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ABSTRACT 

 
Recent literature aims at understanding the linkages between macroeconomic factors 

and renewable energy growth, at both global and national levels. Most of these studies 

have focused on determinants such as income levels and carbon emissions, identifying a 

causal mechanism that has its foundation in climate change. This paper develops an 

economic argument to explain greater renewable energy growth. The guiding question 

is whether a greater degree of uncertainty caused due to volatility in fossil fuel prices 

incentivizes governments to increase the share of renewable sources in their overall 

energy portfolio. I also study factors that impede renewable energy growth, particularly 

“carbon lock-in”, which refers to existing technical, political and economic structures 

that drive dependence on fossil fuels and hinder transition to sustainable energy 

systems. Utilizing over forty years of data from the Quality of Government Dataset and 

World Development Indicators, I employ a Generalized Method of Moments technique 

and find that increasing oil price volatility does have a positive effect on renewable 

energy growth. However, carbon lock-in has a mediating effect, and I dive deeper into 

identifying its potential sources as well as regional differences. The paper concludes by 

discussing implications for policymakers in crafting strategies to accelerate renewable 

energy growth worldwide. 
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I. INTRODUCTION 

 

According to UN Secretary General Ban Ki-moon, “energy is the golden thread that 

connects economic growth, increased social equity and an environment that allows the 

world to thrive”.1 Energy is a critical enabling factor for economic development ranging 

across poverty eradication, job creation and human development (health, education, 

sanitation, nutrition, gender empowerment, etc.).2 Providing access to energy, however, 

is still a significant challenge. In 2014, 1.2 billion people lacked basic access to energy.3 

It is no surprise that Developing Asia and Sub-Saharan Africa account for 95% of the 

population without modern energy services,4 much of which comprises people below 

the poverty line. Access to energy is thus seen as the necessary foundation for economic 

development and poverty eradication, particularly in the developing world. 

 

Generating energy to enable key development services requires resources. While there 

are many different sources of energy, it is predominantly generated from fossil fuels 

such as oil, natural gas and coal. The other sources of energy are nuclear, biomass, 

geothermal, solar, wind, hydropower, and biofuels.5 Some of these are known as 

renewable sources of energy, possibly since they are based on technologies that do not 

need finite resources. Renewable energy generation is still nascent in terms of both 

capacity and technology diffusion; existing capacity and technologies are still oriented 
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largely towards fossil fuels.a Consequently, meeting future energy demand, especially 

in the light of energy access goals, will involve significant increase of fossil fuel 

generation capacities.  

 

The large share of fossil fuels in the global energy scenario is greatly linked to the 

challenge of climate change and its political, economic and social impact on countries 

and communities. Fossil fuels contribute extensively to climate change through the 

emissions of greenhouse gases (GHGs). More importantly, as many countries do not 

have their own reserves of oil, natural gas and coal, they are forced to buy from other 

countries that have these resources in plentiful. A considerable amount of budgetary and 

fiscal planning is therefore dependent on the price at which these countries buy foreign 

fossil fuels. Consequently, exposure to fluctuations of fossil fuel prices can have a 

major macroeconomic impact on countries which are significantly dependent on global 

demand and supply of fossil fuels. Volatility in prices leads to uncertainty, which in turn 

may cause difficulties in financial planning. Increasing oil price volatility should 

motivate governments and societies (essentially private producers and/or consumers) to 

reduce this degree of uncertainty by transitioning energy production/consumption to 

renewable sources, which may guarantee some predictability and control in terms of 

costs and revenues. This may also reduce their dependence on imports and exposure to 

international price fluctuations.  

a In 2012, fossil fuels accounted for 81.7% of total primary energy supply with the shares of oil, natural 
gas and coal being 31.4%, 21.3% and 29% respectively. Similarly, the REN21 Global Status Report 
estimates that the share of fossil fuels in global final energy consumption was 78.4%. Fossil fuels are also 
known as non-renewable sources of energy, in the sense that they are finite. 
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However, while the worldwide renewable energy sector has been growing rapidly, 

investment in renewable power and fuels has been uneven in recent years. From record 

levels in 2011, global new investment fell by 14% in 2013 relative to 2012.6 Moreover, 

renewable energy is still a nascent and evolving industry, and comprises only about 

10% of global energy consumption.7 Thus, while countries have realized the need to 

restructure their energy sectors towards an enhanced usage of renewables, many either 

are unwilling or unable to act due to domestic and international realities. This raises the 

question whether there are other technological, political or economic factors that 

interact from both a domestic or international standpoint to dis-incentivize the 

development of renewable energy and hinder industry growth. Consequently, it is 

important to identify and analyze these factors.  

 

As the global energy market is still dominated by fossil fuels, 8 I purport that the growth 

and importance of the renewable energy sector is still highly dependent on the political, 

economic and technological dynamics of the global fossil fuel market. I predict that 

increasing oil price volatility has a positive effect on the renewable energy industry. 

However, I also recognize that the existing dependence of economies on fossil fuels 

creates significant political, economic and technological barriers that impede industry 

growth. This latter concept, known as “carbon lock-in”, leads to the establishment of a 

strong negative reinforcement mechanism that reduces governments’ and societies’ 

incentives to promote renewable energy growth at the expense of fossil fuels. Due to the 

highly carbon-leveraged nature of economies today, I predict that the higher the level of 
3 

 



 

fossil fuel imports, higher will be the extent of carbon lock-in in an economy, and 

therefore lower will be the incentive to focus on renewable energy technologies (RETs).  

 

Over the course of this paper, I aim to identify and isolate these two separate effects. 

Utilizing a panel of countries over a forty year period, I first create an indicator that 

measures the extent of domestic oil price volatility. I then model renewable energy 

industry growth and importance to the energy portfolio on domestic oil price volatility 

and the share of economy devoted to oil imports, also called oil dependence. I find that 

domestic oil price volatility is positively correlated with renewable energy growth and 

that higher oil dependence leads to lower levels of renewable energy growth.  I also 

control for economic structure and find that the share of industry in the economy 

significantly influences the extent of carbon lock-in. Consequently, economies with a 

large share of industry are even more locked-in and experience slower renewable 

energy growth. My results have significant implications in the sense that they can 

provide policymakers and renewable energy advocates with a clear strategic roadmap to 

target inherent industry barriers prevalent in economies. In order to boost renewable 

energy production and consumption, the industrial sector needs to be a focus area. Thus, 

if policymakers can create incentive structures that transition the industrial sector to a 

greater utilization of sustainable RETs, the renewable energy industry will get a 

momentous boost that should pave the way for renewable energy to become the 

dominant energy technology on the planet.   
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II. LITERATURE REVIEW 

 

There is an extensive body of literature that focuses on the relationship between fossil 

fuel prices and economic growth. Most of these studies look at oil prices, as these have 

been found to have a significant albeit asymmetric relationship to natural gas prices, and 

indicate that oil prices may be a more appropriate proxy for fossil fuel prices.b One of 

the pioneers in this field is Hamilton, who studies the causal linkages between oil prices 

and GDP for the United States (Hamilton, 1983).9 Further analysesc such as Mork 

(1994)10 confirm and extend Hamilton’s findings to virtually all industrialized 

countries.  A critical element of differentiation is whether scholars focus on oil price 

shocks or oil price volatility. Both shocks and volatility measure significant fluctuations 

on oil prices, which can be due to slow moving demand combined with highly uncertain 

supply caused by “instability in exporting countries and uncertainty regarding the 

discovery of new sources” (Rentschler, 2013; Page 2).11 However, the difference 

emanates from how the effects of the price fluctuations are transmitted into the macro-

economy. A positive oil price shock (a sudden increase in oil prices) increases 

production costs and decreases output, especially for more energy intensive industries. 

However, a negative oil price shock may not have the same effect. Mork (1989)12 finds 

that while oil price increases reduced US Gross Domestic Product (GDP), oil price 

b For further information, see Brown (2005), Panagioditis and Rutledge (2004), Jabir (2006), Villar and 
Jouetz (2006). This has also been elaborated on in the “Methods” Section 
c Burbridge and Harrison (1984); Gisser and Goodwin (1986); Mork (1989); Ferderer (1996); Papapetrou 
(2001); Jimenez-Rodriguez and Sanchez (2005) ; Lardic and Mignon (2006); Lee et al (2001); Cunado 
and Garcia (2005) 
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decreases did not have much of an effect. Mory (1993)13 and Lee et al (1995)14 conduct 

similar analyses on the US economy and obtain virtually the same results. On the other 

hand, volatility should account for both positive and negative oil price shocks 

(Rentschler, 2013).15  One of the first studies that accounts for volatility rather than 

shocks is conducted by Guo and Kliesen (2005),16 who construct a “Realized Volatility” 

variable based on earlier suggestions by Anderson et al (2004).17 Since then, other 

scholars have begun to increasingly use the realized volatility measure, which is broadly 

summarized as the summation of squared changes in the oil price over a given period. 

Rafiq et al (2009)18 perform a similar study as Cunado and Garcia (2005),19 focusing on 

the Thai economy, which indicates that the realized volatility of oil prices Granger 

causes GDP growth, investment, unemployment and inflation. Filis et al (2011)20 

highlight the effect of oil price volatility on stock market returns, while Chen and Hsu 

(2013)21 illustrate how volatility in oil prices affects bilateral trade.  

 

Generating energy from renewable sources is a potential solution that can address both 

climate change and economic uncertainty consequences of relying on fossil fuels such 

as oil (Rentschler, 2013).22 The climate change benefits of renewable energy as opposed 

to oil are obvious, since renewable technologies do not produce any GHG emissions.d 

Moreover, greater energy production from renewable sources can mitigate effects of oil 

price volatility. For example, Rentschler (2013)23 finds that if the share of renewables in 

d An increase in the share of renewable energy in the overall global energy mix can potentially limit the 
effects of climate change as these are near-zero carbon energy sources (IPCC, 2013). 

6 
 

                                                



 

the energy generation portfolio had been larger, GDP losses resulting from increased oil 

price volatility in 2008 could have been significantly lesser. Consequently, many recent 

papers focus on understanding the drivers of renewable energy production. Studies such 

as Masih and Masih (1997)24 and Narayan and Singh (2007)25 focus on modelling 

renewable energy consumption, using a general approach that energy consumption 

depends upon own price, income levels and the price of a substitute. Later studiese also 

include the level of carbon dioxide (CO2) emissions as an additional controlling 

variable. Sadorsky (2009a)26 aims to identify the drivers of renewable energy 

consumption per capita, focusing on the G7 countriesf over the period 1980-2005. 

Essentially, his hypothesis is that GDP (being proxy for income/wealth levels), CO2 

emissions and oil prices are the main drivers, and his results indicate that both GDP 

(income) and CO2 emissions have a positive and significant influence on renewable 

energy consumption per capita. However, oil prices have a lesser and negative impact 

on renewable energy consumption per capita. He follows this up with a separate 

analysis for 22 emerging countries and finds similar results (Sadorsky 2009b).27 In a 

separate analysis using almost the same model, Salim and Rafiq (2012)28 cover six 

emerging economiesg from 1980-2006, and find that income levels and CO2 emissions 

have positive and significant relationships with renewable energy consumption. Oil 

price has the least effect, confirming Sadorsky’s 2009 findings.29 The authors’ 

conclusions are that oil prices do not significantly contribute to renewable energy 

e Sadorsky (2009a, 2009b); Omri and Nguyen (2014); Apergis and Payne (2014); Malik et al (2014) 
f Canada, France, Germany, Italy, Japan, United Kingdom and United States 
g Brazil, China, India,  Indonesia, Philippines and Turkey 
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adoption, which can be justified by the large volume of oil subsidies in these 

countries.30  

 

Other studies largely follow this lead. Apergis and Payne (2014)31 use the same demand 

modelling framework to analyze seven Central American countries.h However, they 

differ with previous studies in terms of applied statistical techniques (employing a 

nonlinear panel smooth transition vector error correction model rather than the 

previously used linear panel error correction modelling) and by using the additional 

variable of coal price. Consequently, they find that that GDP, CO2 emissions, oil prices 

and coal prices all have positive and statistically significant relationships with 

renewable energy consumption per capita. Another variable considered in a separate 

paper by Omri and Nguyen (2014) is trade openness.32 They estimate the relationship 

between renewable energy consumption and CO2 emissions, crude oil price, economic 

growth and trade openness for 64 countries across the globe, dividing these into 

different panels of high, middle and lower income countries. In middle income 

countries, an oil price increase leads to a decrease in renewable energy consumption, 

showing some complementarity. Their analysis on lower income countries indicates a 

possible shift to cheaper coal in the event of a rise in oil prices. Malik et al (2014)33 

focus their analysis only on Pakistan, studying various macroeconomic factors (GDP, 

population, oil rents, inflation, food production index (FPI), livestock production index 

(LPI), urbanization and industrialization) that may contribute to renewable energy. 

h Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama 
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Taking data for 1975-2012 from the World Development Indicators (WDI) for Pakistan, 

they find that most macroeconomic factors did exert some influence on renewable 

energy. In line with previous studies, GDP exerts the largest effect. This was followed 

by livestock production index and oil rent. Industrialization is one of the least.  

 

While considerable focus is now being devoted to identify the determinants of 

renewable energy consumption, fewer studies concentrate on the determinants of 

renewable energy generation or production. Consequently, supply side questions have 

largely been neglected. One of the only studies that looks at the issue from the supply 

side is Salim et al (2014)34 which analyses the effect of output (GDP) and CO2 

emissions on renewable energy generation (electricity generation from renewable 

sources). Critically, this study does not look at oil prices. Even within demand side 

studies, oil prices are mostly included to account for price of a substitute, rather than to 

actually understand the dynamic relationship between oil prices and renewable energy.  

 

Another area of recent scholarly focus has been to identify the path of sustainable 

energy transitions. This is particularly important for my research question as I am 

considering how to essentially transition from a predominantly fossil fuel-based system 

to a more renewable-centric energy mix. Greater dependence on fossil fuels brings 

about a systemic resistance towards transitioning to renewable energy technologies 

(RETs). Unruh (2000; Page 817)35 refers to this as “carbon lock-in”, which happens 

when “industrial economies have become locked into fossil fuel-based technological 
9 

 



 

systems through a path-dependent process driven by technological and institutional 

increasing returns to scale.”36 More importantly, Unruh (2000) also discusses how 

governments can either exacerbate or reduce this lock-in by creating alternative 

incentive structures (“rules of the game”)37, which also tend to persist for an extended 

period of time, thus reinforcing the status quo. Sprinz and Aklin (2011)38 look at the 

political determinants that affect the carbon trajectory, or movement to low carbon 

economies, and demonstrate that political capacity, democracy, and especially their 

interactions with income levels has a lasting effect on the carbon trajectory for low-

income (production level) as well as low- and medium-income countries (consumption 

level). Interestingly, Sprinz and Aklin (2011)39 also control for the relative size of the 

service sector, as this is believed to be associated with lower GHGs than either the 

manufacturing or agricultural sectors. Another seminal study which models government 

support for renewable energy through subsidies and incentives is by Aklin and 

Urpalainen (2013),40 who conduct their analysis based on three aspects – exogenous 

shocks, positive reinforcement mechanisms for renewable energy, and political 

competition. A key aspect of this study is that when fossil fuel prices are high, positive 

reinforcement mechanisms lose their effectiveness; thus they highlight that government 

support is essential to breaking the dominance of fossil fuels such as oil. They also find 

that high oil prices underline issues of energy security in countries that depend largely 

on foreign oil imports. Even Unruh (2002)41 discusses the importance of government 

policy in bringing about this systemic change and argues that social recognition of 

environmental damage of traditional technologies is required to overcome carbon lock-
10 

 



 

in. However, society has still not yet found a way to adequate capture the negative 

externalities of oil-based systems and the positive externalities of RETs in the market 

mechanism, so this presents a challenge.  

 

Consequently, my focus is to build on existing research by analyzing the determinants 

of renewable energy from both the volatility and carbon lock-in standpoints. I thus 

account for economic uncertainty (due to oil price volatility) that may affect a country’s 

economy and a subsequent decision by its government and private sector to increase 

renewable energy production as a strategic hedge against the risk of oil volatility. 

Moreover, the effect of this volatility differs for net oil importers versus oil exporters. 

Most studies do not consider this element, which could be the critical factor in 

encouraging a country to take the plunge towards a larger renewable energy portfolio. 

However, carbon lock-in may serve as a barrier for precisely these reasons as a net oil 

importer may intricately be bound to traditional energy systems that rely heavily of 

fossil fuels. The purpose of this paper is to precisely understand these effects, which can 

then bridge existing gaps in previous literature and allow for a more holistic picture.  
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III. METHODS 

 

THEORETICAL CONSIDERATIONS AND HYPOTHESES 

The multiple effects of the oil industry on renewable energy in a country can essentially 

be categorized as exogenous and endogenous to the country’s economy. Exogenous 

factors can be summarized through shocks in the global oil market that result in a wide 

fluctuation of prices. Endogenous factors, in the context of this analysis, are more 

“domestic” in nature and refer to the previously discussed concept of “carbon lock-in”. 

My analysis is streamlined into two broad hypotheses which seek to understand both 

these exogenous and endogenous effects.  

 

Hypothesis 1 

The exogenous, or “international”, effects can be captured through the price at which a 

country imports oil. This has significant fiscal policy considerations as countries need to 

ensure adequate foreign exchange reserves and manage subsidy spending. Countries 

also need to guard against any monetary policy shocks that could result from 

corresponding fluctuations in import expenditure. Both shocks and volatility measure 

significant fluctuations on oil prices, but their effects are transmitted differently into the 

macro-economy. A positive oil price shock increases production costs and decreases 

outputs, which is called the “input channel” (Barro, 1984).42 On the other hand, as 

discussed earlier, a negative oil price shock may not have the same effect as a positive 
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oil price shock. This dichotomy is explained by asymmetric monetary policy responses 

as more drastic policy measures are undertaken in response to positive oil price shocks 

vis-à-vis negative oil price shocks. However, overall price volatility increases when 

there is a high frequency of either positive or negative oil price shocks. This results in 

economic uncertainty, called the “uncertainty channel”, which adversely affects 

planning and critical investments by both governments and businesses (Bernanke, 

1983).43  

 

Thus, oil price volatility can account for both the input and uncertainty channels and is a 

more comprehensive indicator that captures the macro-economic effects of both positive 

and negative oil price shocks. Additionally, oil price volatility within a country may be 

caused other contractions or expansions in global financial markets that have an impact 

on exchange rates and foreign exchange reserves. Therefore, it is important to determine 

oil price volatility through oil prices denominated in domestic currency. This has the 

added effect of capturing volatility of exchange rates which in turn can either exacerbate 

or mitigate the effects of oil price volatility, and adds yet another dimension to the 

analysis. In this scenario, oil price volatility accounts for both the input and uncertainty 

channels, as well as rapid rises or falls in exchange rates and foreign exchange reserves.   

 

Renewable energy technologies (RETs) can be considered as a substitute for oil-based 

energy generating technologies. An increase in oil prices (the “input” channel) causes 

oil-based energy production systems to become relatively less competitive in 
13 

 



 

comparison to RETs, leading to a direct substitution effect. On one hand, firms, 

consumers, households and governments will choose to shift their energy sources from 

oil to RETs. On the other hand, both the government and private energy producers may 

focus relatively more on renewable energy production, thus increasing the share of 

renewable energy in the national energy mix. The government may also enhance 

support for RETs through subsidies and other policy instruments, especially if there is a 

strong positive enforcement mechanism (Aklin and Urpelainen, 2013).44 Oil price 

decreases are captured through volatility (the “uncertainty” channel), and this 

uncertainty also may lead to a shift from traditional oil-based to renewable energy 

systems.  

 

Thus, generating energy from renewable sources can potentially address issues 

stemming from oil price volatility. A larger share of renewables in the energy 

generation portfolio also reduces the overall demand for oil by a country. This, in turn, 

reduces overall exposure to the global oil market; the greater economic protection 

against oil price volatility that results is an adequate incentive for both governments and 

firms to focus on renewable energy production. Additionally, renewable energies also 

generate positive externalities by promoting environmental sustainability and reducing 

GHG emissions. Consequently, my first hypothesis can be modelled as: 

 

Hypothesis 1: An increase in domestic oil price volatility, as denominated in domestic 

currency, leads to an increase in renewable energy production in a country. 
14 

 



 

 Hypothesis 2 

The oil industry also has an impact on renewable energy production endogenously 

through the economy. Existing economic structures are built on the provision of energy 

services. In most countries, the agricultural sector, especially in remote geographical 

areas, primarily relies on more traditional technologies to fulfil its energy needs. The 

industrial sector is an equally, if not more, important oil consumer. As these sectors 

generally account for a significant portion of a country’s economy, there is a strong 

tendency towards maintaining the existing orientation towards oil-based energy 

generation. In a sense, this serves as the opposite of Aklin and Urpelainen’s (2013)45 

positive reinforcement mechanism. Unruh (2000; Page 817)46 refers to this as “carbon 

lock-in”, when industrial economies become too dependent on oil-based (or even other 

fossil fuels) technological systems “through a path-dependent process driven by 

technological and institutional increasing returns to scale”.47 

 

The level of carbon lock-in is linked to oil imports. For oil importing countries, a more 

carbon locked-in economy requires more oil, which has a directly increasing impact on 

oil imports. The idea is that a potential source for carbon lock-in comes from a 

country’s economic structure. Thus, for example, oil-importing countries with large 

industrial economies would consequently need more and more oil to maintain 

production. In a sense, this causes oil import demand to become relatively inelastic. 

More importantly, such an economy creates a scenario where the relative importance of 

industrial firms is greater. Governments are more mindful of industrial interests because 
15 

 



 

these are largely driving economic growth. Consequently, when most industries are 

“locked-in” to oil-based systems, this leads to negative reinforcement towards support 

for renewable energy. Oil-based energy producers and consumers prefer the status quo 

rather than having to undergo large scale capital expenditure that would be required to 

make the transition to RET-based systems. Even environmental concerns are 

subservient to this effect. When forced to choose between economic growth and 

reducing the carbon footprint, many developing countries frequently choose the former. 

This would adversely affect the growth of renewable energy within the country, which 

leads us to Hypothesis 2.  

 

Hypothesis 2: The greater the carbon lock-in level of an economy, the lower will be its 

renewable energy production.  

 

The implications of analyzing both these hypotheses are tremendous. If the sources of 

carbon lock-in can be identified, it makes it much easier to design suitable policy 

interventions that addresses and reduces its’ effects. For example, if economic structure 

truly is the reason for national inertia towards more renewable energy production, 

renewable energy advocates need to focus on large industrial players to lead the 

transition towards RETs. Removing such barriers will pave the way for greater adoption 

of renewable technologies.  
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VARIABLES 

Dependent  

The purpose of this study is to capture the effect of oil market dynamics on renewable 

energy in a country. Various aspects can capture the state of renewable energy. 

Elements such as production volumes, consumption volumes, per unit generation prices 

and proportion of renewable energy in the overall energy mix all indicate strength and 

sustainability. Essentially, my focus is on the renewable energy industry. One way of 

capturing growth of the industry would be to look at production. Renewable energy 

consumption is another variable that could be explored; however I am focusing on a 

supply side approach to understand the contribution of renewable energy to economic 

activities in the existing production approach as indicated by Rafiq et al (2014).48 

Therefore, my first dependent variable would be the total annual renewable energy 

production in a country (in KWH). Apart from growth, another objective is to analyze 

whether the renewable energy industry is growing in relative importance to other 

industries such as oil, natural gas, etc. The ideal variable that measures this relative 

importance of the industry is the share of renewable energy in the total energy mix, 

which can be expressed as the percentage of renewable energy in the total energy 

generated by a country in a year.  

 

Independent 

The first hypothesis explores the impact of oil price volatility on renewable energy. This 

makes domestic oil price volatility my first independent variable. Using volatility of 
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domestic oil prices is advantageous as it captures fluctuations in both global oil prices 

as well as currency exchange rates. The second hypothesis focuses more on 

understanding the role of carbon lock-in. A number of different variables could 

essentially be used; however, I find that net oil dependence is apt since it provides an 

insight into a country’s exposure to the global oil market, as well as the extent of its 

carbon lock-in. Net oil dependence as mentioned here denotes the percentage of GDP 

that is spent annually on importing oil into the country.  

 

Controls 

Further control variables are also valuable for my analysis. Previous studies have 

conclusively identified the link between income levels and renewable energy. 

Therefore, it is imperative that I control for income through GDP per capita. I also 

choose to run robustness checks on my analyses through additional controls to capture 

carbon lock-in. A number of different variables come to mind that could not only 

strengthen my analysis, but also provide an insight into the source of carbon lock-in. 

Industry’s share of GDP adequately indicates the relative economic strength of the 

industrial sector. I also look at share of industrial employment in total national 

employment to understand if this is another source of leverage. Finally, two other 

variables that could bolster my conclusions by serving as additional indicators of carbon 

lock-in would the percentage of total annual energy generation that arises out of fossil 

fuels, and fossil fuel energy consumption as a percentage of total annual energy 

consumption of a country.  
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DATA AND DESCRIPTIVE STATISTICS 

Data 

There are two primary sources of data. The Quality of Government Institute (QOG) at 

the University of Gothenberg in Sweden49 offers one of the most comprehensive 

datasets, the QOG Standard Dataset. The edition issued on December 20, 201350 is a 

pool of variables amalgamated from various original and secondary sources, including 

aggregated individual-level data. The QOG Standard Dataset provides data in the form 

of a panel for over 150 countries from 1946 till 2014. Variables include GDP, GDP per 

capita and share of industry, sourced from the World Development Indicators published 

annually by the World Bank Group.51 Data is also present for global oil prices and total 

monetary value of net oil exports, obtained from the Ross Oil Dataset,52 and for 

exchange rates from the United Nations National Accounts.53 GDP, GDP per capita, 

global oil prices and net oil exports are all expressed in constant 2005 US$, while share 

of industry is a percentage. For renewable energy production statistics, I directly use the 

World Development Indicators.  

 

Descriptive Statistics  

The data was originally in the form of a panel comprising more than 180 countries over 

the period 1946-2014. However, there is a large proportion of missing values. 

Consequently, on further reordering the dataset and addressing potential holes that may 

adversely affect the analysis, I am left with 132 countries over the period 1970-2014. A 

preliminary analysis of the distribution of each of the variables shows very large left 
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skewness, along with a number of outliers that will lead to adverse effects in my 

calculations. Accordingly, the logarithmic form for each variable has been considered. 

This makes the distribution of each variable much more even, while also allowing me 

the facility of using elasticities in my analysis. Descriptive Statistics for each variable 

are presented in Table 3 in the Appendix. 

 

EMPIRICAL MODELLING 

In order to construct my primary independent variable, the first step is to denominate oil 

prices in domestic currency. As the dataset provides global oil prices, this can be can be 

done by multiplying the global oil price with the exchange rate. The next step is to 

calculate volatility. Essentially, this can be captured by the variance σt
2 of oil price for 

any country at time t. This volatility is determined by using a GARCH (Generalized 

Autoregressive Conditional Heteroskedasticity) model.i The GARCH models 

essentially determines variance σt
2 of the error term of an autoregressive (AR) model 

that regresses oil price on its own lagged terms as well as the lagged variables of the 

error term itself.54 Specifically, if I model oil price yt for any country i during time t as 

an AR (p) model where oil price is determined by p lag terms, I get:  

 

yt = β0 + β1yt-1 + β2yt-2 …… + βpyt-p + µt                       (1) 

 

i For more on GARCH, please see Stock and Watson (2010) 
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where yt-p is the lagged local oil price in for a country i during time period t-p, β’s are 

the respective coefficients, and µt is the error term for the particular country i at time 

period t. The error term is modelled with mean zero and variance.  

 

Using the residuals from Equation (1) above, I then use a GARCH (p, q) model to 

calculate the variance of the error term for each country i at time t. Consequently, my 

GARCH (p, q) model is as follows:  

 

 σt
2 = δ0 + δ1µ t-1

2 + …… + δpµt-p
2 + κ1σ t-1

2 + …… κqσt-q
2          (2) 

 

where δ and κ are respective coefficients.  

 

Consequently, using Equation (2), I can predict the variance of the error term of local 

oil price σt
2 for a specific country i at any point in time t. Let me consider this country 

as country i. Therefore, this variance can also be denoted as σi,t
2. During more frequent 

oil shocks (both positive and negative), this variance will be higher. During periods of 

relative stability, it will be lower. Consequently, this variance can be used as an 

essential proxy for the oil price volatility for country i at time t. This volatility index can 

be denoted as VOLi,t. Using this model, I predict volatility based on the domestic oil 

price, which itself is calculated by denominating global oil price in local currency based 
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on the exchange rate. I utilize a GARCH (1, 1) model which denotes one lag for both 

the error term and variance term.  

 

To guard against endogeneity and serial autocorrelation between many of these 

variables, previous studiesj have relied significantly on a combination of panel unit root 

tests such as the Automated Dickey-Fuller test,55 and vector auto-regression (VAR) 

models such as Pedroni’s (2000, 2001) FMOLS (Fully Modified Ordinary Least 

Squares) and DOLS (Dynamic Ordinary Least Squares)56. Omri and Nguyen (2014)57 

differ from these studies by using the Generalized Method of Moments (GMM) 

technique, which uses instruments to address the endogeneity of the regressors.58  There 

are two types of GMM estimation techniques – difference-GMM and system-GMM. 

According to Omri and Nguyen (2014; Page 556),59 the “set of instruments of the 

difference-GMM estimators includes all the available lags in difference of the 

endogenous variable and the strictly exogenous regressors” while the system-GMM 

estimator “includes not only the previous instruments but also the lagged values of the 

dependent variable”.60 Thus, the GMM technique automatically helps account for the 

endogeneity from the potential correlation between the independent variables and the 

error term in dynamic panel models. As I expect significant correlation and endogeneity 

amongst my independent variables as well as the dependent variable, it is advantageous 

to utilize a GMM technique to estimate the relationship between them.  

 

j Sadorsky (2009a, 2009b), Salim and Rafiq (2012), Rafiq et al (2014), Apergis and Payne (2014) 
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Using a GMM technique automatically accounts for potential autocorrelation issues 

through unit roots and co-integration between two variables. This model can be also be 

used to model oil price volatility based on five year time windows. Thus, the oil price 

volatility used in the model will be a five year average rather than an annual volatility 

measures. By including two lags of the volatility variable, I take into account volatility 

over the previous ten years, which helps incorporate long term effects of oil price 

volatility as well as exchange rate fluctuations. This is important because the changes 

being considered are also long term. Governments enact policies and interventions to 

promote renewable energy growth; however, changes in production and relative 

importance are only observed over a number of years. As I am measuring the effect of a 

policy change, it is important to allow for adequate time to observe the changing 

dynamics of the country’s energy portfolio. Averaging the data into five year time 

windows also reduces the number of time periods under consideration. Thus a period of 

35 years from 1970-2014 can be effectively translated into nine time periods from 

1970-74 up till 2010-14.  

 

I start by undertaking a broad expectation of the determinants of renewable energy 

production and share of renewable energy. As I am utilizing the same independent 

variables for both dependent variables, the relationship can be expressed in the 

following form: 

 

 RE = ƒ (VOL, GDPC, OILIMP)     (3) 
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where RE denotes renewable energy (both production volume and share of total energy 

generation), GDPC denotes income (or GDP per capita) and OILIMP denotes the share 

of GDP that is devoted to oil imports (calculated by dividing the total value of oil 

imports by GDP).  

 

Since my empirical model employs a panel of countries, I can rewrite Equation (3) in a 

manner more conducive to answering Hypotheses 1 and 2 as: 

 

 REi,t = β0 + β1VOLi,t + β2GDPCi,t + β3OILIMPi,t + εi,t    (4) 

 

where i denotes the country i (i = 1, ……., 132) and t indicates the time period (t = 

1970-74, ………, 2010-14) and ε is the error term.  
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IV. RESULTS 

 

The estimation results for renewable energy production volume are presented in Table 

1. I start by conducting a simple and basic Ordinary Least Squares (OLS) estimation 

technique to get an idea of indicative relationships between the dependent variable, both 

the independent variables and the GDP per capital control variable (Model 1). The 

results obtained are statistically significant at 1% level. I find that both domestic oil 

price volatility and GDP per capita have a positive effect on renewable energy 

production volumes. For this reason, it can be expected that a 1% increase in domestic 

oil price volatility is associated with a 0.07% increase in renewable energy production. 

On the other hand, the level of oil dependence does negatively impact renewable energy 

production. If oil dependence increases by 0.1 percentage points, renewable energy 

production volumes decrease by 1.39%. This indicates preliminary support for both 

Hypothesis 1 and Hypothesis 2. Consequently, I can conclude prima facie that 

increasing oil price volatility does seem to lead to an increase in renewable energy 

production, but a larger share of industry works through the carbon lock-in mechanism 

to hinder this growth.   

 

I then run the model again, but this time accounting for country fixed effects (Model 2) 

and time fixed effects (Model 3) respectively. Here, the coefficient for domestic 

volatility is insignificant even at the 10% level, even though the magnitude increases, 
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but the coefficients for GDP per capita and oil dependence are both significant at 1%. 

This may be because the effects of increased autocorrelation are exacerbated due to 

some unrecognized inherent correlation between domestic volatility and oil dependence 

that gets magnified when I look at a specific country or time period. 

 

To address the endogeneity, I run a GMM estimation which is denoted as Model 4. The 

regressors are all significant at 1%, providing further support for both hypotheses. 

Interestingly, the effect of each coefficient is magnified as compared to the basic OLS 

estimation (Model 1). A 1% increase in domestic volatility now is associated with a 

0.31% increase, and a 1 percentage point increase in oil dependence is associated with a 

1.62% decrease, in renewable energy production volumes respectively. The effect of 

GDP per capital is also magnified; a 1% increase in GDP per capita is associated with a 

1.19% increase in renewable energy production volumes as opposed to a 0.88% 

increase highlighted in the OLS estimation (Model 1).  

 

Model 5 includes an additional control, the share of industry in GDP. Adding this to 

Model 4 via the GMM estimation also produces results that are statistically significant. 

Controlling for share of industry, I find that that the coefficient on domestic volatility 

has increased in magnitude to 0.35 (compared to 0.30 in Model 5) and is still 

statistically significant at 1%. The coefficient on oil dependence has also increased in 

magnitude to -15.13 (as opposed to -16.23 in Model 4) and is significant at 5%. 

Therefore, controlling for share of industry actually decreases the negative effect of oil 
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dependence on renewable energy production, even though this reduction is fairly 

marginal.  

 

Model 6 removes the control, but includes an interaction between oil dependence and 

share of industry. The significance of results is similar to that obtained for Model 5. The 

magnitude of the coefficient on renewable energy has increased further to 0.4147, 

which is the highest obtained so far. What is of note is the coefficient on oil dependence 

(48.67 and significant at 1%) and the interaction term (-1.93 and significant at 1%). 

Interestingly, the sign on the coefficient on oil dependence has reversed, being positive 

in Model 6 but negative in each of the preceding five models. Moreover, the coefficient 

on the interaction term is negative. Thus, I can infer that oil dependence has a negative 

effect only at high levels of share of industry. Figure 1 plots this relationship. I find that 

oil dependence begins to have a negative relationship when the share of industry rises 

above 30%. When industrial output has a lower share of the economy, an increase in oil 

dependence is actually correlated with an increase in renewable energy production. The 

implication here is that carbon lock-in, which is reflected in the level of oil dependence, 

may actually be sourced in the industrial sector of the economy. Consequently, this 

presents even more compelling evidence for both hypotheses.  
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Table 1 - Estimation Results on Renewable Energy Production Volume 

Dependent Variable: Log of Renewable Energy Production Volume 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 
VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
       
Log of Domestic 
Volatility (GARCH) 0.068** 0.033 0.014 0.306*** 0.347*** 0.415*** 

 (0.029) (0.042) (0.013) (0.118) (0.108) (0.116) 
Log of GDP per capita 0.877*** 4.927*** 0.733*** 1.192*** 1.321*** 1.441*** 
 (0.109) (0.478) (0.041) (0.249) (0.247) (0.262) 
Oil Dependence -13.859*** 21.270*** -21.138*** -16.225*** -15.130** 48.668** 
 (3.331) (6.436) (4.966) (5.779) (5.945) (24.735) 
Share of Industry     -0.079*  
     (0.047)  
Oil Dependence * 
Share of Industry      -1.926*** 

      (0.724) 
Constant 11.815*** -25.045*** 13.934*** 6.259* 6.989** 2.590 
 (1.169) (4.291) (0.489) (3.239) (3.178) (3.313) 
       
N 303 303 303 303 286 286 
R2 0.222 0.636 0.249    
Ordinary Least 
Squares       

Country Fixed Effects       
Time Fixed Effects       
Generalized Method 
of Moments       

Number of countries  64  64 61 61 
Number of time 
periods   7    

*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). 
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Figure 1 - Marginal Effects of Oil Dependence on Renewable Energy Production 
Volume as Share of Industry Changes 

 
Note: Author’s own calculations using data from QOG Standard Dataset 
(2013) and World Development Indicators (2014). 

 

 

Estimation results on share of renewable energy are presented in Table 2. I run a similar 

set of models as with renewable energy production volumes, and find that in the case of 

share of renewable energy, the relationships are much less significant. Model 1 is the 

basic OLS model, with the coefficients for domestic volatility, GDP per capita and level 

of oil dependence being insignificant, significant at 10% and significant at 5%, 

respectively. The insignificance of the volatility coefficient is again possibly the result 

of autocorrelation between the regressors. GDP per capita has a positive relationship 

with share of renewable energy as a 1% increase in GDP per capita is associated with a 

0.03% increase in the share of renewable energy. Similar to results obtained for 

renewable energy production volume, oil dependence has a negative relationship with 
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share of renewable energy, with a 0.1 percentage point increase in oil dependence being 

associated with a 0.86 decrease in share of renewable energy. Upon employing country 

and time fixed effects in Models 2 and 3 respectively, I find that autocorrelation again 

plays a role with insignificant results being obtained for domestic volatility (and GDP 

per capita in the case of time fixed effects).  Model 4 is the GMM estimation run on the 

same variables; I find that the significance for the domestic volatility and oil 

dependence variables are reversed. The coefficient on domestic volatility is now 

significant at 5%, while the coefficient on oil dependence is insignificant. However, I 

find that the magnitude of the domestic volatility coefficient has increased – a 1% 

increase in domestic oil price volatility is associated with a 0.22% increase in the share 

of renewable energy. Thus, while not compelling, Models 1 through 4 do indicate some 

support for Hypotheses 1 and 2.  

 

Model 5 includes the control, which is again share of industry. Results are similar to 

those obtained in Model 4; the coefficients on domestic volatility, GDP per capita and 

share of industry are all significant at 1% while the coefficient on oil dependence is 

insignificant. I find that the magnitude of both the domestic volatility and GDP per 

capita variables has increased. Thus, controlling for share of industry, a 1% increase in 

domestic volatility is associated with a 0.26% increase in share of renewable energy, as 

opposed to a 0.22% increase when I did not control for share of industry.   
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The most interesting and significant results are obtained for Model 6, which removes 

the share of industry but adds an interaction between oil dependence and share of 

industry. All coefficients are significant at 1%. The coefficient on domestic volatility is 

0.36; thus a 1% increase in domestic volatility is associated with a 0.36% increase in the 

share of renewable energy. This is a greater positive effect that that obtained in Models 

4 and 5. As observed in the case of renewable energy production volume, the sign of the 

coefficient on oil dependence has changed from negative to positive. This means that an 

increase in oil dependence actually causes a rise in the share of renewable energy, as 

opposed to the decline observed in earlier models. The magnitude of the coefficient is 

also substantive; a 0.1 percentage point increase in oil dependence is associated with a 

0.94% increase in the share of renewable energy. Notably, the sign of the coefficient on 

the interaction is negative (-3.06). Thus, oil dependence will have an adverse impact on 

the share of renewable energy when the share of industry in the economy is high. Figure 

2 plots this relationship and I find that oil dependence has a negative effect when the 

share of industry again goes above 30%. This provides far more robust evidence for 

both my hypotheses, as well as pointing to the industrial sector as a source of carbon 

lock-in.  
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Table 2 - Estimation Results on Share of Renewable Energy 

Dependent Variable: Log of Share of Renewable Energy 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 
VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
       
Log of Domestic 
Volatility (GARCH) 0.035 -0.012 -0.007 0.221** 0.263*** 0.359*** 

 (0.030) (0.048) (0.013) (0.111) (0.092) (0.095) 
Log of GDP per capita 0.194* 3.778*** 0.083 0.445* 0.609*** 0.783*** 
 (0.113) (0.490) (0.059) (0.257) (0.223) (0.242) 
Oil Dependence -8.632** 26.477*** -14.680** -10.049 -7.436 94.250*** 
 (3.648) (7.168) (4.739) (6.442) (5.770) (22.513) 
Share of Industry     -0.130***  
     (0.033)  
Oil Dependence * Share 
of Industry      -3.059*** 

      (0.694) 
Constant -1.802 -34.332*** -0.149 -6.201* -4.350 -11.186*** 
 (1.287) (4.406) (0.570) (3.434) (3.046) (3.106) 
       
N 303 303 303 303 286 286 
R2 0.032 0.517 0.058    
Ordinary Least Squares       
Country Fixed Effects       
Time Fixed Effects       
Generalized Method of 
Moments (GMM)       

Number of countries  64  64 61 61 
Number of time periods   7    
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014).  
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Figure 2 - Marginal Effect of Oil Dependence on Share of Renewable Energy as Share 
of Industry Changes 

 
Note: Author’s own calculations using data from QOG Standard Dataset 
(2013) and World Development Indicators (2014). 

 

 

All my results indicate strong support for both hypotheses. Increasing oil price volatility 

does have an impact on both the growth and importance of the renewable energy 

industry. Moreover, as I control for income, oil dependence and economic structure, I 

find that the effect of oil price volatility on both growth and importance of renewable 

energy rises. I also find considerable evidence that supports the notion that increased oil 

dependence, as a proxy for carbon lock-in, has an adverse impact on both the growth 

and importance of renewable energy. I am also able to isolate a potential source of 

carbon lock-in – the industrial sector. My results highlight that when the share of 

industry is low (below 30%), that is, when the industrial sector is not able to strongly 
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influence policies towards the existing status quo, then an increase in oil dependence 

actually results in a positive outcome for the renewable energy industry.  

 

One matter of concern in the models estimating renewable energy production volumes 

and share of renewable energy (Tables 1 and 2) could be that the total number of 

observations drops from 303 to 286 when I move from Model 4 to Models 5 and 6. This 

drop could potentially result in the change in sign of the coefficient on oil dependence, 

and could also be linked to the increasing magnitude of the coefficient on domestic 

volatility. It is important to address this gap to remove the possibility of 

misidentification. I proceed to run several sensitivity analyses using other variables that 

may also represent oil price volatility and carbon lock-in. These are presented below.  
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V. SENSITIVITY ANALYSIS 
 
 
ALTERNATE FOR OIL PRICE VOLATILITY 

My first set of sensitivity analyses utilizes different methods to predict oil price 

volatility. I model oil price volatility using the ARCH (Autoregressive Conditional 

Heteroskedasticity) technique as opposed to the GARCH technique utilized earlier.k 

Volatility is modelled on oil prices denominated in local currency, as done earlier. The 

same models are run again and the results are presented in Tables 4 and 5 in the 

Appendix for renewable energy production volume and share of renewable energy 

respectively. I obtain very similar results as earlier. There are small changes in 

significance of individual coefficients, and even more marginal differences in 

magnitude.  

 

I also conduct a separate set of sensitivity analyses, but this time on the international oil 

price. The key point to note in using this variable is that the international oil price is 

constant for all countries, rather than varying due to domestic currency. Therefore, oil 

price volatility as both GARCH and ARCH modelled on international oil prices will be 

exactly the same for each country. This may create issues in estimating a relationship as 

exchange rate fluctuations do not get captured through this approach. Tables 6 through 

9 in the Appendix present the results. I find that that the magnitudes of the coefficients 

are broadly similar to those obtained in similar models; however, this is only the case 

k For more on ARCH, please see Stock and Watson (2010) 
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where the coefficients are significant. Increasing insignificance for a greater number of 

coefficients is as expected as it is difficult to model a relationship considering country 

and time specific characteristics. However, none of these outcomes show evidence that 

runs contrary to my hypotheses. The results do not suggest that increasing oil price 

volatility is associated with a decrease in renewable energy, and that increasing oil 

dependence is associated with an increase in renewable energy. Results, wherever 

significant, only provide more conclusive evidence in support of my hypotheses. 

Consequently, these analyses all strengthen the robustness of my main results.  

 

ALTERNATE FOR OIL DEPENDENCE  

I also employ a sensitivity analysis using energy imports as a percentage of total energy 

use, in place of my original oil dependence variable. Tables 10 and 11 in the Appendix 

contain the results for renewable energy production volume and share of renewable 

energy respectively. Both these results also indicate support for my hypotheses, though 

there are differences in both the magnitude and significance of coefficients when 

compared to original results. In terms of production volume, domestic oil price 

volatility is positively associated and the magnitude and significance of the coefficient 

increases as I account for autocorrelation and the interaction term (between energy 

imports and share of industry). However, I do obtain an insignificant result for the 

energy import variable in Model 6 even though the magnitude is positive. This may 

indicate that the energy imports variable is not able to completely capture the carbon 

lock-in effects that have a negative impact on renewable energy.  
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In terms of share of renewable energy, the coefficients are almost as significant as those 

in the original results presented in Table 2. However, magnitudes of the coefficients are 

different, which also depends upon how the energy import variable is coded in the data. 

Essentially, when energy imports increase by 0.1 percentage point, the share of 

renewable energy increases by 0.47%, as opposed to a 0.1 percentage point increase in 

oil dependence being associated with a 0.94% increase in the share of renewable 

energy. Most interestingly, I observe a similar change in sign of the coefficient on 

energy imports (from negative to positive) when I include the interaction term between 

energy imports and share of industry. This provides even more indication that the 

industrial sector influences the carbon lock-in level in the country, which ends up 

negatively impacting the renewable energy industry.  

 

ADDITIONAL CONTROLS FOR CARBON LOCK-IN 

My final set of sensitivity analyses focus on the variable that influences the level of 

carbon lock-in, which is share of industry in my empirical model. I run the same set of 

models, particularly Models 5 and 6, but instead of using share of industry as a control 

and interaction, I separately employ fossil fuel energy consumption as a percentage of 

total energy use, percentage of energy generated from fossil fuels (mainly oil, gas and 

coal) and share of total employment from the industry sector. Results are contained in 

Tables 12 and 13 in the Appendix for renewable energy production volume and share of 

renewable energy respectively.  
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In the case of renewable energy production volume (Table 12), all three alternatives 

provide the same results as observed in Table 1. In each of the three scenarios, the 

coefficient on domestic oil volatility is significant at 5% and positive. However, the 

magnitudes of the coefficients are all lesser than that observed in Table 1. The highest is 

0.33, in the case of share of total employment from the industrial sector. However, 

when I look at the coefficients on oil dependence, they are negative and significant in 

the control models but insignificant in two of the interaction models. The only time 

when the coefficient on the oil dependence variable is significant is in the case of share 

of total employment from the industrial sector; however it is only significant at 10%. 

Importantly, the interaction term is mostly negative, which indicates that at higher 

values of these variables, increasing oil dependence has an adverse impact on renewable 

energy production. Consequently, this provides additional evidence in support of my 

hypothesis that increasing carbon lock-in leads to a decline in renewable energy 

production.  

 

Similar results are obtained for share of renewable energy, presented in Table 13. The 

coefficients on domestic oil price volatility are all significant and positive, except in the 

case of the country fixed effects model (Model 2). Again, the magnitudes of the 

coefficients are lesser than those obtained in the original model presented in Table 2. 

Importantly, the oil dependence variable also follows a similar trend as in Table 2. The 

sign of the coefficient changes when I include the interaction variable instead of the 

control variable. In terms of magnitude, the coefficient on oil dependence is closest to 
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the original model when my carbon lock-in alternative is fossil fuel energy consumption 

as a percentage of total energy use.  

 

These results simply extend more conclusive support for my two hypotheses. When I 

define carbon lock-in using alternate specifications, I obtain broadly similar results. 

While this robustness check may not provide any insight on which variable is a better 

representative of carbon lock-in, it definitely subscribes to the idea that carbon lock-in 

does influence the growth and importance of the renewable energy sector. There is also 

significant evidence that this carbon lock-in is sourced in the industrial sector, as 

significant and positive results are obtained when I use share of industry as well share 

of total employment of the industrial sector. Consequently, as the share of the industry 

in both output and employment decreases, its political strength also declines. This has a 

positive effect on the renewable energy industry as the political and economic barriers 

are now lower as compared to earlier.  

 

ADDITIONAL CONSIDERATIONS – REGIONAL AND INCOME DIFFERENCES  

While the aforementioned sensitivity analyses serve to provide more conclusive support 

for my hypotheses, it is also interesting to identify if there are regional or income-

specific insights. The key question to answer would be whether the effects of carbon 

lock-in are different across regions or income levels. These inferences are important as 

they may have immense implications with respect to potential strategies that could be 

employed by both policymakers and renewable energy advocates. Accordingly, I run 
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the original models presented in Tables 1 and 2 separately for each region and income 

group. There are seven regions considered, which have been identified on the basis of 

the QOG dataset – East Asia & Pacific (EAS), Europe & Central Asia (ECS), Latin 

America & the Caribbean (LCN), Middle East & North Africa (MEA), South Asia 

(SAS), Sub-Saharan Africa (SSF) and North America (NAC).61 For the income groups, 

I use the income classification used by the World Bank Group which employs four 

classifications – low income countries (LI), lower middle income countries (LMI), 

upper middle income countries (UMI) and high income countries (HI).62  

 

Regional Differences 

Regional results are presented in Tables 14 and 15 in the Appendix for renewable 

energy production volumes and share of renewable energy respectively. Unfortunately, 

the number of observations in the case of North America is very low; therefore I do not 

obtain meaningful results. Results in the case of East Asia & Pacific and Latin America 

& Caribbean are also insignificant indicating the relationship between domestic oil 

volatility is not as apparent as in the case of South Asia where all the coefficients are 

significant. The South Asian results indicate that volatility has a very high impact on 

renewable energy production and share of renewable energy. This is much higher than 

the coefficients obtained for Middle East and North Africa. Interestingly, the oil 

dependence coefficient, wherever significant, is positive while the interaction term is 

negative in all these cases. The key outcome is that the magnitude of these coefficients 

is highest for South Asia which indicates that this relationship seems to be most 
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apparent in this region. South Asia is characterized by a high level of oil dependence as 

most countries are net oil importers. Moreover, these economies are also highly based 

on fossil fuels reinforcing the carbon lock-in mechanism. Similar results are obtained 

for Europe and Central Asia but the magnitudes are much lower highlighting that the 

relationship is not as strong.  

 

Income Differences 

Tables 16 and 17 in the Appendix highlight the income differences for renewable 

energy production volume and the share of renewable energy respectively. Volatility 

seems to have a positive association with renewable energy production volume, and this 

effect is more for high income countries as compared to lower income countries. 

However, the coefficients are largely insignificant for renewable energy production 

volume.  Significant results are mostly obtained only for high income countries. This 

could be an issue since the number of observations is on the lower side, so more data 

may be required to understand if this is the case. On the other hand, this could be 

because the carbon lock-in is much greater for higher income countries. Consequently, 

the negative reinforcement mechanisms that hinder renewable energy growth are much 

more entrenched. In the case of share of renewable energy, the results are broadly along 

the same lines. A key outcome obtained here is that the coefficient of domestic 

volatility for low income countries is negative. Therefore, an increase in volatility 

actually leads to a reduction in the share of renewable energy. Other results support 
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both hypotheses with the effects being much greater for high income countries. This 

again could be because of the preponderance of the carbon lock-in mechanisms.  
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VI. CONCLUSIONS AND POLICY IMPLICATIONS 

 

The main objective of this study is to understand whether domestic oil price volatility 

has a positive effect on renewable energy production in a country, and whether the 

extent of carbon lock-in (as represented by oil dependence and share of industry) 

reinforces or hinders the effect. The results of this study have far-reaching implications 

for policymakers and researchers alike. I show that increasing oil price volatility is 

positively associated with renewable energy. Broadly, a 1% increase in domestic oil 

price volatility is associated with a 0.3 to 0.4% increase in renewable energy production 

and the share of renewable energy in a country. What is also apparent is that the extent 

of carbon lock-in in an economy has an adverse impact. I find that a 0.1 percentage 

point increase in oil dependence is associated with a 0.5-0.9% increase in renewable 

energy growth and importance. Moreover, the industrial sector seems to be a potential 

source of carbon lock-in, as evidenced by the result that increasing oil dependence 

actually has a positive impact on renewable energy when share of industry in the 

economy is low (below 30%). Thus, I conclude that share of industry does provide an 

insight into the extent of carbon lock-in, which is because the techno-industrial complex 

that drives carbon dependence is rooted in the manufacturing sector, especially for 

developing countries. Thus, the first major implication for policymakers is that any 

attempt to boost the renewable energy industry must focus on the industrial sector. 

These can take the form of interventions that incentivize industries to switch from fossil 
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fuels to renewable energy sources. Such market based solutions may be more effective 

that normative efforts that focus on reducing the influence of these groups.  

 

Focusing on renewable energy also has significant macroeconomic consequences. 

Renewable energy is a strong hedging mechanism that protects economies for global 

uncertainty in oil prices. Countries are thus safeguarded against the rapid fluctuations of 

both oil prices and exchange rates, which reduces uncertainty and allows for better 

fiscal and budgetary planning. In fact, Rentschler (2013)63 shows that if the share of 

renewables in the energy generation portfolio had been larger, GDP losses resulting 

from increased oil price volatility in 2008 could have been significantly lesser.64 A 

separate conclusion is that increased renewable energy shares can depress prices of oil 

and natural gas. A study by Wiser and Bollinger (2007),65 while arguing for resource 

diversification, uses inverse price elasticity to show that substituting renewable sources 

for natural gas can reduce natural gas prices and lead to significant cost savings for 

consumers. While understanding that transforming their energy mix can be an effective 

policy instrument in hedging against the deleterious impact of oil price volatility, many 

countries may start investing in renewable energy technologies, which are now 

becoming as economical as fossil fuel based technologies. In 2009-2013, “renewables 

outpaced fossil fuels for the fourth year running in terms of net investment in power 

capacity additions” (REN21, 2014; Page 17).66 However, the picture is not all rosy. 

Even though investment and capacity addition in renewables was greater than in fossil 

fuels, in absolute terms overall investment actually declined in 2013. 67  
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Overall, this study offers a rationale for implementing policy measures that should limit 

the impact of volatile oil markets on a country’s economy. Concrete policy measures 

will depend on specific country characteristics, particularly the structure and the extent 

of carbon lock-in, which is beyond the scope of this paper. Generally, long term 

interventions need to focus at transforming economic structures to increase the share of 

renewables in the overall energy portfolio and thus reduce the level of dependency on 

fossil fuels. This will yield considerable economic benefits in terms of increasing 

overall economic stability. More importantly, renewable energy is also has considerable 

positive environmental externalities which would only be advantageous for the country.   
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VII. APPENDIX – SUPPLEMENTARY TABLES 
 
 
Table 3 - Descriptive Statistics for Variables of Interest 

VARIABLES Number of 
observations Mean Standard 

Deviation Min Median Max 

Annual Renewable 
Energy Production 
Volume (KWH) 

1, 466 9, 770, 000, 
000.00 

50, 300, 
000, 000.00 0.00 30, 200, 

000.00 
854, 000, 

000, 000.00 

Share of Renewable 
Energy Production (% 
of total electricity 
generated)  

1, 415 1.75 4.42 0 0.11 47.76 

Domestic Oil Price 
(US$ / barrel) 4,914 11, 334.45 69, 409.13 0.00 98.69 1, 919, 

930.00 
Global Oil Price (US$ 
/ barrel) 5, 888 36. 47 23.69 8.93 28.20 93.61 

Oil Dependence 
(Imports) (% of GDP) 1, 595 0.03 0.04 0.00 0.02 0.37 

GDP per capita (US$) 7, 146 9, 011.38 12, 792.36 83.40 2, 947.26 86, 127.24 
Share of Industry (% 
of GDP) 4, 403 32.74 12.33 6.47 31.03 100.00 

Net energy imports 
(% of energy use) 6, 760 -79.48 495.63 -16, 723.40 15.54 100.00 

Electricity production 
from fossil fuels (oil, 
gas & coal) (% of 
total) 

6, 514 58.83 33.00 0.00 64.55 100.00 

Fossil fuel energy 
consumption (% of 
total) 

6, 617 69.39 28.03 1.65 79.15 100.00 

Employment in 
Industry (% of total 
employment) 

2, 744 25.01 7.12 2.30 24.70 59.60 

Note: All dollar values are in constant 2005 US $. All figures rounded to two decimal points. Author’s own 
calculations using data from QOG Standard Dataset (2013) and World Development Indicators (2014). 
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Table 4 - Sensitivity Analysis on Renewable Energy Production Volume using 
Domestic Volatility (ARCH) 

Dependent Variable: Log of Renewable Energy Production Volume 

 COEFFICIENTS (ROBUST STANDARD ERRORS) 
VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

       
Log of Domestic 
Volatility (ARCH) 0.069** 0.034 0.015 0.303*** 0.348*** 0.412*** 

 (0.029) (0.042) (0.013) (0.103) (0.092) (0.102) 
Log of GDP per 
capita 0.879*** 4.908*** 0.736*** 1.189*** 1.324*** 1.437*** 

 (0.109) (0.480) (0.040) (0.240) (0.239) (0.254) 
Oil Dependence -14.004*** 21.234*** -21.188*** -16.203*** -15.091** 47.580** 
 (3.333) (6.444) (4.969) (5.736) (5.947) (24.100) 
Share of Industry     -0.078*  
     (0.047)  
Oil Dependence * 
Share of Industry      -1.893*** 

      (0.707) 
Constant 11.798*** -24.876*** 13.910*** 6.319** 6.924** 2.667 

 (1.168) (4.310) (0.480) (2.972) (2.993) (3.057) 
       
N 302 302 302 302 285 285 
R2 0.224 0.634 0.249    
Ordinary Least 
Squares       

Country Fixed 
Effects       

Time Fixed Effects       
Generalized Method 
of Moments       

Number of countries  64  64 61 61 
Number of periods   7    
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). 
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Table 5 - Sensitivity Analysis on Share of Renewable Energy using Domestic Volatility 
(ARCH) 

Dependent Variable: Log of Share of Renewable Energy 

 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

       
Log of Domestic 
Volatility (ARCH) 0.036 -0.011 -0.006 0.213** 0.262*** 0.353*** 

 (0.030) (0.048) (0.013) (0.097) (0.078) (0.085) 
Log of GDP per capita 0.196* 3.758*** 0.086 0.435* 0.607*** 0.776*** 
 (0.112) (0.492) (0.058) (0.249) (0.218) (0.239) 
Oil Dependence -8.772** 26.438*** -14.734** -10.203 -7.560 93.782*** 
 (3.653) (7.174) (4.734) (6.389) (5.756) (22.143) 
Share of Industry     -0.129***  
     (0.033)  
Oil Dependence * Share 
of Industry      -3.050*** 

      (0.686) 
Constant -1.818 -34.154*** -0.177 -6.012* -4.333 -11.040*** 
 (1.287) (4.423) (0.558) (3.206) (2.891) (2.976) 
       
N 302 302 302 302 285 285 
R2 0.033 0.514 0.058    
Ordinary Least Squares       

Country Fixed Effects       

Time Fixed Effects       

Generalized Method of 
Moments       

Number of countries  64  64 61 61 

Number of periods   7    
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). 
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Table 6 - Sensitivity Analysis on Renewable Energy Production Volume using 
International Volatility (GARCH) 

Dependent Variable: Log of Renewable Energy Production Volume 

 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

       
Log of International 
Volatility (GARCH) 0.315 0.436 -1.071*** 0.362 0.330 0.338 

 (0.247) (0.296) (0.217) (0.331) (0.330) (0.330) 

Log of GDP per capita 0.781*** 4.359*** 0.735*** 0.796*** 0.852*** 0.842*** 

 (0.103) (0.690) (0.031) (0.197) (0.204) (0.203) 

Oil Dependence -14.995*** 22.120*** -15.800*** -12.640*** -10.837** -0.907 

 (3.808) (5.780) (4.036) (4.374) (4.871) (24.701) 

Share of Industry     -0.053  

     (0.041)  
Oil Dependence * Share 
of Industry      -0.335 

      (0.672) 

Constant 11.478*** -22.401*** 20.849*** 10.977*** 12.280*** 10.730*** 

 (1.728) (4.999) (1.506) (2.598) (2.779) (2.686) 

       

N 303 303 303 303 286 286 

R2 0.214 0.641 0.275    

Ordinary Least Squares       

Country Fixed Effects       

Time Fixed Effects       
Generalized Method of 
Moments       

Number of countries  64  64 61 61 

Number of time periods   7    
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). 
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Table 7 - Estimation Results on Share of Renewable Energy using International 
Volatility (GARCH) 

Dependent Variable: Log of Share of Renewable Energy 

 COEFFICIENTS (ROBUST STANDARD ERRORS) 
VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

       
Log of International 
Volatility (GARCH) 0.186 0.122 -0.732** 0.178 0.186 0.176 

 (0.211) (0.319) (0.224) (0.271) (0.252) (0.260) 

Log of GDP per capita 0.143 3.545*** 0.107 0.159 0.257 0.270 

 (0.100) (0.743) (0.060) (0.188) (0.170) (0.175) 
Oil Dependence -9.416** 26.066*** -11.157** -6.656 -3.157 50.524** 

 (3.657) (6.538) (4.097) (4.269) (3.862) (24.017) 

Share of Industry     -0.108***  
     (0.029)  
Oil Dependence * Share 
of Industry      -1.608** 

      (0.695) 
Constant -2.115 -33.165*** 4.182** -2.282 -0.058 -3.473 

 (1.619) (5.329) (1.598) (2.454) (2.465) (2.340) 

       
N 303 303 303 303 286 286 

R2 0.030 0.517 0.077    

Ordinary Least Squares       

Country Fixed Effects       

Time Fixed Effects       
Generalized Method of 
Moments       

Number of countries  64  64 61 61 
Number of time periods   7    
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). 
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Table 8 - Sensitivity Analysis on Renewable Energy Production Volume using 
International Volatility (ARCH) 

Dependent Variable: Log of Renewable Energy Production Volume 

 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

       
Log of International 
Volatility (ARCH) 0.383*** 0.002 -2.069*** 0.365** 0.348*** 0.355*** 

 (0.076) (0.045) (0.399) (0.061) (0.064) (0.065) 

Log of GDP per capita 0.704*** 5.020*** 0.711*** 0.730*** 0.790*** 0.774*** 

 (0.102) (0.499) (0.035) (0.195) (0.202) (0.202) 

Oil Dependence -18.250*** 22.125*** -21.036*** -14.388*** -12.744*** -10.658 

 (3.347) (7.067) (4.968) (3.783) (4.164) (21.678) 

Share of Industry     -0.048  

     (0.040)  
Oil Dependence * 
Share of Industry      -0.104 

      (0.578) 

Constant 12.091*** -25.515*** 26.175*** 11.861*** 12.878*** 11.572*** 

 (1.005) (4.451) (2.219) (1.794) (1.913) (1.878) 

       

N 302 302 302 302 285 285 

R2 0.272 0.633 0.249    
Ordinary Least 
Squares       

Country Fixed Effects       

Time Fixed Effects       
Generalized Method of 
Moments       

Number of countries  64  64 61 61 
Number of time 
periods   7    

*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). 
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Table 9 - Sensitivity Analysis on Share of Renewable Energy using International 
Volatility (ARCH) 

Dependent Variable: Log of Share of Renewable Energy 

 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

       
Log of International 
Volatility (ARCH) 0.329*** 0.019 1.407*** 0.313*** 0.282*** 0.276*** 

 (0.067) (0.046) (0.252) (0.056) (0.052) (0.055) 

Log of GDP per capita 0.075 3.674*** 0.096 0.095 0.202 0.213 

 (0.098) (0.511) (0.058) (0.186) (0.168) (0.173) 

Oil Dependence -12.926*** 24.770*** -14.799** -9.715** -5.749 41.576* 

 (3.783) (7.666) (4.722) (4.580) (3.880) (21.673) 

Share of Industry     -0.103***  

     (0.027)  
Oil Dependence * Share 
of Industry      -1.420** 

      (0.621) 

Constant -2.080** -33.602*** -8.397*** -2.262 -0.031 -3.309* 

 (1.034) (4.561) (1.829) (1.861) (1.856) (1.768) 

       

N 302 302 302 302 285 285 

R2 0.096 0.514 0.059    

Ordinary Least Squares       

Country Fixed Effects       

Time Fixed Effects       
Generalized Method of 
Moments       

Number of countries  64  64 61 61 

Number of time periods   7    
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World 
Development Indicators (2014). 
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Table 10 - Sensitivity Analysis on Renewable Energy Production Volume using Energy 
Imports 

Dependent Variable: Log of Renewable Energy Production Volume 

 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

       
Log of Domestic 
Volatility (GARCH) 0.052** 0.155*** 0.010 0.189** 0.169** 0.190** 

 (0.022) (0.056) (0.015) (0.074) (0.084) (0.079) 

Log of GDP per capita 1.147*** 4.178*** 1.085*** 1.307*** 1.282*** 1.301*** 

 (0.081) (0.602) (0.102) (0.203) (0.218) (0.218) 

Energy Imports -0.033*** -0.029** -0.032*** -0.035*** -0.033*** -0.014 

 (0.004) (0.012) (0.002) (0.009) (0.009) (0.023) 

Share of Industry     -0.020  

     (0.033)  
Energy Imports * Share 
of Industry      -0.001 

      (0.001) 

Constant 10.502*** -17.453*** 11.488*** 7.641*** 8.626*** 7.627*** 

 (0.787) (5.133) (0.848) (2.186) (2.571) (2.393) 

       

N 410 410 410 410 372 372 

R2 0.305 0.566 0.304    

Ordinary Least Squares       

Country Fixed Effects       

Time Fixed Effects       
Generalized Method of 
Moments       

Number of countries  75  75 72 72 

Number of time periods   9    
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). 
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Table 11 - Sensitivity Analysis on Share of Renewable Energy using Energy Imports 

Dependent Variable: Log of Share of Renewable Energy 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 
VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
       
Log of Domestic 
Volatility (GARCH) 0.037* 0.067 0.014 0.150* 0.149** 0.175*** 

 (0.021) (0.047) (0.016) (0.078) (0.076) (0.065) 
Log of GDP per capita 0.242*** 3.170*** 0.212 0.377** 0.510*** 0.488*** 
 (0.071) (0.582) (0.128) (0.158) (0.162) (0.159) 
Energy Imports -0.015*** -0.028** -0.015*** -0.017** -0.013** 0.047*** 
 (0.003) (0.013) (0.002) (0.007) (0.006) (0.016) 
Share of Industry     -0.101***  
     (0.028)  
Energy Imports * Share 
of Industry      -0.002*** 

      (0.001) 
Constant -1.588** -27.010*** -1.070 -3.974* -2.377 -5.468*** 
 (0.775) (5.102) (1.125) (2.128) (2.288) (2.016) 
       
N 410 410 410 410 372 372 
R2 0.040 0.384 0.036    
Ordinary Least Squares       
Country Fixed Effects       
Time Fixed Effects       
Generalized Method of 
Moments       

Number of countries  75  75 72 72 
Number of time periods   9    
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World 
Development Indicators (2014). 
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Table 12 - Sensitivity Analysis on Renewable Energy Production Volume using Fossil 
Fuel Energy Consumption, Percentage of Electricity Generated from Fossil Fuels, and 
Share of Employment from Industry 

Dependent Variable: Log of Renewable Energy Production Volume 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 
VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
       
Log of Domestic Volatility 
(GARCH) 0.278** 0.265** 0.312*** 0.305*** 0.276** 0.333*** 

 (0.113) (0.119) (0.116) (0.114) (0.111) (0.115) 
Log of GDP per capita 1.317*** 1.289*** 1.198*** 1.205*** 1.346*** 1.290*** 
 (0.227) (0.222) (0.246) (0.239) (0.251) (0.278) 
Oil Dependence -12.238** 37.744 -15.156** 0.785 -10.403** 36.327* 
 (5.397) (30.027) (6.046) (15.873) (4.826) (20.334) 
Fossil Fuel Energy 
Consumption -0.021      

 (0.015)      
Oil Dependence * Fossil Fuel 
Energy Consumption  -0.585*     

  (0.327)     
% of Electricity Generated 
from Fossil Fuels   -0.004    

   (0.008)    
Oil Dependence * % of 
Electricity Generated from 
Fossil Fuels 

   -0.186   

    (0.176)   
Share of Employment from 
Industry     -0.110***  

     (0.030)  
Oil Dependence * Share of 
Employment from Industry      -1.702** 

      (0.685) 
Constant 6.892** 5.603* 6.340* 6.030** 7.941** 4.862 
 (3.086) (2.864) (3.294) (3.031) (3.196) (3.375) 
       
N 303 303 303 303 275 275 
Ordinary Least Squares       
Country Fixed Effects       
Time Fixed Effects       
Generalized Method of 
Moments       

Number of countries 64 64 64 64 62 62 
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World 
Development Indicators (2014). 
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Table 13 - Sensitivity Analysis on Share of Renewable Energy using Fossil Fuel Energy 
Consumption, Percentage of Electricity Generated from Fossil Fuels, and Share of 
Employment from Industry 

Dependent Variable Log of Share of Renewable Energy 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 
VARIABLES Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
       
Log of Domestic Volatility 
(GARCH) 0.204** 0.164 0.247** 0.220** 0.248*** 0.303*** 

 (0.102) (0.111) (0.112) (0.106) (0.090) (0.098) 
Log of GDP per capita 0.775*** 0.636*** 0.471* 0.466* 0.732*** 0.676** 
 (0.212) (0.207) (0.251) (0.241) (0.248) (0.274) 
Oil Dependence -2.616 85.536*** -6.487 17.806 -5.996 38.152* 
 (5.374) (28.491) (6.527) (16.385) (5.603) (20.169) 
Fossil Fuel Energy 
Consumption -0.047***      

 (0.014)      
Oil Dependence * Fossil Fuel 
Energy Consumption  -1.039***     

  (0.327)     
% of Electricity Generated 
from Fossil Fuels   -0.015**    

   (0.006)    
Oil Dependence * % of 
Electricity Generated from 
Fossil Fuels 

   -0.305   

    (0.192)   
Share of Employment from 
Industry     -0.106***  

     (0.027)  
Oil Dependence * Share of 
Employment from Industry      -1.610** 

      (0.713) 
Constant -5.753* -7.699*** -5.992* -6.578** -6.487** -9.452*** 
 (3.009) (2.864) (3.426) (3.156) (3.252) (3.396) 
       
N 303 303 303 303 275 275 
Ordinary Least Squares       
Country Fixed Effects       
Time Fixed Effects       
Generalized Method of 
Moments       

Number of countries 64 64 64 64 62 62 
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). 
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Table 14 - Regional Analysis of Renewable Energy Production Volume 

Dependent Variable: Log of Renewable Energy Production Volume 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES East Asia & 
Pacific 

Europe & 
Central Asia 

Latin 
America & 
Caribbean 

Middle East 
& North 
Africa 

North 
America South Asia Sub-Saharan 

Africa 

        
Log of Domestic 
Volatility 
(GARCH) 

-0.042 0.309 -0.058 0.648*** -1.503 3.953*** 0.094 

 (0.125) (0.198) (0.165) (0.124) (-) (0.611) (0.107) 

Log of GDP per 
capita -0.104 2.191*** 0.494 0.424 -7.248*** -11.940*** 2.431*** 

 (0.387) (0.427) (0.738) (0.803) (0.000) (1.309) (0.912) 

Oil Dependence -2.912 63.495*** 1.063 -64.401 1, 021.389*** 1, 650.990*** 275.015** 

 (51.321) (23.385) (60.844) (68.858) (0.000) (434.653) (149.960) 

Oil Dependence * 
Share of Industry -0.267 -1.968*** 0.445 1.707 -29.756 -56.806*** -13.342** 

 (1.647) (0.681) (2.805) (2.051) (-) (16.340) (7.170) 

Constant 23.419*** -4.137 15.885*** 8.430 110.783*** 32.674*** 1.457 

 (3.439) (4.400) (5.394) (6.605) (0.000) (0.942) (6.682) 

        

N 47 133 60 9 7 10 20 

Number of 
countries 9 28 13 3 1 2 5 

*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development Indicators 
(2014). All models are Generalized Method of Moments.  
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Table 15 - Regional Analysis of Share of Renewable Energy 

Dependent Variable: Log of Share of Renewable Energy 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES East Asia & 
Pacific 

Europe & 
Central 

Asia 

Latin 
America & 
Caribbean 

Middle East 
& North 
Africa 

North 
America South Asia 

Sub-
Saharan 
Africa 

        
Log of Domestic 
Volatility 
(GARCH) 

-0.211* 0.179 0.037 0.599*** -1.412*** 2.332*** 0.107 

 (0.117) (0.157) (0.122) (0.096) (0.000) (0.283) (0.080) 
Log of GDP per 
capita -0.360 1.955*** -0.247 1.481*** -7.861 -4.259*** -0.450 

 (0.528) (0.282) (0.700) (0.373) (-) (0.622) (0.676) 

Oil Dependence 27..299 84.664*** 55.652 72.923* 989.523*** 907.127*** 145.097 

 (51.703) (17.314) (35.867) (42.023) (0.000) (261.297) (106.356) 
Oil Dependence * 
Share of Industry -0.864 -2.194*** -1.076 -2.522** -29.173 -31.687*** -7.651 

 (1.628) (0.564) (1.846) (1.148) (-) (9.726) (4.925) 

Constant 6.710 -21.318*** 1.894 -18.895*** 92.337*** -11.804*** 2.992 

 (5.068) (3.202) (5.899) (1.305) (0.000) (0.363) (5.300) 

        

N 47 133 60 9 7 10 20 
Number of 
countries 9 28 13 3 1 2 5 

*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development Indicators 
(2014). All models are Generalized Method of Moments.  
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Table 16 - Income Analysis of Renewable Energy Production Volume 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dependent Variable: Log of Renewable Energy Production Volume 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES Low Income 
Lower 
Middle 
Income 

Upper 
Middle 
Income 

High Income 

     
Log of Domestic Volatility (GARCH) -0.203 0.261** 0.034 0.339** 
 (0.131) (0.145) (0.083) (0.156) 
Log of GDP per capita 2.185 0.843 1.255 2.167** 
 (1.528) (1.201) (0.840) (1.048) 
Oil Dependence -80.012 -26.489 24.140 155.925 
 (97.387) (48.625) (21.359) (95.139) 
Oil Dependence * Share of Industry 3.913 0.069 -0.794 -5.239* 
 (3.485) (1.250) (0.581) (3.048) 
Constant 7.919 9.776 7.717 -4.047 
 (9.555) (9.837) (7.541) (10.713) 
     
N 28 71 63 124 
Number of countries 9 26 23 24 
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). All models are Generalized Method of Moments.  
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Table 17- Income Analysis of Share of Renewable Energy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dependent Variable: Log of Share of Renewable Energy 
 COEFFICIENTS (ROBUST STANDARD ERRORS) 

VARIABLES Low Income 
Lower 
Middle 
Income 

Upper 
Middle 
Income 

High Income 

     
Log of Domestic Volatility (GARCH) -0.213* 0.249 0.083 0.221** 
 (0.123) (0.154) (0.074) (0.096) 
Log of GDP per capita 4.910** 1.418 0.806 1.135 
 (2.006) (1.313) (0.856) (0.798) 
Oil Dependence 214.711* 41.171 74.886*** 139.882* 
 (112.183) (47.220) (20.426) (84.149) 
Oil Dependence * Share of Industry -6.280 -1.738 -2.115*** -4.476* 
 (4.372) (1.275) (0.643) (2.724) 
Constant -29.678 -14.081 -8.910 -13.392 
 (13.070) (11.092) (7.269) (8.479) 
     
N 28 71 63 124 
Number of countries 9 26 23 24 
*** p<0.01, ** p<0.05, * p<0.1 
Note: Author’s own calculations using data from QOG Standard Dataset (2013) and World Development 
Indicators (2014). All models are Generalized Method of Moments.  
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