[image: image1]Does industrial eco-innovative development and economic growth affect environmental sustainability? New evidence from BRICS countries

		ORIGINAL RESEARCH
published: 29 August 2022
doi: 10.3389/fenvs.2022.955173


[image: image2]
Does industrial eco-innovative development and economic growth affect environmental sustainability? New evidence from BRICS countries
Siming Liu1, Leifu Gao2, Xuhua Hu3*, Junguo Shi4, Muhammad Mohsin5 and Sobia Naseem6*
1Institute for Optimization and Decision Analytics, Liaoning Technical University, Fuxin, China
2Institute for Optimization and Decision Analytics, Liaoning Technical University, Fuxin, China
3School of Finance and Economics, Jiangsu University, Zhenjiang, China
4School of Finance and Economics, Jiangsu University, Zhenjiang, China
5School of Business, Hunan University of Humanities, Science and Technology, Loudi, China
6School of Finance and Economics, Jiangsu University, Zhenjiang, China
Edited by:
Munir Ahmad, Ningbo University of Finance and Economics, China
Reviewed by:
Muhammad Nawaz, National College of Business Administration and Economics, Pakistan
Muhammad Afaq Haider Jafri, Beijing University of Technology, China
* Correspondence: Xuhua Hu, xuhuahu@163.com; Sobia Naseem, sobiasalamat4@gmail.com
Specialty section: This article was submitted to Environmental Economics and Management, a section of the journal Frontiers in Environmental Science
Received: 28 May 2022
Accepted: 11 July 2022
Published: 29 August 2022
Citation: Liu S, Gao L, Hu X, Shi J, Mohsin M and Naseem S (2022) Does industrial eco-innovative development and economic growth affect environmental sustainability? New evidence from BRICS countries. Front. Environ. Sci. 10:955173. doi: 10.3389/fenvs.2022.955173

This research aims to identify the periodical impact of industrial development, renewable energy, economic growth, and gross capital formation on environmental deterioration in BRICS countries. The analytical procedure is based on the annual data from 1995 to 2020. The selected econometric methods which are used to determine the relationship among exogenous and endogenous variables are panel unit-root tests for stationarity check, Johansen co-integration test for co-integration relationship, and FMOLS and quantile regression for long-run relationship. The empirical research findings confirm a significant positive association of environmental deterioration with industrial development, GDP, and GCF, while a significant negative relationship was observed between CO2 emission and renewable energy. The BRICS group of countries should be more focused on environmentally friendly technological development as they are concerned with economic growth. Renewable energy resources positively impact the environmental quality, so backward resources should be replaced with renewable energy resources to attain double impacts, that is, the reduction of CO2 emission with the reduction of oldfangled resources and increase in the environmental quality with the aggrandizement of renewable energy resources. Based on key findings and implications of the sectorial and whole economic growth of BRICS countries, this research suggests some policy implications for reducing toxic CO2 emissions and enhancing the quality of the environment.
Keywords: BRICS, environmental deterioration, industrial development, renewable energy, economic growth, gross capital formation, FMOLS, quantile regression
1 INTRODUCTION
Global temperature rise (relative to pre-industrial levels) is anticipated to exceed the 2015 Paris Agreement’s 1.5°C targets by 2,100. To successfully bend the temperature curve toward 1.5°C, the Intergovernmental Panel on Climate Change (IPCC) estimates that global emissions must be cut in half over the next decade, with net-zero emissions reached by the middle of the century. Global warming of approximately 2.7°C over pre-industrial levels is projected due to current policy regimes being implemented around the world. Global warming will be limited to 2.4°C by nationally determined contributions (NDCs). The Climate Action Tracker (CAT), an impartial analysis tool, evaluates a country’s performance in terms of current policies, pledges, and ambitions to reduce global warming to 1.5°C (Naseem et al., 2021a; Jamil et al., 2021). It gives countries direction on whether they need to do more in climate action by revealing the existence and extent of departure from the planned global warming goal. On the other hand, the CAT examines projected performance based on multiple assumptions, leaving the potential for ambiguity in such assessments. Various governments’ pledges and ambitions, such as the NDCs and long-term net-zero aims, are projected to keep warming to 2.1°C. Global warming is expected to reduce to 1.8°C under the optimistic scenario that 140 countries have already committed to net-zero targets and those contemplating it keep their promises. However, the considerable gap between what governments offer (securities and targets) and what they achieve is concerning (Naseem et al., 2021b; Mohsin et al., 2022a; Sarfraz et al., 2022). This disparity—governments failing to deliver on declared commitments and targets—raises doubts about the optimistic projections’ reality. The existing literature on environmental sustainability from a global perspective is presented in Table 1 with minor research details. Table 1 has also enlightened the uniqueness of this research work.
TABLE 1 | Panel studies on environments with different econometric methods.
[image: Table 1]The selection of BRICS countries for this research can be understood as the BRICS countries—Brazil, Russia, India, China, and South Africa—with a combined population of 3.2 billion people loom prominently in any discussion about the world’s chances of avoiding climate disaster. They are not the world’s poorest economies, but their per capita GDP is just 20% of the European Union’s and only 13% of that of the G7 (Jamil et al., 2021). These five countries are responsible for more than half of the G20’s overall emissions (Ahmad & Zheng, 2021; Nathaniel et al., 2021). Modernization raises the demand for energy services, leading to a rise in greenhouse gas (GHG) emissions if all other factors remain constant. But not everything is equal: BRICS emissions are roughly four times higher per dollar of GDP than the EU and G7 economies, highlighting the strategic linkages between economic development, energy productivity, and decarbonization. The BRICS Earth Index for 2019 is −95%, meaning that their emissions increased by nearly the same amount they needed to decrease to meet their long-term net-zero goals. China and India account for 82% of all BRICS emissions (Ullah & Nasim, 2021; Wang, 2021). Both countries saw rises across the board in 2019 and do not expect their emissions to decline until 2030. The BRICS countries have emphasized the importance of cooperation in adopting the UN Convention on Biological Diversity’s post-2020 Global Biodiversity Framework. They have regularly used their G20 position to nudge the bloc to consider deep-rooted reforms on climate change, energy efficiency, environmental assessment benchmarking, and energy security. Since the group’s formation, the BRICS summits have made various forward-looking commitments on climate change. The BRICS reaffirmed their cooperation in the fight against climate change at the seventh iteration of the BRICS Environment Ministerial in August 2021, held ahead of the 15th meeting of the Conference of the Parties (COP) to the Convention on Biological Diversity in October and the Glasgow Climate Change Conference (COP26) in November (Chien et al., 2021; Liu et al., 2021).
The primary causes for a drop in greenhouse gas emissions in Brazil in 2019 were emission reductions in the electricity and building sectors. However, they were still less than half of what would have been required to meet their 2030 objective. Furthermore, because it excludes the impact of deforestation, the Earth Index understates the “say-do” divide in Brazil. Unsustainable logging of the rainforest added 9.5% to Brazil’s net emissions in 2020, more than five times the reductions made in all other industries in 2019. Russia’s economy was one of the most GHG-intensive economies in the G20 in 2019, owing to the country’s high reliance on oil and gas, low energy efficiency, and antiquated technology and infrastructure (Chishti et al., 2021; Zhao et al., 2021). In 2019, emission reductions were four times lower than their mediocre aim. Today, Russia appears bound for a profound and lengthy economic collapse, with uncertain implications for its climate change response, given the harsh sanctions it faces as a result of its invasion of Ukraine. India has the lowest per capita GDP of the G20, a population of 1.4 billion people, an 80% fossil fuel-dependent power sector, and the lowest industrial and agricultural energy productivity of the G20 (Chishti et al., 2021; Zhao et al., 2021). On the other hand, increased carbon-free electricity supply and greater energy efficiency, notably in the development and use of new biofuels, offer unrivalled opportunities for decarbonization. India’s recent economic stimulus investment focuses on solar photovoltaic and battery development. However, continuous investment in old and new coal-fired power plants is hampered. Renewable energy and vehicle electrification are expanding quicker in China than any place in the world, but coal-fired power is growing faster than anywhere else. Even when measured against China’s long-term goal of net-zero emissions by 2060, the real consequence was a massive 434-megatonne rise in GHG emissions in 2019, earning an Earth Index of −133%.
Chinese clean-tech may be assisting other nations in decarbonization (especially since it ceased granting financing to develop coal power plants abroad last year). Still, it is locking in emissions growth until 2030 or later by building additional coal-fired power plants at home. South Africa, a latecomer to BRICS and the group’s weakest economy, saw its emissions rise in every sector in 2019, earning the country a −62% Earth Index. South Africa is a coal-dependent country, with the electricity industry accounting for 41% of the country’s greenhouse gas emissions in 2019 (Ganda, 2021; Li et al., 2021). South Africa has abundant renewable energy resources, including one of the world’s most extraordinary solar regimes. The Renewable Energy Independent Power Producer Procurement Program, which started slowly, with only 5.5 megawatts of solar photovoltaic energy by 2020, is currently rapidly expanding, with a target of 8,400 megawatts of solar generation by 2030, enough to power 1.5 million households. The cost of climate change is rapidly increasing for BRICS, for all countries (Chien et al., 2021; Liu et al., 2021). They are more vulnerable and unprepared to deal with the storms, floods, and droughts accompanying global warming. The most cost-effective decarbonization options are concentrated in the BRICS countries and other developing economies, underlining the importance of boosting investment flows to these rising economies.
This research’s uniqueness and glistening greenness can be elaborated as novel, employing an approach to actual knowledge in environmental-economic development. The leading focus of this research is to check the influence of industrial development, economic growth, and renewable energy on environmental deterioration, and the BRICS group of countries are perfect for this research because most of them are industry-based economies. The maximum possible data range from 1995 to 2020 is approached to widen the study and comprehensively explore the periodical relationship among variables. FMOLS and quantile regression are employed to check the nature relationship and behavior of variables toward each other. In this age of digitalization, economic growth and energy use are compulsory parts of each other. In contrast, oldfangled energy resources are not environmentally friendly as per the existing research work on renewable energy as environmentally friendly energy resources motivate to consider a variable to check its impact on BRICS environmental quality. The environmental damages are elaborated as CO2 emissions, which embody environmental excellence and ease to calculate for environmentalists.
2 DATA DESCRIPTION AND ECONOMETRIC METHODOLOGY
2.1 Data description
This research is based on the annual data series of BRICS countries from 1995 to 2020, extracted from the World Development Indicator (WDI) and the Our World Data (OWD). In this research, environmental deterioration is a dependent variable which is presented as CO2 emission with four independent variables, that is, industrial development (IND), renewable energy (RE), economic growth (GDP), and gross capital formation (GCF). The minor details of variables are presented in Table 2, and the abbreviation columns cover the abbreviation of the primary model of this research.
TABLE 2 | Data description.
[image: Table 2]2.2 Econometric methodology
This research will analyze the relationship between environmental deterioration, industrial sector, renewable energy, gross domestic product, and gross capital formation of BRICS countries. The primary model of running research is presented as follows:
[image: image]
The primary research model is presented in Eq. 1 with dependent and independent variable declaration. Environmental deterioration (CO2 emission) is considered a dependent variable that will indicate the BRICS countries’ environmental damages, whereas industries, renewable energy, GDP, and GCF are independent variables. The last acronym [image: image] represents an error term with a mean of zero but the different variances of normally distributed random variables. This research used different econometric methods to determine the relationship between dependent and independent variables regarding time (Mohsin et al., 2022b). The analysis process will start from panel unit-root tests (PURTs) and then move toward Johansen co-integration, fully modified ordinary least square (FMOLS), and quantile regression (QR), respectively (see Figure 1).
[image: Figure 1]FIGURE 1 | Analytical procession of research.
2.2.1 Unit-root test
The unit-root tests are employed to check the stationarity in a time series. The stationarity of the time series is confirmed if the time period shifting does not cause a change in the data distribution shape, while the existence of the unit root indicates the non-stationarity of the time series. The unit-root presence in the time series makes the systematic pattern unpredictable which disturbs the accuracy of the results by generating spurious regression (high R2 value) and errant behavior (T-ratio does not follow the t-distribution). Some renowned econometric methods check the unit root at the level and first difference to normalize the data series for other analytical processes (Choi, 2001). The basic fundamental equation of the unit-root test is as follows:
[image: image]
In Eq. 2, [image: image] is representative of the time series, and the stationarity or non-stationarity of [image: image] is based on the value of [image: image]. If [image: image], the series [image: image] is non-stationary and the variance of [image: image] is going to increase with the passage of time and approaches infinity (Maddala & Wu, 1999). If [image: image], the series [image: image] is stationary because of its null hypothesis [image: image] against the alternative hypothesis [image: image] In this research, we applied four panel unit-root tests, that is, the augmented Dickey–Fuller (ADF) test, the Phillips–Perron (PP) test, the Levin–Lin–Chu (LLC), and the Im–Pesaran–Shin (IPS) tests.
The augmented Dickey–Fuller (ADF) test is based on linear regression, which is applicable to serial correlation. The ADF deals with more extensive and complex models. The standard equation of the ADF test is generated by using a basic equation after subtraction of [image: image] from both sides.
[image: image]
Eq. 3 is designed with the inclusion of two new signs in Eq. 2, that is, [image: image]. The sigma is used for changes in [image: image] with respect to [image: image] time, while [image: image] The conventional t-ratio of [image: image] is evaluated by using the equational expression; [image: image]. In this equational expression, [image: image] is an estimator of [image: image], and [image: image] is the coefficient standard error (Cheung & Lai, 1995).
The Phillips–Perron (PP) test is a modified form of the Dickey–Fuller test, which overcomes the errors’ issues of autocorrelation and heteroskedasticity. 
[image: image]
In Eq. 4, [image: image] is the t-ratio of [image: image], and the coefficient standard error is [image: image], while the standard error of the test regression is presented by [image: image]. The consistent estimate of error variance is presented as [image: image], and [image: image] is the estimate of the residual spectrum at zero frequency. The main similarity between the ADF and PP is the asymptotic distribution of the t-ratio (Perron & Ng, 1996).
The Levin–Lin–Chu (LLC) test estimates of [image: image] from the proxies for [image: image] and [image: image] assure the accuracy of results with the existence of autocorrelation and deterministic components. The regressing combination with two additional sets of equations [image: image] and [image: image] on leg terms [image: image]. The first set of auxiliary estimates to remove autocorrelation and deterministic components is given as follows in Eq. 5:
[image: image]
The second set of coefficients with an analogy of [image: image] is defined in Eq. 6:
[image: image]
Proxies are attained by standardizing [image: image] and [image: image], dividing by the regression standard error in Eq. 7:
[image: image]
The standard error estimates by [image: image] and the LLC method require lag number specification in each section (Levin et al., 2002).
The Im–Pesaran–Shin (IPS) test determines individual unit root processes with varying values of [image: image] across cross sections. The individual unit root is combined to obtain panel-specific results in the IPS test (Shin & Lee, 2008). The equational form of the IPS test is presented in Eq. 8:
[image: image]
Hypothetical approaches to the IPS test are
[image: image]
The ith value is reordered if necessary for the interpretation of non-zero fraction of the individual processes’ stationarity (Shin & Lee, 2008).
2.2.2 Johansen Fisher panel co-integration method
The Johansen Fisher panel co-integration method assures the accuracy of the co-integration relationship of more than three or more time series by approaching the maximum likelihood estimation (MLE). The Johansen co-integration method is divided into two parts, that is, trace and maximum eigenvalue. The first part trace is from linear algebra while the second part maximum eigenvalue approaches a special scalar (Wallace & Warner, 1993). A special scalar means when the matric is multiplied with a vector and the same vector is obtained as an output, along with a new scalar, the scalar is known as an eigenvalue. Both parts of it determine the presence of co-integration. On the basis of the vector auto-regression (VAR), the equational structure of Johansen co-integration is as follows:
[image: image]
In Eq. 9, [image: image] is a [image: image] of non-stationary I (1) variables, [image: image] is a [image: image] of deterministic variables, and vector innovation is [image: image] (Peláez, 1995). Now, Eq. 8 is re-written as follows:
[image: image]
In Eq. 10, the coefficient matrix is represented by [image: image] from unrestricted VAR and determines whether we reject the restriction imposed by [image: image] or not.
2.2.3 Fully modified ordinary least square (FMOLS)
The FMOLS is a semi-parametric correction approach that eliminates long-run correlation problems between stochastic regressor innovation and the co-integration equation. FMOLS estimation is an unbiased and efficient mixture of asymptotic series (Phillips & Hansen, 1990). The preliminary estimation of symmetric and one-sided long-run covariance matrices of the residuals is determined by the FMOLS. The FMOLS estimation equation is given as follows:
[image: image]
[image: image]
In Eq. 11, [image: image], [image: image] and [image: image] are long run covariance estimator terms, [image: image] is a degree of freedom correction term, and [image: image] is the residual term (Merlin & Chen, 2021).
2.2.4 Quantile regression
The quantile regression is used to check the conditional median and other quantiles. The QR is an extended form of linear regression because it is robust against outliers of data which overcome the demerits of linear regression (Ferrando et al., 2017). The QR is more reliable due to its conditional quantile function which determines conditional central tendency and statistical dispersion (Gyamfi et al., 2022). The heterogeneous effect does not disturb the results while running the quantile regression (Fitzenberger et al., 2022). The equation of quantile regression is given as follows:
[image: image]
In Eq. 12, the dependent variables are presented as [image: image] and independent variables as [image: image], and the sign of [image: image] represents coefficients. The minimization equation of the quantile regression is as follows:
[image: image]
Eq. 13 is designed to measure the reduction in median absolute deviation by regular quantization. By following the fundamental structure of the quantile regression, the equation of this research is designed as shown in Eq. 14.
[image: image]
In Eq. 14, CO2 emission is representative of the environmental condition of the BRICS countries, coefficients indicated by [image: image], and quantile regression by [image: image]. The output range of [image: image] is in between 0 and 0.9.
3 EMPIRICAL RESULTS
The analytical process starts with the panel unit-root tests (PURTs), which are fundamentally used to check the stationarity and normal distribution of data series. The results of four selected unit-root tests are presented in Table 3. In Table 3, the selected tests are abbreviated as the augmented Dickey–Fuller (ADF), the Phillips–Perron (PP), the Levin–Lin–Chu (LLC), and the Im–Pesaran–Shin (IPS) tests. At the same time, integration levels are also presented as level I (0) and the first difference I (1). The selected variables under PURTs are significant at first difference with 1, 5 and 10% confidence levels. The significance of all variables at first difference allowed moving the following process of the Johansen co-integration test.
TABLE 3 | Unit-root test.
[image: Table 3]The results of the co-integration test are presented in Table 4. The Johansen co-integration test reported two types of results, that is, first trace statistics and second maximum eigenvalue [image: image] statistics. The coefficients of the trace test, maximum eigenvalue test with their probabilities. The co-integration relation is confirmed with the significance of both tests at a 1% level (Yikun et al., 2021). In Table 4, in the first column, four co-integration equations are presented. Three co-integration equations of the trace test and two of the maximum eigenvalue are significant. Both tests’ first two co-integration equations are significant at a 1% level, and the third co-integration equation of the trace test is significant at a 5% level. The significance of co-integration equations confirms the presence of co-integration.
TABLE 4 | Johansen Fisher panel cointegration test.
[image: Table 4]In Table 5, the results of the fully modified ordinary least square (FMOLS) are presented, indicating the panel’s long-run elasticity. The FMOLS is the most accurate and acceptable method to check the long-run relationship among variables with the existence of simultaneity biases, serial correlation, and non-exogeneity. All selected variables are significant at a 1% level with positive and negative signs. Industrial development (IND), economic development (GDP), and gross capital formation (GCF) are positively significant, while renewable energy (RE) is negatively significant (Naseem et al., 2021b). The coefficient values of variables are industrial development (9.00E-02), renewable energy (−2.68E-03), economic development (6.41E-05), and gross capital formation (8.01E-13), which indicates the contribution of variables to CO2 emission. The standard errors and t-statistics are also presented for comprehensive result coverage. Industrial development, economic growth, and gross capital formation positively increase CO2 emission, and renewable energy negatively contributes to CO2 emission (Asongu et al., 2019; Li et al., 2021). The negative contribution of renewable energy to CO2 emission confirms the advantages of renewable energy as it is inexhaustible, environmentally friendly, reliable, and is resilient in nature. The positive contribution of industrial development, economic growth, and gross capital formation toward CO2 emission is genuine. Industrial development becomes the reason for different toxic emissions, including CO2 emission, a more proficient element of environmental deterioration. The economic growth of BRICS countries negatively contributes to environmental destruction because of compromising on the environment and focusing on the economic development of these countries (Temiz Dinç & Akdoğan, 2019; Sasmaz et al., 2020). The gross capital formation is close to GDP, both reacting the same toward environmental deterioration. The results of the FMOLS are shown in Figure 2.
[image: Figure 2]FIGURE 2 | Results of fully modified FMOLS.
TABLE 5 | Estimated fully modified ordinary least square (FMOLS).
[image: Table 5]Table 6 presents the quantile regression results by considering CO2 emission dependence and the rest of the four variables, that is, independent variables. Renewable energy is negatively significant from the 1st to 9th quantile at 1% except for the 9th quantile because the 9th quantile is significant at a 5% significance level. The negative sign of renewable energy confirmed the negative relationship between renewable energy and CO2 emission (Asongu et al., 2019; Li et al., 2021). Industrial development, GDP, and GCF show a sign of positivity with their coefficients. The 7th and 9th quantiles of industrial development are significant at 5%, while the 9th quantile of GDP is significant at 10%. The 9th quantile of GCF is positively insignificant. As per the FMOLS results, renewable energy contributes to environmental deterioration while industrial development, GDP, and GCF contribute positively (Yikun et al., 2021). The quantile regression results also confirmed the exact behavior of variables toward the environment. The results of quantile regression are also presented in graphical form in Figure 3.
TABLE 6 | Quantile regression with dependent variable CO2 emission.
[image: Table 6][image: Figure 3]FIGURE 3 | Results of the quantile regression process.
4 DISCUSSION
This is a long-running and nuanced discussion, but one significant point is that economic development should improve human well-being and quality of life not maximize GDP. Human well-being is determined by “human capital” (e.g., health and knowledge), “social capital” (e.g., family, friends, and social networks), and “natural capital” (i.e., ecosystems and the benefits they provide)—none of which are necessarily connected with GDP. GDP is only a measure of that means, and sectorial development is merely a means to that objective. GDP reflects the expenses of economic activity rather than the rewards with its positive association with CO2 emission. Increased industrial material consumption will certainly lower environmental quality beyond a certain point. Attempts to quantify these contributions using alternative measures of economic success often conclude that despite rises in GDP, environmental quality is not improving or even dropping in rich countries. As a result, rising per capita income in developing countries is expected to promote well-being but not environmental sustainability. Industrial consumption entails moving to goods or services with a lower environmental impact, which is related and complementary. Purchasing “greener items,” increasing spending on “services” rather than produced things, or joining arrangements like energy service contracting and car-sharing schemes are possibilities. Although data to back such assertions are typically inadequate, these practices are regularly claimed to have environmental benefits. A shift away from an unsustainable environment can be achieved by increasing green industrial development and green gross capital formation, particularly if it involves better service standards, significant transportation, or the construction of resource-intensive infrastructure such as telecommunications networks.
A shift to an industrial-oriented economy could increase carbon emissions (while increasing the carbon intensity of GDP) because of the production’s heavy reliance on manufactured goods and commodities. Despite this, most BRICS countries pay little attention to such risks and provide limited tools for minimizing the adverse effects. The preceding reasons point to a tension between reducing energy usage and carbon emissions in absolute terms while maintaining economic growth and enhancing the use of renewable energy. Green industrial consumption and production can lower the environmental impacts connected with each commodity or service and is the preferable option for achieving sustainability. However, the success of this strategy will be determined by the size of any related rebound effects. Industrial consumption habits are also shaped by factors such as the pursuit of status through the acquisition of symbolic “positional goods” (which creates a never-ending zero-carbon emission). An effective strategy will lower costs by reducing the demand for typical energy and other resources while also stimulating the increasing demand for renewable energy. A collective agreement between BRICS countries on ambitious, binding, and ever more restrictive targets will be required to address environmental problems like climate change at national and international levels.
5 CONCLUSION
Rapid industrial development and economic growth in BRICS countries have increased environmental challenges. Continuous economic growth necessitates increased energy use, primarily from fossil fuels, and thus increases greenhouse gas (GHG) emissions. Despite accounting for a substantial fraction of worldwide GHG emissions, carbon dioxide (CO2) emissions may not be sufficient to duplicate and investigate the complete environmental damage. This research has addressed environmental deterioration and its leading damaging factors, that is, industrial development, renewable energy, economic growth, and gross capital formation, by using the panel unit-root tests, Johansen co-integration test, FMOLS, and quantile regression. The group of BRICS countries comprises Brazil, Russia, India, China, and South Africa. The empirical finding confirmed the long-run relationship among the variables. Industrial development, GDP, and GCF positively contributed to CO2 emission, while renewable energy negatively contributes to toxic CO2 emission. The BRICS group of countries has industry-based economies which directly damage the environment and contribute to global environmental deterioration. Renewable energy comprises environmentally friendly resources that negatively contribute to toxic emissions of greenhouse gases and enhance the quality of environment-economic development.
5.1 Practical implications and future direction
The BRICS group of countries is considered a rapidly growing economy globally. They are keenly concerned about their economic growth if they include environmental sustainability in the priority list of economic growth, so they will be able to avoid the after-effects of environmental damages. According to economists and environmentalists, the medium growth of an economy with environmental sustainability is more effective and efficient than the high growth rate of an economy with environmental damage. This research considered BRICS countries with FMOLS and quantile regression. This research can be extended by comparing BRICS, G-7, and G-20 countries with the second generation of econometric methodologies in the future. Environmental damage costs the survival of human beings. Once environmental resources are destroyed, artificial resources that are not alternative to the original are generated. Artificial environmental resources are not cost-effective compared to working on the savage of original resources. Environmental sustainability has become a global concern today, and BRICS countries should also focus on it as an individual and a whole group. The government of BRICS countries should encourage environmentalists and policymakers to arrange workshops, seminars, and conferences for people’s awareness of environmental sustainability. The energy sectors should replace the toxic emitted energy resources with renewable, environmentally friendly energy resources.
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