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Abstract

:

The global focus on the use of renewable energy resources was mainly reignited by the signing of the Kyoto Protocol Agreement in 1997. Since then, the world has seen a great deal of progress in terms of the production and consumption of renewable energy. This in turn is rapidly powering economic growth and social development around the globe. Contrary to popular belief, the use of renewable energy is not limited to developed countries only. The developing countries are also rapidly endorsing renewable energy as a vital engine of economic growth and societal development. In this regard, even though renewable energy production and consumption are in their infancy in BRICS, these countries are taking concrete steps towards the development of renewable energy resources. The results of previous studies have indicated that with an increase in the GDP of a country its carbon footprint also tends to increase; the Brazil, Russia, India, China, and South Africa (BRICS) countries are no exception in this regard. One of the main challenges in research related to measuring the contribution of renewable energy towards economic growth is the use of a singular model or techniques that may not be appropriate for the generalization of the results. This study intends to overcome this challenge by application of multiple econometric-based models which include the “Cross Dependency” test, the unit root test, and “CIPS” (cross-sectional augmented IPS). Besides these the second generation, stochastic models based upon econometrics, such as the DOLS test (dynamic ordinary least square) and the FMOLS (fully modified ordinary least square) are also applied for verification of the contribution of renewable energy towards the economic growth of the BRICS countries. The novelty of the study mainly stems from fact that these models are seldom applied in tandem and especially in the BRICS countries. The results of the study indicate that the existence of the bi-directional relationship between the use of renewable energy and economic growth is mainly indicated by the increase in GDP, thus lending support to the feedback hypothesis. Moreover, the conservation hypothesis was proven by the existence of a unidirectional causality relationship between the use of renewable energy and CO2 emissions. Alongside these, the study also included sensitivity analysis to gauge the impact of the growth of GDP on the CO2 emissions of BRICS countries, and regression analysis was performed to create an EKC curve which was used to gauge not only the sensitivity but also to help in highlighting the impact of using renewable energy in controlling and reducing CO2 emissions, thus proving the EKC theory. Thus, it can be deduced that increase in CO2 emissions is of major concern for the BRICS countries, which has led them to increase the production of renewable energy. Based upon the findings of the present study it is recommended that policymakers should encourage the use of renewable energy by offering incentives in financial terms, such as interest-free or low-interest loans, subsidies and feed-in tariffs.
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1. Introduction


The production and consumption of energy are vital for achieving and sustaining economic growth in the long term [1]. At the same time, energy production and consumption have also created large-scale environmental concerns, as non-renewable energy sources such as the use of fossil fuels including coal, gas, and petroleum increase overall CO2 emissions but also tend to increase the cost of energy with time. Increasing costs have created situations around many parts of the globe where deficiency of energy has not only created economic problems, but also seems to have contributed to growing poverty [2] and created climate change issues as a result of increasing CO2 emission [3].



The importance of alternative or green energy sources can be assessed from the report of EIA (Energy Information Administration of USA), according to which the global energy demand will rise by 48% by 2040. This will put a great deal of stress on the environment, as it is an irrefutable fact that global energy production is one of the major causes of environmental pollution, mainly because most of the global energy production is fossil fuel-based [4]. At the same time, one has to consider the fact that the global supply of fossil fuels is also limited. With the increase in global energy demand, humans are constantly looking for new resources of energy that can be replenished and at the same time do not put a strain on the Earth’s ecosystem [5]. One of the major advantages of renewable energy lies in its overall cost, as the cost of this energy is much lower as compared to conventional, fossil fueled-based energy [6]. The overall cost saving resulting from the use of alternative or green energy sources can be used to raise people’s general standard of living in the long term [7] and at the same time will enable governments to address the environmental concern as well [8,9]. In the past few decades, the global drive to reduce the reliance on fossil fuel-based energy has seen a great deal of backing by both developed and developing economies in the past few decades [10]. One such concerted effort was by the EU, as in 2009 the EU set the target of converting 20% of its energy sources to renewable energy sources by 2020, and all of the member countries agreed to national renewable energy action plans; according to international energy statistics, almost 19% of global energy needs are being fulfilled by renewable energy, and by 2050 this percentage is set to increase to 50% [11,12,13].



The importance of renewable energy cannot be ignored simply because the overall economic growth of the country mainly depends upon the consumption of energy. Economic growth and energy consumption go hand in hand with economic development and at present, all of the BRICS countries are classified as upper-middle-income economies. Economic development is taking place at a rapid pace, leading to the ever-increasing demand for energy. The main source of energy in the case of these developing economies is still conventional fossil fuels. The economic growth and dependence on fossil fuels for their energy requirements have created two major challenges, the first one being the sustaining of economic growth and the second being ensuring the continuous supply of energy at affordable prices. These economies are all heavily dependent upon the import of fossil fuels. These countries are ranked at the top of the list when it comes to the consumption of primary energy (the net demand for energy by country is known as primary energy consumption), and except for South Africa, are ranked amongst the top ten consumers of primary energy. Given the fact that only the Russian Federation can be considered as a major exporter of LPG and oil, all of the other nations are heavily dependent upon the import of fossil fuels, which accounts for a major portion of their imports. The summarized statistics of these countries related to the energy consumption of primary energy are provided in Figure 1 below.



The selection of BRICS countries is based upon the Gini index (Gini index measures the extent to which the distribution of income or consumption expenditure among individuals or households within an economy deviates from a perfectly equal distribution). The GINI index of all BRICS countries can be found between 43 and 58, which provides us with a certain base for comparison. This is presented in Figure 2 below.



Besides these, all of these countries have great potential for growth coupled with huge human and natural resource pools. All of these countries have operational stock exchanges. Their economic growth is fast-paced and overall yield is higher as compared to the developed economies. This is also taking into account that the overall country-specific risk in these countries is higher than that in developed countries—the return outweighs the risk factor [14]. One of the main challenges in research related to measuring the contribution of renewable energy towards economic growth is the use of a singular model or techniques that may not be appropriate for the generalization of the results.



This study utilizes the application of multiple econometric-based models, which include the “Cross Dependency” test, the unit root test, and “CIPS” (cross-sectional augmented IPS), to measure the contribution of renewable energy towards economic growth. Along with this the second generation, stochastic models based upon econometrics, such as the DOLS test (dynamic ordinary least square) and the FMOLS (fully modified ordinary least square), are also applied for verification of the contribution of renewable energy towards the economic growth of the BRICS countries. Alongside these, one of the defining characteristics of the study relates to the application of sensitivity analysis to gauge the impact of GDP growth on CO2 emissions, and use of a regression model to identify the nature and magnitude of the relationship between the growth in GDP and increase in CO2 emissions. These helped in creating an EKC, which provided us with a turning point after which the relationship between CO2 emissions and economic growth become negative as the BRICS nations continue to increase the use of renewable energy to power economic growth.



The novelty of the study mainly stems from fact that these models are seldom applied in tandem and especially in the BRICS countries. This main distinction of the study defines its contribution towards the prevailing literature on the topic, as it includes the panel data of five emerging economies. Previous studies have either concentrated on developed countries or mostly centered around BRICS countries, as compared to the present study whose panel data cover a wide range of geographical regions of the world and which focuses on sustainable economic development. This is important, as these developing economies are pursuing the transition from conventional sources of energy mainly based upon the use of fossil fuels to renewable sources of energy to contribute to global efforts of environmental protection and sustainable economic development [15,16]. The present study aims to explore the impact of changes in the consumption and production of energy obtained from renewable sources on the overall growth of the economy, as through a thorough study of literature it was found that there was no comprehensive study that addresses this fundamental question in the context of economies of BRICS countries.



The results of the study indicate that the existence of the bi-directional relationship between the use of renewable energy and economic growth is mainly indicated by an increase in GDP, thus lending support to the feedback hypothesis. Moreover, the conservation hypothesis was proven by the existence of a unidirectional causality relationship between the use of renewable energy and CO2 emissions. Thus, it can be deduced that increase in CO2 emission is of major concern for the BRICS countries, which has led them to increase the production of renewable energy. Based upon the findings of the present study it is recommended that policymakers should encourage the use of renewable energy by offering incentives in financial terms, such as interest-free or low-interest loans, subsidies and feed-in tariffs. The results of sensitivity analysis also indicate that the rapid economic growth of BRICS nations also coincides with an increase in CO2 emissions; however, as the EK curve indicates that as these nations increase the share of renewable energy in overall energy consumption, this will not only increase the growth of GDP but will also decrease CO2 emissions in the long term. Thus, this proves the EKC theory in the context of BRICS nations.




2. Literature Review


The production process requires a great deal of energy and economic progress mainly relies on this process; thus, energy is considered as the backbone of modern industrial development, which in turn generates economic growth. Modern economic growth mainly depends upon energy consumption. The unit elasticity theory, which tends to measure the change in economic growth concerning change in energy consumption, has gained much prominence after the oil crisis of 1973, also known as the C74 crisis, and its impact on the OECD countries during this period. The unit elasticity for energy usage after that period has been recorded as less than 1%, which signifies that 1% economic growth requires a less than 1% increase in energy usage as far as OECD countries were concerned [17,18]. However, no one can deny the critical role energy consumption plays in generating GDP growth, mainly via industrial development. In terms of unit elasticity, in developing countries the figure is greater than one, while in developed countries it has been less than one since 1973.



In connection with the above-mentioned arguments, the major question that arises predominantly relates to how their adoption of renewable energy sources in the presence of economic constraints can be measured. This question has been subject to a great deal of research globally [11,19,20]. The research targeting this question is related to the contribution of renewable energy towards sustainable economic growth (by contributing to the growth of their GDP) [11]. The investment in renewable energy sources represents a sensible decision. The main purpose of this study is to explore the effects that the use of energy obtained from renewable sources have on CO2 emissions and economic growth in the long term.



To further press our point regarding the limited research conducted on the BRICS nations regarding exploring the relationship between the use of renewable energy, economic growth, and CO2, Table 1 was created, which contains a summary of the most relevant literature on the topic. It is evident from the table that the research on the relationship between renewable energy, economic growth and CO2 emissions in the BRICS nations can be considered limited; hence, the methodologies of this research as well as the comprehensive data set represent the novelty and importance of this study, as it is apparent that the majority of the studies have concentrated on developed and emerging markets, bypassing the BRICS economies. Given the importance of BRICS nations in the global economic system, it is paramount that the above-mentioned relationships are explored in the context of these countries [21,22].



There are volumes of research on the relationship between economic development, use of renewable energy and CO2 emissions, but to provide a snapshot of previous research on the topic Table 1 was created, containing the summarized form of the most relevant research.



When one analyses the existing literature, it is discovered that Barney and Franzi [23] were the first academics to discuss the correlation between the consumption of energy and the growth of the economy. This was later followed by Schurr et al. [24], who discussed how the living standards of the general public can be improved by increasing the consumption of energy to fuel economic growth. Barney and Franzi [23] further investigated the role of energy consumption as a key element of the growth of the economy, as it stimulates industrial growth leading to an increase in GDP.



Fang [25] used a regression-based model to ascertain the impact of renewable energy on the growth of Chinese GDP; they attributed 0.162% of growth in Chinese GDP to the use of renewable energy consumption. They also concluded that a 1% increase in the use of renewable energy in China led to increased growth rate with 0.44% among rural households. Besides this research, [26] explored the strength of the relationship between the use of renewable sources of energy and the Chinese economy and concluded that the nature of the relationship was positive and bilateral. The major problem associated with the use of fossil fuels is not only the amount of environmental degradation but also of its impact on human health [25]. The cost associated with such externalities tends to increase the net cost of fossil fuel-based energy many times over. In contrast, the same cost of externalities associated with renewable energy is minimal. At the same time, a major obstacle to renewable energy sources seems to be political barriers, such as obstructive policies based upon self-interest, problems related to coordination of activities, and problems related to geopolitical issues. These problems are further compounded by the limited research in the area [18,25].



Menegaki [8] used a random effect model along with a model based upon panel error correction to determine the cointegration and validity of a neutrality hypothesis, respectively, using the data of twenty-seven European countries, and found evidence in favor of the neutrality hypothesis, which stated that renewable energy sources had a limited contribution towards their economic growth. Meanwhile, the study of Lean and Smyth [27] found evidence in favor of the conservative hypothesis. They broke up energy consumption by types of fossil fuel, such as diesel and petrol, and examined their correlation with Malaysian economic growth. Their research indicated that there was a great deal of reliance on petrol and diesel for economic growth. The replacement of these fossil fuels with renewable energy sources, such as biodiesel, posed no threat to economic growth. The utilization of renewable energy resources and their impact on economic growth was also analyzed by Ferroukhi et al [28]. This study tended to prove that scaling up renewable sources made economies much more competitive and presented opportunities for fulfilling global energy requirements, keeping in view the population growth; scaling up could also contribute to human welfare. The main reason stems from the fact that renewable sources increased the overall productivity of land and other natural resources; therefore, the trade-off between consumption of fossil fuel and economic growth can easily be ruled out. The adverse impact of economic development on the increase in CO2 emissions is well documented, as pointed out by Aguinis [20]. They employed panel spatial SEM and (GS2SLS) on (EU) countries and concluded that there exists a positive relationship between economic development and increase in CO2 emissions; at the same time, they concluded that use of renewable energy sources seems to greatly reduce the overall level of CO2 emissions. Shayanmehr [21] and Nathaniel et al. [22] had earlier noted the negative impact of CO2 emissions on the economy in terms of climate change, as they concluded that even a small percentage change in CO2 emissions tends to have a disastrous impact on food security and overall economic wellbeing of countries. They cited that this change mainly results from the changes in climatic patterns, which harm crops and cause issues of food security which in turn results in economic problems. Given the fact that most of the BRICS countries are or would face these issues in coming times, the issues related to CO2 emissions need to be addressed on an urgent basis. Another issue that was highlighted by Barney and Franzi [23] related to efficient usage of renewable energy sources for industrial growth, as many of the renewable energy sources tend to be more efficient as compared to fossil fuel-based energy sources, and many of the industries in China which have adopted these sources saw more efficiency in terms of production.



The economic progress of any nation is marred by environmental degradation, as the increase in economic activity results in an increase in CO2 emissions as industrial and urban activities increase. This notion is widely held as fact, but many researchers note that this relationship exists but is more complex than usually thought of. This notion has been the subject of many studies, but the results are usually mixed. The present study also intends to investigate this relationship using sensitivity analysis. In this context, one cannot ignore the importance of the EKC (Environmental Kuznets Curve), as this curve indicates a point from which the relationship between economic growth and CO2 emissions becomes negative. The EKC curve resembles an inverted U-shaped curve and is indicative of a negative relationship between CO2 emissions and economic growth, which is represented by per capita GDP. This curve mainly depicts the impact of economic growth on the inequality of income distribution. The curve is based upon the EKC theory, which holds that once the economies of countries start the transition from agricultural economies to industrial economies, industrial production increases and, as a result, CO2 emissions also increase. As a result of industrialization, the average income of households increases rapidly. With higher income levels heavy industrial production tends to be phased out and replaced with high-tech products, which tend to use less energy and can be powered by renewable energy sources. This also results in the development of the services sector, whose carbon footprint is much smaller than the industrial sector. This development also results in a decrease in the population growth rate, and the consumer tends to become more sensitive about the use of cleaner sources of energy by both the industrial and service sectors, forcing governments to formulate environmentally friendly regulations [29,30,31]. One such example from BRICS countries is that of China.



From the analysis of the present literature, it can safely be concluded that the volume of research on the topic suggests that there is a certain limitation when it comes to the utilization of renewable energy sources for sustaining economic growth. The main limitations include the inconclusive evidence in favor of the positive relationship between economic growth and utilization of renewable energy, as different studies tend to prove different contradictory theories. Although the hypothesis of growth seems to find support amongst these studies, it is still not accepted by most of the studies. This has led to the strong incentive for further studies of the energy conservation hypothesis. Studies on the specific issues related to the consumption of renewable energy seem to be lacking, as previous studies have seldom addressed the impact of changes in production and consumption of renewable energy on overall economic growth.




3. Research Methodology


This study aims to examine three key issues. First, the impact of energy obtained from renewable sources on economic growth. Second, the impact of energy obtained from renewable sources on the emissions of CO2 by the BRICS countries selected for the present research. The third issue relates to the sensitivity of CO2 emissions to economic growth and whether or not the EKC theory can be proven in the case of BRICS nations.



The study intends to examine the correlation amongst these factors by application of the production function suggested by Pesaran [32].



To achieve the objectives of the study, the following models were developed. The first model will be used to determine the relationship between economic growth and the use of renewable energy, formulated as:


GDPit = f (RESit, NRESit, Lit, Kit)



(1)







In the above equation:




	
i denotes the country;



	
t denotes the time period;



	
GDP denotes the “Gross Domestic Product” of the country, which is an established measure of economic output for every country;



	
RESit denotes the use of renewable energy sources by the country over the given time period;



	
NRESit denotes the use of non-renewable (fossil fuel-based) energy sources by the country over the given time period;



	
K denotes the gross fixed capital formation, taken as constant at 2010 and measured in US dollars;



	
L denotes the labor force.








The consumption of energy from both sources, i.e., renewable and non-renewable, is measured by “Tera Joules rules”.



Since one of the main goals of this study relates to measuring the impact of energy consumption on CO2 emission, the second model was constructed. This model mainly aims to analyze the relationship between Carbon dioxide emission and consumption of renewable and non-renewable sources of energy (fossil fuel-based). Contrary to popular belief, even though the carbon footprint of the renewable sources may be minimum—or in some cases even neutral—its utilization in both domestic and industrial setups does create a significant carbon footprint.



The model is expressed as follows:


CO2it = f (Yit, RESit, NRESit)



(2)







In the above equation:




	
i denotes the country;



	
t denotes the time period;



	
CO2it denotes the emission of CO2 as a result of the energy consumption regardless of the source;



	
Yit denotes the utilization of the energy by the given country over a given period of time;



	
RESit denotes the use of renewable energy sources by the country over the given time period;



	
NRESit denotes the use of non-renewable (fossil fuel-based) energy sources by the country over the given time period.








We used the panel unit root test to determine the relationship between said variables of model II. This test helped us to categorise the issue of stationarity between the variables. Since the study discovered stationarity between the variables, the panel co-integration test had to be applied. To eliminate the issue of cointegration between the variable, the study has to resort to the FMOLS test (fully modified ordinary least square) along with DOLS (dynamic ordinary least square), as these tests enabled us to determine the unit elasticity in the long term.



To conduct sensitivity analysis for BRICS countries the study adopted a simple regression model:


CO2 emissions = β0 + β1 GDP/Capita − β2 (GDP/Capita)2 − β3 RESi + β4 RESi + ε



(3)







The variables used for the above model are explained below:




	
β0 denotes the constant of the regression model;



	
βx represents the coefficient for variable x which is CO2 emissions;



	
GDP/Capita represents the variable of GDP per capita for BRICS countries;



	
(GDP/Capita)2 represents the variable of GDP per capita squared for BRICS;



	
RESit denotes the use of renewable energy sources by the country over the given time



	
Period;



	
NRESit denotes the use of non-renewable (fossil fuel-based) energy sources by the



	
country over the given time period;



	
ε = denotes the error term.








In the above model, CO2 is considered the dependent variable and is expressed in terms of tons, which is considered to be a standard international measure; CO2 symbolizes the number of pollutants produced as it is also considered to be the main contributor to global warming and degradation of the environment globally. Therefore, it is of utmost importance to gauge the adverse impact brought about by the increase in GDP on the environment. Meanwhile, we included GDP per capita as the main variable in the study as it is considered as representative of the economic growth and social wellbeing of the nations; it is measured in US dollars. The reason for including (GDP/Capita)2 as this variable is that it makes the construction of the Brundtland or EKC curve possible, as both of these curves are polynomial. These curves enable the researchers to gauge the sensitivity of the growth in GDP concerning the increase in CO2 with respect to increase in GDP.




4. Results and Discussion


4.1. Panel Unit Root Test


The most crucial factor for the selection of unit root tests is the testing of cross-sectional interdependence in the panel data. The unit testing categorized as first-generation is mainly based upon the hypothesis of cross-sectional independence [33]. Meanwhile, unit root tests classified as the second generation can be applied even with the presence of cross-sectional dependence [32]. The CD test is centered on a means of all pairs of correlation coefficients between the OLS residuals acquired from standard augmented Dickey–Fuller regressions for all panel variables [32]. The result of the CD test is provided in Table 2.



ECT reveals the coefficient of the error correction term. The number of appropriate lags is two according to the Schwarz information criterion.



The results of the above table indicate the presence of cross-section dependence on the panel data set; therefore, this indicates that all units of the cross-sectional data used for the present research are correlated to each other, pointing to a common factor all units of the data. In our case, this is held to be their impact on the GDP.




4.2. Fully Modified Ordinary Least Square (FMOLS)


A fully modified ordinary least square (FMOLS) test was used to determine elasticity between the variables in the long term. The fully modified OLS test was first introduced by Pedroni [34] to resolve issues of simultaneity bias, serial correlation, and issues related to non-homogeneity. This test also enables one to attain asymptotically reliable estimations in series of panel data [34].



The results of this test are provided in Table 3. Model 1 shows that a 1% increase in renewable energy leads to an increase in GDP by 0.16%, while the increase in 1% of non-renewable energy leads to an increase of 0.20% in GDP. Overall results in model 1 show that renewable and non-renewable energy both positively affect the GDP and results significantly.



Results in model 2 show an increase in GDP of 1% leads to an increase in CO2 of 31%, while a 1% increase in renewable energy leads to an increase of only 0.11% in CO2; contrastingly, a 1% increase in non-renewable energy leads to 0.4% in CO2. Overall results in model 2 show that non-renewable energy contributes more to CO2 as compared to GDP.




4.3. Dynamic Ordinary Least Square (DOLS) Test


Dynamic ordinary least square (DOLS) test was chosen based upon its qualities of robustness, which are of paramount importance in cases where the sample size is small; in such cases, it tends to outperform FMOLS and OLS as it estimates the unbiased estimators for small samples. This method is also deemed superior to DOLS when it comes to controlling of biases of endogeneity [35]. The results of DOLS for elasticity in the long run for panel data are presented in Table 4.



The results of DOLS for model 1 indicate that increasing the consumption of energy drawn from the renewable sources by 1% resulted in an increase in GDP growth of 0.26%, while increasing the consumption of non-renewable energy only contributed to an increase in GDP of 0.19%. Meanwhile, the results of model 2 indicate that a 1% increase in consumption of renewable energy resulted in an increase in CO2 emission of 0.11%, while the increase in consumption of fossil fuel-based energy resulted in an increase in CO2 emission of 0.19%. Our results obtained from the DOLS test and FMOLS test have confirmed that the use of renewable resources not only contributes to an increase in GDP, but also does so in a much more efficient manner as compared to conventional sources of energy.




4.4. Sensitivity Analysis


The sensitivity analysis of the BRICS countries using model 3 indicates a positive relationship between the increase in GDP and CO2 emissions. These results indicate that as the BRICS economies grow, the amount of CO2 emissions also increases as a result of increased industrial and economic activities, which is not surprising. The statistics of the model are provided in Table 5 and please refer to Figure 3 and Figure 4.



This relationship becomes negative after a certain level, indicative of a possible polynomial form similar to the inverse U-shape of the EKC, known as the turning point. This indicates that after achieving higher GDP due to usage of renewable sources of energy the relationship between CO2 emission and GDP growth becomes negative, as indicated by the results. According to the results of the study, the usage of renewable sources of energy greatly decreases CO2 emissions. According to statistics, after the turning point, an increase of a single dollar in per capita GDP corresponds to a 1.44965 mg increase in CO2, given that other factors remain constant.



Based upon the results of the study it is quite evident that the use of renewable sources of energy not only has a positive impact on the environment in terms of carbon emission, as it emits less than fossil fuel-based energy sources, but also provides economic benefits Thus, this research confirms the important role renewable energy sources play in economic development alongside minimizing CO2 emissions at the global level. The positive results of both tests indicate a bright future for renewable energy sources, as these sources not only ensure continuous economic growth at a much higher pace than conventional sources but also have a minimal environmental impact as well. Thus, it can be concluded that green economic growth in BRICS nations can easily be fueled by renewable sources.





5. Conclusions, Limitations, and Future Research


The BRICS nations have been paying a great deal of attention to the development of alternative energy sources in the form of renewable energy resources. The results of the present study indicate support for the use of renewable energy resources, as these resources are less detrimental to the overall environment and ecosystems. The use of renewable energy resources produces considerably less CO2 emissions as compared to non-renewable sources. Our conclusion is in line with the previous research and is generally held as fact. The sustainable economic growth of developing countries is closely linked to the utilization of renewable sources. The results of the sensitivity analysis indicate that with an increase in economic growth—represented by an increase in GDP per capita—CO2 emissions also tend to increase as a result of increased economic and industrial activity, thus representing a significant positive relationship. Meanwhile, the EK curve indicates that once these economies reach a certain level of economic growth in terms of per capita GDP, this relationship becomes negative, as these nations continue to increase the use of renewable energy, which would decrease their carbon footprint as renewable energy consumption significantly reduces the CO2 emissions.



At the same time, these projects require further investment, both from governments and the private sector, as part of an appropriate ‘policy package’, rather than focusing on standalone policies.



Presently, the primary policies regarding the promotion of renewable energy include policies related to providing subsidies for importing and manufacturing alternative energy sources, lowering the interest rates on loans for starting and adopting such technologies, and allowing the trading of green certificates to generate electricity using such sources. Besides these, fixing tariffs and providing price guarantees for green electricity production are also vital components of such policies [36]. The results of this study indicate that renewable energy consumption has a much greater impact on the pace of economic growth, which is also backed by fact that most BRICS countries have already started to shift from conventional energy sources to renewable energy sources. This sector in these countries has taken off and is starting to mature with time. Producers of renewable energy sources can take advantage of incentives such as green certifications, standardization of green portfolios, and application of feed-in tariffs to accelerate the shift in investment from fossil fuels to renewable energy sources. In this respect, India, South Africa, and China have taken considerable measures for the advancement of such technologies.



Future directions include the formation of public–private partnerships, steps for the development of the market for alternative energy sources, tax incentives, and providing interest-free or low-interest financing to encourage such projects. Besides these, research on the topic also needs to encourage further development of these technologies. The main issues in developing countries comprise political problems, socio-economic issues and problems related to barriers present in the markets. These barriers can be reduced by incorporating policies which tend to minimize risk related to such projects so the cost can be reduced. Alongside this, governments need to encourage a single-window system for the establishment of these projects, as compared to the present complex loan processes. One possible way of removing this barrier includes the formation of public–private partnerships to encourage investment in renewable energy production. The present paper for the purpose of analysis included the renewable energy sources as identified by EIA, which includes solar, wind power, biofuels, and biomass along with hydroelectric energy. This study refrains from including nuclear energy as a renewable energy source, as per the guidelines of EIA.



In the future, researchers can expand upon the present study by analyzing the relationship between economic growth and the generation of nuclear energy. Another issue that can be explored by researchers relates to the production of some of the biofuels such as palm, corn, and other crop-based fuels, as an increase in their production is the main cause of deforestation in tropical regions, causing loss of biodiversity along with the displacement of crops used for food production, which might cause food crises in the future. The research considers the production of renewable energy from biofuels. Biodiesel is made from palm oil, corn oil, and other such crops [15]. To ensure the sustainable aspect of renewable energy sources, one has to ensure efficiency in terms of production and utilization of these fuels, which also presents another aspect for future researchers to consider.



The main limitation of this study also stems from the fact this study employed the Cobb–Douglas test, as this test suffers from some limitations; functions such as CES might seem to be more appropriate, but they cannot be transformed into log-linear form and this research includes log-linear transformation, hence the decision to opt for the Cobb– Douglas function.
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Figure 1. Energy consumption in exajoules. (available online: www.statista.com, accessed on 16 June 2021). 
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Figure 2. GINI index of BRICS nations. (available online: www.knoema.com, accessed on 10 June 2021). 
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Figure 3. Graph depicting the results of the regression, i.e., model 3. The emission of CO2 per capita is plotted on the X-Axis, while the GDP per capita is plotted on Y-Axis. 
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Figure 4. Graph depicting the results of the regression, i.e., model 3. The emission of CO2 per capita is plotted on the X-Axis, while the GDP per capita is plotted on Y-Axis. 
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Table 1. Summary of literature.






Table 1. Summary of literature.





	Research
	Variables
	Dataset
	Methodology
	Geographical Region





	Sadorsky (2009)
	REC, GDP
	1994–2003
	Panel Granger causality test GDP
	11 countries of Middle East and North Africa Region



	Apergis et al. (2010)
	GDP, REC, CO2, NEC 19
	1984–2007
	Panel cointegration and ECM Granger causality tests
	Developed and developing countries



	Menyah and Wolde-Rufael (2010)
	CO2, REC, NEC, GDP
	1960–2007
	Toda-Yamamoto Granger causality test, VAR model
	USA



	Bowden and Payne (2010)
	GDP, REC, NREC, GFCF, EM
	1949–2006
	Toda-Yamamoto Granger causality test
	USA



	Pao and Tsai (2010)
	CO2, GDP, EC
	1971–2005
	Panel cointegration and VECM Granger causality tests
	BRICS countries



	Menegaki (2011)
	CO2, GDP, NREC, EM, REC
	1997–2007
	RE, cointegration, and Granger causality test
	EU countries



	Apergis and Payne (2011)
	GDP, REC, NREC, LF, GFCF
	1990–2007
	Pedroni cointegration tests, panel error correction, and FMOLS
	Emerging countries



	Fang (2011)
	GDP, REC, SREC, GFCF, LF, R&D
	1978–2008
	OLS
	China



	Tiwari (2011)
	REC, GDP, CO2
	1960–2009
	Structural VAR
	India



	Apergis and Payne (2012)
	GDP, REC, NREC, LF, GFCF
	1990–2007
	Pedroni cointegration tests, panel error correction, and FMOLS GDP
	80 countries



	Al-mulali et al. (2013)
	GDP, REC
	1980–2009
	FMOLS
	108 countries



	Shafiei and Salim (2014)
	REC, GDP, CO2, OIL
	1980–2006
	Westerlund panel cointegration test, FMOLS, DOLS, Granger causality, and ARDL
	6 major emerging countries



	Al-mulali et al. (2014)
	GDP, REC, NREC, LF, TO, GFCF
	1980–2010
	Pedroni cointegration tests, VECM Granger causality test, and DOLS
	18 Latin American countries



	Kula (2014)
	GDP, REC
	1980–2008
	Pedroni cointegration tests, DOLS, and VECM Granger causality test
	OECD countries



	Mulali et al. (2015)
	CO2, GDP, TO, UR, FD, REC
	1990–2013
	Panel cointegration test, FMOLS, and VECM Granger causality test GDP
	23 EU countries



	Shahbaz et al. (2015)
	REC, GFCF, LF
	1972Q1– 2011Q4
	ARDL bounds test, Johansen cointegration, and VECM Granger causality test
	Pakistan



	Ozturk and Bilgili (2015)
	GDP, REC, P, TO
	1980–2009
	Dynamic panel model
	51 Sub-Sahara African countries



	Dogan (2015)
	GDP, REC, NREC, LF, GFCF
	1990–2012
	ARDL bounds test, Johansen panel cointegration, and Gregory-Hansen cointegration tests
	Turkey



	Bilgili and Ozturk (2015)
	GDP, GFCF, LF, REC
	1980–2009
	Panel cointegration test and DOLS
	G7 countries



	Cho et al. (2015)
	GDP, REC, GFCF, LF
	1990–2010
	Panel VECM, FMOLS
	31 OECD and 49 non-OECD countries



	Bhattacharya et al. (2016)
	GDP, REC, NREC, LF, GFCF
	1991–2012
	Pedroni cointegration tests, DOLS, FMOL
	38 countries



	Inglesi-Lotz (2016)
	GDP, REC, GFCF, LF, R&D
	1990–2010
	FE and panel cointegration test REC
	OECD countries



	Adewuyi and Awodumi (2017)
	GDP, CO2, REC, HC, FD, UR, TO, PC
	1980–2010
	Three-stage least squares (3SLS)
	West African countries



	Pata (2018)
	CO2, GDP, REC, GDP2, FD, UR, HEC, AEC
	1974–2014
	ARDL bounds test, FMOLS, Gregory-Hansen, and Hatemi-J cointegration tests GDP
	Turkey



	Charfeddine and Kahia (2019)
	GDP, CO2, REC, GFCF, LF, FD
	1980–2015
	Panel VAR model and Westerlund ECM panel cointegration test
	24 countries of Middle East and North Africa Region







Source: Authors’ tabulation.
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Table 2. The CD Test.
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	GDP
	RES
	NRES
	K
	L
	CO2





	65.78 ***
	24.87 **
	52.00 **
	27.65
	44.21
	33.82



	(0.001)
	(0.043)
	(0.032)
	(0.000)
	(0.032)
	(0.000)







Source: authors’ computations. Notes: † p < 0.1, ** p < 0.01, *** p < 0.001. 
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Table 3. FMOLS test.
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D.V

	
I.V

	
Coef

	
Probability






	
Model 1




	
Log GDP

	
Log RES

	
0.161

	
0.005




	
Log NRES

	
0.202

	
0.003




	
Log L

	
0.266

	
0.004




	
Log K

	
0.074

	
0.000




	
Model 2




	
Log CO2

	
Log GDP

	
0.321

	
0.001




	
Log RES

	
0.115

	
0.006




	
Log NRES

	
0.431

	
0.000








Source: authors’ computations. Notes: *** p < 0.001. Panel method: pooled. Heterogeneous variances. Akaike lag and lead method in case of DOLS estimation.
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Table 4. DOLS test.
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D.V

	
I.V

	
Coef

	
Probability






	
Model 1




	
Log GDP

	
Log RES

	
0.261

	
0.002




	
Log NRES

	
0.193

	
0.001




	
Log L

	
0.211

	
0.000




	
Log K

	
0.074

	
0.000




	
Model 2




	
Log CO2

	
Log GDP

	
0.131

	
0.001




	
Log RES

	
0.112

	
0.006




	
Log NRES

	
0.192

	
0.000








Source: authors’ computations. Notes: *** p < 0.001. Panel method: pooled. Heterogeneous variances. Akaike lag and lead method in case of DOLS estimation.
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Table 5. Cross-sectional regression analysis results.






Table 5. Cross-sectional regression analysis results.





	
Dependent Variable CO2 Emission Level




	
Independent Variable

	
Estimated Coefficient (Standard Error)






	
Constant

	
3.18246 ***

(0.828846)




	
GDP/Capita

	
0.000201951 ***

(4.65197e-05)




	
GDP/Capita2

	
−1.24755e-09 **

(5.99522e-010)




	
Mean dependent var

	
0.367472




	
Renewable energy sources

	
−0.0402543 ***

(0.0151285)




	
Non-renewable energy sources

	
0.0450693 ***

(0.0143393)




	
Mean Dependent Var

	
6.486654




	
R-squared

	
0.506359




	
Adjusted R-squared

	
0.475506




	
p value (F)

	
2.66e-09








* = Significance at 1% level, ** = Significance at 5% level, *** = Significance at 10% level.
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