s number, and [image: image] and [image: image] are the precise mean and variance of [image: image]. Under the null hypothesis of slope homogeneity presented a delta test. When the error term follows a normal distribution, this test can be used for the N, T →∞ without limits on the proportional growth of N and T.
After confirming CSD and heterogeneity in panel data, you must exercise strict control over the stylized facts using a robust unit root quantification. To take CSD and heterogeneity and break in the series into account, Pesaran (2007) proposes using a Dickey-Fuller-based panel unit root test, which is superior to the conventional tests. The study employed both of these tests to get its conclusions.
Applying the error correction-based co-integration method (Westerlund 2007), which takes the CSD into account, allows this study to examine the long-run relationship between the chosen variables. Because of its ability to mitigate discomfort caused by the endogenous nature of the repressors, the Westerlund test was selected. This test builds four counterfactuals assuming no co-integration and then uses two statistical tests to determine whether or not the panel is co-integrated as a whole. The following error correction equation underpins CSD and non-strictly exogenous regressor tests:
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Where [image: image] N and [image: image] T with the [image: image] specified as
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In this case, [image: image] gives the deterministic parts, and [image: image] does the same for 1. Further, the generic form can express results from panel and group statistics.
3.1 Panel interactive fixed effecet
Initially, there is the Interactive Fixed Effect (IFE) strategy advocated by Bai and Gailius (2009). This method uses repeated steps to simultaneously calculate the factor component and the regression coefficient. It is determined that this strategy is optimal for this research, and the following equation is analyzed.
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Where Yi,t represents the ED index for economy i during time period t.
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Here, [image: image] is a [image: image] vector of factor loading to capture the unit specification reactions to the common shocks, [image: image] is a [image: image] vector of unobserved time-specific common shocks, and [image: image] is an error term. Bai and Gailius (2009) suggested the factorization procedure and regression coefficients by minimizing the sum of residual squares (SSR),
[image: image]
One can present the above equation in two ways to obtain measures of the factor structure and the regression coefficient. First, once the factor structure [image: image] has been discovered, the regression coefficient can be obtained by minimizing the SSR:
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In this case, [image: image]. Second, principal component analysis can be employed if the regression coefficients are known; in this case, the components [image: image] are quantified by minimizing SSR using the standard normalization, [image: image]. The formula is [image: image]:
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Based on [image: image] and [image: image], (Bai and Gailius, 2009), suggested starting an iteration between measuring one given the other until the difference in SSR became less than a pre-specified threshold set.
3.2 Panel ARDL estimator (PMG)
The PMG estimators, unlike the standard fixed and random effect panel estimators, take into account the time series features of the panel data sets, which is the main benefit of the pooled mean group (PMG) approach panel co-integration approach. The mixed-stationary, i.e., the blending of the I (0) and I (1) processes in the same estimate equation, is made possible by the novel methodology provided by (Im et al., 2003). The underlying autoregressive distributive lag (ARDL) model also permits disentangling of short- and long-term effects, changes in error variances, and intercepts. The PMG approach is also resistant to outliers and lag orders, making it superior to conventional panel estimate methods. The PMG estimator considers short-run responsiveness, error variances, and intercepts in panel datasets (Levin et al., 2002). The PMG framework has not previously addressed the problem of environmental pollution in nations that produce petroleum. PMG considers the panel to have a co-integrating vector that is both short- and long-term response heterogeneous. Similarly, the mean group (MG) technique estimates short- and long-term coefficients for each country in the panel, assuming that panel members’ responses vary over time.
In order to account for endogeneity, this model employs GMM-type estimators, making it an extension of the (Kim and Lin, 2011) cross-sectional threshold model. Take the following simplified panel threshold model as an example.
3.3 Dynamic panel threshold model (D-PTM)
An endogenous regressor, RED, is used to observe the role of economic development thresholds in the relationship between CO2 emission and economic growth [image: image], using a dynamic panel threshold model developed by Qi (2019), which extends (Hansen et al., 1999) original static setup to endogenous regressors.
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where I is a subscript representing a country (i.e., 1, 2,...) and T is an index (i.e., 1, 2,...) into a time series (T). [image: image] is an m-dimensional explanatory regressor vector that may contain y’s lag values and other endogenous factors. where [image: image] represtns the error term. The model needs an appropriate set of k ≥ m instrumental variables [image: image], including [image: image], in addition to the structural Eq. 1.
3.4 Bootstrap panel causality test
As presented by Bond and Eberhardt (2013), Bootstrap causality is the most credible panel technique when both CD across economies and country-specific heterogeneity are present (Bond and Eberhardt, 2013). Outline a method for choosing the optimal lag length that uses the Schwarz Bayesian criterion as a minimization target. Granger causality test findings may be sensitive to the lag structure; therefore, finding the best possible lag duration is important to ensure robustness. The computational load of adjusting the lag structure would rise dramatically for reasonably big panels. If the maximal lags do not conform to the bootstrap panel, then causality is incorrectly drawn. However, this study allows maximal lags to differ between variables so long as they are consistent across equations. This technique has been applied by recent studies (Zhang et al., 2022). Moreover, Figure 1 presents flow chart of the estimation strategy.
[image: Figure 1]FIGURE 1 | Flow chart of the estimation strategy.
3.5 Data sources
The empirical sample consisted of 1990–2020 panel data from 55 renewable energy firms. Similarly, this study uses the core determinants of RED: CEE, GF, UR, OP, and GDP. However, the data for RED in Primary production - Thousand TOE (tonnes of oil equivalent) is taken from Global data. Similarly, the KT data for CO2 emissions efficiency is taken from the Global Energy Reviews. However, the GF data is taken from ICE Sustainable Finance. Moreover, the data for UR, OP and GDP are taken from the National Bureau of Statistics of China or the Chinese Yearbook. Similarly, the data, its unit and its link are given in Table 1. However, Figure 2 shows the updated Box plots of selected variables.
TABLE 1 | Variables units and source of data.
[image: Table 1][image: Figure 2]FIGURE 2 | Box Plots of the variables.
4 RESULTS AND DISCUSSION
4.1 Descriptive statistics
In order to guide the further empirical investigation, it is necessary to first compile descriptive statistics of the variable in question. From the given value of this table, infrastructure development has the highest mean value and the economic complexity index has the lowest value mean. This study focused on OP, RED, UR, GF, CCE, and GDP. As shown in Table 2, there is little variation between the means and medians of all variables, indicating a high level of care. There is no outlier in the data set since there is no statistically significant variance between the mean and the median.
TABLE 2 | Summary statistics.
[image: Table 2]Any econometric study of panel data must start with a cross-sectional dependency test. The results of Pesaran (2015) CSD test for weak cross-sectional dependency are tabulated in Table 3. It highlights how cross-sectional dependency may affect panel data. The outcomes of CSD test shows that all, CCE, OP, GDP, RED, UR, and GF exhibit cross-sectional dependency.
TABLE 3 | CSD test results analysis.
[image: Table 3]The next step is validating the correct order of operations when integrating multiple datasets. The study used a second-generation CADF and CIPS unit root test for this purpose. Tables 4, 5 show the findings of CADF and CIPS unit root tests. All variables were found to be integrated across levels and first differences. Thus, OP, RED, GF, CCE, UR and GDP are all moving in the same direction. Tables 4, 5 include the results of these unit root tests, which show that some variables are statiory at a level I (0), while others become stationary after differencing by level I. (1).
TABLE 4 | Results of CADF unit root test.
[image: Table 4]TABLE 5 | Results of CIPS unit root test.
[image: Table 5]After looking at the unit root tests, the issue of whether the variables are long-run cointegrated may be discussed. The outcomes are displayed in Table 6 using the cointegration tests devised by Westerlund (2007). The findings show that Gt and Pt values are incompatible with the Westerlund (2007) null hypothesis at the 1% significance level. Both panel cointegration studies demonstrate the long-run equilibrium connections between environmental degradation, population, income, renewable energy, urbanization, industrialisation, and electrification.
TABLE 6 | Results of Westerlund (2007) co-integration test.
[image: Table 6]4.2 Results of ARDL model
Table 7 shows the estimates for the long-run estimation. First, the study discusses the model’s ability to explain things, shown by R2 and Adj-R2, which are 88.06% and 87.74%, respectively. The findings show the regression model fits the data based on what has been seen. As the value of 88.06% shows that there is more variation in the CO2 emissions by a set of regressors, the model fits better in the long run when using the ARDL model to estimate. Also, the adjusted R2 is shown as being 87.74%. Taking into account the long-term relationship, the results show that green finance causes a change of −0.2749 in CO2 emissions, as long as putting more money into green finance helps make the environment more sustainable. At 1%, the effect of GF on CO2 emissions is highly significant. The research supports the idea that GF and CO2 emissions have a negative effect. Muganyi et al. (2021), for example, look at the link between GF and CO2 emissions for five members of the European Union (EU). The empirical results support the Environmental Kuznets Curve, which says that GF’s availability helps improve the environment’s quality. Owen et al. (2018) expect a sustainable environment at the intersection of GF, CO2 emissions, and renewable energy resources, where GF has a long-term effect on the sustainability of the environment. But some studies have different results. For example, Li Z. et al. (2022) confirm an inverted U-shaped relationship, while Zhang et al. (2022) show that resource dependence affects the effect of structural transformation on reducing emissions.
TABLE 7 | Results of Long-run estimations of ARDL.
[image: Table 7]Furthermore, given the energy consumption scenario, RED has a considerable negative influence on CO2 emission, with a value of -0.4545. That means a reduction in CO2 emissions of about 0.45% can be expected with a 1% increase in RED. Our investigation corroborated the conclusions of previous scholars (Gozgor et al., 2020; Khan et al., 2022). According to their findings, while consuming non-renewable energy sources adds to environmental stress, RED plays a crucial role in mitigating pollution. Some studies, however, find the opposite to be true. According to one study Wang J. et al. (2021), RED reduces CO2 emissions in the short term but has little effect on environmental quality in the long run. Degradation of the environment and RED are not linked in any way that can be established with certainty. This contradicts what we observed.
In addition, the relationship between CEE and CO2 emissions encompasses substantial negative outcomes. This is because CEE falls within the category of environmental laws, which aid the government in determining the tax rates that emitters must pay per tonne of greenhouse gas emissions. It implies that an increase in CEE would discourage many companies from focusing on traditional energy sources, which would increase environmental emissions. In addition, existing literature supports the relevance of environmental rules such as CEE in relation to carbon emissions. For instance, Scrimgeour et al. (2005) predict the relative impact of different types of environmental levies in New Zealand. They validate the effect that alternative CEE has on carbon emissions. Umar et al. (2021) suggest that CEE contributes to environmental improvement.
Every percentage point increase in GDP increases CO2 emissions by 0.6231 percent. Similar to (Abbasi et al., 2021; Doğan et al., 2021), we discover a positive correlation between GDP and CO2 emissions. However, our findings contradict those of (Xiang et al. 2022), who claimed that an increase in GDP leads to a decrease in CO2 emissions.
The results of the short-term estimation are shown in Table 8. In the short term, the effect of RED is negative but insignificant contribution to climate change in the environment are negligible. This indicates that the expansion of RED can help reduce CO2 emissions in the short term, and that the carbon sink that RED provides is validated to some degree. Consistent with previous research, we found that RED, GF, and CEE all play negative roles, with relative coefficients of −0.0184, −0.0585, and −0.0711, respectively. It addresses the correlation between RED, increased GF, and increased CEE as a result of reduced carbon emissions. More emissions have been produced during the past few decades as the economy has expanded, so growth and sustainability are mutually exclusive. In addition, quarterly CO2 emissions data shows a divergence of 24.03% from the long-term to the short-term route.
TABLE 8 | Results of Long-run estimations of ARDL.
[image: Table 8]4.3 Renewable energy development and CO2 emission
According to the aforementioned studies, great levels of dependability can be achieved with the help of AMG when it is paired with ARDL. When determining the long-run elasticities for each region of China, the authors computed their findings with the AMG estimator. In Table 9, you will find a display of the results of the testing operations performed by the AMG estimator. As can be seen in Table 9, all of China’s provinces and autonomous regions have identified RED, GF, and CEE as having significant and unfavourable effects on their respective economies. The multivariate co-integration evaluation is used in this segment to analyze the long-term relations between corporate advancement, trade openness, cross-broader exchange rates, and REC. The vector error correction model test results, which is clear from the multivariate co-integration test results that variables in each region have a long-run Johansen co-integration test in all assessments, correlations approximated and most of them statistically valid at a 1% probability value. In addition, the panel granger causality based on reports in Table 2, panel-B, in addition, may be found there. According to the results of this study, the coefficent values for the estimates of OP, UR and GDP are significantly positive at a 1%.
TABLE 9 | Results of AGM estimation.
[image: Table 9]Table 10 presents the results of parameter stability test. It suggests that if GF, RED, and CEE continue to improve, so will the country’s long-term use of alternative electricity. It is estimated that an extra 0.245 percent, 0.411 percent, and 0.221% of estimated renewable energy demand may be generated by increasing the growth of the economy and the real effective exchange rate. The importance of business development, the relationship between economic growth, and financial integration on renewable energy consumption do not follow the same pattern in the short term as they do in the long term. At a 1% chance, only the indicator of foreign direct investment is shown to be significant at that point.
TABLE 10 | Parameter stability test.
[image: Table 10]In order to determine the causative relationship between the variables, the Granger Causality test is utilised during the final step of research. Table 11 summarises the findings of the experiment and demonstrates that there is only one direction to the link between carbon CO2 and RED. It has been shown that CO2 is not a reliable predictor of RED, but on the other hand, RED is a substantial predictor of CO2 in China. In addition, the results provide support for the hypothesis that there is a causal relationship operating in both directions between OP, UR GDP, and CO2 for the other variables. Therefore, the strong influence of OP, GF, UR, and GDP on CO2 has been proven, as has the influence of CO2 on OP, UR, and GDP. In this case, a model estimate led to the creation of two statistics: group statistical data based on panel heterogeneity and segment statistical data based on panel heterogeneity. All four estimates contradict the null hypothesis if the p. Results show that in the long run, the development of RED, GF and GDP in the economy will affect renewable energy use. The Random Effects panel estimate from (Li and Li, 2020) is used before pool grouping. Autoregressive distributed lag model to select the optimal estimate approaches for this investigation. The peak intensity Difference—in—difference technique is a better estimator, as shown by the classic Coefficient of determination. Using the PGM estimate of four separate panels. At the 1% level of statistical significance, there is a long-term correlation between renewable energy usage and banking sector development, real effective exchange rate, and macroeconomic environment variables.
TABLE 11 | Bootstrap Granger causality tests.
[image: Table 11]5 CONCLUSION REMARKS AND RECOMMENDATIONS
This research examines renewable energy development and emissions of CO2 in order to determine whether it is possible to achieve carbon neutrality by using renewable energy in China. This study applied an interactive fixed effect, panel threshold model Based on the data from 1990 to 2020. This study has concluded the following results: RE has enormous potential for reducing greenhouse gas emissions. Increases in carbon dioxide, on the other hand, will lead renewable energy to move in the other direction, hastening the energy transition while simultaneously stimulating the growth possibilities of renewable energy.
However, there are some imperative policy implications in order to attain the carbon neutrality. First and foremost, CEE is inversely associated with RED. However, for the economic development purpose, industrialization contributes to economic progress while also creating environmental harm. In order to achieve the particular objective of carbon neutrality, RED has a crucial management role to play in the ecological implementation of sustainable development. If RED inversely correlated with CEE (level of RED is produced with minimum feasible carbon emissions relative to direct sector peers), then its percentage of total energy consumption must be sufficient to meet the world’s needs. Many nations are racing to achieve carbon neutrality by aggressively developing renewable energy. Subsidies are regarded as the most sensible policy instrument to boost RED. Furthermore, the growth of RED impacts the ecological ecosystem as a whole since it disrupts the natural equilibrium. In this time of fast development and advancement, the government is responsible for conserving wildlife and the natural environment. The most pressing issue, however, is the expense of doing business in the market. The cost of change may be effectively reduced by technological innovation. Consequently, the industry desperately needs to increase the size of investment, progress, and innovation throughout this era in order to accomplish the greatest extent and fastest pace of power generation. The RED economic advantage encourages trade liberalization because of its large output and technological advancement. As a result, the growth of renewable energy is predicted to have significant strategic relevance for the sustainability development of the environment, particularly in carbon-neutral objectives. The worsening environmental circumstances will heighten the necessity of this energy reform since CO2 will influence RED for a set amount of time.
Simultaneous steps toward a carbon-neutral future include energy transformation and the preservation of natural resources. Policymakers should thus devise long-term sustainable energy and greenhouse gas emission policies to increase resource efficiency and remove the path of dependency on energy use. Modernizing economic processes has a critical role to play here. As part of an urban regeneration strategy, new industries with low costs and environmental and economic benefits should be developed to reduce the share of sectors with depletion of natural resources and emissions. To effectively serve the role of renewable energy development in enhancing CO2, nations with disproportionate rates should increase their commitment to energy conservation in order to strike a better balance between economic development and greenhouse gas emissions reduction.
The outcome of green finance towards the renewable energy development has very shocking that it inversely associated with explained variable. This happened due to sudden extreme events have such effects on energy development market volatility. There needs to be a reinforcement of the systems that measure severe occurrences and market risks, as these can cause shocks or emergencies in the market. Recent research by Wen et al. (2021) shown that the demand for clean energy drives the promotion and distribution of green finance investments. Current research examines the connections between green finance and renewable energy markets, highlighting their functions as transmitters and receivers of shocks. As demonstrated by Jin et al. (2022), green bonds are an appropriate asset for funding environmentally friendly energy projects and cutting down on pollution. The transition to renewable energy sources and the attainment of sustainable development targets are facilitated by investments in green technology. There may be a greater challenge in securing financing for environmentally friendly projects during economic downturns, but our findings show that there is clear feedback regarding variables. As a result, it's important to think carefully about where your investment dollars are going and conduct an audit to see if you made the appropriate choice.
There is strong evidence that trade openness and RED have a positive impact on the renewable energy industry. The transfer of so-called “green technologies,” which facilitates increased investment in the renewable energy sector, is facilitated by trade openness, for example, in certain regions. However, because rising CO2 emissions are the primary driver of climate change, governments around the world are motivated to take action to curb this greenhouse gas by reducing their use of fossil fuels and increasing their reliance on renewable energy.
GDP also results in higher RED. The adoption of GDP also has a beneficial influence on output, which speeds up the progress of developing renewable energy even more. Given this, it is reasonable to conclude that the two variables are connected. As a result, policymakers need to implement a plan to facilitate the efficient manipulation of development. Second, it is recommended that the country of interest increase its funding for renewable energy in order to increase the proportion of its electricity coming from such sources. In addition, the designated area ought to make use of renewable energy sources to meet the increasing energy demand associated with economic development.
However, a significant association between renewable energy development and urbanization illustrate that although the investment in RE sources has increased recently in selected region, the main energy source available for people to use is still non-renewable energy that cause of environmental deterioration.
The research under consideration, however, has the potential for international expansion. Without accounting for the effects of COVID-19, this time series study found merely a correlation between progress in RE, GF, CCE, GDP, UR, and OP. It is suggested that in the future, scientists look at the time period before and after COVID-19, comparing energy costs and renewable energy sources while also considering other natural resources.
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