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Abstract 54 

 55 
The focus of this paper is to investigate whether  carbon footprints1 are reduced due to  renewable 56 

energy use in fuelling the business and commercial interests of the nation’s right from trade, 57 

production, consumption in the presence of foreign direct investment (FDI). The quantification of 58 

the relationship is carried out for three developed nations and five developing nations. Error 59 

Correction Model (ECM) using Autoregressive distributed lag (ARDL)2 methodology is used to 60 

assess short-term and long-term country-wise parameters for the chosen variables in sample 61 

countries from 1990 to 2017. The findings demonstrate the persuasive evidence that green energy 62 

use is the sustainable path of development. The cointegrated relationship amongst the variables for 63 

the long run is validated for all eight individual countries included in the study. High-economic 64 

growth and non-renewable energy use are recognized as the major sources of environmental 65 

degradation across the country analysis. However, the panel data series of eight countries did not 66 

support the analysis in the ARDL framework, hence the Random effect model and Granger 67 

Causality technique is used to quantify the magnitude and direction of  association that exists 68 

between carbon emissions, renewable energy in the presence of other macroeconomic variables 69 

including square of GDP per capita (included to test EKC behaviour) respectively.  In the presence 70 

of renewable energy resource as an influencer of carbon emissions, the overemphasized EKC 71 

hypothesis, however, is not supported in the panel data analysis and in country wise analysis. 72 

 73 

Keywords: EKC hypothesis, Green and sustainable energy, CO2 Emissions, GDP, and economic 74 

indicators. 75 

 76 

1. Introduction 77 

The nations across the globe are driven by the objective of accelerated economic growth leading to 78 

increased energy consumption causing high carbon emissions and persistent environmental 79 

degradation (Apergis and Tang, 2013; Baranzini et al., 2013). The fact that the wave of 80 

globalization has hastened economic growth across both developing and developed countries 81 

cannot be disputed. Globalization has also nurtured technology transfers, cross-border flow of 82 

investments, and trade openness. The flip side of the story is the emergence of ensuing challenges 83 

in achieving wellbeing with sustainable development and arresting global warming (Dasgupta, S., 84 

Laplante, B., Wang, H., & Wheeler, D. 2002; Özdemir, Özlem., &Özokcu, Selin, 2017). The close 85 

link between economic growth, green and non-green energy use, and pollution caused due to 86 

carbon emissions during the business and economic processes that goes on in countries unabated 87 

and the impact of FDI inflows and trade-flows hasbeen the matter of interest inthe environmental 88 

and economic literature. The studies focussing on this aspect have produced sometimes ambiguous 89 

and controversial results (Paul and Benito, 2018; Klieret al., 2017; Fetscherin et al., 2010). The 90 

spread of globalization has indubitably been an engine of growth and advancement (Buckley and 91 

Casson, 2009; Perkins and Neumayer, 2008; Chan et al., 2006; Blonigen, 2005; Meyer, 2004; 92 

                                                 
1 Carbon footprint term is used in this paper to represent carbon emissions  
2 ARDL -A model that permits a dependent variable to depend on current and past values of predictor variables and on its 

own past values which is autoregressive part. The lags can have a non-uniform distributed lag.  
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Gray, 2002; Wheeler, 2001; Talukdar and Meisner, 2001) but it has also created substantial 93 

challenges for ongoing sustainable development (Jorgenson, 2007; Hoffmann, Lee, Ramasamy, 94 

and Yeung, 2005). Post -World War II the most detrimental global event has been the Covid 95 

pandemic adversely affecting millions of people across the world.  96 

The revisit on the subject reiterates the requisite effort towards energy innovation that meets the 97 

environmental sustainability norm via the technique effect(Eskeland and Harrison, 2003; Cole et 98 

al., 2008). The initial structural change in the structure of the economy from subsistence agrarian 99 

to more energy-intensive industrial economy accompanies an increase in the pollution levels.  100 

However, pollution decreases when the economic structure progresses towards light 101 

manufacturing and tertiary sector growth via the composite effect (A ́lvarez, Balsalobre and 102 

Cantos, 2015; Pao and Tsai, 2010, Liang and Teng 2006; Grossman and Krueger, 1995, 1991). 103 

Studies by Stokey (1998) , Bergh and Nijkamp (1994) and Gradus and Smulders (1993), 104 

emphasized that sustainable development is possible through the stringent institutional framework 105 

and innovative techniques facilitated by the FDI policy.  Pursuance of higher scale of production 106 

with minimal change in the technology and the economic structure of the economy, adversely 107 

affects environmental quality, and hastens the environmental degradation (Alvarez-Herranz et al., 108 

2017). This study tries to validate that there exists a sustainability nexus between developing and 109 

developed countries through innovative infusion of green energy by adopting customised policies 110 

at country-level. FDI-CO2interlinkage controlling the institutional factors, trade openness, and 111 

state of financial progress as a control variable has been studied to find the technique, scale, and 112 

composite effects (Singhania and Saini, 2021; Shao 2018; Neumayer 2009) across advanced and 113 

developing countries. Empirical studies endorse the relationship that exists amongst environmental 114 

pollution and income levels validating the EKC impact (Copeland and Taylor, 2004; Dinda, 2004; 115 

Dasgupta, et. al, 2002).  However, Stern (2004) has questioned this hypothesis.  There have been 116 

few studies that have included the renewable energy use in the model specification primarily 117 

focussing on country wise analysis because the time span of availability of renewable energy is 118 

short. From 1990 onwards, published data on RE usage (as a proportion of total final energy 119 

consumption) can be accessed as World Development Indicators (WDI). However, Sharif et al. 120 

(2019) attempted panel study to investigate the association of dynamics of non-renewable and 121 

renewable energy consumption with carbon emissions. Given the vast scope of the subject of 122 

unearthing associations amongst macro-economic variables linked to carbon emissions, different 123 

types of use of renewable and non-renewable energy, each country’s perspective has not been 124 

thoroughly explored in the previous studies. Hence, an attempt is being made to enrich the 125 

literature on the subject through this empirical engaging quantitative research. The study 126 

emphasesthe nexus between CO2 emissions, oil energy usage, per capita GDP, GDP2, trade, green 127 

energy, and FDI in sample developed and developing countries.  128 

 129 

The rest of the paper is structured in lined, where the stylised facts emerging from current 130 

literature are presented in section 2. The theoretical and conceptual underpinnings are detailed in 131 

Section 3. The methodological viewpoint and empirical modelling are highlighted in section 4. 132 

Section 5 is presenting the comprehensive empirical analysis, subdivided into six subsections. In 133 

section 6 discussions and findings are summarised.Conclusion in the light of data limitations and 134 

final wrap up in the form of scope for further research is presented as matters arising from this 135 

research devoted to unravelling the insinuations of the study in section 7 and 8.  136 

 137 

2. Review of Existing Literature  138 

 139 
The nexus between the environmental degradation–GDP–energy are intertemporal in nature and 140 

its relevance for ensuring sustainability cannot be refuted in the studies of ecological and 141 
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environmental economics. Saboori and Sulaiman (2013); Jayanthkumaran et al. (2012); Ghosh 142 

(2010); Tamazian and Rao (2010); Narayan et al. (2010); Claessense and Feijen (2007); Feridun et 143 

al. (2006); Tedesse (2005) have looked at the association between GDP, energy use, and CO2 144 

emissions. Ghosh (2010) used the Johansen– Juselius maximum likelihood process and 145 

ARDLbound testing technique to investigate the causal association among environmental 146 

degradation and economic growth. The EKC hypothesis was found to be true by Jayanth Kumaran 147 

et al. (2012), although the link between structural changes and carbon emissions was not found to 148 

be substantial. Birdsall and Wheeler (1993) study the promotion of trade liberalization towards the 149 

reduction of CO2while World Bank (2000), Jensen (1996), andShahbaz et al. (2013) pinpoints 150 

trade to be a culprit for emission intensity. Empirical findings are conflicting with respect to the 151 

link between FDI and pollution concentration. Tedesse (2005) emphasized on the importance of 152 

financial development that spurs technological innovations resulting in higher productivity. FDI 153 

affects the ecological environment of host country either in the form of “pollution haven” or  as 154 

“pollution halo” hypothesis. The pollution halo hypothesis widely talked about in the literature 155 

(Mert M., &Cağlar A.E, 2020;Sun C,&Zhang F, Xu M2017)  is the result of stringent 156 

environmental standards and laws in host countries faced by the global and multinational 157 

companies possessing state of the art technology and managerial practices (Zarsky, 1999). 158 

Multinational companies whose organic growth is under high governance standards and 159 

environmental practices (Saini and Singhania, 2018; Singhania et al., 2015) have the potential to 160 

transform the processes leading to the environmental damages to environmental sustenance. 161 

Multinational companies, that completely lose sight of the environmental protection of host 162 

countries and are only governed by economic parameters of profit-making are responsible for the 163 

pollution haven hypothesis (Perkins and Neumayer, 2008; Gray, 2002; Talukdar and Meisner, 164 

2001). The most polluting industries are being relocated to the developing world due to the 165 

prevalence of relatively lower carbon taxation/fee and implementation costs in these countries 166 

often signalling lower environmental values causing further worsening of the environment 167 

(Copeland and Taylor, 1994; Chichilnisky, 1994). 168 

 169 

There is a need for policy reforms and effective global agreements to mitigate GHGs emissions. A 170 

range of environmental initiatives has been used by the OECD countries to achieve sustainable 171 

business objectives (SDGs) (OECD, 2011). Developing countries, often lag in introducing and 172 

implementing regulatory environmental norms although they are more vulnerable to 173 

environmental degradation.  National and regional environmental policy reforms are needed, but 174 

they must also be strictly implemented in order to stay up with the changing global reality and 175 

maintain the sustainability ethos.  176 

Lee (2019) examines the changing aspects of RE, emissions of CO2 and GDP for the long 177 

andshort run in European Union using VECM. The findings of the research convey that the long-178 

run dynamics from endogenous variables to CO2 emissions are both negative and significant. This 179 

points to the European Union's energy and environmental policies' long-term effectiveness in 180 

reducing CO2 emissions. Sharif et al., (2019) have sought to analyse the dynamic link between 181 

NRE and RE usage in order to evaluate the influence on CO2 emissions through panel analysis. 182 

Nguyen and Kakinaka (2019) considering the data of 107 nations from 1990 to 2013 studies the 183 

association ofofRE and NREusage on CO2
3 between high- and low-income countries. The long-184 

run impact of RE consumption and output on carbon emissions essentially relates to the country’s 185 

development stage. The results exhibit consistency with the EKC hypothesis. In addition to 186 

minimising the detrimental effects of global warming, reduced CO2 emissions also create an eco-187 

friendlier environment. It is also essential that fossil fuels are replaced by green technology as the 188 

primary energy source, according to Razmjoo and colleagues (2020). While Apergis et al., 189 

                                                 
3Carbon emission and CO2 have been used interchangeably in this paper. 
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(2018),discovered bidirectional causality between CO2 emissions and RE in short run resutls. 190 

Causality running in one direction was found to be moving from renewable energy consumption to 191 

expenditure on wellbeing.  192 

 193 

 194 

3. Methodology and Econometric Modelling 195 

 196 
 197 

The study aims to determine the direction of the association between predictor variables, and also 198 

unravel the overall impact on carbon emissions by including renewable energy in the presence of 199 

specific macro-economic variables that influence the relationship. In the light of the broad 200 

objective stated above, the three sub-objectives were identified: (1) to observe if there is a long run 201 

cointegrating association amongst factors that influence carbon emissions (2) to study and 202 

evaluate the outcome of renewable energy on carbon emissions to highlight complex interactions 203 

amid environmental pollution and economic growth. (3) to analyse some significant directional 204 

associations amongst the variables across nations, given the complexity and uniqueness of 205 

developing and developed countries. (4) to revisit the Environmental Kuznets Curve (EKC) 206 

postulate.   207 

 208 

The EKC hypothesis supports the argument that sustainable development is feasible if nations 209 

continue to grow and fund environmental improvement later. In fact, the real-world outcomes are 210 

not reflected by this postulate. It needs to be acknowledged by the humanity that there are limits to 211 

growth and these thresholds are set by the carrying capacity of the nature. The biodiversity loss is 212 

irreversible (Prieur, Fabien, 2009; Karsch, 2019). Mills and Waite (2009) effectively present in 213 

their study that monetary and economic growth and conservation of biodiversity are not 214 

compatible ends. In this research, the intent is to re-emphasize that the nations must revert to 215 

sustainable energy options for meeting growth objectives best suited as per the topography, 216 

location, and available natural resources within the bounds of the countries. (Colantonio, 217 

&Gattone., 2020).As a result, environmental laws must be strengthened in order to enhance the 218 

integrity of the ecosystem and to establish policies that encourage the use of renewable energy and 219 

the conservation of the natural world. The present study hence approaches to explore linkage 220 

between CO2 and green energy along with the macro-economic variables like GDP, FDI, trade 221 

openness and NRE consumption (oil energy) from country perspective to validate the research 222 

intent. The country-wise analysis is subjected to panel estimation as well to see the linkagein the 223 

pooled data series. Following are the hypothesis of the study: 224 

Hypothesis1: CO2 and economic variables have a long run cointegrating relationship  225 

Hypothesis 2: Overemphasis is placed on the existence of the inverted U-shaped EKC hypothesis  226 

Hypothesis 3: Emissions of CO2and NRE have a positive and strong relationship.  227 

Hypothesis 4: The direction of the relationship between RE4 use and CO2 are negative.  228 

3.1   Data Description 229 

 230 

                                                 
4Renewable energy and green energy have been used interchangeably in this paper. 
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The variables, oil energy, GDP, GDP2, Trade, Green energy (renewable energy), Foreign Direct 231 

Investment (FDI) were identified to be determinants impacting the Carbon emissions (CO2) as per 232 

the reviewed literature. 233 

  234 𝐶𝑂2𝑡 =  𝛽0 + 𝛼1𝑂𝑖𝑙 𝐸𝑛𝑒𝑟𝑔𝑦𝑡 + 𝛼2𝐺𝐷𝑃𝑡 + 𝛼3𝐺𝐷𝑃2𝑡 + 𝛼4𝑇𝑟𝑎𝑑𝑒𝑡 + 𝛼5𝐺𝑟𝑒𝑒𝑛 𝐸𝑛𝑒𝑟𝑔𝑦𝑡 235                 +𝛼6𝐹𝐷𝐼𝑡   + 𝜀𝑡      (1) 236 

 237 

where ε denote error, t indicates time  238 𝐶𝑂2𝑡 is quantified in metric tonnes per capita and it is an environmental degradation indicator  239 

Oil Energy shows use of kg of oil equivalent per capita reflecting energy consumption  240 𝐺𝐷𝑃𝑡is measured in local constant local currency unit indicating real GDP per capita 241 𝐺𝐷𝑃𝑡2represents square of the real GDP per capita which isused forcapturing EKC effect  242 

Tradet reflects Trade Openness in country at time t. 243 𝐹𝐷𝐼𝑡represents Foreign Direct Investment  244 𝐺𝑟𝑒𝑒𝑛 𝐸𝑛𝑒𝑟𝑔𝑦𝑡indicates renewable energy (% of total final energy-use). 245 𝐹𝐷𝐼𝑡represents Foreign Direct Investment  246 

 247 

For the variables listed in equation (1) data is obtained from WDI for 27 years from 1990 to 2017 248 

for sample 20 countries. The ARDL technique assumes that all variables are endogenous. 249 

According to (Pesaran and Shin, 1999), in the ARDL approach both regressors and regressand are 250 

fed in the system with lags and this augmentation takes care of the possibility of endogeneity of 251 

regressor.  ARDL scores over the other techniques such as the one suggested by Engle and 252 

Granger (1987), another by Johansen and Juselius (1990) known as cointegration techniques. The 253 

power of ARDL rests on the premise that (a) it can be applied on I(0) or I(1) or a combination of 254 

both (b) it can be applied on a small data set, (c) it can be applied even when model regressor 255 

suffers from endogeneity.  The bound testing approach in general provides valid t statistics for 256 

long run unbiased estimates (Narayan, 2005). (d) ECT is derived in ARDL via simple linear 257 

transformation integrating short-run adjustment within the long run equilibrium with no loss of 258 

evidence pertaining to long period. (Pesaran and Shin, 1999). CUSUMSQ was used to check the 259 

stability of the long-term parameters as proposed by (Pesaran and Shin, 1999). Other diagnostic 260 

checks are also performed and reported in the section devoted to the analysis of results.   261 

 262 

The EU EDGAR database5 was used to select the samplecountries considered to be major carbon 263 

emitters in the world. The framework of the study initially involved targeting 20 most polluting 264 

developed and developing countries and the current data available on the WDI on the World 265 

Bank6 website was used. The analysis was limited to 8 developed and developing countries for the 266 

period 1990 -2019 since some of data series like oil energy, CO2 emission and renewable energy 267 

series were found to be I (2) for some nations. The missing values in individual data series were 268 

carefully examined for each country and were interpolated and extrapolated based on trend line 269 

assessment after careful examination.  Hence, given this constraint of data, the current paper 270 

covers analysis of five developing countries viz Argentina Brazil, Iran, South Africa, Mexico and 271 

three developed countries viz. Germany, Poland, Canada. However, for Iran, South Africa, 272 

Mexico the proxy variable was chosen for per capita real GDP (computed in constant domestic 273 

currency) since it was found to be I(2). GDP constant (measured in local constant currency) was 274 

used instead. Renewable energy (% of total energy) was found to be I(2) for Iran and South Africa 275 

so alternative variable chosen is combustible renewables and waste (% of total energy). The 276 

                                                 
5
EDGAR is an independent, multipurpose, global database of emissions of greenhouse gases and air pollution on Earth 

primarily due to anthropogenic interventions. https://worldpopulationreview.com/country-rankings/pollution-by-country 
6https://databank.worldbank.org/source/world-development-indicators 

https://worldpopulationreview.com/country-rankings/pollution-by-country
https://databank.worldbank.org/source/world-development-indicators
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countries like Argentina and Brazil and Germany for which the nature of the data series did not 277 

pose a challenge, ARDL technique was applied on the original series as indicated in the 278 

description of equation (1) and (2) for understanding the long run and short run dynamic linkage 279 

spanning over 1990-201. However, at country level across five developing and three developed 280 

countries the short run and long run association was observed to be largely stable. 281 

 282 

The choice of a relatively smaller data frame is contingent upon the fact that the data for 283 

renewable energy use across nations is available as World Development Indicator from 1990 284 

onwards. The analysis could be conducted only for five countries of the developing world 285 

comprising of Argentina, Brazil, Iran, South Africa, and Mexico and three countries of the 286 

developed world comprising of Germany, Poland, Canada using the ARDL technique due to data 287 

issues. It is pertinent to mention that there did not seem to be a good proxy variable for CO2 288 

emission measured in metric tonnes per capita and for energy consumption (kg of oil equivalent 289 

per capita) hence all those countries whose data series were at I(2) with respect to these series 290 

were dropped from the analysis. Anotherforced reason for dropping countries from the analysis is 291 

that given the short time frame the problem of near singular matrix was cropping up while 292 

attempting the analysis in the ARDL framework. The review of literature (Mert&Bölük, 2016, 293 

Saini & Sighania, Ozturk, I., 2010) shows that the analysis in the ARDL framework with the 294 

considered variables has been attempted by the researchers. The longer time frame of analysis 295 

resolves such modelling issues. Hence, 12 top polluting countries could not be covered in the 296 

analysis. 297 

 298 

Panel data analysis was also run on these eight countries to understand the general direction of 299 

association amongst the variables. It is pertinent to mention here that the variables chosen for 300 

conducting the panel analysis are uniform across countries and are as described beneath equation 1 301 

except one data series i.e., renewable energy. The data series considered for panel analysis are 302 

CO2as an environmental degradation indicator, Oil Energy, GDP, GDP2 represents square of per 303 

capita real GDP which isused forcapturing EKC effect. These data series were found to be I(1). 304 

While FDI,Trade Openness in country were found to be I(0). The panel series green 305 

energyindicating RE (% of total final energy-use) was found to be I(2) hence a proxy renewable 306 

energy series representing combustible renewable and waste (% of total energy) was chosen to 307 

further the analysis. However, the panel data series of eight countries did not support the analysis 308 

in the ARDL framework, hence the random effect model is used for panel estimation.  309 

 310 

3.2 Model Specification 311 
 312 

ARDL involves estimation of the following relationship amongst the variables. 313 

 314 

 315 Δ𝐶𝑂2𝑡 = 𝛽0 + ∑ 𝛽1𝑖Δ𝐶𝑂2𝑡−𝑖 𝑝𝑖=𝑜 +316                   ∑ 1𝑖Δ𝑂𝑖𝑙 𝑒𝑛𝑒𝑟𝑔𝑦𝑡−𝑖 +𝑝𝑖=𝑜 ∑ 2𝑖Δ𝐺𝐷𝑃𝑡−𝑖 +𝑝𝑖=𝑜 ∑ 3𝑖Δ𝐺𝐷𝑃2𝑡−𝑖   +𝑝
𝑖=𝑜317 

                  ∑ 4𝑖Δ𝑇𝑟𝑎𝑑𝑒𝑡−𝑖 +𝑝𝑖=𝑜 ∑ 5𝑖Δ𝑝𝑖=𝑜 𝐺𝑟𝑒𝑒𝑛 𝑒𝑛𝑒𝑟𝑔𝑦𝑡−𝑖 +  ∑ 6𝑖Δ𝐹𝐷𝐼𝑡−𝑖𝑝𝑖=𝑜 + £1𝐶𝑂2𝑡−𝑖 +318 λ1𝑂𝑖𝑙 𝑒𝑛𝑒𝑟𝑔𝑦𝑡−𝑖 + λ2𝐺𝐷𝑃𝑡−𝑖 + λ3𝐺𝐷𝑃2𝑡−𝑖 + λ4𝑇𝑟𝑎𝑑𝑒𝑡−𝑖 + λ5𝐺𝑟𝑒𝑒𝑛 𝐸𝑛𝑒𝑟𝑔𝑦𝑡−𝑖 +319                  λ6𝐹𝐷𝐼𝑡−𝑖 + μt                                                                         (2)  320 

   321 

Where Δ = change after first differencing,   322 
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μt = noise residuals CO2,  323 

Oil energy, green energy, FDI, Trade, GDP, SQGDP, have been defined in the first equation.   324 

Σ represents the dynamics of error correction and λi signifies the long-run association. The time-325 

related trend variables are incorporated to grasp the autonomous changes that are time-related.  326 

 327 

In next phase the estimation of the ECM is initiated if long-term association amongst the variables 328 

is validated as per equation 2.  329 

 330 𝐶𝑂2𝑡 = 𝛽0 + ∑ 𝛽1𝑖Δ𝐶𝑂2𝑡−𝑖 𝑝𝑖=𝑜 +331 ∑ 1𝑖Δ𝑂𝑖𝑙 𝑒𝑛𝑒𝑟𝑔𝑦𝑡−𝑖 𝑝𝑖=𝑜 ∑ 2𝑖Δ𝐺𝐷𝑃𝑡−𝑖 +𝑝𝑖=𝑜 ∑ 3𝑖Δ𝐺𝐷𝑃2𝑡−𝑖  +𝑝
𝑖=𝑜332 

                 ∑ 4𝑖Δ𝑇𝑟𝑎𝑑𝑒𝑡−𝑖 +𝑝𝑖=𝑜 ∑ 5𝑖Δ𝑝𝑖=𝑜 𝐺𝑟𝑒𝑒𝑛 𝑒𝑛𝑒𝑟𝑔𝑦𝑡−𝑖 + ∑ 6𝑖Δ𝐹𝐷𝐼𝑡−𝑖 +𝑝𝑖=𝑜 η𝐸𝐶𝑇(−1) +333 𝜇𝑡            (3) 334 
 335 

The speed of adjustment is captured by η which represents the equilibrium restored in the system 336 

when shock occurs. ECTt-1 is the residual series obtained after the estimation of the Equation 1 337 

representing cointegration model. The F-statistics value is dependent on the lags selected based on 338 

Schwarz-Bayesian information (SIC) or Akaike information (AIC) Pesaran et al. (2001).  339 

Specified model for panel estimation is the Random Effect Model (REM) where we assume that 340 

the coefficients of the time varying variables of the observed and latent time-invariant variables do 341 

not change over time respectively for all t, that the equation error variances are equal and the 342 

disturbance in a cross-section is uncorrelated with the observed explanatory variables. The benefit 343 

of using REM is that the time-invariant omitted variables are controlled (Bollen and Brand, 2010). 344 

 345 

Random Effect model for Estimating Panel Data 346 
 347 𝐶𝑂2𝑖𝑡 =  𝛽0 + +1𝐶𝑂2𝑖𝑡−1 𝛼1𝑂𝑖𝑙 𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 + 𝛼2𝐺𝐷𝑃𝑖𝑡 + 𝛼3𝐺𝐷𝑃2𝑖𝑡 + 𝛼4𝑇𝑟𝑎𝑑𝑒𝑖𝑡 + 𝛼5𝐺𝑟𝑒𝑒𝑛 𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 348                 +𝛼6𝐹𝐷𝐼𝑖𝑡   + 𝒊𝒕         (4) 349 

      350        𝑤ℎ𝑒𝑟𝑒   𝑖𝑡  =  𝑖𝑡 +𝑖 351 

subscript shows no. of cross sections while t shows time 352 

𝑖 is a measure of the random deviation of each entity’s constant term from the “global” intercept 353 

term . There is no need for a dummy variable to take care of the heterogeneity in the cross-354 

sectional dimension. 355 

ihave zero mean;independent to vit; constant variance; independent of explanatory variables  356 

GLS estimation is done since OLS is consistent but inefficient 357 

 358 

4. Analysis of Results  359 
 360 

Table 1: Results of Unit Root Test using ADF Methodology 361 

Country        
 

   Argentina    Brazil        Iran    Mexico   South Afr  Canada           Poland    Germany

Carbon 
    Level            -1.11      -1.19        -35         0.45        -2.23        -0.81 -2.22 -1.31 

 
      First  -4.61**   -3.32**  -5.45**  -5.092**    -5.62**      -3.48**        -5.15** -7.73** 

 

   Oil Energy 
    Level -0.5      -2.18     -0.35       -1.73       -1.48          0.77           -1.32 -1.52 

 
      First  -5.10**   -6.51**  -5.75**      -4.47    -4.43**     -3.92**        -5.35** -6.10** 

 
  GDP     Level -1.89      -0.86     -1.19       -1.15       -0.69       -0.167        -1.47**          0.61 
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      First  -4.15**   -3.65** -4.71**   -5.75**    -3.06**      -4.44**        -3.65**     -6.68** 
 

  GDP2 
    Level -1.67      -1.07     -1.12       -0.99       -0.19         0.964           -1.39          1.13 

 
     First  -4.40**   -3.53**  -4.77**   -5.60**    -3.11**        0.002        -3.05**     -6.56** 

 

 Trade 
    Level -2.47      -2.03     -1.06       -0.94       -2.58         -2.13           -0.38          -0.6 

 
      First  -4.20**   -5.84**  -4.39**   -6.31**    -4.89**     -3.48**        -5.14**    -5.12** 

 

Green energy 
    Level -2.38      -2.34     -1.83       -1.29       -1.77         -0.86             -0.9       1.522 

 
      First  -4.70**   -3.13**  -4.70**    -6.61**    -4.18**      -5.21**        -4.56**    -4.58** 

 

      FDI 
    Level -3.93**       -1.36    -1.88      0.544  -3.461**      -4.48**        -3.43**    -3.75** 

 
      First   ----   -5.88** -4.51*    -8.35** ---- ---- ---- ---- 

 
** Stationarity significant at 0.05  362 
 363 

4.1 Stationarity  364 
 365 

It is important to check stationarity property of variables for estimating a long-term relationship. 366 

The unit root test is applied to find out if shocks of any kind have some permanent effect which do 367 

not subside. If unit root problem is found in the series, detrending the series is a must for carrying 368 

further analysis. All considered variable series for model estimation was found to be I(1) for 369 

Brazil, Iran, and Mexico. While for Argentina, South Africa, Canada, Poland and Germany all 370 

series are I(1) except Foreign Direct Investment which was found to be I(0). 371 

 372 

Table 2:  Panel A- Long-Run Estimation for Sample Countries            Dependent Variable:  CO2 373 
Developing Countries Developed Countries 

Variables Argentina Brazil Iran Mexico South 

Africa 

Canada Poland Germany

C 1.672* 

(2.101) 

1.543** 

(2.358) 

3.484 

(0.4654) 

-10.779** 

-(3.898) 

13.32 

(1.688) 

3.425 

(1.424) 

-11.617** 

(-3.322) 

18.631 

(1.479) 

 

 

CO2 (-1) -0.084 

(-0.94) 

0.192 

(1.593) 

3.78** 

(2.204) 

0.236** 

(2.087) 

-0.59** 

(-2.72) 

0.6595** 

(4.093) 

0.083235 

(0.862) 

0.542** 

(2.22) 

Oil Energy 

 

Oil Energy (-1) 

0.0019** 

(6.563) 

0.002** 

(8.47) 

0.00252** 

(4.325) 

0.002** 

(5.846) 

0.0042** 

(2.205) 

0.049** 

(2.13) 

0.069** 

(2.747) 

 

0.0447** 

(8.022) 

0.1087**

(7.69) 

-0.086 

(-2.870) 

GDP 

 

GDP (-1) 

-9.10E-06 

(-0.090) 

6.73E-05 

(0.622) 

-0.0001 

(-1.578) 

-1.36E-07 

(-0.900) 

0.00015** 

(3.56) 

-0.002 

(-0.894) 

0.00015** 

(2.331) 

0.0005 

(1.715) 

1.72E-11** 

(4.87) 

 

6.87E-05

(0.148) 

-0.00097*

(-2.134) 

GDP2 

 

GDP2 (-1) 

5.77E-10 

(0.169) 

 

-3.13E-09 

(-0.963) 

4.47E-09 

(1.5057) 

7.59E-16 

(0.436) 

-6.21E-10** 

(-3.42) 

3.619E-10 

(0.147) 

-5.90E-09 

(-1.25) 

-2.37E-09* 

(-1.972) 

-4.42E-24 ** 

(-2.525) 

-1.16E-24* 

(-1.821) 

3.26E-09

(0.604) 

9.33E-09

(1.749) 

Trade 

 

Trade (-1) 

1.0410 

(1.711) 

-0.606 

(-0.908) 

2.016 

(1.433) 

0.169 

(0.294) 

2.414* 

(1.798) 

0.027* 

(2.141) 

0.0058 

(0.5773) 

-0.0088 

(-0.707) 

0.0199 

(1.643) 

Green energy 

 

Green energy (-1) 

-0.053** 

(-4.45) 

-0.038** 

(-2.469) 

-0.0375** 

(-8.755) 

0.0120 

(1.675) 

-1.733** 

(-2.40) 

0.038 

(0.478) 

-0.27 

(-0.472) 

-0.88 ** 

(-2.644) 

-0.218 

(-0.52) 

-0.031 

(-0.903) 

.0696* 

(2.128) 

0.0277 

(0.541) 

-0.154** 

(-2.332) 

FDI 

 

FDI (-1) 

7.52E-12** 

(2.692) 

3.41E-13 

(0.776) 

8.80E-12 

(0.14) 

-1.25E-12 

(-0.59) 

-5.11E-11** 

(-2.663) 

-4.30E-11** 

(-2.908) 

0.036 

(1.002) 

0.0049 

(0.626) 

-0.002 

(-0.253) 

Goodness of Fit & Diagnostics 
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R2 

 

0.9518 

 

 

0.9983 

 

0.988 

 

0.9526 

 

0.964 

 

.9329 

 

.9797 

 

0.9948 

Adjusted R2 

 

0.9496 0.9970 0.982 0.9319 0.937 .8916 .9657 0.9880 

F Statistic 

 

---- 788.256 190.51 45.96 35.70 ------- 69.84 145.32 

Durbin Watson 1.866 2.610 2.188 2.061 2.461 2.659 2.004 2.900 

* Significant at 0.1         **Significant at 0.05 374 
Note: Corresponding t values associated with coefficients are shown in bracket (Table 2). 375 
 376 

4.2 Long Run Analysis 377 
 378 

The outcomes of estimates of equation 2 are mixed. Previous year carbon emissions are found to 379 

be statistically significant contributing towards current year carbon emissions in Iran, Mexico, 380 

Canada, and Germany. Oil energy’s influence in adversely impacting the environment is 381 

statistically significant across all eight countries is aligned to environmental truism. The positive 382 

coefficient of GDP was estimated for five countries, but it was found significant for Mexico and 383 

Poland supporting the hypothesis of scale effect leading to environmental degradation (Alvarez-384 

Herranz, Balsalobre, Cantos, and Shahbaz, 2017). The negative sign of GDP2 seems to support 385 

EKC hypothesis across four nations but it was found to be significant only for Mexico and Poland, 386 

but the magnitude is abysmally low. There is a purpose behind retaining these weak exponential 387 

coefficients in the table to highlight the same. EKC hypothesis is not supported in this study. The 388 

influence of green energy on carbon emissions is found negative for all countries except Mexico 389 

and significant for Argentina, Brazil, Iran in the category of developing countries for current 390 

period and significant for South Africa, Poland, and Germany for one period lag. However, for 391 

Canada the relationship is negative but not significant between green energy and carbon 392 

emissions. These results are indicative of the fact that green energy usage is positively linked to 393 

lessening the environmental degradation across six countries and the strength of association is 394 

noteworthy.  The direction of Impact of trade in reducing carbon emission was found desirable for 395 

two countries Brazil and Germany but was found to be significant at 0.05 only for Germany. For 396 

other six countries, the association of trade and CO2 emission was found to be positive but 397 

significant at 0.1% for Canada. Goodness of fit (Adjusted R2) of the ARDL model across all 398 

countries was found to be close or higher than 90%. Durbin Watson results indicate absence of 399 

autocorrelation. Errors were found to be normally distributed except for Mexico. Absence of 400 

heteroscedasticity across all countries except Germany as indicated by Breusch Pagan Godfrey 401 

test. P values were found to be greater than 0.05. Test results of Breusch Godfrey LM test were 402 

also satisfactory except for Argentina. 403 

 404 

Table 3: Short-Run Estimation for Sample Countries    Dependent Variable :D (CO2 Emissions) 405 

                     Developing Countries  Developed Countries  

Variables Argentina Brazil Iran Mexico South Africa Canada Poland  Germany 

D(Oil 

Energy) 

0.0020** --- --- --- --- 0.049** --- 0.108** 

(15.97) --- --- --- --- (3.43) --- (15.97) 

D(GDP) 
1.75E-05** 6.73E-05 --- 

 
2.9E-11** ---- ---- 6.87E-05 

(3.154) (1.174) --- --- (7.99) ---- ---- (0.308) 

D(GDP2) 
-1.29E-09 3.13E-09 --- --- ---- -5.9E-09** -4.4E-24** 3.26E-09 

(-0.847) (1.8063) --- ---- ---- (-3.17) (-13.75) (-1.264) 

D(Trade) 
--- --- --- --- --- --- --- -0.008 

--- --- --- --- --- --- --- (-1.379) 
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D (Green 

Energy) 

-0.053** -0.0375** --- --- -0.277* --- -0.031 -0.027 

(-6.819) (-15.29) ---  (-1.965) --- (-1.598) (-1.182) 

D(FDI) 
--- --- --- --- -4.8E- 11** --- --- --- 

--- --- --- --- (-6.332) --- --- --- 

ECT (-1) 

term 

-0.932** -0.803** -0.62** -0.76 ** -0.923** -0.340** -0.916** -0.457** 

(-16.189) (-14.17) (-5.890) (-11.44) (-9.9103) (-4.50) (-16.82) (-7.341) 

Model Fit and Diagnostics  

R2 0.589 0.975 0.6119 0.8498 0.951 0.666 0.932 0.976 

Adjusted 

R2 
0.527 0.971 0.5943 0.8498 0.9439 0.631 0.925 0.969 

Durbin 

Watson 
1.9906 2.61 2.188 2.0619 2.58 2.659 2.004 2.900 

CUSUM 

Stable 

model 

Stable 

model 

Stable 

model 

Stable 

model 

Stable 

model 

Stable 

model 

Stable 

model 

Stable 

model 

Normality 

(p value) 
0.1782 0.8470 0.253 0.00004 0.8290 0.1592 0.4831 0.5483 

BPGTest 

(p value) 
0.7603 0.0735 0.4169 0.7020 0.2345 0.8104 0.9962 0.0017 

BG LM 

(p value) 
0.8616 0.9983 .0919 0.3781 0.1042 0.0616 0.745 0.3196 

* Significant at 0.1         **Significant at 0.05 406 
Note: Corresponding t values associated with coefficients are shown in bracket (Table 3). 407 
 408 

4.3 Short Run Analysis 409 

  410 
The parameters of Equation 3 were estimated using the ARDL cointegration procedure.  The 411 

coefficients of level variables have been found using AIC criterion. Use of Akaike 412 

Information Criterion is considered parsimonious to estimate the coefficients of variables at 413 

level. This not only ensured to minimizing the loss of freedom but to get to the smallest lag 414 

length. (Boutabba, 2014).  Table 3elaborates the estimated short-run results by country. NRE 415 

coefficient has a significant short-run positive influence on carbon emissions in Canada and 416 

Germany and Argentina, this entails increasing energy demand in tandem with increased 417 

economic activity, resulting in higher CO2 emissions. The coefficient estimates of GDP and 418 

GDP2 must be examined to evaluate the EKC hypothesis. The coefficient of GDP2 was found 419 

to be statistically significant for Canada and Poland but very weak, barely existent in terms of 420 

magnitude in the short run.  421 

 422 

Coefficient of green energy was found negative and significant for Brazil and Argentina 423 

(significant at 0.05) and South Africa (significant at 0.1). These results are aligned with 424 

conclusions of Panayotou (1997) and Arrow (1995) and Nicole, M. K. (2019), that economic 425 

expansion is not a panacea for environmental health, rather switching to green ways of 426 

production and consumption across nations in reducing carbon emissions is convincingly 427 

validated in quantitative analysis. For South Africa, the coefficient of FDI is found to be 428 

negative and significant. ECT term signifies cointegration amongst variable series.Across all 429 

sampled countries, it is found to be statistically significant and negative, which is a notable 430 

finding. In Table 4 Bounds test results are presented and analysed.  431 

 432 
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Diagnostics performed for each country model are presented in Table 4 and they are 433 

indicative of robust predictive power of the ARDL models. 434 

 435 

Table 4: Bounds Test Results 436 

Sample country       Specification of ARDL Model F-Bounds       Inference 

     Argentina 𝐶𝑂2 =f {Oil energy, FDI, GDP, GDP2 Green Energy,  

Trade, 𝐶𝑂2 (-1),} (1,0,0,0,1,0,0) 

   17.4742      Conclusive 

           Brazil 𝐶𝑂2 =f {Oil energy, FDI, GDP, GDP2 Green Energy,  

Trade, 𝐶𝑂2 (-1)} (1,0,0,1,1,1,0) 

  16.33003      Conclusive 

               Iran 𝐶𝑂2 =f{Oil energy, FDI, GDP, GDP2 Green Energy,  

Trade, 𝐶𝑂2 (-1)} (1,0,0,0,0,0,0) 

       3.064    Inconclusive 

         Mexico 𝐶𝑂2 =f{Oil energy, FDI, GDP, GDP2 Green Energy,  

Trade, 𝐶𝑂2 (-1)} (1,0,0,0,0,0,0) 

       11.38      Conclusive 

South Africa  𝐶𝑂2 =f{Oil energy, FDI, GDP, GDP2 Green Energy,  

Trade, 𝐶𝑂2 (-1)} (1,0,1,1,1,0,0) 

        7.979      Conclusive 

         Canada  𝐶𝑂2 =f {Oil energy, FDI, GDP, GDP2 Green Energy,  

Trade, 𝐶𝑂2 (-1)} (1,0,1,1,1,0,0) 

     3.0612    Inconclusive 

          Poland  𝐶𝑂2 =f{Oil energy, FDI, GDP, GDP2 Green Energy,  

Trade, 𝐶𝑂2 (-1)} (1,1,0,0,0,1,0) 

     23.004      Conclusive 

      Germany 𝐶𝑂2 =f{Oil energy, FDI, GDP, GDP2 Green Energy,  

Trade, 𝐶𝑂2 (-1)} (1,1,0,1,1,1,1) 

       3.789      Conclusive 

 437 

 438 

4.4 Cointegration 439 
 440 

SIC criterion was used for choosing the optimal lag length for separate set of data of sample 441 

countries. The results indicated the appropriate lag length to be one. In cointegration bound 442 

testing, the comparison of F statistic against critical value is centred on lag imposition on 443 

differenced variable (Bahmani-Oskooee and Nasir, 2004).As long as the computed values fall 444 

between upper and lower limits, the model is inconclusive. If the computed values go below the 445 

lower limit, however, we do not reject the null hypothesis that there is no co-integration in this 446 

particular case. If the F-statistics that has been estimated is found to be higher than the critical 447 

value of the upper bound, the results considered as conclusive, indicating that the variables are 448 

cointegrated. As earlier specified, ECT gives useful information in confirming long-run 449 

relationships in this paradigm (Banerjee et al., 1998; Kremers et al., 1992). The Bounds test is 450 

found to be inconclusive for two nations Iran and Canada as the F statistic is found to lie within 451 

the critical values of lower and upper bounds. However, it is pertinent to mention that for Iran and 452 

Canada the error correction term was found negative and significant which establishes that the 453 

data series are cointegrated in the short run but long term cointegration is not conclusively 454 

established. For the other six countries long term cointegration relationship is conclusively 455 

established amongst the variables and F statistics is found to be exceeding the upper bound value 456 

signifying long-term relationship specified in table 4, (Kremers et al., 1992; Banerjee et al.,1998).  457 

 458 

 459 

 460 
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 461 

 462 

 463 

Table 5: Stationarity Results of Panel Series  464 

Variables  CO2 
Oil 

Energy 
GDP GDP2 Trade 

Green 

energy 
FDI 

Stationarity  
Level -1.025 -0.608 -1.89 2.073 -2.97** 2.1357 -3.93** 

First -3.133** -3.652** -5.983** -5.138** ---- -6.769** --- 

 465 

 466 

Table 6:Panel Results -Random Effect Model 467 

Variables Coefficient t value Std. Error P value 

C -0.02491 -0.09999 0.03137 0.4282 

D(CO2(-1)) -0.064876 -0.99995 0.0649 0.319 

D(Oil Energy) 0.002934 8.74424 0.00039 0.0001 

D(GDP) 7.63E-08 0.40977 1.86E-07 0.6825 

D(GDP2) -4.75E-16 -0.9765 1.23E-15 0.6992 

Trade -8.74E-05 -0.1391 -0.1391 0.8895 

D(Green energy) -0.08593 -1.9574 0.04389 0.0519 

FDI -9.40E-14 -0.074465 1.26E-12 0.9407 

Goodness of Fit and Diagnostics 

R2 
Adjusted 

R2 

Durbin 

Watson 

Pedroni 

Residual 

cointegration 

F 

Statistic 

Hausman 

Test (p 

value) 

Cross-Section 

dependence - 

BP LM test 

0.350918 0.3241 -0.4774 2.2086 13.1297 1.8831 36.7461 

   
(0.3165)+ 

 
(.9660)++ (0.1246)+++ 

+ Residuals are not cointegrated, ++Random Effect Model is more appropriate, 468 
+++There is no cross-sectional dependence 469 
 470 

4.5 Panel Analysis 471 

 472 
Panel series were tested for presence of unit root as shown in Table 5. The panel series 473 

residuals were not found to be cointegrated as shown by the Panel ADF statistic -0.477454, 474 

p=0.3165>.05. RE as a percent of whole energy originally used in analysis was found to be I 475 

(2). Hence a proxy green energy series combustible and waste energy (% of total energy) is 476 

used to run panel analysis to check the direction and magnitude of the coefficient of 477 

renewable energy as influencing the CO2 emissions and it is found negative and close to a 478 

significance level of 0.05 which is a very important finding of this study despite idiosyncrasy 479 

of the data series. It needs to be reemphasized that even the choice of data series that 480 

underestimates the use of renewable energy-use gives a clear finding of a negative 481 

relationship between carbon emissions and green energy with a compromised significance 482 

level of slightly above 0.05 cannot be ignored and is having a strong policy implication. Oil 483 

energy was found to be positively influencing carbon emissions as empirically tested in the 484 

previous research (Singhania and Saini, 2021; Shahbaz, and Tahir, 2013; Saboori and 485 

Sulaiman, 2013). The Kuznets curve hypothesis was not statistically significant (Table 6). 486 

However the trade and FDI were having a negative association with CO2, but insignificant. In 487 
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the country-wise analysis as well the Kuznets curve hypothesis was very weak for countries 488 

like Mexico with coefficient value of 6.21E-10 and -4.42E-24 found significant for Mexico 489 

and Poland respectively. Coefficient of the regressors, trade and FDI were having a negative 490 

association with CO2, however they were not found to be significant. (Table 6). Our results 491 

seem to be in alignment with a recent paper by Nicole (2019) wherein the validity of the 492 

Environmental Kuznets Curve has been examined and questioned. However, studies by He 493 

and Richard, 2010; Rashid, 2009; Liang, 2008 validate the EKC hypothesis.  494 

 495 

Breusch Pagan Test for cross-sectional dependence is relevant since t > n and it found that 496 

cross sectional dependence is not present (36.7461, p= 0.1246 >.05). The direction of 497 

association of the regressors are aligned to previous research. The robustness of the model 498 

can be improved by increasing the number of countries in the panel. As shown in figure 1 the 499 

prediction of CO2 emissions is not as robust for developed countries as it is found for the 500 

developing countries.  501 

 502 

4.6 Analysis of Granger Causality 503 
 504 

Table 7:  Granger Causality Pairwise7 505 
Panel series  CO2_Emissions  Oil 

Energy  

GDP GDP2 Trade Green 

Energy 

FDI 

CO2 1 1.7122 .01893 .00552 1.0733 0.85179 0.56339 

Oil Energy 1.90406 1 1.29207 1.15088 0.51971 1.59655 0.2432 

GDP 4.04978** 14.2014** 1 8.35154** 0.84916 4.46880** 0.18077 

GDP2 3.7166** 12.8180** 8.5269** 1 0.02307 5.01989** 0.18077 

Trade 0.98376 0.92728 .00896 .085962 1 0.95984 0.18077 

Green 

Energy 

2.8771* 91.111** .02300 0.03777 0.29527 1 5.57422** 

FDI 0.5639 0.4965   0.01470 0.03735 0.03195 0.03195 1 

**Significant at 0.05 *significant at 0.10 506 
 507 
Table 7 exhibits pairwise panel causality test results for the Random Effect estimation done 508 

for the panel data. One way causation runs from GDP to CO2 emission and confirmed 509 

statistical significance. The outcomes of Shafik (1992) and Holtz-Eakin and Selden (1995) 510 

indicate that pollutant emissions increase monotonically with income levels A univariate 511 

Granger Causality running from GDP2 to CO2emissions. Apergis and Tang, 2013; Baranzini 512 

et al., 2013; Tang and Tan, 2013; Ozturk, 2010; Payne, 2010; Wolde-Rufael, 2005, 2009; 513 

Kraft and Kraft, 1978; considering a causal association among energy use and GDP growth 514 

and there is enough signal provided by studies using various econometric methods.  Study of 515 

Zhang and Cheng (2009) also support results of Granger Causality presented here. Univariate 516 

causation was also found significant running from GDP to NRE. Obviously, that confirmed 517 

the one-way causality to exist between squared GDP and oil energy. Univariate causality 518 

running from GDP and GDP2 to Green energy was also significant. GDP growth will boost 519 

renewable energy use is aligned with the results of earlier studies. However, Apergis and 520 

Payne (2010); Paul and Bhattacharya (2004); Asafu-Adjaye (2000); found univariate 521 

causation running from RE to GDP. Environment conservation always is the focus of nations 522 

after achieving the minimum threshold of development. The one-way causality running from 523 

green energy to CO2 was found significant at 10% level which is a significant indicator given 524 

the fact that an underestimated renewable energy series was used to assess Granger Causality 525 

                                                 
7 Pair wise Granger Causality conducted at country level has not been attached to keep the analysis less dense. It may be 

made available if it interests the reader. 
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as the RE-use as a % of total energy was found I (2) for the panel constituting eight countries. 526 

As depicted in the figure 1, fitted model is better for the developing countries vis a vis the 527 

developed countries. 528 

 529 
  530 

Figure 1: Plot of Residual, Actual and Fitted carbon emissions 531 

 532 
 533 

5. Conclusion and Policy Implications 534 
 535 

The current paper covers five developing countries and three developed countries analysis 536 

comprising of Argentina Brazil, Iran, South Africa, Mexico and Germany, Poland, Canada. 537 

Granger Causation conducted for panel data also confirm the nexus between green energy use 538 

and CO2emissions, despite using an underestimated series reflecting green energy usage for 539 

panel data analysis aligned with previous research and environmental theory.  540 

The results exhibit that the use of non-renewable energy does not have desirable effect on the 541 

environment which leads to gradual degradation, consistent with Kashif Abbasi, et al 2020, 542 

Razmo A. et al. 2021, while green energy lessens the environmental degradation that may 543 

prove helpful to reduce environmental hazards is validated by the long run and short run 544 

estimates of ARDL model (Table 2 and 3). The directional influence of green energy on 545 

CO2is found negative for all countries except Mexico. It is found significant for Argentina, 546 

Brazil, Iran in the category of developing countries for current period and significant for 547 

South Africa, Poland and Germany for one period lag. However, for Canada the relationship 548 

is negative but not significant between green energy and carbon emissions. These results are 549 

indicative of the fact that green energy usage is positively linked to lessening the 550 

environmental degradation across six countries and the strength of association is noteworthy 551 

in the long run model (Table 2). Univariate causality running from green energy to CO2 was 552 

found significant at 0.06 level which is a significant indicator given the fact that an 553 

underestimated renewable energy series was used to assess Granger Causality. The original 554 

indicator of renewable energyuse expressed in terms of a percentage of total energy was 555 

found to be I (2) for the panel constituting eight countries, hence it had to be dropped. One-556 

sided Granger Causality was also found significant running from GDP to non-renewable oil 557 

energy. One way causation moving from GDP and GDP2 to Green energy was also 558 

significant.All these results reverberating all through in the analysis are supported by UN 559 

Environment Assembly Sustainable Development Goals. (2019). 560 
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There were lot of data idiosyncrasies that were handled while attempting data analysis 562 

especially regarding country-wise data series found to be I (2), which added to limitations in 563 

our study.Firstly, the renewable energy (% of total energy) was found to be integrated at level 564 

two (I(2)) for Iran and South Africa, which encouraged the author to use an alternative 565 

variable for the analysis i.e. combustible renewables and waste (% of total energy). However, 566 

at country level across five developing and three developed countries the short run and long 567 

run association was found to be largely stable. It is pertinent to mention here that the panel 568 

series representing green energy (renewable energy as % of total energy) was found to be I 569 

(2) hence for running panel analysis on eight countries the second-best alternative was 570 

choseni.e., Combustible renewables and waste (% of total energy).  This series is not as best 571 

an alternative representing renewable energy usage, yet the direction of results is quite robust 572 

in indicating that nations should switch to use of renewable energy alternatives best suited for 573 

them given the geographical location, topography, and natural resource 574 

availability.Secondly,we have considered CO2 emissions only as an environmental 575 

degradation indicator in this current study and other GHGs are outside the scope of this 576 

paper. Thirdly, selection of countries was narrowed due to data features.  577 

 578 

The study very convincingly validates the fact that switching to renewable energy resources 579 

are in the interests of the nations to achieve sustainable growth. More needs to be done in the 580 

form of increased environmental awareness, global and nationwide concerted collaboration 581 

for environmental protection (Shahbaz, Nasreen, Abbas, and Anis, 2015; Go ̈lgeci, Gligor, 582 

Tatoglu, and Arda, 2019). Increased intervention by governments in channelling and 583 

sequencing foreign direct investments in the social and green technology sectors, tapping 584 

cleaner alternative technology, promoting awareness amongst the public about the issues 585 

related with energy use may go a long way in moving towards sustainable way of production, 586 

consumption and investment activities. It should be made mandatory for multinational 587 

companies to embrace strict disclosure norms on social and environmental dimensions.  By 588 

adopting green supply management through Public-Private partnership, we may go a long 589 

way in effectively reaping the benefits of globalized investments (Ansari, Khan, and Ganaie, 590 

2019). Collaboration for environmental protection is an essential facet and the very basis of 591 

civil, economic progress steering environmental sustainability. The spread of public 592 

awareness about polluting industries that are piling hazardous waste is essential for 593 

sustainable development. Companies, people, countries should be induced and incentivised to 594 

embrace cleaner technology using biofuel, solar energy, and wind energy, in their production 595 

and consumption processes.  There is a need for new investments to come up for creation, 596 

promotion and use of enabling technologies to usher in and maximize the renewable energy 597 

resource use in day to day lives. This would reduce both the carbon and the material footprint 598 

ensuring better health of the citizens, greater sustainable growth for all the stakeholders. 599 

Finally, there is an urgent need for policymakers to consolidate their management and 600 

supervisory obligations towards the execution and implementation of investments that have 601 

low carbon intensity (Singhania and Saini, 2021). In addition, development that leaves less 602 

material footprint should be the focus of the producers, investors, and consumers. There is an 603 

increased need for nations and people to realize that both carbon and material footprint are 604 

cause of concern and needs to be reduced. However, even the most talked about electrical 605 

vehicles will cause huge material footprint8.Grow now and fix it later propositionof EKC is 606 

having a very weak credibility as per the findings of this research. 607 

                                                 
8  To satisfy material needs and support economic growth huge pressure is placed on the environment. The global material 

footprint increased from 43 billion metric tons in 1990 to around 54 billion in 2000, and further increased to 92 billion in 

2017. 
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