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ABSTRACT 

The World Bank Group’s President, Jim Yong Kim, declared 2014 “the year to take action on 

climate change” (Kim, 2014).  Investment in renewable energy is one of the key mechanisms for 

alleviating environmental impacts of energy production.  Many political leaders and businesses 

around the world recognize the necessity of switching from relying primarily upon finite non-

renewable sources to a more diversified energy mix composed not only of fossil fuels, but also of 

nuclear energy and renewable energy sources.  Renewable energy policies are frequently 

justified by their proponents as a means to create so-called “green jobs” and to achieve 

improvement in environmental conditions.  The general assumption is that promoting renewable 

energy production accomplishes both economic and environmental goals.  Many authors have 

analyzed the connection between growth and renewable energy policy, but relatively few have 

studied the link between environmental benefits and renewable energy policy.  This paper 

addresses the latter relationship through a panel data analysis of the share of renewable energy in 

total energy supply and carbon dioxide (CO2) emissions in twenty-three member countries of the 

Organization for Economic Co-operation and Development (OECD) between 1992 and 2007.  

The findings indicate that renewable energy use has a small, but statistically significant effect on 

reducing CO2 emissions, which is a common measure of environmental conditions.  Given these 

findings, renewable energy policies directed at enhancing energy efficiency, lowering costs of 

market entry for renewable energy technologies and suppliers, and a gradual decrease of 
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technological dependency on fossil fuels might be viable options to promote the reduction of 

CO2 emissions.  From a policy perspective, these findings suggest that pursuing policies designed 

to increase the relative use of renewable energy can be expected to have environmental benefits, 

but that stronger policies would be needed in order achieve the desired environmental outcomes 

set by the United Nations’ Kyoto Protocol.   

 

Keywords: Renewable Energy, Alternative Energy, Clean Energy, Environment, Environmental 

Sustainability, Energy Mix, Energy Policy, Climate Change, OECD, Emissions, Carbon Dioxide   
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I. INTRODUCTION 

During recent decades, energy production in many countries has diversified by adding alternative 

and renewable sources.  There are both economic and environmental reasons that support the move 

toward an energy mix, which typically consists of a combination of fossil fuels, nuclear energy, and 

renewables.  First, concerns about the finite nature of conventional energy sources, such as oil and gas, 

and increasing global demand for energy create an economic incentive to find new ways for energy 

generation.  Second, increasing understanding of climate change and its underlying causes—mainly 

greenhouse gas (GHG) emissions—creates urgency for action in order to mitigate the negative impacts 

related to carbon-emitting fuels. 

At a global level, the leading international agreement addressing environmental concerns is the 

Kyoto Protocol (U.N., 1997), which sets goals and commits participating countries to reduce harmful 

emissions under the United Nations Framework Convention on Climate Change (UNFCCC) 

(U.N., 1994).  The first commitment period under the Kyoto Protocol lasted from 2008 through 2012, 

included thirty-seven industrialized countries and the European Union (EU), and was aimed at reducing 

GHG emissions by five percent below 1990 levels.  The new target for 2013–2020 commits more 

countries to lower GHG emissions by at least eighteen percent below 1990 levels.  Other important 

international resolutions addressing environmental issues—the Copenhagen Accord (U.N., 2009) and 

the Cancun Agreements (U.N., 2010)—resulted in improved cooperation between nations directed at 

reducing the global temperature by 2 °C, strengthening accountability and green technology exchanges, 

and financing mechanisms for developing countries to support their efforts in climate change mitigation.  

In order to achieve these goals, the UNFCCC directs its parties to utilize domestic policies as a 

primary method of reducing harmful emissions.  Many developed and some developing countries have 

started to rely on cleaner energy sources in order to restrict GHG emissions, primarily carbon dioxide 

(CO2).   
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The objective of this paper is to evaluate the impacts of renewable energy policy on the 

environment.  In order to test this, the paper examines the effects of using renewable energy (RE) on the 

environmental sustainability outcomes in selected member-countries of the Organization for Economic 

Co-operation and Development (OECD) for the period of 1992–2007.  In contrast to the popular notion 

that RE has environmental benefits, but in line with the previous academic research, the central 

hypothesis of this paper is that the use of RE may lead to reduction of environmental externalities, but it 

can hardly mitigate the negative effects from fossil fuel consumption.  An empirical analysis is 

conducted to test this hypothesis by running a panel model with fixed effects and using data from the 

World Development Indicators (WDI) by the World Bank and the OECD Statistics.   

The estimation results presented in this paper indicate that RE has a negative effect on CO2 

emissions in OECD countries.  However, RE sectors are currently operating below their potential and 

are not insufficient to mitigate harmful emissions.  In order to improve RE effectiveness, policies 

directed at increasing RE production and continuous usage should be implemented.  Moreover, this 

paper finds a persistence effect with respect to CO2 emissions:  the previous year’s CO2 emissions are a 

strong predictor of CO2 emissions in the current year.  Therefore, an urgent policy response is needed in 

order to break the cycle of ever-increasing pollution.   

The following section provides a review of primary literature that discusses renewable energy 

and its relation to economic growth, methods of promoting it, and associated environmental effects.  

Section three presents the conceptual model.  Section four is the hypothesis.  Section five describes data 

and defines variables used in this paper.  Section six explains empirical results.  Section seven discusses 

policy implications.  Section eight concludes, followed by the appendix and a list of references.   
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II. BACKGROUND AND LITERATURE REVIEW 

Public policies directed at renewable energy have been discussed from both economic and 

environmental perspectives.  Academic research regarding RE has focused on three main themes:  1) 

methods of promoting RE and major drivers for RE production and use; 2) relationships between RE 

and economic growth; and 3) relationships between RE and environmental outcomes.  Most RE policy 

approaches share the assumption that promoting renewables accomplishes both economic and 

environmental goals.  This paper seeks to assess the impacts of renewable energy policy on the 

environment by evaluating the relationship between renewable energy supply and CO2 emissions in 

selected OECD countries.  

2.1. CO2 Emissions as Drivers of RE  

Substantial research has been devoted to understanding the factors that drive RE use.  For 

instance, Marques and Fuinhas (2012) conduct an empirical analysis of the effects of public policies 

supporting RE consumption in twenty-three European countries from 1990–2007.  They conclude that 

carbon dioxide emissions, used as a proxy for “societal awareness” about environmental sustainability, 

do not significantly affect RE consumption (Marques and Fuinhas, 2012).  In their earlier research, the 

authors find that the level of CO2 emissions does not provide a sufficient incentive for switching to 

renewables on the basis of an examination of a panel of twenty-four European countries from 1990–

2006 (Marques and Fuinhas, 2011).  These studies use the concept of the energy mix, i.e. the 

contribution of renewables to total energy supply, as a dependent variable, whereas this paper utilizes 

the energy mix as the main explanatory variable.   

Sadorsky (2009) examines the main drivers behind RE consumption for a panel of G7 countries 

in the time span 1980–2005.  In contrast to Marques and Fuinhas, he estimates that, in the long run, per 

capita increases in CO2 emissions have a significant positive effect on per capita RE consumption in G7 

countries.  Sadorsky concludes that wealthier countries are more likely to address environmental 
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concerns and invest into RE production and use.  This paper looks at OECD countries and seeks to test 

the opposite relationship by examining the effects of clean energy use on resulting CO2 emissions.  

An article by Marques, et al. (2010) explores the motivations driving RE use by examining a 

panel of European countries for the period 1990–2006.  The authors find that the increase in levels of 

CO2 emissions has a statistically significant negative effect on the share of RE consumption.  The 

authors note that this estimate is unexpected because an increase of harmful emissions in developed 

countries is usually associated with societal concern about the environment and higher RE deployment 

(Sadorsky 2009).  The researchers clarify that the magnitude of the negative effect is larger for the 

European countries that are not members of the European Union.  One of the goals of this paper is to 

determine whether CO2 emissions can be affected by the share of renewable energy production in 

OECD countries and to provide recommendations to other nations that are concerned about energy 

security and climate change.    

2.2. The Nexus Between RE and Economic Growth 

Another group of studies focuses on the relationship between RE consumption and economic 

growth.  The consensus is that economic growth promotes RE use.  For example, Apergis and Payne 

(2010) find that RE consumption and economic growth have positive effects on each other in both short- 

and long-run by examining twenty OECD countries for the period 1985–2005.  The authors also 

conclude that in the long term renewable sources could curb the environmental damage related to carbon 

emissions.  The above conclusion corresponds with the research question of this paper that tests the 

effectiveness of RE use in reducing CO2 emissions in selected OECD countries. 

In their study of eighty countries over the period 1990–2007, Apergis and Payne (2012) establish 

that both RE and non-renewable energy affect economic growth and at the same time growth encourages 

use of both types of energy sources.  The authors suggest that non-renewable sources can be substituted 

with RE in the short run, which may help reduce harmful emissions.  This paper, however, presumes 
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that substitutability of the two types of energy sources is difficult to achieve in the short-run and it is still 

problematic even in the long run due to a number of constraints, including politics and existing energy 

technology.  Therefore, if energy continues to be produced largely from non-renewable sources, then 

one could not expect a strong negative effect on CO2 emissions.  

Wong, et al. (2013) analyzed links between economic growth and RE consumption in OECD 

countries in 1980–2010.  They show that RE use is more dependent on its consistent use in the past 

periods than on economic growth.  The relationship between GDP growth and RE use is not significant, 

but the authors suggest that growth could potentially lead OECD countries to substitute away from fossil 

energy sources.  The authors also suggest that increases in productivity and in investment in RE R&D 

could reduce fossil fuel consumption and consequently carbon emissions.  This paper does not examine 

R&D factors, though it seeks to assess the effects of RE production on CO2 levels.  

2.3. Linking RE and Environmental Outcomes  

This paper shares a focus with academic research investigating the effects of RE on 

environmental outcomes, though there is a limited number of such publications.  Apergis et al. (2010) 

used panel data from nineteen developed and developing countries for the period 1984–2007 to estimate 

the effects of nuclear energy and RE consumption on carbon dioxide emissions in the short- and long-

run.  The main findings related to this paper are that in both the short- and long-run, nuclear energy 

consumption has a negative and statistically significant effect on carbon dioxide emissions, whereas RE 

consumption is not effective in reducing CO2 levels.  Based on the conclusions presented by Apergis et 

al. (2010), the results in this paper may be expected to show that RE in the energy mix would not have a 

significant impact on CO2 emissions. 

Menyah and Wolde-Rufael (2010) focus on the United States to explore the effects of RE 

consumption on GHG emissions during the period of 1960–2007.  The key findings are similar to 

Apergis et al. (2010), in that they suggest that nuclear energy consumption is effective in mitigating CO2 
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emissions, but that RE use has no significant effect on reducing levels of CO2 emissions.  The results by 

Menyah and Wolde-Rufael (2010) that examined the United States provide this paper with a reference 

point because OECD countries have comparable characteristics with the U.S. 

A paper by Shafiei and Salim (2014) explores the effects of RE on CO2 emissions in twenty-nine 

OECD countries for the period from 1980 to 2011.  In contrast to Apergis et al. (2010) and Menyah and 

Wolde-Rufael (2010), the researchers find that RE consumption reduces CO2 emissions, however the 

impact is rather small.  This finding could be used as a comparison point for the empirical results in this 

paper.  Additionally, Chiu and Chang (2009) examine a panel of thirty OECD countries in 1996–2005 

and conclude that RE sources need to account for over 8.39% of the total energy supply in order to 

achieve CO2 emissions reduction.  

To summarize, relevant literature finds that CO2 emissions are weak drivers of RE supply and 

consumption, but GDP growth is positively associated with increasing RE share in the energy mix, 

especially for wealthier countries.  Due to a dearth of studies examining the environmental effects of RE 

use, this paper contributes to these studies by evaluating the relationship between renewable energy 

production and CO2 emissions in selected OECD countries.  

 

III. HYPOTHESIS 

This paper expands upon existing research and further explores the association between clean 

energy use and environmental outcomes by focusing on the relationship between CO2 emissions and 

renewable energy use as a part of the energy mix.  In contrast to many previous papers, this paper uses 

CO2 emissions as the dependent variable and the share of renewable energy as the explanatory variable.  

Since fossil fuels are still a predominant energy-producing source, the hypothesis being tested is that the 

share of RE that is currently in the energy mix does not mitigate the environmental externalities from 

fossil fuel combustion, while controlling for other factors.   
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For many countries, economic growth is fueled by manufacturing, which is associated with the 

highest energy consumption and consequently is the main source of environmental externalities.  Firms 

that are able to effectively substitute the existing technologies and adapt to utilizing cleaner energy 

sources for production are more successful in reducing their emissions.  However, at least two major 

factors prevent the diffusion of RE.  First, price differences between fossil fuels and alternative energy 

sources make fossil fuels more attractive.  Second, technological transition of production capacities to 

usage of RE can be too costly for some firms.  Therefore, the implementation of alternative energy 

technologies could be expected to reflect positively on the environment only if a substantial share of 

manufacturing and electricity generating capacities switch to clean energy sources.    

This paper further empirically tests the effects of the energy mix on environmental outcomes, 

such as CO2 emissions and particulate matter PM10, and discusses the substantive and statistical 

significance of the results.   

 

IV. CONCEPTUAL MODEL 

Previous research on alternative and renewable energy is commonly based on cross-country data, 

employs panel econometric models with fixed or dynamic effects (e.g., Marques and Fuinhas, 2012; 

Sadorsky, 2009; Apergis and Payne, 2010), and predominantly examines the drivers of renewable 

energy where it is used as a dependent variable (e.g., Sadorsky, 2009; Marques et al., 2010; Marques 

and Fuinhas, 2012).  This paper, however, examines the relationship between environmental outcomes 

and changes in renewable energy use in selected OECD countries during 1992–2007.  Following the 

approach by Sadorsky (2009), this research is best addressed by a panel model with fixed effects, which 

helps to control for country-specific effects that do not change over time.   
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The empirical model can be defined as follows: 

                                     

 

where i = (1, … , 23) denotes the country, t = (1992, … , 2007) indicates the year,     is the dependent 

variable (environmental outcomes),           are the estimated parameters,          is the main 

explanatory variable (share of renewable energy supply),               are the control variables,    is the 

country or time fixed effect, and     is the error term.
1
 

Environmental outcomes are defined by the contribution of greenhouse gases measured in metric 

tons of carbon dioxide emissions per capita and by the air quality measured as particulate matter PM10 

on the country level in micrograms per cubic meter.   

 The share of renewable energy
2
 is used as the main explanatory variable.  It is defined as solar, 

wind, biofuels, geothermal power, and hydropower energy and is measured as a percentage of total 

energy supply,
 3

 while its variation reflects the substitution from fossil-based energy sources over time.  

Additional control variables are used to strengthen the model specification and are denoted by 

    .  These controls include variables that are frequently used in energy and environmental research 

(Marques et al., 2010; Marques and Fuinhas, 2012; Wong et al., 2013), such as gross domestic product 

(GDP) per capita, energy production, energy imports, electric power consumption per capita, energy use 

per capita, share of electricity production from oil, gas, and coal sources, and share of electricity 

production from nuclear sources.   

                                                           
1
 Such model specification allows the fixed effects transformation method to eliminate the country-specific effects    that do 

not change over time (see Wooldridge, 2009, 482).  The ordinary least squares (OLS) regression analysis is applied to the 

remaining variables derived from the fixed effects transformation method.  The resulting estimation coefficients indicate the 

net effect of renewable energy supply on environmental outcomes. 

2
 Research on RE predominantly uses a variable constructed by the International Energy Agency (IEA), which defines 

renewable energy as “energy generated from solar, wind, biofuels, geothermal, hydropower and ocean resources, and biofuels 

and hydrogen derived from renewable resources.”  

3
 Depending on the source of data, some papers use a share of renewable energy supply—rather than consumption—as a 

construct (Marques and Fuinhas, 2011, 1603; Marques and Fuinhas, 2012, 111-112). 
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In addition, this paper includes the share of industry as percent of country GDP to control for 

energy used for manufacturing, as well as population variables—total population in millions and percent 

of urban population—to account for changes in population density.  Road sector gasoline fuel 

consumption per capita, measured in kilograms of oil equivalent, is a proxy for fuel combustion from 

motor vehicles.  In order to examine the impact on air quality by bordering countries, neighboring 

countries’ CO2 emissions was included as a variable.  This variable was constructed by summing the 

CO2 emissions of all neighboring countries across time for each OECD country studied in this paper.   

The fixed effects model described above will be used to estimate the magnitude of impacts, if 

any, of RE on environmental outcomes (CO2 emissions and PM10) in selected OECD countries in the 

time span 1992–2007.   

 

V. DATA DESCRIPTION AND KEY VARIABLES 

Data used in this paper were obtained from the World Development Indicators (WDI), a 

comprehensive data set made available by the World Bank,
4
 and the OECD Environment Statistics from 

the OECD’s iLibrary.
5
  The WDI data set includes time-series data for 214 economies, with many 

indicators containing over fifty years’ worth of information, whereas the OECD “Green Growth 

Indicators” data set provides information on OECD and BRIICS countries during 1990–2012.  This 

paper focuses on a subset of OECD countries for the period of 1992 to 2007.  

The WDI and OECD are recognized and reliable sources of global development data and their 

statistics have been used by a number of researchers who have studied renewable energy topics.  For 

example, Shafiei and Salim (2014) analyze twenty-nine OECD countries and draw data on GDP per 

capita, total population, urban population, and population density from the WDI.  However, the data on 

energy variables were sourced from the U.S. Energy Information Administration (U.S. EIA).  Apergis 

                                                           
4
 The World Bank, World Development Indicators, at http://data.worldbank.org/products/wdi. 

5
 OECD (2013), “Green Growth Indicators”, OECD Environment Statistics (database).   
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and Payne (2010) utilize a WDI data set for selected OECD countries for the period of 1985–2005.  

They, along with Sadorsky (2009), define RE consumption in millions of kilowatt-hours as net 

geothermal, solar, wind, wood, and waste electric power consumption by using data from the U.S. EIA 

for this construct.   

WDI and OECD data are well suited for this research for several reasons.  First, these data sets 

have a broad range of indicators that describe the environment, energy, and climate change.  Second, 

data are collected for each year, which is useful for creating a full panel.   

Moreover, in terms of the key variables in this study, the WDI contains information not only on 

carbon dioxide emissions, but also on a number of other air pollutants.  These data allow constructing 

dependent variables that represent a combination of harmful emissions affecting the environment and 

climate change.  In panel data estimations, Marques and Fuinhas (2011), ibid. (2012) use an indicator 

from the OECD Statistics data set as their main dependent variable “contribution of renewables to total 

energy supply” for the periods 1990–2006 and 1990–2007 in the 2012 paper.  The same indicator 

representing the share of RE in the energy mix is used in this paper as the main independent variable.  

The WDI construct—“alternative and nuclear energy use (as a share of total energy)”—is used as an 

alternative measure of the main independent variable.  Therefore, the comprehensiveness of the WDI 

and OECD data sets makes them an appropriate choice for this paper.   

The data obtained from WDI are initially examined for outstanding observations.  Figure 5.1 

shows trends between CO2 emissions and GDP per capita.  Based on the scatter plot and representing an 

extreme outlier, Luxembourg is excluded from the estimation sample.  The observed levels of CO2 

emissions per capita and GDP per capita are much higher for Luxembourg and they lie outside the 

majority of the sample data.  Notably, maximum CO2 emissions in the sample of countries decrease by 
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almost 10 tons per capita after excluding Luxembourg, while the average emissions change only slightly 

from 10 to 9.5 tons per capita.
6
  

 

Figure 5.1 Carbon dioxide emissions and GDP per capita 

 

Source: Author’s own illustration based on World Bank WDI, 2014. 

 

The data indicate a large variation between the countries with respect to use of renewable energy.  

Belgium and Great Britain report RE supply of near zero percent from 1992–1998, while in Iceland RE 

production reached eighty percent of the total energy supply in 2007.  The RE variable is a percent of 

total energy supply and it is defined by the International Energy Agency (IEA) as energy generated from 

solar, wind, biofuels, geothermal, hydropower and ocean resources, and biofuels and hydrogen derived 

from renewable resources.   

                                                           
6
 Table A.1 in the appendix reports the descriptive statistics of key variables of interest.  Twenty-three countries that joined 

OECD before 1992 are examined for the period of 1992 to 2007 with a resulting sample size of 368.  The list includes 

Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, the 

Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, United Kingdom, and the United States.   
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Table A.1 shows that carbon dioxide emissions per capita range from less than three metric tons 

per capita to over twenty tons, with average emissions of about nine and a half metric tons in OECD 

countries for the period 1992–2007.  By comparison, particulate matter PM10 does not differ as much 

between OECD countries for the same period, but there is a dramatic swing in the percent of fossil fuel 

energy consumption, ranging from 19.25% to 98.54%.  This wide variation could be linked to the above 

differences in amounts of emissions.    

Moreover, the data in Table A.1 demonstrate that some OECD countries are highly dependent on 

energy imports (up to 90% of total energy consumption) while others are net exporters, trading up to 

845% of energy they produce as compared to domestic consumption.  

Table 5.1 presents the distribution of carbon dioxide emissions, the key dependent variable, for 

the OECD countries examined in this paper.  The highest average emissions are produced by the United 

States (19.7 tons per capita), followed by Australia and Canada with 17.4 and 16.5 metric tons of CO2 

emissions per capita respectively.  The United States and Canada have no commitments under the Kyoto 

Protocol and these countries were also noted by Sadorsky (2009) for the highest output of CO2 per 

capita among G7 countries.     

Turkey has the lowest average emissions (3.12 tons per capita), with Portugal and Switzerland 

more or less sharing the second lowest level of emissions with 5.65 and 5.68 tons per capita, 

respectively.  

 
Table 5.1 Carbon dioxide emissions (metric tons per capita) by country 

Country Obs. Mean Std. Dev. Min Max 

Australia 16 17.439 .555 16.595 18.690 

Austria 16 7.966 .478 7.257 8.829 

Belgium 16 10.972 .587 9.689 11.789 

Canada 16 16.519 .686 15.599 17.496 

Denmark 16 10.205 1.171 8.627 12.928 

Finland 16 11.314 1.052 9.736 13.204 

France 16 6.523 .301 5.997 7.028 

Germany 16 10.491 .617 9.570 11.491 

Greece 16 8.126 .604 7.222 8.881 

Iceland 16 7.536 .227 7.232 8.183 
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Ireland 16 10.088 .794 8.773 11.315 

Italy 16 7.736 .223 7.243 8.075 

Japan 16 9.740 .205 9.350 10.070 

Netherlands 16 10.920 .516 10.121 12.052 

New Zealand 16 7.973 .491 7.187 8.792 

Norway 16 8.490 1.184 6.740 10.579 

Portugal 16 5.646 .531 4.752 6.439 

Spain 16 7.111 .736 5.786 8.138 

Sweden 16 6.034 .398 5.379 6.782 

Switzerland 16 5.684 .288 5.027 6.297 

Turkey 16 3.118 .336 2.657 3.951 

United Kingdom 16 9.392 .398 8.842 10.194 

United States 16 19.701 .324 18.930 20.332 

Source: Author’s own illustration based on World Bank WDI, 2014. 

 

Table 5.2 shows the share of renewable energy use among the selected OECD countries.  The 

leading producers of renewable energy are Iceland (72.86%), Norway (45.66%), New Zealand (30.43%) 

and Sweden (26.73%).  RE production compared to the total energy supply is below five percent, on 

average, in Belgium, Germany, Ireland, Japan, the Netherlands, and Great Britain.   

 

Table 4.2 Renewable energy supply, % of total energy (key independent variable) by country 

Country Obs. Mean Std. Dev. Min Max 

Australia 16 5.92 0.22 5.45 6.32 

Austria 16 21.58 1.34 18.72 24.09 

Belgium 16 1.31 0.57 0.77 2.67 

Canada 16 16.39 0.51 15.59 17.08 

Denmark 16 10.00 3.42 6.36 16.29 

Finland 16 21.83 1.58 19.07 24.04 

France 16 6.53 0.63 5.75 7.66 

Germany 16 3.18 1.78 1.59 7.85 

Greece 16 5.38 0.32 4.71 5.89 

Iceland 16 72.86 4.19 67.70 81.66 

Ireland 16 1.88 0.51 1.45 3.15 

Italy 16 5.83 0.58 4.85 6.88 

Japan 16 3.23 0.16 2.77 3.44 

Netherlands 16 1.80 0.63 1.14 3.02 

New Zealand 16 30.43 1.38 27.72 32.21 

Norway 16 45.66 3.70 38.25 51.70 

Portugal 16 16.27 1.80 13.13 18.92 

Spain 16 6.13 0.59 5.19 7.03 

Sweden 16 26.73 2.34 23.03 31.00 

Switzerland 16 16.96 1.06 15.22 18.63 

Turkey 16 14.76 2.80 9.60 18.67 

United Kingdom 16 1.15 0.47 0.63 2.19 

United States 16 4.70 0.39 4.00 5.28 

Source: Author’s own illustration based on OECD Environment Statistics, 2014. 
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Figure 5.2 shows correlations between CO2 emissions per capita and the share of renewable 

energy use over time.   The slope of the fitted values line indicates a weak negative association.  Since 

no other factors are reflected in the graph, this relationship will be further assessed via regression 

analysis.   

   

  Figure 5.2 Carbon dioxide emissions and Renewable energy supply 

 

Source: Author’s own illustration based on World Bank WDI, 2014 & OECD Environment Statistics, 2013.  

 

 

The correlation table (Table A.2) shows the relationships between the key independent and key 

dependent variables, i.e. the share of renewable energy supply and environmental outcomes expressed 

by CO2 emissions and concentration of particulate matter PM10.  As expected, there is a moderate, 

negative association between RE supply and CO2 emissions (–0.26) and PM10 (–0.27) (p<0.001).    
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Table A.2 also demonstrates relationships between other variables of interest.  For example, 

GDP per capita is positively associated with per capita CO2 emissions, share of the industry, electricity 

consumption, energy use, and road sector fuel consumption, which indicates that an increase in 

production and wealth generates more atmospheric waste.  These relationships are typical in developing 

countries as noted by Salim and Rafiq (2012).  However, GDP growth in OECD countries is negatively 

correlated with the use of fossil fuels (including electricity production thereof), energy imports, and 

particulate matter PM10.  As shown by Levinson (2007), the increase in real manufacturing output in the 

United States over the past thirty years coincided with decline in pollution levels, which resulted 

primarily from technological improvements in production technology and abatement methods and less 

so from offshoring of pollution-intensive industries.    

On the other hand, economic growth is positively associated with the share of renewable energy 

and electricity production from nuclear sources, which is more typical of higher income countries, such 

as the member countries of the OECD.  These correlations support the idea that wealthier countries are 

more likely to consider environmental sustainability and attempt to substitute carbon-emitting fuels with 

cleaner energy sources while having an increased ability to invest into renewables R&D (Wong et al., 

2013).   

Renewable energy is strongly negatively associated with electricity production from coal, gas, or 

oil (–0.67).  This relationship potentially demonstrates countries’ technological dependency on their 

electricity-generating capacities and it may also suggest impediments to alternative energy penetration, 

such as productivity and the price of fossil fuels used for electricity production.  Countries that are 

dependent on energy imports are also less likely to use alternative energy sources.  

The correlation coefficient on renewable energy and fossil fuel energy consumption suggests the 

presence of collinearity (–0.77).   This coefficient makes sense because these variables characterize 

mutually exclusive proportions of total energy supply and combined together they represent nearly 
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overall energy consumption.  Since this research focuses on the effects of renewable energy, the fossil 

fuels variable should be excluded from the regression model.  Moreover, the use of fossil fuels is also 

highly correlated with the share of electricity production from oil, gas, and coal sources (0.90).   

Similarly, road sector fuel consumption is highly correlated with total population (0.91) and 

energy production (0.97).  Thus, adding the road sector variable to the regression model could introduce 

multicollinearity (Wooldridge, 2009, 96–99).  Moreover, previous research uses population and energy 

variables to account for energy generation and consumption (Marques and Fuinhas, 2011; Shafiei and 

Salim, 2014).  For these reasons, the road sector variable will be excluded from the regression analysis.   

 

VI. EMPIRICAL RESULTS 

This section presents and discusses estimation results after running a number of specifications 

for a panel model with fixed effects, as defined in section four.  The first set of models utilizes country 

and time fixed effects.  The second set of models uses a lag of the dependent variable (CO2 emissions 

per capita) in addition to country and time fixed effects to account for the persistence effect in CO2 

emissions.  This section also addresses robustness of these models by performing a number of 

robustness checks.  The results are presented in the tables below.   

 

6.1. Fixed Effects Estimations 

The Ordinary Least Squares (OLS) models are generally not used in the literature examining the 

effects of renewable energy.  Most researchers have utilized dynamic panel models in order to account 

for long-term implications of RE production and use on environmental outcomes.  In this paper, fixed 

effects panel models help reduce the omitted variable bias by controlling for country and time fixed 

effects, such as land mass, population, electric grids, weather conditions, natural resources, and political 

institutions.   
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For the purposes of this analysis, an OLS model is initially run to determine the key explanatory 

variables for the reduced panel model.  The post-estimation test for multicollinearity (Variance Inflation 

Factors test) shows that the following variables (besides the main dependent and independent variables) 

need to be included in the model:  GDP per capita, share of the industry in total value added, share of 

urban population in total population, share of energy imports in total energy use, electricity production 

from nuclear sources, and CO2 emissions from neighbors.   

The share of the industry variable
7
 represents percent of GDP from the net output of the 

following sectors: mining, manufacturing, construction, electricity, water, and gas.  The variables GDP 

per capita, share of energy imports, electricity from nuclear sources, share of the industry, and urban 

population are also common in the literature (Marques et al., 2010; Marques and Fuinhas, 2012; Shafiei 

and Salim, 2014).  

The CO2 emissions from neighbors variable was constructed from WDI data set to represent the 

sum of CO2 emissions of neighboring countries for each country in the sample.  This variable is used to 

test the effect of cross-border emissions following the paper by Lin et al. (2014) exploring harmful 

emissions transfer from China to the Western United States.  Table 6.1 shows empirical results obtained 

from the regressions estimated by several panel models with country and time
8
 fixed effects.  

  

Table 6.1 Fixed Effects Regressions 

Dependent Variable: CO2 Emissions per Capita 

VARIABLES MODEL I II III VI V VI VII 

Renewable  -0.137*** -0.161*** -0.148*** -0.150*** -0.144*** -0.154*** -0.152*** 

energy (0.0380) (0.0297) (0.0446) (0.0474) (0.0378) (0.0408) (0.0411) 

GDP per capita  0.000122*** 6.64e-05 6.64e-05 7.11e-05* 7.80e-05* 7.80e-05* 

  (3.97e-05) (4.32e-05) (4.34e-05) (3.71e-05) (3.85e-05) (3.85e-05) 

                                                           
7
 Note:  New Zealand does not have an observation for 2007.  

8 Time fixed effects need to be included based on the test of equality of year coefficients (the null hypothesis that they are 

equal can be rejected, p<0.0001). 
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Share of the    0.134*** 0.135*** 0.164*** 0.160*** 0.162*** 

industry   (0.0292) (0.0296) (0.0259) (0.0282) (0.0286) 

Urban  

   

-0.00920 -0.00983 -0.000168 -0.000379 

population    (0.0709) (0.0785) (0.0780) (0.0774) 

Energy imports 

    

0.00763* 0.00695** 0.00700** 

     (0.00383) (0.00318) (0.00319) 

Electricity  

     

-0.0606** -0.0593* 

from nuclear      (0.0275) (0.0290) 

CO2 emissions  

      

5.77e-08 

from neighbors       (8.54e-08) 

Constant 11.25*** 9.246*** 6.128*** 6.823 5.737 6.216 6.074 

 

(0.591) 

 

(0.887) 

 

(1.104) 

 

(5.478) 

 

(6.031) 

 

(6.116) 

 

(6.101) 

 

 

Observations 368 368 367 367 367 367 367 

R-squared 0.218 0.281 0.395 0.395 0.443 0.476 0.476 

 

Robust standard errors in parentheses.  Statistical significance: *** p<0.01, ** p<0.05, * p<0.1. 

Note: author’s own calculations. 

 

The coefficient on the share of renewable energy is statistically significant and has a negative 

sign throughout all specifications.  This coefficient suggests that a one percentage point increase of 

renewable energy supply in the energy mix reduces CO2 emissions by 152 kg per capita (Model VII).  

The industry share in GDP is highly statistically significant and positive suggesting that a one 

percentage point increase in industrial production raises the level of a country’s CO2 emissions by 162 

kg per capita (Model VII), which is more than the reduction indicated by the RE use.    

The coefficients on GDP per capita, share of energy imports, and electricity production from 

nuclear sources are statistically significant in Models V–VII.  The rest of the variables—the share of 

urban population in total population and the sum of CO2 emissions of neighboring countries—do not 

appear to be statistically significant.  The post-estimation test—Ramsey RESET test (OVB test)—for 

Model VII indicated that some omitted variables or non-linear relationships still need to be addressed.   

The main explanatory variable—share of renewable energy in the energy mix—also indicates 

relatively high correlation (–0.26) with CO2 emissions per capita, which points to likely feedback 

effects.  This relationship is not surprising:  a number of researchers looked at CO2 emissions as a causal 
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factor for increases in renewable energy use (Marques and Fuinhas, 2011; Marques and Fuinhas, 2012) 

and some found a significant effect (Sadorsky, 2009).  In order to address the persistence effect in CO2 

emissions, a lag of the dependent variable
9
 is introduced to the model specifications, i.e. the level of CO2 

emissions per capita in the previous year.  The results are presented in Table 6.2.  

The model specifications in Table 6.2 that include the lag of CO2 emissions have more 

explanatory power as compared to the ones in Table 6.1.  As in Table 6.1, the coefficients on the share 

of renewable energy in Table 6.2 are negative and statistically significant (Models I–VII).  The 

magnitudes of the coefficients are about 25% smaller than in Table 5.1.  For example, the coefficient in 

Model VII suggests that a one percentage point increase in renewable energy supply in the energy mix is 

expected to reduce CO2 emissions by 112 kg per capita.  Since the specifications in Table 6.2 include a 

lagged dependent variable (CO2 emissions per capita in the previous year), then using a fixed effects 

model is likely to produce less biased estimates (Wooldridge, 2009, 488).  

 

Table 6.2 Fixed Effects Regressions (with the Lag of the Dependent Variable) 

Dependent Variable: CO2 Emissions per Capita 

VARIABLES MODEL I II III VI V VI VII 

                

Renewable  -0.0878*** -0.1000*** -0.103*** -0.108*** -0.104*** -0.113*** -0.112*** 

energy (0.0223) (0.0208) (0.0257) (0.0265) (0.0250) (0.0290) (0.0294) 

CO2 Emissions,  0.603*** 0.578*** 0.510*** 0.512*** 0.476*** 0.467*** 0.466*** 

previous period (0.0626) (0.0682) (0.0690) (0.0683) (0.0697) (0.0724) (0.0719) 

GDP per capita  4.77e-05* 3.23e-05 3.22e-05 3.39e-05 4.09e-05 4.09e-05 

  (2.34e-05) (2.26e-05) (2.22e-05) (2.31e-05) (2.51e-05) (2.51e-05) 

Share of the  

  

0.0669*** 0.0670*** 0.0900*** 0.0905*** 0.0913*** 

industry   (0.0196) (0.0194) (0.0195) (0.0209) (0.0209) 

Urban  

   

-0.0286 -0.0270 -0.0176 -0.0176 

population    (0.0321) (0.0401) (0.0406) (0.0404) 

Energy imports 

    

0.00540** 0.00481** 0.00485** 

     (0.00249) (0.00199) (0.00200) 

                                                           
9
 Wong et al. (2013) used lagged variables with Nerlove partial adjustment model.   
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Electricity  

     

-0.0504** -0.0496** 

from nuclear      (0.0217) (0.0224) 

CO2 emissions  

      

2.99e-08 

from neighbors       (5.21e-08) 

Constant 4.941*** 4.426*** 3.453*** 5.617** 5.004 5.300 5.220 

 

(0.812) 

 

(0.697) 

 

(0.631) 

 

(2.483) 

 

(3.055) 

 

(3.149) 

 

(3.172) 

 

 

Observations 345 345 344 344 344 344 344 

R-squared 0.548 0.557 0.580 0.582 0.602 0.624 0.625 

 

Robust standard errors in parentheses.  Statistical significance: *** p<0.01, ** p<0.05, * p<0.1. 

Note: author’s own calculations. 

 

These findings differ from most of the earlier research.  Apergis et al. (2010) found that, in the 

short run, RE and economic growth have positive and statistically significant effects on CO2 emissions.  

Their model specifications include dynamic error corrections and Granger causality tests.  The research 

by Menyah and Wolde-Rufael (2010) used a modified version of the Granger causality test and did not 

identify a causal relationship between renewable energy consumption and CO2 emissions.  As a 

consequence, it would be appropriate to use caution when interpreting the results in terms of causality.  

In contrast with the above, but in line with this paper, Shafiei and Salim (2014) show that RE has 

a negative and statistically significant effect on CO2 emissions, i.e. a one percent increase in RE 

consumption reduces CO2 emissions by 0.004%.  Model IV from the alternative specifications in Table 

A.3 presents a comparable result:  the coefficient on the log of CO2 emissions suggests that a one 

percent increase in RE supply reduces CO2 emissions by 0.016 %.   

The newly added variable indicating CO2 emissions per capita in the previous year is highly 

statistically significant and is large in magnitude.  This indicates that the last year’s CO2 emissions are a 

strong predictor of CO2 emissions in the current year (i.e. persistence effect).   

The coefficient on the share of the industry in GDP stays highly statistically significant in the 

lagged CO2 model although it drops in magnitude by about a third.  At the same time, the coefficient on 
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the GDP per capita is no longer statistically significant, but the share of energy imports and electricity 

production from nuclear sources are still statistically significant in Models V–VII.   

The coefficient on the CO2 emissions from neighboring countries is statistically not significant 

throughout the specifications in Tables 6.1 and 6.2 (except for Model IV in Table A.3, but the 

magnitude is negligible).  While having the predicted positive sign, the neighboring countries’ CO2 

emissions have no additional effect on CO2 emissions measured for a particular country.   This finding 

indicates that domestic policy choices are of primary importance in determining national CO2 emission 

levels.  However, the positive sign indicates that international cooperation might be beneficial as well.   

 

6.2. Robustness of Empirical Results 

The Omitted Variable Bias (OVB) test on Model VII in Table 6.2 indicates that there are no 

omitted variables or non-linear relationships.
10

  The Wooldridge test for autocorrelation in panel data for 

Model VII from Table 6.1 and 6.2 indicates that first-order autocorrelation may be present.  The 

coefficients from the regressions with adjusted standard errors have the same signs and do not differ 

much in terms of statistical significance from the ones in Tables 6.1 and 6.2.
11

   

Alternative specifications confirm the regression results in section 6.1.  Additional robustness 

checks for Model VII from Tables 6.1 and 6.2 are presented in Table A.3, including different measures 

of the dependent variable, such as logarithmic form of total CO2 emissions and an alternative dependent 

variable for air quality PM10 denoting particulate matter PM10.   

The statistical significance and the signs of the coefficients in Models I–IV in Table A.3 remain 

generally the same as in Model VII in Tables 6.1 and 6.2.  In Models V and VI the level of GDP per 

capita statistically significantly adds to the pollution with particulate matter PM10, however the 

magnitude is very small (less than 0.0007 micrograms per cubic meter). 

                                                           
10

 The null hypothesis that the model has no omitted variables cannot be rejected (p = 0.12).   
11

 Additional regressions that produce standard error estimates that are robust to autocorrelated disturbances were also run. 
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Robustness checks for the independent variable are presented in Table A.4.  It mirrors Table 6.2, 

but instead of the share of renewable energy, share of alternative energy in the total energy 

consumption12 is used.  This variable is measured as a percent of alternative energy—defined as nuclear, 

geothermal, solar power and hydropower energy—in total energy use.   

The results in Table A.4 are generally similar to the results from Table 6.2.  The coefficients on 

the share of alternative energy are negative, statistically significant, but smaller in magnitude compared 

to the coefficients on the share of RE shown in Table 6.2.  The coefficients on the lag of the CO2 

emissions are positive, statistically significant, and similar in magnitude with the ones in Table 6.2.  The 

coefficients on the share of the industry stay highly statistically significant and have the same sign as in 

Table 6.2 but are smaller in magnitude. 

The coefficients on electricity generated from nuclear sources are not statistically significant in 

Models VI and VII compared to the coefficients in Table 6.2.  This may be attributed to the fact that the 

alternative energy variable includes energy from nuclear sources, which weakens the effect of the 

electricity variable.  In addition, Apergis et al. (2010) found a long-term negative and statistically 

significant effect running from nuclear energy consumption to CO2 emissions.   

 

VII. POLICY IMPLICATIONS 

7.1. Main Public Policy Implications 

The empirical findings in this paper indicate that the use of RE in the energy mix has a 

significant potential to reduce carbon dioxide emissions.  Full transition to RE sources is currently not 

possible for economic and technological reasons, but keeping or adding RE into the energy mix appears 

to be nevertheless an advantageous strategy to lessen the negative environmental effects in fossil fuel-

based economies.  The effectiveness of the energy mix may require further assessment of related 

policies on a country-by-country basis since renewable sources are highly dependent on the geological 

                                                           
12

 Source: The World Bank, World Development Indicators, at http://data.worldbank.org/products/wdi. 
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composition and infrastructure of a given country.  Overall, as this paper shows, the current carbon 

reduction rate may not be enough to achieve important levels set out by the Kyoto Protocol and 

additional means of reducing CO2 need to be employed. 

The established negative relationship between CO2 emissions and renewable energy is weak, i.e. 

RE does not alleviate environmental conditions in order to interrupt the climate change trend.  The 2013 

World Energy Outlook Special Report by the International Energy Agency states that the energy sector 

is the main contributor of greenhouse gases (more than 80% of the global energy consumption is based 

on fossil fuels) (IEA, 2013).  With global energy demand constantly increasing and the dominance of 

fossil-based production, additional policy measures besides shifts in the energy mix could be potentially 

supportive of reducing emissions.  Government support of RE might prove to be necessary due to its 

market underprovision resulting from very high entry costs, which continues to make RE more 

expensive than fossil fuels (Negro et al., 2012, 3841–42).  In addition to substantial market entry 

barriers, wider use of RE is undermined by the political forces of energy lobby, which has strong ties to 

fossil fuel sector.  Policy proposals outlined below aim to address the economic and political factors that 

could influence the environmental sustainability and climate change.    

7.2. Policy Proposals and Potential Obstacles 

7.2.1. Subsidies and Taxes 

Economic incentives that could make RE more attractive and at the same time support CO2 

emissions reduction include subsidies and taxes.  The current level of fossil fuel subsidies should be 

gradually reduced and carbon taxes should be introduced on a wider scale.  For example, Germany’s 

sustainability efforts included legislation in 1999 known as the Ecological Tax Reform when taxes on 

certain fossil fuels were raised in two stages, followed by tax increases in 2002 on fuels used for heating 

purposes (Bechberger and Reiche, 2004).   
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From a policy perspective, the IEA’s World Energy Outlook Special Report (IEA, 2013) 

suggests that carbon taxes are easy to operationalize and to account for in investment projects, where 

carbon-trading schemes could be beneficial for closely interacting economies, as the EU, however some 

say that these schemes are less transparent than carbon tax (The Economist, “Tepid, Timid”).  Walsh et 

al. (2014) also suggest that carbon abatement technologies could benefit from a reduction in carbon 

price volatility, which can be achieved by switching from carbon permits to carbon taxes.   

Subsidies for RE sector have been a popular policy measure in many countries.  For example, 

since 1990 production of solar photovoltaic energy and wind energy in OECD countries increased by 

46.9 and 23.1 percent respectively, mainly due to government subsidies (IEA, 2013a).  However, 

subsidies and their levels may need to be reevaluated for the purposes of comparison to other initiatives 

that can help reduce harmful emissions.  Recent economic analysis shows that RE subsidies can be too 

expensive and far from being effective at reducing carbon emissions if used as a sole policy mechanism, 

but combined with carbon pricing policy CO2 reduction is very likely, especially in the long run 

(Kalkuhl et al., 2013).  Relatedly, Lim and Kim (2012) recommend that Korea should target their carbon 

intensive industries with the policy mix that combines carbon tax and R&D subsidies, which should 

allow real GDP to grow without increasing CO2 emissions, thus reducing environmental externalities 

associated with economic growth.   

7.2.2. Regulatory Interventions 

The European Union Emissions Trading Scheme (EU ETS) was launched in 2005 and aimed at 

reducing harmful emissions by trading greenhouse gas allowances between the participating entities.  

However, Chappin and Dijkema (2009) conclude that the EU ETS might not be efficient for the 

European energy-generating sector in terms of CO2 emissions reduction due to lower comparative costs 

of coal.  In order to compensate for the market deficiencies of the EU ETS, a more complex policy mix 

may be required.  For example, Lehmann and Gawel (2013) argue for combining the EU ETS and 
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subsidies directed at electricity generation from RE sources.  Aune et al. (2012) show that the EU ETS 

could help promote and effectively distribute RE production, which reduces costs of the EU renewable 

target
13

 implementation.  Moreover, there are proposals to utilize carbon-trading principle to create a 

global emissions trading system along with a border carbon tax for each country (Moghaddam et al., 

2013).  Others caution that the state of the global economy and insufficient regulatory and policy 

response create a serious impediment for the expansion of emissions trading schemes on the global level 

(Perdan and Azapagic, 2011).  

Meanwhile, even for some OECD countries, it may be more beneficial in terms of faster CO2 

reduction to divert some of the resources currently used for RE subsidies into projects that increase 

energy efficiency.  These efforts may include green standards for new buildings and retrofitting of 

existing structures, updating electric grids and production capacities.  Successful implementation should 

reduce the demand for electricity and energy imports (in this paper, energy imports were shown to 

increase CO2 emissions).   

Energy efficiency is one of the policy goals proposed in the IEA Report, along with the phase-

out of the older generation of coal plants (IEA, 2013).  The main challenge is that the aforementioned 

modernization measures require significant upfront expenditures.  However, these costs could improve 

the status of the energy sector in the long run (and potentially generate savings) and at the same time 

could spur environmental sustainability efforts.  In this respect, research suggests that energy savings 

along with targeted RE use could help achieve sustainability targets (Müller-Steinhagen and Nitsch, 

2005).  

These policy reforms would require governments to invest substantially in the short term for the 

returns in the long run.  Such policies are usually unpopular because results cannot be achieved in the 

immediate future and are politically challenging.   

                                                           
13

 The European Parliament’s target of a 20% share of RE in the EU’s total energy consumption by 2020.  
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Another obstacle for climate policies and wider RE penetration results from the state of physical 

and knowledge-based infrastructure (Negro et al., 2012).  This problem arises in the case of the 

European Union where many countries established RE production, e.g., nuclear energy in France, wind 

and solar energy in Germany.  However, the lack of compatibility of electric grids and other equipment 

that would allow electricity transfers from one country to another prevents energy exchanges through the 

EU.  Thus, modernization of existing grids or installments of new smart grids should reduce energy 

losses and continue to promote various types of RE in the EU.  Such projects would require a joint effort 

from the European leaders in establishing mutually beneficial long-term energy and environmental 

policies.  As a result, each country should be able to outline a specific course of action needed for 

aligning its technological and infrastructural capacities with other member-countries.   

7.2.3. Promotion of Environmental Sustainability  

Promoting environmental sustainability through awareness campaigns could play an important 

role for further impetus in development and implementation of RE and other environmental policies 

associated with climate change.  Germany’s example shows that low local resistance towards RE aided 

the country in becoming a leading producer of wind and solar energy in Europe (Bechberger and Reiche, 

2004).   

In addition, a recent study shows that the carbon footprint of the increased industrial production 

in China reaches the American West Coast across the Pacific (Lin et al., 2014), which emphasizes the 

importance of international cooperation in resolving the issue of climate change.  The efforts should 

translate not just into domestic policies, but also into international environmental treaties that are 

enforceable.  In fact, the United Nations Climate Change Conference in 2015 will be devoted to 

reaching a legally binding universal climate agreement (U.N., 2013; U.N., 2014).  On the other hand, 

there are proposals to extend carbon emission trading to individual citizens who are concerned about the 

environment and are willing to participate in carbon trade (Rousse, 2008).  Additional research is being 
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done to show that the involvement of local authorities through a Local Emissions Trading Scheme 

(LETS) may bridge the gap in the EU ETS and help increase CO2 emissions reduction (Torres and 

Pinho, 2011).       

 Moreover, climate change and related environmental issues could be more successfully resolved 

with their integration into a larger policy framework.  Such a framework ought to consider not just the 

energy sector, but also related industries, such as manufacturing, construction, transportation, imports 

and exports, IP, and even education.  Furthermore, as Resch et al. (2008) note, effective climate change 

mitigation requires faster policy actions and broader emission reduction initiatives worldwide.   

However, these policy proposals face difficulties.  As noted by Negro et al. (2012) and 

Bechberger and Reiche (2004), the energy industry lobby is relatively strong in most developed 

countries and its resistance to changes in the tax code and in the levels of subsidies, as well as 

protectionism of the fossil energy production is to be expected.  For example, new developments in 

natural gas and shale oil extraction in the United States (IEA, 2013; The Economist, “Saudi America”) 

would most likely prevail over the suggestions to build more nuclear plants shown to reduce CO2 

emissions (Menyah and Wolde-Rufael, 2010).   

In order to improve environmental conditions and achieve sustainability, renewable energy needs 

to become more accessible and affordable without creating market distortions.  Therefore, government 

policies are still necessary for encouraging RE production and use, improving energy efficiency, and 

increasing social awareness about the environmental challenges of the twenty-first century.  Government 

intervention is particularly appropriate for these efforts because they address a serious, global problem, 

the resolution of which requires broad-based cooperation.    
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VIII. CONCLUSION AND LIMITATIONS  

In recent decades, many OECD countries modified their energy mix in order to meet their energy 

needs and to improve the environmental conditions.  The use of renewable energy is generally presumed 

to lessen the negative effects of greenhouse gases and climate change.  This paper tested this assumption 

by analyzing the relationship between renewable energy supply in the selected OECD countries and the 

corresponding environmental outcomes, such as levels of CO2 emissions.  A substantial part of the 

existing literature is devoted to the analysis of the drivers of RE use, especially in relation to economic 

growth, level of GHG emissions, and energy policies.  However, the environmental impacts of 

renewable energy use have not been widely studied.   

This paper shows that RE as part of the energy mix has the potential to improve the 

environmental sustainability in OECD countries, while its current impacts on harmful emissions are 

minimal.  Therefore, additional questions arise for further research, including explaining the reasons 

behind low efficiency of renewably energy or determining other more productive approaches to 

mitigating climate change.   

The estimation results of the assessment presented in this paper are significant and robust under 

various model specifications.  However, certain aspects of this research that limit somewhat the 

application of the findings and present an opportunity to expand research on this topic.  

This analysis may suffer from a selection bias concerning the time span and the selection of 

countries.  The time period used in this paper is relatively short (1992–2007) and excludes major geo-

political events of the early 1990s and the recession of 2008–2009.  Still, sixteen year span is sufficient 

to create an adequate number of observations.  The sample consists of twenty-three OECD member-

countries, most of which are developed nations.  Therefore, the findings of this research could pertain to 

higher income countries with more efficient production capacities and higher levels of investment into 

alternative energy and related R&D.  For instance, Sadorsky (2009) arrives at a similar conclusion in his 
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analysis of G7 countries.  However, additional research is needed to examine the effectiveness of RE use 

in middle- and low-income countries that could potentially benefit even more from modern energy 

technologies.  Current assessments are focused on economic growth and its effects on the energy mix in 

developing countries, some of which are switching to more RE out of increasing environmental 

concerns (Sadorsky, 2009a; Salim and Rafiq, 2012). 

Another constraint of this paper relates to its examination of one dimension of environmental 

sustainability, i.e., air quality as measured by CO2 emissions per capita and country level of particulate 

matter PM10.  Even though the findings indicate that the use of renewable energy helps reduce harmful 

emissions, it may at the same time lead to environmental “losses” in some other decisive ways.  For 

example, Nugent and Sovacool (2014) determined that solar and wind electricity-generating 

technologies directly contribute to greenhouse gas emissions.  The paper analyses the lifecycles of GHG 

emissions intensity by examining the processes of manufacturing, transportation, operation, and retiring 

associated with these energy sources.  The researchers conclude that, on average, wind and solar energy 

production has a low carbon footprint, but it is not emission-free.    

Thus, further assessment of the effects of RE on environmental outcomes would require a multi-

dimensional approach that would account for the negative externalities of RE production and 

implementation (in addition to any benefits to the environment).  Doing so may also help assess the 

endogeneity problem that arises from the feedback effects between the CO2 emissions and the use of 

renewable energy.  As shown in previous research of drivers of RE (Sadorsky, 2009; Apergis et al., 

2010; Marques and Fuinhas, 2011), increase in CO2 emissions (along with GDP growth) may positively 

affect RE deployment in some countries.   

Moreover, analyzing the impact of RE on a firm or household level might prove to be the way 

forward and could provide more precision in determining the effects of RE on levels of emissions.  For 

example, it is unclear whether and through which channels, firms and households are responding to the 
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shift in energy policy.  For instance, Davis and Kilian (2009) estimated that the effect of a ten-cent 

increase in gasoline tax in the U.S. would result in about one-and-a-half-percent decrease in carbon 

emissions from gasoline consumption, and the long-term reduction of CO2 could be achieved if 

households were to switch to more fuel-efficient motor vehicles, hybrid vehicles, or fully electric cars, if 

such are available.  Additionally, Shafiei and Salim (2014) suggest that increased urbanization and 

population density could reduce emissions from motor vehicle use.   

Therefore, in order to address the challenges facing climate change mitigation, policy responses 

within and outside the energy sector are urgently needed and require global cooperation.  While 

development and implementation of RE endures in many OECD countries due to their ability to support 

non-fossil energy sources, countries that are unable to invest in RE could extend or introduce policies 

directed at energy-saving capabilities and at enhancing public awareness about the environmental 

consequences of climate change, which would enable governments to advance solutions directed at these 

increasingly pressing challenges.   
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APPENDIX 

 

Table A.1 Variable definition and descriptive statistics (excludes Luxembourg) 

Variable Definition Obs. Mean Std. Dev. Min Max 

CO2 emissions CO2 emissions per capita (metric 

tons/cap) 

368 9.51 3.88 2.66 20.33 

PM10 Particulate matter (PM10), country level 

(micrograms per cubic meter) 

368 26.33 11.07 10.28 67.23 

Renewable 

energy* 

Share of renewable energy (% of total 

energy supply) 

368 14.81 16.67 0.63 81.66 

Energy 

production 

Energy production (kt of oil equivalent) 368 146,012.2 337,130.8 1,390 1,688,631 

Energy imports Energy imports, net (% of energy use) 368 3.87 162.47 -845.24 90.61 

GDP GDP per capita (current US$) 368 22,843.54 8,666.78 3,368.44 41,900.79 

Share of the 

industry* 

Share of the industry (% of GDP) 367 28.54 4.36 18.72 44.35 

Electricity from 

fossil 

Electricity production from oil, gas, and 

coal sources (% of total) 

368 49.83 31.96 0.02 95.24 

Electricity from 

nuclear 

Electricity production from nuclear 

sources (% of total) 

368 17.40 21.69 0 79.07 

Electricity 

consumption 

Electric power consumption per capita 

(kWh) 

368 9,416.70 6,072.54 1,002.27 36,852.54 

Energy use Energy use per capita (kg of oil 

equivalent) 

368 4,585.11 2,129.32 924.13 15,707.75 

Fossil fuels Fossil fuel energy consumption (% of 

total) 

368 74.75 18.84 19.25 98.54 

Population Total Population (millions) 368 39.8 60.3 0.26 302 

Urban 

population 

Urban population (% of total 

population) 

368 75.04 11.35 49.18 97.34 

Road sector Road sector gasoline fuel consumption 

per capita (kg of oil equivalent) 

368 23,853.56 69,801.52 134 370,995 

CO2 emissions 

from 

neighbors** 

Sum of CO2 emissions of neighboring 

countries (metric tons) 

368 1,184,020 1,586,369 0 9,025,609 

Sources for variables:  World Bank, World Development Indicators (WDI); * OECD Green Growth Indicators (2013); ** Author’s own 

calculation based on World Bank WDI, 2014. 

. 

 



Table A.2 Correlation Matrix  

 CO2EM_PC PM10 REN_EN EN_PROD EN_IMP GDP_PC IND_GDP EL_FOSSIL EL_NUCL ELCONS_PC ENUSE_PC FOSSIL_USE POP_TOTAL URBAN ROAD_FUEL 

CO2EM_PC 1.00               

PM10 -0.30*** 1.00              

REN_EN -0.26*** -0.27*** 1.00             

EN_PROD 0.68*** -0.13*** -0.15*** 1.00            

EN_IMP -0.12** 0.28*** -0.39*** -0.11** 1.00           

GDP_PC 0.33*** -0.51*** 0.22*** 0.32*** -0.36*** 1.00          

IND_GDP -0.02 -0.07 0.16*** -0.17*** -0.39*** 0.15*** 1.00         

EL_FOSSIL 0.29*** 0.40*** -0.67*** 0.12** 0.29*** -0.34*** -0.17*** 1.00        

EL_NUCL -0.07 -0.26*** -0.25*** 0.04 0.22*** 0.19*** -0.18*** -0.44*** 1.00       

ELCONS_PC 0.26*** -0.55*** 0.75*** 0.21*** -0.59*** 0.57*** 0.22*** -0.63*** -0.01 1.00     
 

ENUSE_PC 0.54*** -0.53*** 0.54*** 0.40*** -0.21*** 0.54*** -0.01 -0.43*** 0.09* 0.85*** 1.00     

FOSSIL_USE 0.31*** 0.45*** -0.77*** 0.15*** 0.19*** -0.34*** -0.09* 0.90*** -0.39*** -0.70*** -0.53*** 1.00    

POP_TOTAL 0.45*** 0.08 -0.33*** 0.86*** 0.13*** 0.24*** -0.18*** 0.23*** 0.16*** -0.06 0.14*** 0.25*** 1.00   

URBAN 0.28*** -0.50*** 0.21*** 0.15*** -0.17*** 0.30*** -0.28*** -0.26*** 0.25*** 0.37*** 0.52*** -0.26*** -0.02 1.00  

ROAD_FUEL 0.60*** -0.04 -0.19*** 0.97*** 0.04 0.30*** -0.22*** 0.16*** 0.06 0.11** 0.32*** 0.16*** 0.91*** 0.07 1.00 

CO2_NBR 0.25*** 0.05 -0.21*** 0.07 0.13*** 0.31*** 0.14*** -0.14*** 0.26*** 0.04 0.15*** 0.04 0.24*** -0.14*** 0.07 

Notes: ***, **, * correlations are significant at 1%, 5%, and 10% significance level, respectively.  

CO2EM_PC  CO2 emissions per capita 

PM10   Concentration of particulate matter PM10 
REN_EN   Share of renewable energy supply 

EN_PROD  Energy Production 

EN_IMP   Share of energy imports in total energy use 
GDP_PC   GDP per capita 

IND_GDP  Share of the industry in total value added 

EL_FOSSIL  Electricity production from coal, gas, or oil 
EL_NUCL  Electricity production from nuclear sources 

ELCONS_PC  Electric power consumption per capita 

ENUSE_PC  Energy use per capita 
FOSSIL_USE  Share of fossil fuel energy consumption 

POP_TOTAL  Total population 

URBAN   Share of urban population in total population 
ROAD_FUEL  Road sector gasoline fuel consumption per capita 

CO2_NBR  Sum of CO2 emissions of neighboring countries     

3
2
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Table A.3 Robustness Checks: Dependent Variable  

Dependent 

Variable: 

 

CO2 per 

Capita 

CO2 per 

Capita with 

the Lag 

Log CO2 

Emissions 

Log CO2 

Emissions 

with the Lag 

PM10 with 

Neighbor 

Emissions 

PM10 

without 

Neighbor 

Emissions 

VARIABLES MODEL I MODEL II MODEL III MODEL IV MODEL V MODEL VI 

              

Renewable  -0.152*** -0.112*** -0.0214*** -0.0162** 0.00194 -0.00244 

energy (0.0411) (0.0294) (0.00731) (0.00576) (0.172) (0.173) 

GDP per capita 7.80e-05* 4.09e-05 8.87e-06 4.70e-06 0.000656** 0.000656** 

 (3.85e-05) (2.51e-05) (6.81e-06) (4.92e-06) (0.000306) (0.000306) 

Share of the  0.162*** 0.0913*** 0.0158*** 0.00679* 0.114 0.110 

industry (0.0286) (0.0209) (0.00468) (0.00363) (0.110) (0.109) 

Urban  -0.000379 -0.0176 0.0111 0.00902 -1.049 -1.048 

population (0.0774) (0.0404) (0.0133) (0.00888) (0.621) (0.618) 

Energy imports 0.00700** 0.00485** 0.000697** 0.000379** 0.00514 0.00499 

 (0.00319) (0.00200) (0.000278) (0.000145) (0.00822) (0.00832) 

Electricity  -0.0593* -0.0496** -0.00769 -0.00624* 0.0433 0.0396 

from nuclear (0.0290) (0.0224) (0.00478) (0.00349) (0.0804) (0.0841) 

CO2 emissions  5.77e-08 2.99e-08 -1.26e-08 -1.70e-08* 1.74e-07  

from neighbors (8.54e-08) (5.21e-08) (1.34e-08) (9.19e-09) (3.60e-07)  

CO2 Emissions,   0.466***  0.0577***   

previous period  (0.0719)  (0.0119)   

Constant 6.074 5.220 10.77*** 10.65*** 90.64* 91.06* 

 (6.101) 

 

(3.172) 

 

(1.028) 

 

(0.665) 

 

(46.51) 

 

(46.62) 

 

       

Observations 367 344 367 344 367 367 

R-squared 0.476 0.625 0.599 0.704 0.718 0.718 

 

Robust standard errors in parentheses.  Statistical significance: *** p<0.01, ** p<0.05, * p<0.1. 

Note: author’s own calculations. 
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Table A.4 Robustness Checks: Independent Variable (With Lag of CO2 Emissions) 

 

Dependent Variable:  CO2 Emissions per Capita 

Independent Variable:  Share of Alternative Energy, % 

VARIABLES MODEL I II III IV V VI VII 

                

Alternative  -0.100*** -0.103*** -0.0981*** -0.0976*** -0.0937** -0.0877** -0.0865** 

energy (0.0345) (0.0325) (0.0336) (0.0338) (0.0343) (0.0323) (0.0325) 

CO2 Emissions,  0.623*** 0.614*** 0.569*** 0.564*** 0.525*** 0.526*** 0.524*** 

previous period (0.0683) (0.0711) (0.0769) (0.0786) (0.0763) (0.0762) (0.0749) 

GDP per capita  2.48e-05 1.15e-05 1.33e-05 1.58e-05 1.55e-05 1.59e-05 

  (2.37e-05) (2.60e-05) (2.56e-05) (2.65e-05) (2.64e-05) (2.65e-05) 

Share of the    0.0481** 0.0484** 0.0727*** 0.0737*** 0.0758*** 

industry   (0.0204) (0.0200) (0.0154) (0.0160) (0.0157) 

Urban     0.0245 0.0240 0.0286 0.0280 

population    (0.0440) (0.0524) (0.0545) (0.0539) 

Energy imports     0.00553* 0.00540* 0.00547* 

     (0.00278) (0.00272) (0.00274) 

Electricity       -0.0153 -0.0140 

from nuclear      (0.0187) (0.0192) 

CO2 emissions        6.85e-08 

from neighbors       (5.68e-08) 

Constant 5.371*** 5.049*** 4.214*** 2.404 1.908 1.697 1.570 

 

(1.129) 

 

(1.109) 

 

(1.062) 

 

(3.046) 

 

(3.709) 

 

(3.796) 

 

(3.722) 

 

        Observations 345 345 344 344 344 344 344 

R-squared 0.554 0.557 0.569 0.570 0.591 0.593 0.594 

 

Robust standard errors in parentheses.  Statistical significance: *** p<0.01, ** p<0.05, * p<0.1. 

Note: author’s own calculations. 
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