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The global warming phenomena arise from the subject of climate change, which draws intellectuals’ attention toward replacing polluting energy sources with clean energy sources by continued deployment of innovations. Also, global warming problems put large pressure on governments, individuals, and policymakers. Therefore, for reliable energy supply and economic development, the target of achieving a low-carbon and sustainable environment is needed. In this light, we explore the role of clean energy and technological innovation in carbon emission reduction in China from 1995 to 2018. The key outcomes from the fully modified least-squares and robust least-squares indicate an elasticity of −0.065 and −0.075, respectively, for the nexus of renewable energy and CO2 emissions. Similarly, nuclear energy, technology innovation, and political-institutional quality have a negative influence on CO2 emissions. Furthermore, the granger causality demonstrates feedback between renewable energy and CO2 emissions, as well as between technological innovation and CO2 emissions. To achieve a cleaner environment, the implementation of the existing policy pathways is potentially geared toward applying technological innovations to produce renewable energy at lower costs.
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INTRODUCTION
With the rapid economic development, modernity, and energy consumption growth, China has surpassed the United States as the world’s greatest energy consumer and CO2 emitter (Sebri and Ben-Salha, 2014). China’s primary energy use climbed from 397.1 million tonnes oil equivalent to 3.1 billion tonnes oil equivalent between 1978 and 2017, accounting annual growth rate of 5.4%. The demand for energy will further increase in the coming years because Chinese’s economy is, to a large extent, reliant on energy consumption. This escalating energy consumption is a massive issue because mostly this energy comes from conventional energy, e.g., coal, oil, and natural gases that are burned to generate electricity that discharges GHG, especially CO2 emissions (Yahya and Rafiq, 2019a; Bilgili et al., 2020; Shafique et al., 2021a; Azam et al., 2021b; Azam et al., 2021d; Azam et al., 2021e).
GHG emanations have abruptly amplified subsequent industrialized expansion in developing and developed states (Liu et al., 2013; Shafique et al., 2020; Shafique et al., 2021b; Shafique and Luo, 2021). The main sources of China’s energy production and consumption are coal, which produces the largest emissions, accounting for approximately 80–90% of the total environmental problems, especially CO2 emissions, have increased in China in recent years. CO2 emissions constitute above half of the GHG discharges most possibly linked with climate change (Farhani and Shahbaz, 2014). The IPPC (Parry et al., 2007) fifth assessment reported that GHG discharges were augmented by 1.6% annually, whereas CO2 emissions were largely enlarged by 1.9% from fossil fuel energy consumption over the previous 3 decades. Furthermore, the IPPC projected that GHG emanations would surge by 25–90% in 2030 as associated with the year 2000, and CO2 radiations in 2030 will have been enlarged by 40–110% (Azam et al., 2021e).
To safeguard human health and life from vigorous climate change, the Kyoto Protocol (KP) fixed an objective to decrease GHG radiations in advanced states to 5.2% beneath the 1990 level for the duration of 2008–2012, and has also completed such a settlement since 2005. Besides, the GHG discharges of nations that have contracted KP extension simply make up 15% of yearly universal GHG emanations. In contrast, developing nations also have an obligation to decrease emissions (Dogan, 2015).
However, the main reasons for researching and incorporating clean fuel technologies and new energy sources worldwide are global warming and the greenhouse effect (Hil Baky et al., 2017). These atmosphere concerns and the rapid debilitation of conventional energy poked the economies to develop highly efficient and environmentally friendly power plants (Ellabban et al., 2014). Ensuring ES and inhibiting energy involvement in climate change are two developing challenges for the energy industry on the way to sustainable prospects. Both nuclear and renewable energy sources are self-renewing and cannot dissipate over time. Furthermore, it improves energy security and lowers carbon emissions for countries around the world (Cerdeira Bento and Moutinho, 2016).
Accordingly, many economies have paid great attention to the development of nuclear and renewable energy to decrease reliance on foreign energy sources. Most researchers (Al-Mulali et al., 2013a; Long et al., 2015; Shahbaz et al., 2015b) believe that both types of clean energy are considered carbon-free energy sources that can give significant solutions to the concerns of global warming and energy security. Furthermore, the use of nuclear energy ensures to diversify the excessive energy supply, provide energy security, as well as a low-carbon energy replacement for fossil fuels.
However, according to Zoundi (2017), renewable energy may negatively impact carbon emissions, which is beneficial to the atmosphere, whereas nuclear energy argues that it can mitigate carbon emissions and provide a clean environment. Some studies have found that either one or both forms of energy do not contribute to the carbon emission reductions, such as Apergis et al. (2010), Yildirim et al. (2012), Farhani and Shahbaz (2014), Jebli and Youssef (2015), Bilgili et al. (2016), and Dogan and Seker (2016).
A rising debate has erupted about the significance of technological innovation in mitigating environmental degradation and climate change implications (Jian et al., 2019). Technology innovation plays an important role in improving energy efficiency and controlling pollutant emissions effectively and economically (Azam et al., 2020; Azam et al., 2021c; Azam et al., 2021g). Furthermore, innovation accelerates the adaptation of renewable energy to fulfill the energy demands and also modifies energy usage (Bölük and Mert, 2015; Zeng et al., 2015). Technological progress supports the development of clean sources and utilizing them as a source of new, clean, and sustainable energy to meet the world’s demand (Lin and Wesseh Jr, 2014). Technology innovation is effectively used for the benefit of humanity to meet current and future generational needs for sustainable environmental growth.
In the context of the environment, economists, scientists, and policymakers have currently focused on institutional quality. Among the different aspects of governance, government effectiveness most widely adopted element, suggesting a well-functioning and successful constitutional system. Political, institutional quality as a proxy of government effectiveness with renewable and nuclear energy consumption enhances investment, boosting environmental-friendly related green technologies that would increase the utilization of clean energy in the regions. Government effectiveness implements austere environmental regulations that boost multinational corporations by encouraging them to enhance and shift clean technologies that positively impact the atmosphere in the asylum economies. In the enforcement and execution of policies, strong institutions play a critical role and contribute to the persistence of public preferences (Akhmat and Zaman, 2013; Salman et al., 2019). Institutions are a society’s informal and formal regulations that play an important role in preserving environmental quality while reaping the benefits of clean energy and innovations. As a result, institutions should be considered as input for sound legislation and effective implementation to improve environmental quality. Efficient institutions can have an impact on economic growth and environmental quality by ensuring environmentally-friendly industries, whereas inefficient institutions fail to adopt environmentally beneficial ideas in society (Bayar and Maxim, 2020). However, it can be hypothesized that without political powers, environmental protection cannot be guaranteed.
Furthermore, in 2015 the United Nations (UN) has declared a new action of 17 sustainable Development Goals (SDGs) that endorse global prosperity. Environmental sustainability is thought to be at the heart of these SDG declarations, specifically focused on guaranteeing global environmental improvement. For instance, SDG 8 and SDG 9 call to promote long-lasting, universal economic growth and advance innovations, respectively. SDG 13 urges to take pressing action to skirmish the climate change and encourage the economies to implement appropriate policies of the environment as well as build pliability to its adverse consequences. SDG 16 encourages irenic and comprehensive communities for long-term development, ensures equal access to justice, and establishes effective liable and strong institutions at all stages (Azam et al., 2021a). The most important SDG 7 targets to improve environmental performance by increasing access to affordable, reliable, and modern energy. In this sense, it is thought vital to replace conventionally consumed fossil fuels with cleaner fuel alternatives to meet the global environmental sustainability target.
In light of this and growth of clean energy, it is imperative to examine the role of clean energy in the presence of technological innovation and political-institutional quality for contributing the literature of environmental degradation mitigations and sustainable energy future. Thus, this article aims to address this issue, which is still understudied. More specifically, in achieving the research aims, we fill the gap in the literature with three main ways.
First, there is no study scrutinizing the impact of renewable energy and nuclear energy on CO2 emission reduction in the world-leading CO2 emitter in China from 1995 to 2018. As is explained above, China merits special attention because of its large and rising population, which puts a strain on the environment. Mostly, previous work mainly focused on panel analysis, such as MENA, SSA, BRICS, PIGST, EU, and OECD; however, studies need to focus on the single-country case. Therefore, a study from emerging countries such as China is indispensable for finding the behavior of clean energy, innovation, and political institutions in milieu reduction.
Second, this present study further considers two other new variables (technological innovation and political-institutional quality) to achieve the main research goal and provide consistent results. Most of the existing studies (Al-Mulali et al., 2013b; Begum et al., 2015; Rasoulinezhad and Saboori, 2018; Vo et al., 2019; Hdom and Fuinhas, 2020; Sun et al., 2020) mainly focused on the conventional factors related to CO2 emissions and energy. Our study identifies technological innovation and politician institutional quality that has recently received increased attention from countries in energy policy and environment. In addition, we do comparative analysis of the impact of nuclear energy and renewable energy on carbon emissions.
Finally, this study estimates the log-run elasticity and causal relationship among the key factors. Our study uses the FMOLS estimation method that reduces endogeneity bias and serial correlation and in addition the RLS estimators for robustness. The Toda-Yamamoto test was also used in our research to determine the direction of causation between variables. The long-run estimation and causality association may provide some policy guidance for sustainable energy and the environment.
China: Choice and Trends
China is selected for several reasons. China is the world’s fastest-growing economy and advanced industrial country. China’s financial development has accelerated over the last 4 decades, and it has emerged as a global financial superpower. China is the second largest energy consumer, accounting for a long time; its energy structure based on coal has been increasing for rapid economic development, consequently causing severe environmental issues. FEC accounts for almost 90% of all global CO2 emissions, according to research from the European Commission’s Joint Research Center (JRC) (Shayanmehr et al., 2020). Subject to the stress of restraining climate change, these evolving nations are confronted with the difficulty of growing GR or decreasing EC and GHG discharges.
The accomplishment of the objective of decreasing CO2 emissions generally relies mainly on responsibility, nature, and efficacy of energy usage by major CO2 transmitters. United States, China, United Kingdom, India, Canada, Germany, Russia, Iran, Russia, South Korea, and Japan are top economies and prominent CO2 emitters in the world. The overall average GR of these leading CO2 discharging states accounted for more than 75% of world GR since 1991. These economies are also major energy consumers and their average CO2 emissions are more than 75% of world CO2 emanations from 1990 through 2014. These economies’ annual CO2 emissions are 1.5 times higher than the global average per capita emissions (CCPI, 2016). China has exceeded the US regarding the total CO2 discharges since 2005. India and Russia are the subsequent countries in the index of CO2 radiating nations. Five economies, including China (with 29% portion in universal total), United States (14%), India (7%), Russia (5%), and Japan (3.5%), together made up two-thirds of total world emanations (Solarin et al., 2017). Owing to industrialization and urbanization, growing economies such as China have needed a lot of energy in recent decades (Omri et al., 2015). However, these countries are heavily reliant on fossil fuel-based energy-concentrated activities to meet this massive need for energy. For that reason, enormous EC due to industrialization and urbanization gives rise to serious GHG discharges in these countries (Zhao et al., 2015). The emissions are generally from FEC ignition (electricity-linked discharges) and gypsum manufacture (processing-connected discharges) (Boden et al., 2017). Following the WTO in 2002, China’s manufacturing industry exploded, increasing energy-related emissions (Peng et al., 2019). As a result of this expansion, China has become the world’s greatest energy consumer and CO2 emitter (Chen, 2016; Shan et al., 2018).
As the global leading energy user and CO2 transmitter, China is at the moment confronting multiple energy and ecological challenges (Chandran and Tang, 2013). In reality, China has expended an enormous amount of fossil and nonfossil fuels in recent years. China’s total EC approximated 3053 Mtoe, responsible for almost 23% of total global EC (Dong et al., 2017). This huge EC has resulted in the prompt intensification of CO2 emissions in China. In 1965, CO2 emission in China was recorded at almost 489 Mt, which has mounted to 9123 Mt in 2016, an upsurge of approximately 20 times. As a result, the Chinese government has introduced incompetent coal facilities to discontinue the apparent levels of these emanations (Enerdata, 2017). The energy reform 5-Year Plans is also an attempt to reduce emissions (Figure 1). This amazingly large GR level initiated to decelerate for the period of the worldwide economic adversity in 2008. The progression proportion started to decline in 2011. The growing rate was noted, approximately 8% during 2011–2014 (World Bank, 2017). As a result, China benefitted from this continued period of high GR followed by immense energy ventures and EC in the manufacturing sector, leading to noticeable amounts of GHG discharges (Huo et al., 2014). The extraordinary demand for energy by urbanization and industrial sector which was either fulfilled from imported fuels or domestic produced fuel-based energy, together with a very trivial portion of clean energy.
[image: Figure 1]FIGURE 1 | Energy usage priorities pyramid diagram of three 5-year policies.
China provides nearly 44% of the entire coal origination and is accountable for a huge fraction of coal demands worldwide (Yuan et al., 2018). Massive investments in the energy segment accompany the huge energy production. Nevertheless, the intention and objective of this investment in the energy sector are extremely critical. In one respect, this investment may magnify the potential ability of the fuel-based energy sector, encouraging industry yield and GR. Accordingly, it may enhance the generation of GHG discharges. Some other way, this investment may perform its role in enhancing standards of fuels burned in the manufacturing division and upgrading energy production machinery. This will cause two related gains, such as restricting the generation of GHG radiations and sustainable elevated GR. China went through an undergoing technical thrive and express metropolitan sprawl that caused high-energy requisite (Zhang and Broadstock, 2016). To cope with this demand, a massive energy supply is needed, therefore causing a high demand for enormous ventures in the energy industry. Such funds shall enhance the generation of energy, leading to increment in EC in industries as well as homes, henceforth augmenting industrial segment production (Lu, 2017).
Porter’s postulate recommends that strategies aiming at energy investment affect industrial yield (Tanaka et al., 2014) and induce a republic’s economic conduct accordingly. Furthermore, as monetary conduct is booming, the state could have the motivation to finance the energy industry to enhance its production. In addition, augmentation in energy generation and EC may cause more emanations in the atmosphere as a spill-over effect. The extraordinary intensities of discharges are dangerous to prosperity regarding miserable communal verdure, resulting in reduced productivity of human resources and obstructing EG. In the light of the EKC theory, economies with worse EG are largely reliant on the inferior attribute of fuels and technology for energy yield.
It has been acknowledged that the increase in atmospheric CO2 accumulation is the direct source of global warming (Clark et al., 2016). It has become a serious concern worldwide for the research community to find out ways how to diminish CO2 emissions to mitigate global warming efficiently. In 2016, China formally joined PCCA and pledged to drop CO2 emissions per unit of GR by 60%–65% by 2030. The low-carbon economy deals with ecological issues, energy threats and provides directions for economic development. Under these circumstances, China is shifting toward raising its REN and nuclear energy consumption, as these fuels contribute less to generate CO2 radiations than conventional energy (Zhao et al., 2017). The generation capacity of nuclear power in China is approximately 40 million kWh and 45.66 million KW is installed; it will reach 18.1% in 2050 (Xiao-ding et al., 2021). At the same time, REN use in China adheres amplified from 5 Mtoe in 1965 to 349.2 Mtoe in 2016, an increment of approximately 70 times (Figure 2) (NDRC, 2016).
[image: Figure 2]FIGURE 2 | Energy use (Mtoe) and CO2 emanation (BP statistical review and World Development Indicators).
The use of REN sources has appeared as a significant candidate in a universal EC mix that has the capacity to emit a smaller amount or no carbon and thus can be supportive of declining GHG emissions. With the development of RE in considerations of a sustainable energy prospect, it is necessary to recognize the active task of clean energy together with effective fossil fuel EC in carbon decrement and climate change alleviation policies. Global primary energy raised up to 2.9% in 2018—the agile progression since 2010. Simultaneously, previous year’s energy-linked CO2 discharges increase by 1.7% to a historic extreme of 33 Gigatonnes (Zhai et al., 2020). Regardless of the evolution of 7% in REN electricity production, emanations from the power segment grew to record levels. This surge was generally caused by China, the US, and India, which collectively caused two-thirds of this intensification. The increase in EC was also revealed through all the fuels, the majority of which rose more intensely than their past averages. This escalation was specifically evident in natural gas demand, which enlarged 5.3%, one of its highest surge proportions for 30 years, regarded as approximately 45% of the total hike in worldwide EC. Coal demand (1.4%) also enhanced for second successive year, subsequent 3 years of decays. Expansion in REN (14.5%) alleviated a little as previous trends even though it persisted as a rapidly emerging global energy source. The shifts in FFs consumption also influenced the fuel mix. The coal and oil demand manifested a growing trend in 2018. This surge was mainly dominated in Asia, mainly in China and India (Wolde-Rufael and Idowu, 2017).
It has been generally recognized that REN is a typical source for generating energy. The anticipated segment of REN in worldwide energy production was beyond 26% by the conclusion of 2018. Net capability extensions for REN were greater than FEC and nuclear together for fourth succeeding years, REN currently resolves more than one-third of universal established power capability (Smith, 2017; Gielen et al., 2019). In China, power generation from REN sources extended 1870 TWh in 2018, an escalation of 170 TWh and accounting for 26.7% of the nation’s aggregate. Hydro backed 1200 TWh (3.2%), wind power—466 TWh (up 20%), PV power—177.5 TWh (up 50%), and biomass account—90.6 TWh (up 14%) (Kohl, 2019). Figure 3 indicates the difference in aggregate generation of FEC and non-FEC in China (88.2%, 11.8%), United States (86%, 14%), and global (85.9%, 14.1%) is not noteworthy.
[image: Figure 3]FIGURE 3 | Evaluation of primary EC between the world and China in 2017.
In this context, clean and alternative energy sources and innovations are deemed indispensable to reduce reliance on fossil fuels because it will help achieve environmental sustainability globally and aid in achieving sustainable development goals.
LITERATURE REVIEW
This section reviews the relationship between the source of GHG emissions and its recommended relation with the alleviation policies. It is composed of the connection between CO2 with disaggregated energy sources, technological innovation, political-institutional quality, GR and FD in China for a period of 1995–2017. FEC is produced by natural practices, e.g., anaerobic decay of buried deceased organisms. They are hydrocarbons and comprise oil, coal, and natural gas. They are conventional energy resources as they require millions of years to develop, and their supplies are becoming exhausted more rapidly than new ones are being revealed.
Human undertakings, e.g., combustion of FEC, chopping tropical forestry, and submitting more of the additional GHGs into the environment, humans are developing a heat blanket vulnerable to triggering universal warming (Mensah et al., 2019). The Kaya identity states that a state with a large populace or with great per capita GR of energy, or with great energy intensity (energy/GR), particularly FEC, or with high carbon intensity (CO2/energy), will ought to greater CO2 emanations (Bekun et al., 2019). The relationship between GR and pollutant takes the form of an inverted-U or a monotonically decreasing shape (Liu, 2016).
Multiple econometric techniques have been used to analyze the correlation, including the EKC postulate and some studies hold up for this hypothesis (Saboori et al., 2012; Baek, 2015). Various researchers have mostly studied the causality link between GR and environmental quality. Grossman et al. (Apergis and Ozturk, 2015) explored the relationship between environmental indices and GR per capita. CO2 discharges are commonly established as a quadratic, linear, or cubic polynomial function of GR under the EKC curve (Shahbaz et al., 2015a; Al-Mulali et al., 2016; Marsiglio et al., 2016).
FD plays an important role in restraining risks and reservations of underprivileged masses and provides the opportunity for people to utilize economic, health, and learning facilities. FD may consider an increase in the distribution of FDI; developed investment market; banking actions; amended plans and local financial arrangement, which may enhance EG and impact demand for energy (Shoaib et al., 2020; Z. Xu et al., 2018). In this case, FD may be helpful to decrease CO2 radiations. One of the major resolutions to decline GHG discharges is to finance clean energy ventures. As a consequence, stimulating the clean energy of REN technology involves smoothly operating fiscal markets that offer accessible debit and equity funding. Credit markets and stock extensions in conjunction with FDI are classified as the utmost important opportunities for sponsoring clean energy schemes (Zhang and Zhou, 2016). Expansion of credit markets and stock may lead to the promotion of a high level of investment in clean energy. This may consecutively award investors more accessibility to opportunities of capital, equity, and credit funding. On the contrary, one of the prevalent encounters in implementing clean energy is the requirement of huge investment amounts.
REN provides multiple prospects for additional development that may expedite the transformation to universal sustainable ES by the midst of the century. REN furthermore performs a prominent part in the emanation mitigation objective by 50% by 2050 worldwide. For instance, Lin and Moubarak (2014) found bidirectional causation between REN use and GR, which support feedback postulate. Dogan and Öztürk (2017) determined unidirectional causation directing from GR to REN usage in the short run and bidirectional causation, which is in line with feedback theory. The outcomes of studies (Jaforullah and King, 2015; Bilgili et al., 2016) conclude that expanding REN might substantially decrease GHG emissions.
Taking into account the central role that REN performs, it not only fulfills the energy demands of various states but also alleviates discharges. Regardless of all of this, confined research has been carried out to explore the correlation between REN consumption and GHG emissions. Some researchers (Jin and Kim, 2018) concluded that GHG discharges per capita and GR had a favorable influence on REN use in 30 states during 1990–2014. On the other hand, Apergis et al. (2010) and Apergis and Payne (2010a) found that the usage of REN does not aid in the reduction of emissions. This could be owing to a lack of storage capacity to address periodic supply concerns, the inadequate share of REN in overall EC and the energy supplier is mostly reliant on fossil fuels to meet the peak load demand. Azam et al. (2021f) examined the bidirectional causality between these variables for a period of 1990–2017. In addition, Azam et al. (2021a) found REN contributes to eliminating the CO2 emissions in Newly Industrialized Countries. Some other researchers (Riti et al., 2018; Rahman and Velayutham, 2020; Vural, 2020) found that the use of REN aids in the improvement of environmental quality.
In recent years, the relationship between NU consumption, CO2 emissions, and GR has been studied by many researchers using various approaches, but no significant conclusion has been found on this link. In particular, Lee et al. (2017) concluded that nuclear power decreases CO2 emissions in panel countries. Similarly, Ozcan and Ulucak (2021) and Saidi and Omri (2020) also explored almost similar outcomes for India. On the other hand, Ozcan and Ari (2017) explored bidirectional causatives among NU use and GR in the short run and long run. Other researchers [86–88] found that there is a neutrality hypothesis between NU consumption and GR. In terms of the relationship between NU consumption and CO2 emissions, a large number of studies suggest that manufacturing NU might significantly reduce GHG emissions (Baek, 2016; Hassan et al., 2020). Nevertheless, another study (Jin and Kim, 2018; Portugal-Pereira et al., 2018) found an absence of any link between NU consumption and CO2 releases.
Numerous investigations have concentrated on the disintegration of CO2 emissions determinants, which explored the drivers influencing emissions at the country (Karakosta et al., 2013; Brook et al., 2014; Lehtveer and Hedenus, 2015) industry and territorial levels. Some studies (Ma et al., 2014; Dellano-Paz et al., 2015) confirm that nuclear energy might be helpful in carbon emission diminution. Lee et al. (2017) inspect NU association with CO2 emissions and find that NU energy contributes to alleviating CO2 emissions. Similar findings were discovered by other studies as well (Baek and Pride, 2014; Lau et al., 2019). Y. Xu et al. (2018) identified that NU generates less CO2 radiations than coal power.
Dissimilar research techniques, scopes, distinct GR patterns, different environmental strategies, and time frame may cause distinct outcomes. Most of the countries investigated have enormous monetary capitals; skillful labor, innovative technology, and a substantial NU portion in the aggregate energy mixture. Consequently, the results of the investigations are insufficient for emerging states. An additional inadequacy in the literature is that most of the studies used panel data with a minor understanding of country-specific features.
Furthermore, very few studies on technology innovation and political-institutional quality have been conducted. For instance, Salman et al. (2019) investigate the institutional quality impact on growth-emissions nexus in the case of three Asian studies from 1990 to 2016. The results suggest that institutions are very significant in enhancing growth and emission mitigation. Uzar (2020) explore the link between renewable energy and institutional quality in the panel study from 1990 to 2015. The findings support that institutional quality encourages renewable energy in these selected countries. From 1990 to 2014, researchers looked at the impact of innovation on CO2 emissions in OECD countries (Mensah et al., 2018). The study argued that innovation mitigates the CO2 emission, but its effect varies over the countries.
Table 1 indicates the summary of findings from the existing literature considering the role of clean energy, technological innovation, and political-institutional quality as the determinants of CO2 emanations. This literature indicates that there is no empirical study in the context of the world’s leading CO2 emitting country, like China, with new dimensions of technological innovation and political-institutional quality.
TABLE 1 | Description of research of different investigators in research.
[image: Table 1]DATA AND METHODOLOGY
Data Depiction
Annual data covered the period 1995–2018 for China, the global prevalent CO2 radiator used in this study. The variables consist of environmental indicator CO2 emissions, renewable energy, nonrenewable energy, GR, financial development, nuclear energy consumption, political intuitional quality, and technology innovations. The framework for multivariate analysis includes CO2 taken as the dependent variable and GDP is the independent variable. Moreover, our research uses additional explanatory variables REN, FEC, NU, FD, political-institutional quality, and technology innovation to evade the omitted variable bias. CO2 emissions, renewable energy, nonrenewable energy, nuclear energy, GR, TI, and FD data are acquired from the World Bank Development source (Bank, 2017). The political, institutional quality data drawn from World Governance Indicators (WGI) datasets include the methodology of Kaufmann et al. (2010).
Table 2 shows all the information about the data series under consideration. Prior to estimating the econometric analysis, understanding the features of the data series is essential. This study explained a detailed statistical analysis of all variables as shown in Table 3. Based on the statistical results, the average of the Co2 emissions, 5.154750; renewable energy, 18.97958; fossil fuel energy, 1304.096; financial development, 120.8928; GR, 6487.062; nuclear energy, 15.83917; institutional quality, 9.927569; technology innovation, 359875.3, respectively. CO2 emissions are less volatile than economic growth, and nuclear energy is less volatile than renewable energy and FEC. The political-institutional quality among all the core indicators is less volatile.
TABLE 2 | Variables and data source.
[image: Table 2]TABLE 3 | Descriptive statistics.
[image: Table 3]Correlation analysis represents the strength of the association of understudied variables. According to correlation analysis (Table 4), we found that some variables have a positive relationship, and some have adverse relationships. For example, for the CO2 emissions, all variables have a positive relationship except political, institutional quality; conventional energy and technology innovation are highly correlated with CO2 emissions. while coefficients of other explanatory variables are not as high.
TABLE 4 | Correlation analysis.
[image: Table 4]Model Specifications
To achieve the objective of the present study and following different other studies, for instance Yildirim et al. (2012), Pao and Fu (2013), and Omri et al. (2015), the effect of explanatory variables on CO2 emissions is investigated using an econometric model. The following functional form and econometric model are considered: 
[image: image]
Eq. 1 is rewritten by adding the following error term:
[image: image]
Eq. 2 can be converted into a log form as seen below:
[image: image]
Here, in Eq. 3 LnCO2t specifies the log of carbon dioxide emission at time period t, LNRENt represents the log of renewable energy consumption, LnFECt denotes the log of fossil fuel energy consumption, LnFDt is the log of financial development, LnGRt is the log of economic growth, NUt is nuclear energy consumption, LnPIQ is the log of political, institutional quality, TI is the log of technology innovation, and [image: image] is an error term. The parameters [image: image] all are the long-run elasticities regarding each explanatory indicator estimated in the model. The expected sign between renewable energy and CO2 emissions is negative because an augment in one variable would decrease another. The expected sign of [image: image] is positive which suggests higher traditional energy consumption leads to increase in CO2 discharge. The expected signs of [image: image] and [image: image] are either positive or negative, depending on their effects on CO2 emissions. The expected sign of [image: image] is negative which suggests that strong institutions play a significant role in carbon emission mitigation. The expected sign of [image: image] is adverse, which states that innovation is a fundamental element in eliminating CO2 emissions.
Testing the Stationary of the Variables
We employ the stationarity of the time-series data that is vital for avoiding the spurious regression analysis. The unit root test determines if the underlying data-producing process of a series is stationary or nonstationary. To confirm the stationarity of the variables at the level and first difference, we use two unit root tests, namely, Dickey and Fuller (1979) and Phillips and Perron (1988). These methods are most often used to verify whether a unit root test occurs or not. The null hypothesis of these two methods is the unit root’s presence, whereas in the alternative hypothesis the unit root does not exist. The estimation of the ADF and PP model can be expressed in Eqs 4, 5, respectively:
[image: image]
[image: image]
Here, [image: image] indicates the variable series, [image: image] denotes drift (constant), Δ is the difference operator, t is a time period, n is the optimal lag length, and [image: image] is an error term. When [image: image], the series Yt contains the unit root, the order of integration is I (1). When series are in the same order, it is concluded that variables are stationary at the first difference, then cointegration of the variables must apply. Figure 4 shows the schematic overview of this study.
[image: Figure 4]FIGURE 4 | Theoretical framework of empirical strategy.
Johansen Cointegration Test
The cointegration test is very crucial because it permits the researcher to scrutinize the link between the studied variables. This method is employed to determine whether or not a connection exists between series in time series data. This method shows that there is an equilibrium long-run connexion between series and variables. Moreover, according to reference (Fan and Hao, 2020), when employing the ordinary least-squares (OLS) method for coefficients estimation, this test may serve as a guarantee of reliable results. In the economics literature, there are several tests for testing cointegration.
Therefore, this study uses Johansen’s cointegration test because it requires estimating an autoregressive vector model, known as VAR, that includes values at the level and first difference of nonstationary of the series (Khan et al., 2018). A VAR test is designed at this point to conclude the optimal lag length; the Schwarz Information Criterion (SIC) is applied to optimal the lag lengths for time-series datasets. This model’s equation is as follows:
[image: image]
where [image: image] and [image: image] indicate the OLS coefficient matrices, [image: image] explore the linear combinations of the yt levels, and the matrices [image: image] have long-run information about the series. If the matrix classification is equal to 0, no one series can be defined as a linear combination of the other remaining series. However, if the degree of the parameter matrix is greater than 1, long-run cointegration is confirmed. In Johansen’s cointegration method, two statistics are used to determine the number of the cointegration association. These tests are achieved by using two likelihood ratio (LR) models; the trace test statistics and the maximum eigenvalue test statistics are analyzed. The null hypothesis is the number of cointegration ratios r to the alternative hypothesis r 1. When cointegration exists between the variables, it is necessary to examine the regression model. As a result, the rejection of the null hypothesis with a 5% significance level is required based on Trace statistics and Max-Eigen statistics for the confirmation of the long-run association between the studied variables. If a cointegration link between the variables is discovered, the long-run estimation must employ.
Long-Run Estimates
To obtain the effects of independent variables on the target variable, we apply the partial least-squares model and fully modified ordinary least squares. The partial least-squares model, also known as ordinary least squares (OLS), is the simplest method. This model assumes that there is no difference in the values of intercepts and slopes in the estimated regression results. In short, all coefficients are homogenous, both time and individuals. This method is a traditional estimations model and is most widely used in most applications due to its ability to produce the best linear unbiased estimators (BLUEs).
This study also prefers the fully modified ordinary least-squares (FMOLS) technique because it checks estimates’ robustness and retains more fussy results for a smaller sample size. This test eliminates the serial correlation issue and the spurious regression depicted by OLS (Bashier and Siam, 2014; Mensah et al., 2018). In addition, this study used the robust least-squares (RLS) method because it substantially enhances power and provides more accurate results. According to Wilcox and Keselman (2003) and Pitselis (2013), the RLS M-estimation technique required additional benefits over the other least-squares models.
Testing for Wald’s Granger Causality
The Granger causality method is primarily employed to determine whether or not two different variables have mutual links: one-way causality, bidirectional causality, or no causality. The Toda and Yamamoto (1995) method based on the asymptotic theory used in this study to check the causality presence between the variables can be used without prior knowledge of cointegration. However, the existence of cointegration is not required in such a case. It can be used if economic time series are either I (0) or I (1); integrated of different orders, but not more than two, cointegrated or not, or in both cases. We evaluate the vector autoregressive model (VAR), which examines the hypothesis, calculates with K degrees of freedom, and ensures Wald’s test asymptotic X2 distribution.
However, the first step in this method is to determine the order of the time series integration and assign their maximum orders in the VAR model to determine the additional lags. In this context, we use the ADF and PP unit root test findings to verify the utmost order of integration of the series. This model, in particular, consists of two steps: 1) to determine the variables’ maximum integration order(d) as well as lags length ideal (k), 2) to investigate the Granger causality Wald test findings of the VAR(k) causality test (Toda and Yamamoto, 1995). The method is used for bivariate association (Y, X). This model can be stated as in Eqs 6, 7:
[image: image]
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where Y and X are the variables, and [image: image] [image: image] are parameters of the framework. The rejection of null hypothesis is X does not cause Y and Y does not cause X.
EMPIRICAL OUTCOMES
To check the order of integration of the variables, the unit root test was utilized. In short, it refers to the stationary of the time series. The findings designed from the ADF and PP unit root trial at the level and first difference are represented in Table 5. The result shows that all the variables are not stationary at levels which means the null hypothesis of unit root cannot be rejected. While subsequently taking the first difference, all variables discard the null hypothesis at 1%, 5%, and 10% significance level which means that all the series are significant at the first difference. This suggests that series are integrated of order one (I (1) which amuse data are prerequisites for cointegration model to study the occurrence of long-run equilibrium liaison.
TABLE 5 | Unit root test outcomes.
[image: Table 5]Given that the series has a unit root test, then the next step is to investigate the cointegration method to determine long-run equilibrium connexion between the variables. But before cointegration and causality test, the lag length determination is necessary. The appropriate lag length is 1 based on Schwarz information criterion (SIC). The Johansen cointegration method is used after determining the lag length. The findings of Johnsen’s cointegration check with trace trial and Max-Eigen test statistics are given in Table 6. The result designates that the rejection of the null hypothesis is none for both tests, 1, 2, 3, 4, 5, 6, and 7 cointegration equation does not reject the null. In conclusion, the results manifest that there exists a long-run equilibrium liaison between the studied variables.
TABLE 6 | Cointegration results.
[image: Table 6]Since the variables have a long-run cointegration relationship, this allowed determining the long-term coefficients between the series by using regression analysis. Thus Eq. 1 was estimated to perform the regression model. First, the results of OLS regression analysis are presented in Table. 7. The results show that fossil fuel energy consumption and nuclear energy are positive and significant in CO2 emissions. The remaining series are insignificant. The OLS method is not powerful; however, the study uses the FMOLS latest method to check the long-run estimation.
TABLE 7 | Results of ordinary least square (CO2).
[image: Table 7]The FMOLS is a competent technique to eliminate serial connexion and endogeneity complications. The results of the FMOLS estimated method are represented in Table 8. The FMOLS results specify that the parameters are statistically noteworthy at 1% and 5% significance levels except for FD and political, an institutional quality that is statistically irrelevant. The coefficient of FFs energy and GDP is positive by 0.659 and 0.203, respectively. This suggests that a 1% surge in fuel energy could prompt an increase in Co2 emission by 0.659%, and a 1% increase in GDP would result in a 0.203% growth in CO2 emission. Moreover, the negative coefficients of REN, FD, PIQ, and TI are −0.065, −0.203, −0.118 and −3.320 which confirms that these variables would benefit carbon emission reductions in China; a 1% increase in REN and financial development would lead to lower CO2 emission by −0.065% and 0.203%. In addition, the negative coefficient of PIQ and TI approves that a 1% escalation in PIQ would reduce CO2 emission at −0.118% and a 1% increase in TI mitigates the emission, −3.320% improves the environmental performance in China. Furthermore, the adj. R2 is 0.98, which shows that all independent series explain 98% variation in the target variable CO2 emissions.
TABLE 8 | Results of fully modified ordinary least square (FMOLS) (CO2).
[image: Table 8]In addition, for robustness checks, the study uses the RLS (M-estimation) method because this estimation model is more robust than FMOLS. The outcomes of this regression analysis are presented in Table 9. The results show that all variables are statistically significant with expected signs. The variables PIQ and TI are also found statistically significant at 1% and 10% significance levels, respectively, on the response variable. So, this model confirms that renewable energy, financial development, institutional quality, and technology innovation adversely affect CO2 emissions in China, while FEC, GDP, and nuclear energy consumption positively affect CO2 emissions.
TABLE 9 | Results of robust least square (RLS) (CO2).
[image: Table 9]Our results are in line with Ref. (Li and Su, 2017; Mensah et al., 2018; Shi et al., 2019; Hasnisah et al., 2019) regarding the negative influence of REN, NU, and other factors on CO2 emission. We concluded that NU and REN consumption is imperative to reduce greenhouse gas (GHGs) and improve China’s environmental performance. A motivating outcome from our conclusions is that the coefficients of FF and GDP are positive and numerically substantial. The positive coefficient of GDP and FF is in accordance with Alam et al. (2016) and Zhang et al. (2019).
Furthermore, we apply the Toda-Yamamoto model to determine the causality directions between the understudied variables. The results are reported in Table 10. The findings indicate that a unidirectional causality is flowing from financial development, GDP, nuclear energy, and political-institutional quality to CO2 emissions. The feedback hypothesis is confirmed between technology innovation, CO2 emissions; GDP, enewable energy, nuclear energy and renewable energy. We also find bidirectional causality between FEC and CO2 emissions and renewable energy to CO2 emissions. Thus, unidirectional causality is running from financial development and technology innovation to renewable energy. Furthermore, bidirectional causality is found between nuclear energy and GDP supports the feedback hypothesis in China. In short, there is long-run causality between nuclear energy and carbon emission, but we found no causality with regard to renewable energy consumption and CO2 emission. The results of the long-run and Granger causality movements are displayed.
TABLE 10 | Results of the Toda-Yamamoto test.
[image: Table 10]DISCUSSION OF THE RESULTS
The outcomes show that traditional energy and GR are the main contributors to CO2 emissions in China. An increase in FEC will increase environmental pollution as CO2 emissions cause it. China was having 489 million tonnes of emissions in 1965 and 9123 million tonnes in 2016, which is accounting for 27.23% of global emissions (British Petroleum, 2018). Conventional energy increases the level of economic growth, but, on the other hand, it also enhances the country’s environmental footprint. China’s energy portfolio, FEC, takes center stage with coal and lignite dominating. However, reducing fossil fuels in energy production should be a top priority for high-emitter countries, e.g., China as shown in Figure 5.
[image: Figure 5]FIGURE 5 | Summary of the results.
China is a wealthy country with enormous potential for financial development; thus, it needs more investment in clean energy sources for a sustainable environment. Thus, renewable energy is an alternative solution to combat the environment, for finite and scarce fossil fuel energy. In addition, it also ensures environmental performance but also leads to energy-dependent unrestraint. As REN is limited in scope and cannot be traded globally compared with FEC, alternative energy sources lessen the reliance on imported FEC; consequently, energy security and economic productivity increased. Yahya and Rafiq (2019b) revealed that REN has a strong link with sustainable economic development, as it is a prominent solution for climate change, global warming, energy security and provides several benefits such as creating employment opportunities, reducing poverty and health impacts, and social and economic development. Furthermore, compared with FEC, renewable energy is more environmentally friendly, with lower CO2 emissions (Wang et al., 2021). However, the utilization of renewable energy is an indispensable source, particularly in carbon-intensive countries such as China.
Moreover, financial development may, in general, increase R&D activities and, as a result, improve economic activity, influencing environmental quality (Altıntaş and Kassouri, 2020; Bilgili et al., 2021; Kassouri et al., 2021). Clean energies such as renewable and nuclear energies are long-term endeavors that necessitate funding. Strong financial development structures and institutions are beneficial for CO2 emission reduction and economic growth development. According to our econometric investigation, there is an inverse liaison between financial development and CO2 emissions in the long run. This finding is not consistent with one study finding that financial development increases CO2 emissions in the long term for 1982–2017 using the VECM model (Jian et al., 2019).
Another indispensable clean energy source is nuclear power in CO2 emission reduction. The apparently adverse effect represents that nuclear energy mitigates CO2 emissions. Therefore, nuclear energy is significant in China due to its huge potential in energy generation and well developed in resources. In short, the findings imply that the estimation of the coefficients of renewable energy is much stronger than nuclear energy at the 1% significance level. This may arise because nuclear power’s share is quite stumpy, which consequently lacks support in China’s total energy supply, which failed to have a beneficial effect on environmental quality.
Accordingly, to ensure nuclear power’s share in the whole usage of energy, the Chinese government should enhance the utilization of nuclear energy in the long term. However, based on the state of nuclear power plants (NPP) and nuclear power technology R&D, several technical obstacles in China such as low energy efficiency, late start, a small fraction, unstable county’s progress, discrete resource capacity of the nuclear power industry, the out-of-date technology standard system, the nuclear legislative mode for the nuclear power industry, and a lack of infrastructure development make slower development of nuclear power (Zeng et al., 2016).
The effect of technology innovation on CO2 emission is negative, revealing that innovation is the main indicator of CO2 emission reductions. The technology innovations could enhance energy efficiency and consume clean energy at a lower cost. Furthermore, innovations play a significant role in terms of controlling pollutant emission effectively. Thus, the Chinese government should increase investment in R&D sectors for better opportunities and the latest technologies intended to reduce CO2 emissions from fossil fuel energy consumption.
Strong institutions significantly affect CO2 emissions because good political leadership with the aptitude to plan and manage policies and investments in climate-smart development are critical components of low-carbon and climate-resilient societies. The establishment of stable institutions has a vital effect on the social, governance, and economic preparedness to diminish the effects of the atmosphere and ensure energy security by increasing the confidence in the use of clean energy. In developing countries, institutions are focal points for ensuring an adequate environment, sustaining and improving energy consumption (Azam et al., 2021). However, political, institutional quality ensures long-term benefits for the country by strategic action plans considering environmental concerns.
Moreover, there is bidirectional causality between FEC, renewable energy, technology innovation, and CO2 emanation. Based on these findings, we conclude that the Chinese government should expand clean energy development and increase investment in the clean energy sector. As a result, policymakers are advised to develop policies that increase renewable energy and nuclear energy share in the energy consumption portfolio to improve environmental quality and energy security.
Furthermore, they should develop public policies to encourage the establishment of official public banks with low-interest rates to finance clean energy projects, as well as policies to encourage private financial institutions to provide special loan discounts to firms interested in investing in sustainable energy technologies or purchasing technologies that augment the efficiency of renewable energy and nuclear energy. The former policies must be implemented to reduce fossil fuel energy consumption reliance to ensure environmental sustainability and green development.
CONCLUSION AND POLICY IMPLICATIONS
The importance of clean energy is highly strategic for environmental performance and sustainable economic development. Although most research on renewable energy focuses on socioeconomic and environmental variables, political and institutional factors and technological innovations are often overlooked. However, to fill this gap, our study mainly investigated the role of clean energy (renewable and nuclear) in the presence of technological innovation and political-institutional quality in the environmental degradation mitigations in the world-leading CO2 transmitter in China from 1995 to 2018. More importantly, this paper also compares the impacts of renewable energy and nuclear energy on CO2 emissions. Methodologically, the unit root test is used to determine the integration of the variables. Johnsen’s cointegration test and FMOLS method are employed to analyze the long-run elasticity between CO2 emissions and its influencing factors. Finally, the Toda-Yamamoto technique is used to find the direction of causality between the studied variables.
The results of the study indicate that variables are not stationary and integrated in the same order (I (1). Johnsen’s cointegration test reveals long-run equilibrium connexion between CO2 and renewable energy, financial development, nuclear energy, technology innovation, GR, and political-institutional quality. The regression FMOLS test’s consequences show that a raise in REN, TI, PIQ, FD, and NU leads to environmental quality, while a boost in FEC leads to environmental degradation. Moreover, the existence of causality is found between variables by employing a granger causation check. The outcome of the analysis indicates the contribution of renewable energy, nuclear energy and technology innovation, and institutional quality in curbing carbon emissions.
Some specific policy implications can be drawn on the preceding empirical test results and pertinent conclusions for the deployment of clean energy and environmental quality. China’s economy is growing fast, but this growing economy depends on a lot of conventional energy consumption. An increase in energy is required to meet more demands for economic activities, but this incensement will increase CO2 emissions if the current energy mix remains unchanged in China. Therefore, China should examine the country’s energy mix at a granular level to achieve the desired growth rate and preserve environmental performance. To ensure the country’s long-term development and environmental goals, policies toward replacing traditional energy with clean energy such as renewable energy consumption and nuclear energy are necessary. Thus, this must lead to augmentation in share of renewable and nuclear energy in whole energy configuration for managing CO2 emissions in China. Although the effect of renewable and nuclear power is negative and significant it contributes to eliminate China’s CO2 emissions in the long run. As a result, the Chinese government should retain a clear understanding of this challenge and adopt various effective long-, medium-, and short-term energy policies to better control CO2 emissions by regulating the share of renewable and nuclear power in total energy consumption. Nuclear energy offers enormous development potential not only in China, but also in other emerging countries. Thus, raising the share of nuclear energy in developing nations is a possible way to meet the CO2 emission reduction target. In addition, according to a comparison of CO2 emission mitigation effects between renewable energy use and nuclear power confirm that, increasing the amount of clean energy in the primary energy mix can manage China’s CO2 emissions. Furthermore, renewable energy has a significantly greater long-term potential for reducing CO2 emissions than nuclear energy use. As a result, the Chinese government should also raise renewable energy consumption in the long term. Nevertheless, various technical obstacles, such as low energy efficiency and a lack of infrastructure, make rapid renewable energy development challenging. However, the Chinese government should not only maintain renewable energy subsidies, but also increase investments in renewable energy infrastructure development that will benefit energy efficiency because investment in renewable energy must be supported by incentives such as tax breaks and credit lines. Subsidies and tax credits for renewable energy generation and use, as well as the implementation of renewable energy portfolio principles, are all potential policy measures. Furthermore, increasing the usage of renewable energy would reduce the use of fossil fuels and, as a result, reduce carbon emissions.
The key to promoting long-term sustainable environment is innovation. An increase in technological innovation and financial development will help to espouse and use new environmental-friendly technologies; however, the investment in R&D programs improves the environmental quality. So, there should be R&D programs at government and private levels to mitigate pollution through innovations. Consequently, an increase in innovations could consume clean energy sources at lower costs and enhance energy efficiency. However, Chinese governments should intensify the R&D-related strategies that are conducive for the sustainable environment. Furthermore, policies that encourage more research activity will not only help contain pollution directly by facilitating more innovation in production techniques that emit fewer pollutants, but also enable China to more effectively absorb technology developed elsewhere and thus catch up to the frontier’s green technology to the extent that research intensity and its interaction with distance to the frontier technology have a positive effect in reducing CO2 emissions. The modern R&D-based endogenous development can be used to better comprehend environmental contamination challenges, especially in emerging nations such as China.
Moreover, the political-institutional factor can also contribute to the betterment of the environment quality because strong institutions may lead to slower growth of CO2 emissions. Without any doubt strong institutions and political leadership with the ability to create and manage policies and investments that promote climate-smart development are fundamental components of low-carbon, climate-resilient societies. The social, governance, and economic readiness to ameliorate climate change and its effects are all influenced by the quality of political institutions. Thus, political institutions’ quality must enact strict social, governance, and economic reforms and policies before adaptation choices may be implemented.
The period of the COVID-19 outbreak has a positive influence on the renewable energy and nuclear energy sector because due to this, the industry is suffering issues such as Kurfuffle in the supply chain, tax stock market issues, delays in nuclear reactor construction, and not being able to get benefit from government incentives as well as a significant decrease in electricity demand. In addition, investors remain wobbly during the industry’s vagueness in the clean energy sectors. However, some suggestions are offered to overcome the mentioned issues:
• In the clean energy sector, the use of artificial intelligence (AI) is suggested for infrastructure and equipment management as well as for load forecasting and production forecasting.
• The government needs to make short-term policy goals to support the recovery effort and sustainable energy development in response to the pandemic.
• For the time of the epidemics, global cooperation must be established to hasten the management of the issues.
Though our study contributes discreetly to the literature to draw a preliminary conclusion about the restrained role of clean energy, technology innovation, and political institutions in carbon emission mitigation in China, it still has certain limitations that require further investigations. First, authors can make future studies for emerging countries for both time series and panel data to conclude more clear policy implications. Second, future studies can increase control variables such as other institutional and innovative factors interacting with clean energy to abate CO2 emissions. Finally, it would also be interesting to explore the effect of human capital and ICT factors to eliminate CO2 emanations. In addition, this study uses CO2 emissions as an indicator of environmental deterioration. Still, other polluting indicators such as the ecological footprint and other new econometric techniques would expand the research works.
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