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ABSTRACT 14 

The global economy continues to witness a consistent increase in carbon emissions, making it 15 
difficult to achieve the Paris agreement on climate change. To inform policies to mitigate 16 
carbon emissions, it is crucial to understand the factors that influence it. While there is a vast 17 
literature on the impact of economic growth on carbon emissions, empirical research on the 18 
impact of democracy and renewable energy on environmental quality in developing countries 19 
remains limited. Therefore, the goal of this paper was to examine the impact of democracy and 20 
renewable energy on carbon emissions for 46 sub-Saharan African countries using unbalanced 21 
data for the period of 1980-2015. Using an instrumental variable generalised-method of the 22 
moment, the study found that democracy and renewable energy reduce carbon emissions. 23 
Additionally, foreign direct investment, trade openness, population, and economic growth were 24 
the forces behind carbon emissions in sub-Saharan Africa. However, when democracy is 25 
accounted for, economic growth turns to reduce carbon emissions. No evidence of 26 
Environmental Kuznets curve was found. The results further indicated that the impact of 27 
urbanization on carbon emissions was indeterminate. These results are robust when alternative 28 
econometric estimation techniques were used. The study further demonstrated that the level of 29 
economic development matters when assessing the impact of these variables on carbon 30 
emissions. The study, therefore, recommends that democracy and investment in renewable 31 
energy should be given priority on Africa agenda to mitigate climate change. 32 
 33 
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Nomenclature  

WHO World Health Organization 

IPCC Inter-governmental Panel on Climate Change 

APP Africa Progress Panel 

LDCs Least Developing Countries 

InCO2 Carbon emissions 

DEMO Democracy 

Inrew Renewable energy 

Lnrgdpg Economic growth 

Inpop Population size 

Infdi Foreign direct investment 

Intrade Trade openness 

Inurb Urbanisation 

IV-GMM Instrumental variable generalised method of moment 

FE Fixed effect 

RE Random effect 

D-FE Dynamic fixed effect 

GMM Generalised method of moment 

FMOLS Fully Modified Ordinary Least Squares 

DOLS Dynamic Ordinary Least Squares 

polyarchy Electoral democracy 

Libdem Liberal democracy 

partipdem Participatory democracy 

Delibdem Deliberative democracy 

Egaldem Egalitarian democracy 
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1. Introduction 51 

Global warming associated with greenhouse gases and energy constraints are two key threats 52 

to the global economy. The most significant of the GHGs is CO2 emissions, which account for 53 

about 72% of emitted GHGs (Sanglimsuwan, 2011; IPCC, 2007). The Climate Resilience 54 

Handbook (2018) reports that 2017 was a record year for natural disasters, including 55 

hurricanes, wildfires, heatwaves, and droughts, which led to the loss of 31 billion-dollar 56 

globally. The situation is more serious for the Sub-Sahara African (SSA) region because of 57 

poverty, low technological know-how and more importantly over half of the population 58 

depends on climate-driven businesses such as smallholder farming, peasant mining, agriculture 59 

and hawking (Ngwenya et al., 2018; Frimpong et al., 2017; Fawcett et al., 2015). Though sub-60 

Sahara Africa (SSA) pollutes the environment the least, it is the worst affected by climate 61 

change ((Toulmin, 2009; IPCC, 2007; Conway & Schinner, 2011; Bouimetarhan et al., 2018).  62 

The World Health Organization [WHO], 2014) estimates that about 4.3 million people 63 

die every year from indoor air pollution, with the majority of these deaths occurring in LDCs 64 

(Collier, 2008). Also, the Africa Progress Panel (APP) (2015) reports that global warming 65 

associated with climate change vulnerability and food insecurity are amplifying the risks of 66 

conflict and unrest in many developing countries. In recent times, renewable energy has been 67 

argued to be critical in dealing with Africa’s energy poverty and climate change problems due 68 

to the fact that renewable energy technologies (RETs) provide attractive environmentally sound 69 

technology options for electricity (Karekezi, 2003; IRENA, 2017). Fundamentally, renewable 70 

energy sources, for example, solar and hydro have low carbon content and therefore expected 71 

to pollute the environment less compared to non-renewable energy sources. Analysts and 72 

international agencies are therefore promoting the use of renewable energy as a strategy not 73 

only to increase access to electricity but also to reduce environmental degradation because of 74 

its lower level of carbon dioxide emissions (Africa Progress Report, 2016; Shahbaz et al., 75 

2017).   76 

In support of the theoretical assertions, many empirical studies have provided support 77 

for renewable energy in promoting economic growth, energy justice, and reducing 78 

environmental degradation. For example, Bhattacharya et al. (2017) use the system-generalised 79 

method of moment (system-GMM) estimation technique to investigate the impact of renewable 80 

energy on carbon dioxide emissions for 85 developed and developing countries and report that 81 

the growth of renewable energy has a significant positive effect on both economic growth and 82 

environmental quality. Similarly, Hu et al. (2018) investigate the impact of energy consumption 83 

on carbon dioxide emissions for 25 developing countries over the period 1996-2012 using fully 84 
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modified ordinary least squares (FMOLS) and dynamic ordinary least squares (DOLS) 85 

techniques. The results of the study show that renewable energy contributes to carbon dioxide 86 

emissions reduction. In support of these findings, Inglesi-Lotz and Dogan (2018) explore the 87 

role of renewable in environmental pollution for the ten big electricity generators in SSA over 88 

the period 1980-2011 and find that increases in non-renewable energy intensify pollution, while 89 

the use of renewable energy reduces carbon (CO2) emissions. Apergis et al. (2010), however, 90 

employ the panel error correction model to examine the case for 29 developing countries over 91 

the period 1984-2007 and show that renewable energy has a significant positive effect on 92 

carbon emissions, because of inadequate storage technology to deal with supply constraints. In 93 

a related study of Vietnam, Al-Mulali et al. (2015) show that renewable energy consumption 94 

has no effect on carbon emissions because of the low level of renewable energy use. Using 95 

various econometric techniques, Acheampong, Adams and Boateng (2019) found that 96 

renewable energy contributes to carbon emissions mitigation in sub-Saharan Africa while the 97 

findings of khoshnevis Yazdi and Shakouri (2018) indicate that renewable energy consumption 98 

has an insignificant effect on reducing carbon emissions.  99 

We argue that the inconsistencies in the results could be attributed to regional or income 100 

specific differences, particularly as they relate to their political institutions in terms of 101 

democratic development. Accordingly, to reduce the problem of omitted variable bias, we 102 

focus on SSA with similar socioeconomic characteristics and also control for the democratic 103 

development of the countries under study. This is one of the first studies to consider this to the 104 

knowledge of the authors. This argument of the paper has a foundation in the existing literature 105 

that suggests that the state is critical in protecting the natural environment and consistent with 106 

the idea that government ideology matters in understanding environmental degradation (Mol, 107 

2018; Chang et al., 2018). Indeed, many earlier studies suggest that the relationship between 108 

economic development and environmental quality depends on political institutions that govern 109 

the process of policymaking (Farzin & Bond, 2006; Pellegrini & Gerlagh, 2006; Adams & 110 

Nsiah, 2019). The big question is whether democratization has any direct or moderating role 111 

in promoting environmental quality? This question motivates the study. 112 

Considering the political environment is important for the SSA region because, in the 113 

past four decades, most African countries have been on a democratic trajectory to promote 114 

inclusive growth and development. Though the level of democracy is less than the developed 115 

countries, many of the countries in the region have made important strides in their democratic 116 

development and therefore important to examine its effects, if any, on environmental 117 

degradation. The Freedom House (2018) shows that five of the eleven worst-performing 118 
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democracies are in Africa (Eritrea, South Sudan, Central African Republic, Somalia and 119 

Equatorial Guinea). The Freedom House (2017) notes that of the over 1 billion population in 120 

Africa, about 51% are considered free or partly free, compared to the 2010 figure of about 37% 121 

(Freedom House, 2010).  122 

The theoretical foundation of democracy’s effects is based on the assumption that the 123 

democratic system engenders civic competence and empowerment of citizens and provides an 124 

educative function in differentiating between the public and individual interest (Fiorino, 1990, 125 

pg.229). More importantly, the median voter decides on environmental policies in democratic 126 

societies (Gellers & Jeffords, 2018). The median voter has to bear lower costs for 127 

environmental policies than the economic and political elites do in democracies and therefore 128 

they are likely to have stricter environmental regulations (Farzanegan & Markwardt, 2018; 129 

Bernauer & Koubi, 2009). Farzin and Bond (2006) argued that democratization improves 130 

citizens’ understanding of the situation, their organization, and the resulting protests. Citizens 131 

can express their preferences and put pressure on their governments, enhancing the awareness 132 

of states and political entrepreneurs about environmental protection requirements. The 133 

assumption here is that democratic governments allow people to have a say in the kind of life 134 

they want, which promotes community engagement, respect for the whole and fair play 135 

(Freedom House, 2018). This suggests that governments around the world promote policies 136 

consistent with their ideological preferences, which may influence the direction of climate 137 

policy (Scruggs, 1999). This supports Harrison and Sundstrom’s (2007) assertion that 138 

government ideology of political parties is the most significant factor for the approval and 139 

implementation of environmental proposals (e.g., Kyoto Protocol). Many others, however, 140 

suggest that non-democratic regimes provide less public goods and therefore less likely to 141 

promote stringent environmental standards (Deacon, 2009; Dizaji, Farzanegan, & Naghavi, 142 

2016; Lake & Baum, 2001; McGuire & Olson, 1996). This is explained by the fact that non –143 

democratic states are mostly governed by small elites who usually bear a large portion of higher 144 

environmental costs and therefore have no incentive to promote environmental quality 145 

(Farzanegan & Markwardt, 2018). Dasgupta et al. (2002) argue that institutional development 146 

is a time-consuming process, but strengthening supervision is crucial to reducing pollution 147 

(Wang et al., 2018).  148 

The empirical literature shows two main perspectives (positive and negative) of the 149 

democracy – environmental quality relationship. For example, Farzanegan & Markwardt 150 

(2018) using panel data of 17 Middle East and North Africa (MENA) countries over the period 151 

1980 – 2005, find that improvement in democratic development helps to mitigate 152 
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environmental problems. Likewise, Sarkodie and Adams (2018) examine the case of South 153 

Africa using the ARDL technique and report that democracy reduces environmental pollution. 154 

Morin et al. (2018) employ an original dataset of environmental provisions for 308 items found 155 

in 630 trade agreements signed during 1947-2016 and demonstrate that democracies are more 156 

likely to include environmental provisions in trade agreements. Farzin and Bond (2006) show 157 

that environmental pollution is lower in democratic countries because democracy affords 158 

people an ability to express environmental preferences than do individuals in autocratic 159 

regimes. Adams & Nsiah (2019) show that less democratic countries are more likely to pollute 160 

the environment than more democratic countries. 161 

However, other studies report that democracy may not improve environmental quality 162 

but rather worsens it and others show differential effects (Joshi & Beck 2018; Midlarsky, 1998; 163 

Roberts & Parks, 2007; Scruggs, 1998). For example, Roberts and Parks (2007) conclude that 164 

democracy has no impact on carbon emission, while Scruggs (1998) finds an insignificant 165 

relationship between the level of democracy and three environmental indicators. Also, 166 

Midlarsky (1998) finds that democracy is associated with worse environmental performance 167 

and Wang et al. (2018) report similar results for G20 countries. Grossman and Krueger (1995) 168 

find that non-communist countries have had better environmental performance. Likewise, 169 

Clulow (2018) examines the case of 120 countries from 1990 to 2012 and reports that more 170 

democratic spells within the same country are associated with higher emissions, thus inhibiting 171 

mitigation. In a later study, Clulow (2019) reports that while democracies tend to have lower 172 

emissions than non-democracies; democratization spells within the same country do not have 173 

the same kind of inhibitory effects as they do between countries. The author concludes that the 174 

type of electoral system plays a critical role in influencing democracy’s effect on the 175 

environment.  176 

Beeson (2010), on the other hand, argues that not only can effective civil society 177 

transform environmental practices but also environmental failure can lead to increased 178 

authoritarianism. Hobson (2012) also notes that climate change could pose an increasingly 179 

significant challenge to the promotion of democracy. In effect, he argues that if democracies 180 

fail, its desirability could be worsened. Povitkina (2018) extend the debate by controlling for 181 

corruption using a sample of 144 countries over the period 1970–2011 and report that 182 

democracy is only associated with lower CO2 emissions in low-corruption contexts. Joshi & 183 

Beck (2018) investigate the impact of democracy on carbon dioxide emissions in 22 OECD 184 

and 87 non-OCED countries based on GMM estimates, and the authors report differential 185 

effects in the different regions. For example, the politically free OECD and politically not free 186 
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non-OECD countries experienced higher carbon dioxide emissions, while partially free 187 

transition non-OECD countries show the insignificant effect on carbon dioxide emissions. 188 

Using the instrumental variable quantile regression technique, Chang et al. (2018) examine the 189 

impact of government ideology on carbon dioxide emissions for 65 developing countries 190 

during the period 1981-2007 and demonstrate that government ideologies affect CO2 191 

emissions only when the emissions are low. Additionally, the results show differential effects 192 

for the different countries.  193 

In achieving the research objective, this study contributes to the literature in five main 194 

ways. First, this study provides empirical evidence on renewable energy- environmental 195 

degradation nexus. Second, this study follows the empirical model of Adams and Klobodu 196 

(2018) to examine the thesis that democracy matters in promoting environmental quality. 197 

Third, the study examines the independent but also the moderating role of democracy in 198 

mitigating environmental pollution. Thus, the study contributes to the empirical literature on 199 

energy democracy, focusing on SSA. This is consistent with Burke & Stephens’ (2018) claim 200 

that renewable energy transition is not only a political struggle but also opens opportunities for 201 

democratic energy development.  The findings will, therefore, provide evidence and clarify 202 

how energy democracy promotes energy transformation (Szulecki, 2018; Becker & Kunze, 203 

2014). Furthermore, to contribute to the environmental politics literature, disaggregated 204 

measures of democracy were further used in the empirical analysis. Finally, to achieve the 205 

research objective, this study employs various econometric estimation technique such as a fixed 206 

effect, random effect, dynamic fixed effect and IV-GMM to determine the robustness and 207 

consistency in our results. This study used 46 Sub-Saharan African countries over the period 208 

1980-2015. It is our expectation that the findings of the study will help to shed more light on 209 

the determinants of climate change and more importantly lead to evidence-informed 210 

environmental policymaking. The rest of the chapter is organized as follows. Section 2 presents 211 

the methodology and data, and Section 3 presents the empirical results followed by conclusions 212 

and policy implications in Section 4. 213 

 214 

 215 

 216 

 217 

 218 
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2. Methodology and Data 219 

2.1 Empirical model 220 

This study follows the empirical work of Adams and Klobodu (2018), Acheampong et 221 

al. (2019) and Tamazian and Bhaskara Rao (2010) to investigate the effect of democracy and 222 

renewable energy on carbon emissions. Thus, carbon emission (lnCO2) is specified as a 223 

function of income (lnRGDPG), the squared term of income (lnRGDPG2), democracy 224 

(DEMO), renewable energy (lnREW). Therefore, the empirical model to examine the effect of 225 

democracy and renewable energy on carbon emissions is given in Eq. (1): 226 

 227 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖 =  𝛽𝛽1 + 𝛽𝛽2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝑙𝑙𝐷𝐷𝐷𝐷𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝑙𝑙𝑙𝑙𝑙𝑙𝐷𝐷𝑙𝑙𝑖𝑖𝑖𝑖 + ∅1𝑋𝑋𝑖𝑖𝑖𝑖228 

+ 𝜀𝜀𝑖𝑖𝑖𝑖                                                                                                      (1) 229 

Eq. (2) is used to investigate the interaction effect between democracy and renewable energy. 230 

 231 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖 =  𝛽𝛽1 + 𝛽𝛽2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝑙𝑙𝐷𝐷𝐷𝐷𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝑙𝑙𝑙𝑙𝑙𝑙𝐷𝐷𝑙𝑙𝑖𝑖𝑖𝑖232 

+ 𝛽𝛽6(𝑙𝑙𝐷𝐷𝐷𝐷𝑙𝑙𝑖𝑖𝑖𝑖  × 𝑙𝑙𝑙𝑙𝑙𝑙𝐷𝐷𝑙𝑙𝑖𝑖𝑖𝑖) + ∅1𝑋𝑋𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖                      (2) 233 

 234 

Where 𝑖𝑖 = 1 … … . .46 and 𝑡𝑡 = 1980 … … . 2015, 𝑋𝑋 is a set of control variables which 235 

have a potential effect on carbon emissions, 𝑣𝑣 is an individual specific effect, 𝜃𝜃 is fixed time 236 

effect, and 𝜀𝜀 is the stochastic error term. The study controls for population (lnPOP), foreign 237 

direct investment (lnFDI), trade openness (lnTR) and urbanization (lnURB).  238 

The above empirical model was estimated using IV-GMM to address various 239 

econometric issues such as endogeneity problem and produce consistent estimates. The IV-240 

GMM is robust to autocorrelation and produces consistent and efficient results in the presence 241 

of unknown heteroscedasticity (see Baum, Schaer, & Stillman, 2002). In addition to IV-GMM, 242 

econometric techniques such as fixed effect (FE), random effect (RE) and dynamic fixed effect 243 

(D-FE) estimators were also used to determine the robustness and consistency in our results. 244 

 245 

 246 

 247 

 248 

 249 

 250 

 251 
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2.2 Data 252 

This study uses unbalanced data over the period 1980-2015 for 46 Sub-Saharan African 253 

countries1. Carbon emission was proxied using carbon emissions measured in kiloton (kt). Real 254 

GDP per capita growth was used to represent income. Renewable energy consumption was 255 

represented using renewable energy consumption as a share of total final energy consumption. 256 

Trade openness was measured using (Export +Import) as a percentage of GDP. Population was 257 

also measured using total population while urbanization was represented using the total urban 258 

population. Democracy was proxied using the institutionalized democracy from the Polity IV 259 

and was sourced from (Marshall, Gurr, & Jagger, 2015). The rest of the data were sourced from 260 

the World Bank (2016) development indicators.  261 

Table 1: Descriptive statistics 262 
 Mean Sd Min Max 
lnco2kt 7.272 1.715 3.497 13.129 
rgdpg2 59.911 566.611 2.31e-07 19740.57 
lnrgdpg 0.909 1.175 -7.641 4.945 
lnpop 15.470 1.588 11.055 19.015 
lnrew 4.088 0.787 -1.038 4.588 
lnfdi 0.332 1.822 -11.485 5.087 
lntra 4.164 0.527 1.844 6.276 
lnturb 3.385 0.524 1.468 4.468 
demo 7.433 18.916 0 88 
 263 

Table 1 provides a summary of the descriptive statistics of the variables. The descriptive 264 

statistics show that on average, carbon emissions increase by 7.272% with a low standard 265 

deviation of 1.715%. On average, the rate of sub-Saharan economic growth is 0.909% while 266 

the average of sub-Saharan Africa population size is 15.470%.  Additionally, the average 267 

inflow of foreign direct investment into sub-Saharan Africa is 0.332% while the region has an 268 

average trade volume of 4.164%. Urbanization in sub-Saharan Africa has an average growth 269 

rate of 3.385% while the average of renewable energy consumption is approximately 4.088%.  270 

The average level of a democratic regime in sub-Saharan Africa is 7.433%. The correlation 271 

matrix as presented in Table 2 shows that democracy and renewable energy are negatively 272 

 
1 Angola, Benin, Botswana, Burkina Faso, Burundi, Cabo Verde, Cameroon, Central African Republic, Chad, 
Comoros, Congo, Dem. Rep., Congo, Rep., Cote d'Ivoire, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, 
Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, 
Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, 
South Africa, Sudan, Swaziland, Tanzania, Togo, Uganda, Zambia, Zimbabwe. 
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correlated with carbon emissions. Additionally, as depicted in Table 2, there is no issue of 273 

multicollinearity among the variables. 274 

Table 2: Correlation matrix 275 
 lnco2kt rgdpg2 lnrgdpg lnpop lnrew lnfdi lntra lnturb demo 

lnco2kt 1         

rgdpg2 -0.075 1        

lnrgdpg -0.028 0.263 1       

Lnpop 0.643 -0.115 -0.060 1      

Lnrew -0.323 -0.003 -0.042 0.368 1     

Lnfdi 0.085 0.112 0.224 -0.051 -0.112 1    

Lntra -0.006 0.194 0.179 -0.465 -0.382 0.490 1   

lnturb 0.293 0.023 0.044 -0.219 -0.450 0.340 0.421 1  

demo -0.021 -0.030 -0.078 0.008 0.012 -0.079 0.053 0.088 1 

 276 

 277 

3. Empirical results and discussions 278 

From Table 3, the estimated coefficient on population is positive and statistically 279 

significant at 1% in all the models. This evidence suggests that the continued increase in growth 280 

of African’s population could have a disastrous impact on the quality of the environment and 281 

this result is consistent with the findings of Yeh and Liao (2017) and Sadorsky (2014), which 282 

indicate that population growth exerts a significant positive effect on carbon emissions. The 283 

estimated coefficient of renewable energy is negative and statistically significant at 1% in all 284 

the models. The coefficient of renewable energy ranges from -0.378 to -1.724. The implication 285 

is that investment in renewable energy would improve the quality of the environment by 286 

reducing carbon emissions and this result contradicts the findings of khoshnevis Yazdi and 287 

Shakouri (2018), which show that renewable energy consumption has an insignificant effect 288 

on reducing carbon emissions. On the other hand, this evidence is consistent with the findings 289 

of Acheampong et al. (2019), Khoshnevis Yazdi and Ghorchi Beygi (2018), which show that 290 

renewable energy reduces carbon emissions in Africa.  291 

The estimated coefficient on FDI is positive, but its effect is highly significant in the 292 

IV-GMM models. Thus, foreign direct investment has a detrimental effect on carbon emissions, 293 

and this supports the pollution haven hypothesis. The positive effect of FDI on carbon 294 

emissions further suggests that FDI does not introduce efficient environmental technologies in 295 
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Africa. This evidence is similar to the empirical findings of Shahbaz, Nasir, and Roubaud 296 

(2018), who found that FDI increases carbon emissions in France. Additionally, this evidence 297 

is not in line with the findings of Tamazian, Chousa, and Vadlamannati (2009), which indicate 298 

that FDI reduces carbon emissions. The estimated coefficient of trade openness is positive and 299 

statistically significant in fourteen of the models at 10% or better, and this contradicts the 300 

findings of Acheampong (2018), which show that trade openness reduces carbon emissions in 301 

sub-Saharan Africa, Asia-Pacific, Middle East and North Africa as well as the global level. 302 

This result confirms the findings of Ahmed, Rehman and Ozturk (2017). The difference 303 

between this result and the findings of Acheampong (2018) could be attributed to their 304 

difference in estimation technique. Thus, Acheampong (2018) treated trade openness as an 305 

endogenous variable while study considered trade openness as exogenous variables, thereby 306 

causing this contradiction.  307 

  In the FE and dynamic effect model, urbanization exerts a significant negative effect 308 

on carbon emissions while in the RE and IV-GMM model urbanization exerts a positive effect 309 

on carbon emissions but only significant in the IV-GMM models at 1%. This finding supports 310 

the argument that depending on the estimation techniques; urbanization could have either a 311 

negative or a positive effect on carbon emissions (Sadorsky, 2014). The negative and the 312 

positive effects of urbanization on carbon emissions is consistent with the argument espoused 313 

by the ecological modernization and the environmental transition theories that it is difficult to 314 

determine the net effect of urbanization on the quality of environment since urbanization can 315 

have both negative and positive effect on the environment. The estimated coefficient on 316 

democracy is negative and statistically significant at 5% or better. The coefficient of democracy 317 

ranges from -0.002 to -0.015. Thus, democracy provides the channel through which citizens’ 318 

exercise their preferences for improving environmental quality (see Farzin & Bond, 2006). This 319 

result is inconsistent with the empirical findings of Adams and Klobodu (2018), which indicate 320 

that polity has no effect on environmental quality in Africa. The difference between this result 321 

and the findings of Adams and Klobodu (2018) could be attributed to their proxy for 322 

democracy. While this study used institutionalised democracy index, Adams and Klobodu 323 

(2018) used polity, which is a combined index for autocracy and democracy, hence their failure 324 

to capture the significant effect of democracy on carbon emissions. This evidence is consistent 325 

with the findings of Abid (2017) and Sarkodie and Adams (2018); Tamazian and Bhaskara Rao 326 

(2010), who indicate that institutional quality improves environmental quality. The estimated 327 

coefficient of democracy is high in the IV-GMM models relative to the FE, RE and dynamic 328 
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FE models and this is due to the endogeneity and variable omission bias that is addressed by 329 

the IV-GMM estimator.  330 

The estimated coefficient of economic growth in the FE, RE and dynamic FE is positive 331 

but significant only in the dynamic FE model at 10%. However, by addressing the endogeneity 332 

problem using the IV-GMM model, the estimated coefficient of economic growth is negative 333 

but significant only when democracy is controlled. This evidence stresses that economic 334 

growth only improves the quality of the environment when democracy is strengthened. To 335 

capture the non-linear effect of economic growth on carbon emissions, the squared termed of 336 

economic growth is included (see model 2, 4, 6, 8, 10, 12, 14 and 16) and the effect is positive. 337 

The non-existence of the EKC hypothesis confirms the empirical results of Acheampong 338 

(2019), Adams and Klobodu (2018) and Dogan and Turkekul (2016) but contradicts the result 339 

of Khoshnevis Yazdi and Ghorchi Beygi (2018). In the dynamic FE models, the estimated 340 

coefficient on the lagged of carbon emissions is positive and significant at 1%. This suggests 341 

that current carbon emissions are heavily influenced by previous year carbon emissions, and 342 

this is in line with the findings of (Sadorsky, 2014). The F-statistics and a probability value of 343 

the Hansen test show that the instruments used in the IV-GMM are relevant and not over-344 

identified.  345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 
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Table 3: Estimates for carbon emissions (Full sample results) 353 
 1        2        3 4  5 6      7 8  9 10 11 12 13 14 15 16 

                                                                                  FE                                                                RE                                                                               D-FE                                                                       IV-GMM 

lnrgdpg 0.009 0.009 0.013 0.012 0.005 0.005 0.011 0.009 0.014* 0.011 0.016* 0.013* -0.023 -0.024 -0.040* -0.042* 

 (0.013) (0.012) (0.012) (0.012) (0.012) (0.012) (0.012) (0.012) (0.008) (0.007) (0.009) (0.007) (0.026) (0.027) (0.024) (0.024) 

rgdpg2  0.000  0.000**  0.000  0.000**  0.000**  0.000***  0.000  0.000 

  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) 

lnpop 1.801*** 1.802*** 1.493*** 1.496*** 1.253*** 1.258*** 1.130*** 1.133*** 0.828*** 0.825*** 0.782*** 0.779*** 1.210*** 1.211*** 1.191*** 1.191*** 

 (0.242) (0.242) (0.212) (0.212) (0.100) (0.101) (0.100) (0.101) (0.211) (0.215) (0.194) (0.197) (0.027) (0.027) (0.025) (0.025) 

lnrew -0.938*** -0.939*** -1.302*** -1.309*** -1.062*** -1.061*** -1.417*** -1.424*** -0.378** -0.381** -0.630*** -0.637*** -1.097*** -1.099*** -1.723*** -1.724*** 

 (0.243) (0.246) (0.134) (0.137) (0.232) (0.236) (0.098) (0.101) (0.168) (0.170) (0.191) (0.191) (0.085) (0.086) (0.078) (0.079) 

lnfdi -0.021 -0.021 -0.020 -0.020* -0.013 -0.013 -0.017 -0.017 -0.004 -0.004 -0.006 -0.006 -0.150*** -0.150*** -0.123*** -0.123*** 

 (0.013) (0.013) (0.012) (0.012) (0.013) (0.013) (0.012) (0.012) (0.006) (0.006) (0.007) (0.006) (0.022) (0.022) (0.021) (0.021) 

lntra 0.193 0.192 0.391*** 0.388*** 0.236* 0.235* 0.438*** 0.435*** 0.125* 0.118* 0.239*** 0.232*** 0.855*** 0.852*** 0.780*** 0.778*** 

 (0.131) (0.130) (0.095) (0.093) (0.140) (0.139) (0.094) (0.091) (0.073) (0.070) (0.087) (0.080) (0.080) (0.081) (0.076) (0.077) 

lnturb -0.399* -0.399* -0.299 -0.299 0.178 0.173 0.093 0.092 -0.248** -0.247* -0.214* -0.214* 1.085*** 1.085*** 0.880*** 0.881*** 

 (0.204) (0.204) (0.189) (0.188) (0.235) (0.235) (0.198) (0.197) (0.122) (0.123) (0.112) (0.112) (0.093) (0.093) (0.094) (0.094) 

demo   -0.002** -0.002**   -0.002*** -0.002***   -0.002** -0.001**   -0.015*** -0.015*** 

   (0.001) (0.001)   (0.001) (0.001)   (0.001) (0.001)   (0.004) (0.004) 

L.lnco2kt         0.572*** 0.579*** 0.505*** 0.511***     

         (0.118) (0.121) (0.124) (0.126)     

Constant -16.335*** -16.341*** -11.210*** -11.210*** -9.411*** -9.460*** -6.505*** -6.505*** -7.869*** -7.827*** -6.223*** -6.165*** -14.267*** -14.258*** -10.202*** -10.195*** 

 (3.788) (3.787) (3.269) (3.278) (1.904) (1.915) (1.743) (1.750) (2.131) (2.173) (1.921) (1.962) (0.730) (0.731) (0.749) (0.751) 

Observations 680 680 649 649 680 680 649 649 680 680 649 649 648 648 648 648 

r2         0.861 0.862 0.869 0.871 0.796 0.796 0.845 0.845 

r2_w 0.761 0.761 0.800 0.801 0.748 0.748 0.794 0.795 0.861 0.862 0.869 0.871     

r2_o 0.520 0.520 0.633 0.634 0.684 0.683 0.776 0.776 0.821 0.823 0.868 0.871     

r2_b 0.493 0.493 0.576 0.577 0.639 0.637 0.715 0.715 0.810 0.812 0.848 0.851     

rho 0.979 0.979 0.966 0.966 0.903 0.906 0.899 0.900 0.948 0.948 0.923 0.923     

rmse 0.244 0.244 0.224 0.224 0.264 0.264 0.239 0.239 0.187 0.186 0.182 0.181 0.760 0.760 0.667 0.667 

j             2.467 2.459 0.904 0.900 

jp             0.116 0.117 0.342 0.343 

F-statistics             2328.233 2343.841 14.470 14.850 

Robust standard errors in parentheses. J is Hansen J-statistics,  jp is the p-value of Hansen J-statistics. F-statistics the F-statistics for weak instrument identification.  * p < 354 
0.10, ** p < 0.05, *** p < 0.01 355 

 356 
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3.1 Sensitivity Analysis 357 

To avoid the assumption of homogeneity among the full sample, we conduct further 358 

analysis to determine if the level of economic development matters when investigating the 359 

impact of democracy and renewable energy on carbon emissions. This study splits the sample 360 

mainly into low-income and high-income countries2. Table 4 and 5 present the results for low-361 

income and high-income countries respectively. The results indicate that population increases 362 

carbon emissions in both low-income and high-income countries. Consistent with the full 363 

sample results, the estimated coefficient of renewable energy is negative and statistically 364 

significant in both low-income and high-income countries. However, for low-income 365 

countries, the estimated coefficient ranges from -0.533 to -1.312 while for the high-income 366 

countries, the estimated coefficient ranges between -0.454 to -1.957. This suggests that the 367 

impact of renewable energy consumption on carbon emissions mitigating is slightly higher in 368 

high-income countries compared to low-income countries.  369 

The results further indicate that FDI (significant only in the IV-GMM model) increases 370 

carbon emissions in low-income countries while FDI (significant only in RE models and IV-371 

GMM models) reduces carbon emissions in high-income countries. These results confirm the 372 

pollution-halo effect hypothesis in high-income countries and the pollution-haven hypothesis 373 

in low-income countries. Consistent with Acheampong (2019) argument, FDI promotes the 374 

transfer of environmentally friendly technologies and good management practices in high-375 

income countries compared to low-income countries in sub-Saharan Africa, thereby reducing 376 

carbon emissions in high-income countries. Additionally, the relative stringent environmental 377 

regulatory framework that exists in high-income countries could also explain this observed 378 

result (see Acheampong, 2019). Similar to the FDI results, the findings indicate that trade 379 

openness increases carbon emissions in low-income countries while its impact on carbon 380 

emissions in high-income countries is not statistically significant. With regards to the impact 381 

of FDI and trade on carbon emissions in both low-income and high-income countries, it could 382 

be argued that globalisation will worsen environmental quality in low-income countries.  383 

 384 

 385 

 386 

 
2 Following the work of Acheampong (2019), this study categories the full sample into low-income countries, 
which comprise lower-income and low-middle income countries and high-income countries, which comprise   
upper-middle and high-income countries. 
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Table 4: Results for Low-income countries 387 
  1  2  3  4  5  6  7  8  9  10  11  12 13 14 15 16 

                                                                      FE                                                                                       RE                                                                                      D-FE                                                                      IV-GMM 

lnrgdpg 0.009 0.008 0.007 0.006 0.008 0.007 0.005 0.005 0.010* 0.010* 0.009* 0.009 -0.028 -0.034 -0.041* -0.047* 

 (0.013) (0.013) (0.012) (0.012) (0.012) (0.013) (0.011) (0.012) (0.006) (0.006) (0.005) (0.005) (0.025) (0.026) (0.025) (0.026) 

rgdpg2  0.000  0.000  0.000  0.000  0.000  0.000  0.000**  0.000** 

  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) 

lnpop 1.581*** 1.589*** 1.552*** 1.559*** 1.260*** 1.266*** 1.218*** 1.221*** 0.545*** 0.546*** 0.545*** 0.545*** 1.213*** 1.215*** 1.207*** 1.210*** 

 (0.224) (0.229) (0.222) (0.227) (0.101) (0.105) (0.090) (0.092) (0.119) (0.121) (0.114) (0.117) (0.027) (0.028) (0.026) (0.027) 

lnrew -1.481*** -1.475*** -1.467*** -1.462*** -1.685*** -1.680*** -1.672*** -1.670*** -0.454*** -0.454*** -0.464*** -0.464*** -1.949*** -1.957*** -1.717*** -1.721*** 

 (0.337) (0.340) (0.336) (0.338) (0.290) (0.291) (0.285) (0.286) (0.162) (0.162) (0.165) (0.165) (0.117) (0.117) (0.107) (0.108) 

lnfdi -0.015 -0.016 -0.019 -0.019 -0.011 -0.012 -0.015 -0.015 -0.002 -0.002 -0.004 -0.004 -0.080*** -0.082*** -0.096*** -0.098*** 

 (0.011) (0.012) (0.012) (0.012) (0.011) (0.011) (0.012) (0.012) (0.004) (0.004) (0.005) (0.005) (0.021) (0.021) (0.021) (0.022) 

lntra 0.307*** 0.310*** 0.322*** 0.325*** 0.340*** 0.341*** 0.362*** 0.363*** 0.102*** 0.103*** 0.110*** 0.110*** 0.725*** 0.727*** 0.809*** 0.814*** 

 (0.075) (0.075) (0.072) (0.072) (0.076) (0.078) (0.073) (0.074) (0.034) (0.034) (0.034) (0.034) (0.084) (0.084) (0.092) (0.092) 

lnturb -0.343* -0.345* -0.321 -0.323 -0.046 -0.049 -0.005 -0.007 -0.118 -0.119 -0.112 -0.112 0.482*** 0.481*** 0.584*** 0.586*** 

 (0.193) (0.193) (0.192) (0.192) (0.159) (0.158) (0.158) (0.158) (0.076) (0.076) (0.073) (0.074) (0.077) (0.077) (0.070) (0.070) 

demo   -0.002*** -0.002***   -0.003*** -0.003***   -0.001* -0.001*   -0.014*** -0.015*** 

   (0.001) (0.001)   (0.001) (0.001)   (0.001) (0.001)   (0.004) (0.004) 

L.lnco2kt         0.705*** 0.705*** 0.697*** 0.697***     

         (0.049) (0.049) (0.050) (0.050)     

Constant -11.630*** -11.798*** -11.369*** -11.509** -6.735*** -6.845*** -6.327*** -6.386*** -4.575*** -4.592*** -4.523*** -4.525*** -8.181*** -8.190*** -9.691*** -9.739*** 

 (4.212) (4.312) (4.154) (4.256) (2.338) (2.410) (2.165) (2.220) (1.538) (1.579) (1.495) (1.532) (0.786) (0.784) (0.746) (0.746) 

Observations 557 557 549 549 557 557 549 549 557 557 549 549 533 533 549 549 

r2         0.896 0.896 0.897 0.897 0.822 0.822 0.831 0.830 

r2_w 0.771 0.771 0.775 0.775 0.765 0.765 0.768 0.768 0.896 0.896 0.897 0.897     

r2_o 0.684 0.683 0.696 0.695 0.761 0.760 0.778 0.777 0.945 0.945 0.946 0.946     

r2_b 0.664 0.663 0.670 0.669 0.739 0.738 0.751 0.751 0.946 0.946 0.947 0.947     

rho 0.964 0.964 0.962 0.962 0.908 0.910 0.885 0.887 0.878 0.879 0.874 0.874     

rmse 0.203 0.203 0.202 0.202 0.215 0.215 0.216 0.216 0.137 0.137 0.137 0.137 0.621 0.621 0.611 0.611 

j             0.383 0.387 0.974 1.006 

jp             0.536 0.534 0.324 0.316 

F-statistics             4450.215 4436.525 15.723 16.759 

Robust standard errors in parentheses. J is Hansen J-statistics, jp is the p-value of Hansen J-statistics. F-statistics the F-statistics for weak instrument identification. * p < 0.10, 388 
** p < 0.05, *** p < 0.01 389 

 390 
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The findings indicate that for the low-income countries, urbanization exerts a negative 391 

effect on carbon emissions (only significant in FE models) while in the IV-GMM model 392 

urbanization exerts a significant positive effect on carbon emissions at 1%. However, for high-393 

income countries, the effect of urbanization on carbon emissions is only positive and significant 394 

in the RE and IV-GMM models at 1%. Thus, urbanization in high-income countries facilitates 395 

economies of scale for public infrastructure and these economies of scale lead to increasing 396 

prosperity, which could consequently increase environmental pollution. Thus, the wealth effect 397 

of urbanization could degrade environmental quality by increasing carbon emissions (see 398 

Sadorsky, 2014). For low-income countries, the estimated coefficient on democracy is negative 399 

and statistically significant at 10% or better. However, for the high-income countries, 400 

democracy contributes (only significant in RE models in Table 5) to the rise in carbon 401 

emissions. Thus, the is a likelihood that democracy could increase carbon emissions in high-402 

income countries and this confirms the argument of Hardin (1968) that democratic countries 403 

are faced with over-extraction of natural resources and higher environmental degradation 404 

because of the economic and business freedom of individuals. 405 

For low-income countries, the estimated coefficient of economic growth in the FE, RE 406 

and dynamic FE is positive but significant only in the dynamic FE model at 10% while in the 407 

IV-GMM model, the estimated coefficient of economic growth is negative but significant only 408 

when democracy is controlled.  However, the squared term of economic growth is positive (see 409 

model 2, 4, 6, 8, 10, 12, 14 and 16) and this shows the non-existence of the Environmental 410 

Kuznets curve in low-income countries. Contrarily, economic growth exerts an insignificant 411 

effect on carbon emissions in high-income countries, while its squared term only has a 412 

significant negative effect on carbon emissions in model 6.  For low-income countries, the 413 

estimated coefficient on the lagged of carbon emissions is positive and significant at 1% (see 414 

the dynamic FE models). This suggests that current carbon emission is influenced by previous 415 

year carbon emissions. Contrarily for high-income countries, in the dynamic FE models, the 416 

estimated coefficient on the lagged of carbon emissions is positive and but insignificant (see 417 

the dynamic FE models). This suggests that current carbon emissions are is not influenced by 418 

previous year carbon emissions.  419 

 420 

  421 

 422 

 423 
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Table 5: Results for high-income countries 424 
  1  2  3  4  5  6  7  8  9  10  11  12 13 14 15 16 

                                                                  FE                                                                                     RE                                                                  D-FE                                                                            IV-GMM 

lnrgdpg 0.046 0.044 0.043 0.047 0.017 0.026 -0.022 -0.027 0.060 0.051 0.057 0.056 0.019 0.017 -0.030 -0.036 

 (0.065) (0.068) (0.035) (0.045) (0.036) (0.045) (0.038) (0.041) (0.058) (0.049) (0.037) (0.039) (0.042) (0.045) (0.044) (0.045) 

rgdpg2  0.000  -0.000  -0.000**  0.000  0.000  0.000  0.000  0.000 

  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000) 

lnpop 1.492 1.489 0.151 0.154 1.300*** 1.302*** 1.107*** 1.103*** 1.149* 1.124* 0.111 0.109 1.273*** 1.272*** 1.100*** 1.096*** 

 (0.936) (0.941) (0.670) (0.668) (0.069) (0.071) (0.047) (0.048) (0.537) (0.505) (0.551) (0.554) (0.029) (0.029) (0.067) (0.067) 

lnrew -0.929*** -0.931*** -1.658*** -1.657*** -0.586*** -0.584*** -1.117*** -1.121*** -0.533* -0.533* -1.312** -1.310** -0.569*** -0.569*** -1.124*** -1.130*** 

 (0.233) (0.232) (0.401) (0.402) (0.134) (0.134) (0.201) (0.200) (0.263) (0.270) (0.403) (0.407) (0.040) (0.041) (0.137) (0.137) 

lnfdi -0.081 -0.081 -0.087 -0.089 -0.097*** -0.098*** -0.063* -0.062* -0.035 -0.031 -0.057 -0.056 -0.104*** -0.103*** -0.077 -0.075 

 (0.052) (0.054) (0.063) (0.068) (0.019) (0.022) (0.033) (0.032) (0.026) (0.028) (0.038) (0.038) (0.037) (0.037) (0.106) (0.104) 

lntra -0.139 -0.143 0.831 0.846 0.140 0.154 0.198 0.185 0.003 -0.016 0.765* 0.758 -0.020 -0.023 0.209 0.194 

 (0.337) (0.348) (0.474) (0.491) (0.134) (0.142) (0.232) (0.245) (0.297) (0.292) (0.374) (0.380) (0.135) (0.140) (0.333) (0.330) 

lnturb -0.192 -0.185 0.335 0.323 1.388*** 1.389*** 2.090*** 2.094*** -0.928 -0.905 -0.210 -0.210 1.393*** 1.390*** 2.177*** 2.181*** 

 (1.198) (1.209) (0.375) (0.375) (0.360) (0.360) (0.428) (0.427) (1.234) (1.212) (0.559) (0.565) (0.151) (0.152) (0.304) (0.301) 

demo   0.000 0.000   0.011*** 0.011***   -0.001 -0.001   0.007 0.007 

   (0.004) (0.004)   (0.002) (0.002)   (0.003) (0.003)   (0.066) (0.065) 

L.lnco2kt         0.390 0.398 0.238 0.239     

         (0.217) (0.230) (0.141) (0.145)     

Constant -8.872 -8.830 6.926 6.848 -14.468*** -14.578*** -12.856*** -12.732*** -6.222 -5.929 6.686 6.716 -13.439*** -13.402*** -13.077*** -12.932*** 

 (10.058) (10.118) (9.116) (9.102) (1.333) (1.344) (1.537) (1.636) (5.916) (5.606) (7.671) (7.718) (1.155) (1.169) (1.958) (1.952) 

Observations 123 123 100 100 123 123 100 100 123 123 100 100 115 115 99 99 

r2         0.842 0.843 0.888 0.888 0.960 0.960 0.973 0.973 

r2_w 0.798 0.798 0.874 0.874 0.727 0.725 0.799 0.799 0.842 0.843 0.888 0.888     

r2_o 0.923 0.923 0.275 0.273 0.961 0.961 0.973 0.973 0.949 0.950 0.527 0.530     

r2_b 0.898 0.897 0.125 0.123 0.991 0.991 0.996 0.996 0.940 0.941 0.381 0.384     

rho 0.836 0.834 0.979 0.979 0.000 0.000 0.000 0.000 0.853 0.846 0.974 0.973     

rmse 0.346 0.348 0.294 0.296 0.461 0.462 0.387 0.389 0.308 0.308 0.278 0.280 0.459 0.459 0.371 0.371 

j             5.733 5.904 0.991 0.977 

jp             0.017 0.015 0.320 0.323 

F-statistics             1165.571 1161.974 0.645 0.581 

Robust standard errors in parentheses. J is Hansen J-statistics, jp is the p-value of Hansen J-statistics. F-statistics the F-statistics for weak instrument identification. * p < 0.10, 425 
** p < 0.05, *** p < 0.01. 426 
 427 

 428 
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3.2 Interactive effect of democracy and renewable energy on carbon emissions 429 

As depicted in Table 6, the interaction effect of democracy and renewable energy is 430 

insignificant in the whole sample and low-income countries. However, the interaction term of 431 

democracy and renewable energy exerts a significant positive effect on carbon emissions in 432 

high-income countries (see Model 9-11), and this shows the complementary effect. The 433 

implication is that democracy weakens the mitigating effect of renewable energy on carbon 434 

emissions in high-income countries. The explanation for this observed result could be that a 435 

democratic regime in high-income countries supports the use of non-renewable energy, which 436 

is less costly and has minimal investment risk. In the interacting effect models, renewable 437 

energy remains negative and significant. Additionally, democracy remained negative in the 438 

whole sample and low-income countries but lost its significance. However, in the high-income 439 

countries, democracy turns to have a significant negative on carbon emissions at 1% in Model 440 

9-11.  441 

Table 6: Interaction effect results 442 
  1 2  3 4 5 6 7 8 9 10 11 12 

                                                      Sub-Saharan Africa                                                  Low-Income countries                                             High-Income countries 

                                            FE             RE             D-FE         IV-GMM          FE             RE              D-FE       IV-GMM               FE          RE         D-FE       IV-GMM 

lnrgdpg 0.013 0.010 0.016* -0.092 0.007 0.005 0.009* -0.066 0.034 -0.029 0.044 -0.032 

 (0.012) (0.012) (0.009) (0.077) (0.012) (0.011) (0.005) (0.058) (0.031) (0.027) (0.034) (0.041) 

lnpop 1.495*** 1.116*** 0.785*** 1.224*** 1.553*** 1.207*** 0.545*** 1.177*** -0.130 1.206*** -0.129 1.117*** 

 (0.212) (0.097) (0.195) (0.043) (0.222) (0.087) (0.115) (0.074) (0.705) (0.057) (0.627) (0.083) 

lnrew -1.317*** -1.434*** -0.644*** -3.790 -1.472*** -1.681*** -0.473*** -4.545 -1.910*** -1.186*** -1.660*** -1.140*** 

 (0.119) (0.081) (0.186) (2.338) (0.331) (0.280) (0.161) (3.908) (0.220) (0.099) (0.187) (0.109) 

lnfdi -0.019 -0.017 -0.005 -0.191** -0.019 -0.015 -0.004 -0.084*** -0.049 -0.121*** -0.033 -0.076 

 (0.012) (0.012) (0.007) (0.096) (0.012) (0.012) (0.005) (0.029) (0.049) (0.044) (0.035) (0.059) 

lntra 0.399*** 0.446*** 0.247*** 0.660*** 0.323*** 0.364*** 0.112*** 0.730*** 1.029** 0.275 0.966** 0.237 

 (0.098) (0.096) (0.089) (0.180) (0.072) (0.073) (0.033) (0.162) (0.306) (0.231) (0.241) (0.176) 

lnturb -0.301 0.115 -0.216* 1.147*** -0.322 0.007 -0.114 0.386 0.716 2.013*** 0.323 2.146*** 

 (0.190) (0.201) (0.112) (0.380) (0.192) (0.158) (0.073) (0.261) (0.491) (0.302) (0.531) (0.198) 

demo×lnrew 0.007 0.005 0.006 0.340 0.001 0.000 0.002 0.415 0.101*** 0.043*** 0.092*** 0.006 

 (0.009) (0.009) (0.006) (0.385) (0.007) (0.006) (0.005) (0.582) (0.005) (0.012) (0.008) (0.038) 

demo -0.034 -0.024 -0.030 -1.519 -0.008 -0.004 -0.011 -1.850 -0.441*** -0.175*** -0.400*** -0.012 

 (0.042) (0.039) (0.027) (1.711) (0.030) (0.028) (0.022) (2.588) (0.024) (0.053) (0.034) (0.167) 

L.lnco2kt   0.504***    0.698***    0.155  

   (0.123)    (0.050)    (0.084)  

Constant -11.198*** -6.311*** -6.218*** -1.934 -11.356*** -6.174*** -4.496*** 4.254 10.170 -13.805*** 9.702 -13.276*** 

 (3.242) (1.682) (1.918) (9.625) (4.149) (2.108) (1.519) (19.510) (8.516) (2.012) (7.515) (1.392) 

Observations 649 649 649 648 549 549 549 549 100 100 100 99 

r2 0.801  0.870 0.450 0.775  0.897 0.396 0.912  0.918 0.974 

r2_w 0.801 0.795 0.870  0.775 0.768 0.897  0.912 0.820 0.918  

r2_o 0.628 0.779 0.864  0.696 0.781 0.946  0.020 0.976 0.009  

r2_b 0.571 0.719 0.844  0.670 0.754 0.947  0.241 0.998 0.048  

rho 0.966 0.887 0.926  0.962 0.874 0.875  0.992 0.000 0.990  

rmse 0.224 0.240 0.181 1.258 0.202 0.217 0.137 1.154 0.248 0.364 0.241 0.364 

j    0.000    0.105    0.938 

jp    0.996    0.746    0.333 

F-statistics    0.683    0.281    0.614 

Robust standard errors in parentheses. J is Hansen J-statistics, jp is the p-value of Hansen J-statistics. F-statistics 443 
the F-statistics for weak instrument identification. * p < 0.10, * p < 0.05, *** p < 0.01 444 
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Thus, the adoption and the use of renewable energy in high-income countries could strengthen 445 

democracy to improve the quality of the environment. This means that the energy- democracy 446 

thesis is more likely in high-income countries (Burke & Stephens, 2018). 447 

 448 

3.3 Further analysis 449 

Further analysis was conducted by incorporating fossil energy3 in the empirical analysis. The 450 

results indicate that fossil energy consumption increases carbon emissions in the full sample 451 

(sub-Saharan Africa) as well as both low-income and high-income countries (see Appendix 452 

Table 1). Additionally, to have a better understanding of the direct effect of democracy on 453 

carbon emissions, the study further used disaggregated measures of democracy for robustness 454 

check. Coppedge et al. (2011) argue that democracy is a multi-faceted concept, and there is no 455 

consensus as to what democracy means at large. In regards, these scholars argue that using an 456 

aggregated measure for democracy is difficult to apprehend and consequently to apply. In the 457 

political science literature, there appear to be consensus on electoral democracy, liberal 458 

democracy, participatory democracy, deliberative democracy, and egalitarian democracy 459 

(Coppedge et al., 2011). In view of this argument, further analysis was conducted by using 460 

disaggregated measures of democracy from V-Dem (Coppedge et al., 2018). As presented in 461 

Appendix Table 2, the results indicate that for sub-Saharan Africa, the disaggregated measures 462 

of democracy such as electoral democracy, liberal democracy, deliberative democracy, and 463 

egalitarian democracy have a statistically insignificant effect on carbon emissions while 464 

participatory democracy significantly increases carbon emissions. The results further suggest 465 

that none of the disaggregated measures of democracy influence carbon emissions in high-466 

income countries. However, all the disaggregated measures of democracy significantly 467 

contribute to carbon emissions mitigation in low-income countries. The implication is that a 468 

democratic transition in low-income countries could lead to an improvement in the 469 

environment.  470 

 471 

 472 

 473 

 474 

 475 

 
3 Fossil energy and renewable energy was not included in the same model because of high correlation between 
the two variables. 
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4. Conclusions and Policy Implications 476 

The scanty empirical research on the effect of democracy and renewable energy on 477 

improving environmental quality in developing countries motivated this study to investigate 478 

the role of democracy and renewable energy in mitigating carbon emissions using 46 sub-479 

Saharan Africa countries over the period of 1980-2015. To determine the robustness and the 480 

consistency in our findings and help to make a sound policy recommendation for the mitigating 481 

carbon emissions in Sub-Saharan Africa, various econometric estimation technique such as 482 

fixed effect, random effect, dynamic fixed effect and IV-GMM were employed in our analysis. 483 

The study further investigates how the level of economic development influences the 484 

mitigating effect of democracy and renewable energy on carbon emissions.  The results from 485 

this study show that democracy and renewable energy contribute to the mitigation of carbon 486 

emissions while foreign direct investment, trade openness, population, and economic growth 487 

increase carbon emissions. The findings also show that the Environmental Kuznets curve 488 

(EKC) is not valid while the impact of urbanisation on carbon emissions is indeterminate, 489 

which is consistent with the findings of Sadorsky (2014). These results differ across countries 490 

with different levels of economic development.  491 

These findings have important policy implications. The empirical findings show that 492 

trade openness and foreign direct investment increase carbon emissions in Sub-Saharan Africa. 493 

The degrading effect of trade openness and foreign direct investment on the environment shows 494 

that sub-Saharan Africa counties have a weak environmental regulatory framework. Therefore, 495 

environmental policymakers need to implement and monitor a stringent environmental 496 

regulatory framework to effectively deal with the degrading effect of globalization. 497 

Additionally, renewable energy reduces carbon emissions, while fossil energy induces carbon 498 

emissions. The implication is that Sub-Saharan Africa countries should shift from its over-499 

reliance on fossil energy and make a substantial investment in renewable energy. Africa has a 500 

lot of untapped renewable energy resources; therefore, in the face of growing carbon emissions, 501 

renewable energy should be incorporated into its energy portfolio. This study has also 502 

demonstrated that democracy reduces carbon emissions. The implication is that democracy 503 

would help to reduce environmental pollution in Sub-Saharan Africa since democratic 504 

governments respond to the environmental demand of the median voter. Therefore, political-505 

institutional quality (democracy) should be given priority on any agenda to mitigate carbon 506 

emissions. For a better understanding of the impact of the political regime of environmental 507 

quality, future research could comparatively analyse the effect of democracy and autocracy on 508 

mitigating climate change in both developing and developed countries. Additionally, since 509 
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democracy and the rate of renewable energy defer across the regions within sub-Saharan 510 

Africa, future studies could also extend our methodology to investigate the regional impact of 511 

political regimes and renewable energy on carbon emissions within sub-Saharan Africa.  512 

 513 

 514 

 515 
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APPENDIX 544 

Appendix Table 1: IV-GMM results for incorporating fossil energy in the models 545 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

                                                        Sub-Saharan Africa                                         Low-Income countries                                        High-Income countries 

lnfofue 1.181*** 1.181*** 1.161*** 1.161*** 0.953*** 0.949*** 0.921*** 0.918*** 1.043*** 1.023*** 0.551 0.526 

 (0.054) (0.054) (0.057) (0.057) (0.053) (0.053) (0.055) (0.055) (0.210) (0.210) (0.929) (0.951) 

lnrgdpg 0.055* 0.058* 0.058** 0.058* 0.033 0.016 0.025 0.008 -0.015 0.006 0.000 -0.031 

 (0.028) (0.033) (0.029) (0.033) (0.024) (0.027) (0.025) (0.028) (0.033) (0.038) (0.084) (0.266) 

lnpop 1.072*** 1.072*** 1.063*** 1.063*** 1.140*** 1.138*** 1.145*** 1.144*** 1.115*** 1.118*** 1.337** 1.361** 

 (0.035) (0.035) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034) (0.086) (0.086) (0.579) (0.639) 

lnfdi -0.060*** -0.060*** -0.054*** -0.054*** -0.045** -0.045** -0.043** -0.043** -0.025 -0.026 0.010 0.032 

 (0.019) (0.019) (0.019) (0.019) (0.018) (0.018) (0.019) (0.019) (0.037) (0.037) (0.513) (0.555) 

lntra 0.071 0.071 -0.007 -0.007 0.258*** 0.258*** 0.265*** 0.264*** -0.400 -0.402 0.106 0.188 

 (0.075) (0.075) (0.084) (0.084) (0.059) (0.059) (0.068) (0.068) (0.277) (0.278) (1.977) (2.238) 

lnturpop 0.764*** 0.763*** 0.798*** 0.798*** 0.013 0.014 0.036 0.038 1.786*** 1.755*** 1.323 1.303 

 (0.131) (0.131) (0.135) (0.135) (0.087) (0.086) (0.090) (0.090) (0.246) (0.250) (1.092) (1.004) 

rgdpg2  -0.000  0.000  0.000  0.000  -0.001  0.001 

  (0.000)  (0.000)  (0.000)  (0.000)  (0.001)  (0.009) 

demo   0.002 0.002   -0.004 -0.004   0.035 0.057 

   (0.004) (0.004)   (0.003) (0.003)   (0.534) (0.580) 

Constant -15.673*** -15.679*** -15.281*** -15.280*** -14.414*** -14.370*** -14.471*** -14.442*** -17.111*** -16.947*** -19.250 -19.983 

 (0.847) (0.848) (0.848) (0.850) (0.826) (0.826) (0.846) (0.843) (1.967) (1.998) (15.067) (17.788) 

Observations 409 409 401 401 303 303 300 300 106 106 101 101 

r2 0.845 0.845 0.849 0.849 0.882 0.883 0.881 0.882 0.971 0.971 0.961 0.935 

j 8.622 8.601 0.000 0.000 5.368 5.441 0.266 0.262 2.608 2.528 0.465 0.462 

jp 0.333 0.323 0.998 0.998 0.021 0.020 0.606 0.608 0.106 0.112 0.495 0.497 

F-statistics 1953.480 1928.983 10.343 10.315 1170.574 1142.535 11.344 11.296 433.100 413.286 0.048 0.040 

Robust standard errors in parentheses. J is Hansen J-statistics, jp is the p-value of Hansen J-statistics. F-statistics 546 
the F-statistics for weak instrument identification. * p < 0.10, * p < 0.05, *** p < 0.01 547 

 548 

 549 

 550 

 551 

 552 

 553 
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Appendix Table 2: IV-GMM results for using different measures of democracy 554 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 

                                                Sub-Saharan Africa                                                                                                   Low-Income countries                                                                                                  High-Income countries 

lnrgdpg -0.024 -0.025 -0.024 -0.024 -0.024 -0.029 -0.028 -0.030 -0.025 -0.027 0.020 0.020 0.021 0.021 0.021 

 (0.027) (0.027) (0.028) (0.027) (0.027) (0.024) (0.025) (0.025) (0.024) (0.024) (0.042) (0.042) (0.042) (0.042) (0.042) 

rgdpg2 0.000 0.000 0.000 0.000 0.000 0.000* 0.000** 0.000** 0.000** 0.000** 0.000 -0.000 0.000 0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

lnpop 1.212*** 1.210*** 1.208*** 1.209*** 1.212*** 1.235*** 1.227*** 1.227*** 1.237*** 1.222*** 1.271*** 1.270*** 1.271*** 1.272*** 1.274*** 

 (0.027) (0.028) (0.028) (0.028) (0.027) (0.027) (0.027) (0.027) (0.027) (0.027) (0.030) (0.029) (0.029) (0.029) (0.031) 

lnrew -1.102*** -1.088*** -1.088*** -1.092*** -1.096*** -2.154*** -2.106*** -2.098*** -2.142*** -2.145*** -0.563*** -0.561*** -0.562*** -0.564*** -0.567*** 

 (0.087) (0.087) (0.084) (0.087) (0.087) (0.119) (0.123) (0.122) (0.120) (0.125) (0.044) (0.042) (0.047) (0.044) (0.043) 

lnfdi -0.152*** -0.148*** -0.145*** -0.148*** -0.150*** -0.086*** -0.082*** -0.080*** -0.088*** -0.086*** -0.102*** -0.105*** -0.101*** -0.100*** -0.096*** 

 (0.022) (0.022) (0.022) (0.022) (0.022) (0.020) (0.021) (0.021) (0.021) (0.021) (0.036) (0.036) (0.035) (0.036) (0.036) 

lntra 0.860*** 0.839*** 0.828*** 0.842*** 0.851*** 0.749*** 0.744*** 0.740*** 0.760*** 0.736*** -0.018 -0.018 -0.020 -0.020 -0.023 

 (0.082) (0.083) (0.083) (0.083) (0.082) (0.076) (0.079) (0.079) (0.078) (0.078) (0.143) (0.142) (0.141) (0.142) (0.144) 

lnturpop 1.097*** 1.066*** 1.041*** 1.068*** 1.080*** 0.548*** 0.493*** 0.494*** 0.515*** 0.498*** 1.371*** 1.363*** 1.372*** 1.375*** 1.381*** 

 (0.094) (0.093) (0.092) (0.092) (0.093) (0.073) (0.075) (0.075) (0.073) (0.074) (0.157) (0.155) (0.157) (0.154) (0.152) 

polyarchy -0.117     -0.965***     -0.029     

 (0.173)     (0.160)     (0.225)     

libdem  0.245     -0.648***     -0.076    

  (0.170)     (0.169)     (0.230)    

partipdem   0.716***     -1.082***     -0.031   

   (0.249)     (0.260)     (0.324)   

delibdem    0.155     -0.795***     0.006  

    (0.163)     (0.157)     (0.231)  

egaldem     0.065     -0.945***     0.063 

     (0.212)     (0.217)     (0.250) 

Constant -14.281*** -14.238*** -14.181*** -14.210*** -14.276*** -7.572*** -7.673*** -7.605*** -7.738*** -7.315*** -13.334*** -13.270*** -13.341*** -13.368*** -13.439*** 

 (0.732) (0.724) (0.712) (0.724) (0.734) (0.754) (0.772) (0.786) (0.759) (0.779) (1.192) (1.189) (1.190) (1.185) (1.189) 

Observations 647 647 647 647 647 532 532 532 532 532 115 115 115 115 115 

r2 0.797 0.797 0.799 0.797 0.797 0.833 0.827 0.827 0.830 0.829 0.960 0.960 0.960 0.960 0.960 

j 2.443 2.541 2.708 2.500 2.473 0.641 0.468 0.601 0.479 0.467 6.254 6.294 6.234 6.288 6.223 

jp 0.118 0.111 0.100 0.114 0.116 0.424 0.494 0.438 0.489 0.494 0.012 0.012 0.013 0.012 0.013 

widstat 2273.686 2212.056 2259.291 2234.408 2254.595 4960.445 5387.886 5280.845 5127.575 5181.828 1135.719 1148.334 1111.737 1139.256 1149.420 

Robust standard errors in parentheses. J is Hansen J-statistics, jp is the p-value of Hansen J-statistics. F-statistics the F-statistics for weak instrument identification. * p < 0.10, 555 
* p < 0.05, *** p < 0.01 556 

 557 
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