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Abstract 

The final conclusion on Renewable Energy consumption (REN consumption) and the 

Economic Growth relationship is still absent. This thesis focused on filling the gap in this 

phenomenon in Central and Eastern Europe (CEE). Ten selected countries from the CEE region 

are analyzed during the period 1990-2016 using panel data, the possible effects of Carbon 

dioxide emissions, population, R&D, and FDI are also examined as well as Economic growth. 

The results indicate that there is a non-linear relationship between Renewable Energy 

consumption and  Economic growth, the population is positively affecting REN consumption 

as well, however, CO2 emissions, R&D, and FDI indicated statistical insignificance in REN 

consumption. According to the empirical results, the capacity of the selected countries to reach 

REN consumption targets is also examined in the paper. 

Abstrakt 

Konečný závěr o spotřebě obnovitelné energie (spotřeba REN) a vztahu k 

hospodářskému růstu stále chybí. Tato práce se zaměřila na zaplnění mezery v tomto 

fenoménu ve střední a východní Evropě (CEE). Deset vybraných zemí z regionu CEE je 

analyzováno v období 1990-2016 pomocí panelových dat, zkoumány jsou také možné 

dopady emisí oxidu uhličitého, počtu obyvatel, vědy a výzkumu, přímých zahraničních 

investic a také ekonomický růst. Výsledky naznačují, že existuje nelineární vztah mezi 

spotřebou energie z obnovitelných zdrojů a ekonomickým růstem. Počet obyvatel take 

pozitivně ovlivňuje spotřebu REN, nicméně emise CO2, výzkum a vývoj a přímé 

zahraniční investivce neovlivňují statisticky významně spotřebu REN. Na základě 

empirických výsledků je v příspěvku zkoumána také schopnost vybraných zemí 

dosáhnout cílů spotřeby REN. 

Keywords 

Renewable Energy consumption, Economic Growth, Time Fixed Effect Model, Panel 

regression. 
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1. Introduction 

 

Energy has a crucial role in the economy and its growth, in the mid-nineteenth century, during 

the industrial revolution period, energy was the core driver of the revolution, as the new 

manufacturing tools such as coal and steam engines demanded a huge amount of energy. The 

revolution was the commencement of a new economic period where the essential fields like 

agriculture and handicrafts trading gave their place to the large-scale industry, mechanized 

manufacturing, and the factory system. Since that time, the usage of energy is increasing as the 

world economy enlarges, and the increase in population resulted in growing demands.  

According to this background, the relationship between energy and economic growth has been 

one of the most attractive research topics. There are dozens of researches analyzing this 

relationship in individual economies like India (Sultan et al., 2019) or mutual economies 

together like OECD countries (Belke et al., 2011). However, the empirical results are differing 

from each other and sometimes can be conflicting. According to Ozturk (2010), these diverse 

outcomes arise from different characteristics of each economy. Each of them has a special 

political and historical background which directly gives different results derived from different 

economies in different time-line. Considering the heterogeneity, this thesis focuses on the 10 

Central and Eastern European countries, namely; Bulgaria, Czech Republic, Estonia, Hungary, 

Lithuania, Latvia, Poland, Romania, Slovenia, and Slovakia. These ten countries have 

numerous features in common, both geographically, politically, and historically. The total share 

of industry in total gross value is more than the EU average which is 19.1% in all the selected 

CEE countries except Latvia (16%) (Eurostat). According to the U.S energy information 

administration (EIA), the industry is the most energy-consuming sector consuming 54% of the 

world‘s total delivered energy.  

 

The increasing energy demand was supplied by fossil fuels in early times which led to almost 

catastrophic outcomes. The consumption of fossil fuels has grown eight-fold times from 1950 

and has roughly doubled since 1980. Total CO2 emissions from solid fuel consumption in the 

world have reached an all-time high in 2012 with 15,291,329.396 kt (kiloton) according to the 

data from World Bank. The consumption of fossil fuels contains a large proportion of 

greenhouse gas (GHG) emissions (IPCC, 2014). Therefore, most of the countries agreed on a 

general agreement that the usage of fossil fuels should be reduced and the next target should 
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be abandoning the usage of energy from environmentally unfriendly resources. The best 

substitute for fossil fuel energy is renewable energy (REN). It can provide the energy supply 

to the whole world without as harmful damage to the climate as the one caused by fossil fuels. 

The European Commission’s proposal under the 2030 agenda accepts a series of Sustainable 

Development Goals which mostly focus on accessing energy primarily for social justice 

reasons or for gaining development. The main objective of the European view is clean energy 

as it is the core of healthy and resistant economic growth (Andrei et al., 2017). 

 

Increasing renewable energy usage plays a vital role in recent times. Therefore, the United 

Nations declared the decade 2014-2024 as a Sustainable Energy for All (SE4ALL). SE4ALL 

aims to improve energy sustainability, and clean energy usage, all in all, increase the proportion 

of renewable energy in the total energy consumption. There are EU-wide targets for gaining an 

improvement in REN usage. According to International Renewable Energy Agency (IRENA, 

2016), current technologies can increase the renewable energy production share to at least 30% 

of the total energy production. However, the aim of the European Commission (July 2021) for 

Europe is to raise the EU’s REN share from 32% to 40% by 2030. The greenhouse gas 

emissions should decrease by 80%-95% and about two-thirds of energy consumption should 

come from renewable resources by 2050 (European Commission, 2012).  

This thesis focuses on the relationship between renewable energy consumption and economic 

growth in the 10 Central and Eastern European countries between the period 1990-2016. 

According to our knowledge, although there are dozens of papers that investigated the 

relationship between economic growth and renewable energy consumption, the most focused 

regions are South Asia (Rahman et al., 2020), European Union (Soava et al., 2018) China 

(Wang et al.,2021), Pakistan (Shahbaz et al., 2015), Portugal (Leitão, 2014), etc. There is an 

absence of research on the CEE region. Therefore, we want to fill this gap by investigating the 

relationship in the Central and Eastern European region. Moreover, there is scarce research on 

the analysis of the REN consumption and economic growth relation using panel data estimation 

within the given period. The capacity of analyzed countries for gaining the targets accepted by 

the European Commission by 2030 and 2050 will be noted as well. The existing researches for 

testing the ability to gain the targets are outdated, mostly focused on the targets by 2020 

(Marinaş et al., 2018). Therefore, our comments will focus on the targets by 2030 and 2050, 

proposed by European Commission.  

 



3 

 

This thesis commences with a literature review on this topic. Then in Chapter 3, the definitions 

of Economic growth and Renewable energy are provided. The interrelation of Economic 

growth and Renewable energy is mentioned in that chapter as well. Chapter 4 is focused on 

control variables and the pieces of literature that show the relationship between main variables 

and control variables. The following chapter is focused on the description of the main variables, 

data resources, and model specifications. The empirical results, limitations, and robustness 

check are in Chapter 6. The final chapter concludes the thesis and gives the contribution of the 

thesis. 
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2. Literature Review 

 

According to the literature, there is no exact conclusion about the relationship between energy 

consumption and economic growth. The results are different from each other as the timelines, 

geographical factors, and preferred methodologies change. There is a combination of ideas 

(Ozturk, 2010; Apegris et al., 2009; Chen et al., 2007) that all the research papers where the 

causal link between energy and economic growth was analyzed could be divided into four types 

of hypotheses.  

"Neutrality" or "no causality hypothesis" argues that there is no econometric linkage between 

energy consumption and production growth, which means that the policy measures taken by 

most governments for reducing energy consumption do not affect economic growth. According 

to Ozturk (2010), the hypothesis is supported by the absence of a causal relationship between 

energy consumption and economic growth.  

"The uni-directional causality" or "conservation hypothesis" supports the notion that economic 

growth causes energy consumption. As the consumption of energy is dependent on GDP 

growth, the conservation policies have a small (marginal effects on dynamics) or zero effect 

on the economic growth 

"Uni-directional causality from energy consumption" or "growth hypothesis" supports the idea 

that the limiting policies of energy usage may negatively affect economic growth, and vice 

versa, energy consumption boosts the GDP growth. Energy is an essential core of growth both 

directly and indirectly. In this hypothesis, energy plays a barrier role in the growth of the 

economy.  

"Bi-directional causality" or "feedback hypothesis" argues that both energy consumption and 

economic growth are interdependent. Meaning that energy consumption has a positive 

relationship with economic growth. Moreover, GDP growth is a booster of energy 

consumption. In that scenario, the environmental policies decrease both consumption and GDP 

growth rate.  

In the literature, there are several types of research about the energy-growth nexus for either 

an individual country or a group of countries under these hypotheses. However, the final 

consensus is still absent because of the diversification in the results. Our objective is to review 

the scarce research up until now which analyzes the essentiality of sustainable economic 

growth on renewable energy consumption and see how the empirical results vary as the 

functions and factors differ.  
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The idea of a causal relationship between energy consumption and economic growth was firstly 

established in the last century by Kraft and Kraft (1978), who tried to explain the correlation 

between these variables in the USA. However, the researchers started to examine the relation 

between REN consumption and economic growth in a wide scope after understanding the 

actual risks of fossil fuel energy. The importance of changing the source of energy to the one 

which produces zero CO2 emissions, is eco-friendly, and is more durable increased the 

popularity of renewable energy. The main renewable energy sources are solar, biomass, 

hydropower, wind, and geothermal energies (briefly explained in Chapter 3, section 2). The 

first connection between renewable energy and GDP growth was investigated by Sadorsky 

(2009a, 2009b). He estimated this connection between G7 member countries and Organization 

for Economic Co-operation Development (OECD) by using a panel cointegration estimator. 

Sadorsky concludes his research with the idea that the growth in real GDP has a significant 

effect on renewable energy consumption. He argues that a 1% increase in the real income per 

capita also increases the real renewable energy consumption per capita in the emerging 

economies by 3.5 %. Bhattacharya et al. (2016) investigated the top 38 renewable energy 

countries according to the Renewable Energy Country Attractiveness Index developed by Ernst 

& Young Global Limited between the period 1991-2012. By using panel estimation techniques, 

they have found cross-sectional dependence and heterogeneity across the economies. Thus, 

their results show that 57% of selected countries showed that renewable energy consumption 

plays a significant role in the growth of economic output. Moreover, Pereira et al. (2021) used 

the largest database, from 146 to 161 countries between the years 1960-2018 (59 years) to show 

the relationship between REN consumption and economic growth by reassessing panel data 

results. They conclude the research by showing both a negative and insignificant influence of 

economic growth on the share of renewable energies consumption in the short run. A positive 

sign is indicated for the long run. Ingelesi-Lotz (2016) also analyzed OECD countries by using 

panel data estimation. However, the timeline is differing from Sadorsky’s (2009) research. She 

preferred to investigate the 1990-2010 period. Ingelesi-Lots has also derived the result that 

renewable energy consumption is one of the cores of economic growth, REN is not only better 

for the environment but also plays a booster role in economic growth. Marinas et al. (2018) 

researched the long-run and the short-run effectiveness of REN consumption and growth 

estimators in ten CEE countries in the period 1990-2014 by using the Auto-regressive and 

Distributed lag (ARDL) modeling procedure, the results from ARDL modeling are quite 

interesting, not all countries have shown the same results. In the short run, while the dynamics 

of estimators are independent in Romania and Bulgaria, some countries like Hungary, 
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Lithuania, and Slovenia demonstrate a positive correlation between REN consumption and 

GDP growth. In the Long-run, the "bi-directional causality" hypothesis holds for all the sample 

countries from the Central and Eastern European region. The authors have also used the results 

to check the ability of countries to gain the renewable energy targets by 2020 as declared by 

the European Commission.  

Despite the above-listed pieces of literature, there are several pieces of research where the 

relationship between renewable energy consumption and economic growth was rejected or 

accepted as a "uni-directional" causality. For example, Menegaki (2011) got the result that 

there is no econometric correlation between the estimators which supports the "Neutrality" 

hypothesis. He has researched 27 European countries in a multivariate panel framework over 

the period 1997-2007. Moreover, the "uni-directional" hypothesis had been supported by 

Farhani (2013) in his paperwork where the 12 Middle East and North Africa regions between 

the period 1975-2008 were analyzed by using panel cointegration techniques. His results are 

showing that in the short run, there is no relationship between renewable energy consumption 

and output growth. However, in the long run, a "uni-directional" causality runs from GDP 

growth and CO2 emissions to REN energy consumption. The demonstrated pieces of literature 

and their results have been summarized below in Table 1 to see their differences better. 
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Table 1. Literature summary. 

Study Method Period Country Findings 

(REN, GDP 

relation) 

Sadorsky 

(2009a) (2009b) 

FMOLS, 

DOLS 

1980-2005 

1994-2003 

G7, 

10 OECD  

Positive 

Battacharya et 

al. (2016) 

FMOLS, 

GMM 

1991-2012 TOP 38 

Renewal count. 

“+” on 57% of 

the count. 

Pereira et al. 

(2021) 

LSDV 1960-2018 146-161 

countries 

“-“ in SR 

“+” in LR 

Ingelesi-Lotz 

(2016) 

Pedroni 

cointegration 

1990-2010 34 OECD Positive  

Marinash et al. 

(2018) 

ARDL 1990-2014 10 CEEC “+” in LR 

Various in SR 

Menegaki 

(2011) 

GLS, LSDV 1997-2007 27 

European count. 

“-“ effect, 

Neutrality hypo 

Farhani 

(2013) 

FMOLS, 

DOLS 

1975-2008 12 MENA  

members 

“-“ in SR 

Uni-directional 

in LR 

Source: Author’s compilation. 

 

As for the target aim, to our best knowledge, there is a limited number of research that analyses 

the renewable energy resource targets or CO2 emission limitations accepted by the European 

Commission by 2030 and 2050 (Energy Roadmap 2050). However, there are pieces of 

literature where the 2020 targets were analyzed. Marinas et al. (2018) have shown that some 

of the CEE countries reached the 2020 energy target accepted by the European Commission 

(2012) which was reaching the renewable energy usage proportion of 20%. Additionally, 

Klessman et al. (2011) evaluated the renewable energy source deployment in EU-27 members. 

They concluded that while most of the members were exceeding their target, Europe requires 

more effort in policies to reach the target. If we look at the data (Eurostat 2022), it is seen that 

all the EU member countries have reached, even some of them exceeded the 20% renewable 

energy source (RES) target in 2020, except France (19.1%). 

 

By overviewing the literature, we realized that the relationship between renewable energy 

consumption and economic growth has not been investigated enough. Therefore, we will try to 

analyze this correlation in the area where the economies have more similarities (geographical, 
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historical, economic basement) which is the CEE region. The research aims to see whether the 

relationships are similar to existing literature if we take countries that have more in common. 

Furthermore, the provided timeline 1990-2016 has not been researched yet. Additionally, we 

will try to comment on the ability of CEE countries to reach EU-27 RES targets by 2030 and 

2050 according to our empirical output. 
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3. The Interrelation between Energy and Economic Growth and 

the Definition of Main Variables 

 

Although there is an absence of a final idea on the energy and economic growth dilemma, the 

real shreds of evidence have shown that there is an interrelation between Energy including 

Renewable Energy, and Economic growth. First of all, we should acknowledge the fact that in 

most countries, the trade of energy products constitutes a large proportion of total trade. Some 

countries can’t produce enough energy because of the lack of resources, while other countries 

are producing more and selling their energy or energy resources. Luxemburg is the biggest 

energy importer country where 96% of total energy use was imported in 2015 (World Bank). 

Net Exports are one of the core variables in measuring GDP. As energy or energy products are 

one of the most popular trading ingredients in the world economy, we have to acknowledge the 

interrelation of GDP and energy.  

One of the pieces of evidence of the interrelation is oil shocks in 1973 and 1979 although the 

causes of shocks are different. While the first oil shock was caused by proclaiming an oil 

embargo on countries that have supported Israel during the “Yom Kippur” war by the 

Organization of Arab Petroleum Exporting Countries (OAPEC), the cause of the second oil 

crisis was the drop in the oil production in the wake of the Iranian Revolution. The results are 

more or less the same, oil prices rocketed up more than twice. According to Covi (2015), oil 

shocks are more dangerous for economic growth than economic shocks. He believes that the 

system can be repaired to previous standards in the economic shocks, but oil shocks force the 

economy to work with new standards.   

 

Recent volatility in the natural gas and oil prices also proves the interrelation between energy 

and economic growth. The price of natural gas EU Dutch TFF (EUR) is fluctuating from the 

price of 55.07 (01 Nov. 2021) to 204.15 (04 March 2022) (Bloomberg). The volatility can be 

seen in the crude oil market as well (EIA. Crude oil price history). The price fluctuations 

directly affect gasoline and electricity prices. The price changes in energy negatively affect the 

cost of other goods in the energy importer economies. The electricity is used in the production 

period and gasoline for logistics. Thus, consumers have to pay more for a given product (for 

example, transport tickets, beverages, electricity, gasoline for vehicles) because of the increase 

in their costs, they would consume less than before when the prices were below. It narrows the 

consumer basket and we get a decrease in consumption which is also an input of GDP. 

Moreover, as the volatility of the energy prices affects the economy, spot, and future markets 
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become volatile as well, meaning that the market becomes riskier. As a result, investors avoid 

investing more and taking risks which turns in a decrease in the investment – another GDP 

input (Mu, X., 2007). It is seen that the volatility in the trade of energy directly affects GDP 

growth. 

 

We have seen the interrelation between Energy and Economic growth in the energy importer 

economies, however, there are several proofs for energy exporter countries that show how 

energy can affect the economy. The price, monetary and financial stability are some of the 

essentials of economic growth. Inflation/deflation, and revaluation/devaluation are the key 

functioning tools that stabilize them (ECB, 2009). The Republic of Azerbaijan is an oil exporter 

country situated in a Caucasian area, more than 90% of its exports contain crude oil and oil 

products (World Bank). The exchange rate between the Azerbaijani currency (Manat (AZN)) 

and the dollar was pegged and the process was being completely maintained from the income 

gained by oil exports. In 2014, a sharp decline in crude oil prices negatively affected the income 

of the country from oil exports. Thus, the country became not able to keep the pegged exchange 

rate at its level (1USD = 0.78 AZN in 2014). Therefore, the Central Bank of Azerbaijan has 

devaluated the local currency, it has devaluated more than twice in one year (1USD = 1.7 AZN 

in 2015). Meanwhile, as importing goods and services became costly in domestic currency, 

inflation, public panic, and surging incentives for dollarization by private agents have raised. 

(Mammadov., 2016). The devaluation has affected the whole economy of Azerbaijan. 

Although the Central Bank of Azerbaijan has tried to overcome the possible drawbacks of 

devaluation by adopting an Expansionary Monetary policy and changing the exchange rate 

from pegged to the managed floating exchange rate, the whole economy of the country: price 

stability, monetary and financial system has stuck to the down. The inflation rate increased 

from 1.45% to 12.44% between the period 2014-2016 (IMF). The Central Bank of Azerbaijan 

canceled the license of 7 banks in 2016 as a result of high indebtedness (Ibrahimov A., 2016). 

As a result of all these circumstances, the Economic growth of the Republic of Azerbaijan has 

fallen from 2.751 to -3.1 percentage points during the devaluation period 2014-2016 caused by 

energy  (World Bank). 

From the above-listed scenarios, it is obvious that the interrelation of energy and economic 

growth exists, any change in the energy, energy sector, and its trade directly changes the growth 

tendency of economies and regions.  
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3.1 Economic Growth 
 

According to Dension (1962), economic growth is the growth of real GDP and GDP per capita 

and increase in national products in constant prices (real, adjusted in terms of inflation). In 

other words, economic growth is an increase in the production of goods and services between 

two periods. The most usual measurement of economic growth is Gross National Product 

(GNP) and Gross Domestic Product (GDP). The main difference between them is that Gross 

National Product is calculated by summing up all personal consumption expenditure, 

investment within the country, government spending, net exports (Exports-Imports), and all 

income earned by residents from their investments abroad, minus all the money earned in the 

country by foreigners. The measurements can be done either in nominal or real (cleaned from 

inflation) terms. Since the foundations of the modern economic theories have been laid by 

Adam Smith, economic growth is one of the most interesting research topics for numerous 

researchers. In the previous centuries, the was a small distinction between the richest and 

poorest economies, however, the gap has started to enlarge and we can see an enormous gap 

between them in the recent period.  

 

There is a unanimous agreement that economic growth is determined by numerous 

determinants and the major four are: capital goods, natural resources, human capital, and 

technology (Acemoglu, 2012). According to Acemoglu (2012), the main source of productivity 

differences that result from different economic growth nexuses is technology diffusion. Apart 

from them, there are also indirect determinants of economic growth like saving rates, 

investment rates, institutions, etc. There is still not a consensus on the core determinants of 

growth and an all-encompassing model that includes all the influences has not been created yet 

(Boldeanu et al., 2015). 

 

One of the most preferred models for determining economic growth is the Solow growth model 

which was developed independently by Robert Solow and Trevor Swan in 1956. The main 

characteristic of the model is measuring long-run economic growth by looking at capital 

accumulation, labor, population growth, and increase in productivity. The key components of 

economic growth are saving and investment. When the savings and investments raise the 

capital stock, it also raises the full employment, national income, and product. In the Solow 

model, saving is equal to investment. 
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Moreover, according to the empirical results of Durlauf et al. (2001), there is substantial 

country-specific heterogeneity in the Solow parameters-heterogeneity that is associated with 

differences in initial income. Therefore, the conclusion is that the explanatory value of the 

Solow growth model is substantially enhanced by allowing for country-specific effects. 

 

 

3.2 Renewable Energy  
 

Mostly used conventional energy sources based on oil, natural gas, and coal have been accepted 

as an effective driver of economic processes, however, some other issues have to be taken into 

consideration for the future of the world, which is, CO2 emissions that cause global warming. 

Although there are some inspirations to deal with the problem of climate change like the Paris 

agreement by UN climate talks in 2015 to keep the global temperature rise below 2 degrees 

Celsius, preferably to 1.5 degrees Celsius, the demand for electricity or energy is increasing 

thanks to the industrialization and urbanization measures in many parts of the world. The 

majority of the increase in electricity usage came from the Asia Pacific region, primarily China 

and India. After falling about 1 % in 2020 due to the Covid-19 restrictions, global electricity 

demand is set to grow by 5% in 2021 and 4% in 2022 (IEA, 2021). According to the IEA report 

(2021), while the electricity generation from renewables is expected to increase by 8% in 2021 

and 6% in 2022, it is not even half of the electricity demand increase during these periods. 

Renewable energy resources are one of the cheapest compared with the most used energy 

sources. While crude material has to be bought for other resources (oil, natural gas), the main 

supply of crude “energy” (sun, wind, water, etc.) is free in renewable energy. The capacity of 

REN plants has increased over the years and resulted in a fall in the prices to the lowest level, 

less than 50$ per megawatt-hour of energy (Lazard, 2020). However, Ashley Langer, an energy 

economist at the University of Arizona argues that the regulatory structure of utilities makes 

the coal or natural gas plant much more usable since the plants were planted before and the 

cost of construction has been paid beforehand. Building a new renewable resource plant instead 

of using actual coal or oil plant is not preferred (Chrobak 2021).  

Apart from the environmental benefit and cheaper price of renewable energy resources, there 

are several benefits of renewable energy usage like trade surplus, getting rid of economic 

dependency, and political reasons. First of all, the renewable energy types that are used in the 

CEE region and their characteristics have to be explained: 
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 Solar  

Solar technologies are one of the most interesting renewable energy sources. The 

standard principle of the solar system is changing the solar radiation into electricity 

(direct) and heat (indirect). The direct solar power system is converting solar radiation 

into electricity with the help of photovoltaic (PV) cells. Indirect solar energy is the 

technology where the radiation coming from the sun is firstly converted to heat 

(concentrated solar power: CSP), then the heat can be used as a heater for water or can 

be transferred to electricity as well. Solar energy is mostly consumed on daily electricity 

consumption such as street lights. (Vergura et al., 2011). In the selected countries from 

the CEE region, a total of 10.96 Terawatt-hours of solar energy was consumed in 2020, 

Hungary and the Czech Republic are the most solar energy-consuming countries 

respectively among CEE states. (Ourworldindata)  

 

 Wind  

The system of wind energy is similar to the old-fashioned windmill, where the wind 

turns the blade and the turnovers make energy (electricity) with the help of a generator. 

There are two kinds of wind energy systems. Onshore wind generators are the most 

preferred type, where the generators have to be constructed in high, windy places which 

are not available in some countries because of their geographical region. However, 

offshore wind power is built in the water, as the speed of wind is quite enough for 

turning the windmills. Wind power is one of the most used renewable energy types and 

the fastest-growing energy alternative in the world. (Saidur et al., 2010). Moreover, in 

the selected countries from the CEE region, wind power is the second-largest consumed 

renewable energy alternative (28.07 Terawatt-hour) after Hydropower according to the 

data from 2020 (Ourworldindata) 

 

 Biomass 

Biomass is the renewable energy resource where the main source of the energy is taken 

from nature, namely, plants, microbial cells, and the wastes and the residues associated 

with their processing. All of such ingredients from nature can be burned to get 

electricity or by liquidizing the ingredients, biofuel can be made as well (An et al., 

2011). Biofuel is considered one of the main fuel sources for the future, after moving 

away from the usage of fossil fuels. (Srirangan et al., 2012). Of the 10 selected 

economies from the Central and Eastern European region, Poland is the largest Biomass 
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energy user country with 7.9 Terawatt-hours (T/h) (2020) out of a total of 22.4 T/h 

(CEE) according to the data (Ourworldindata), which is natural given the size of Poland 

as compared to other CEE countries. 

 

 Hydropower  

The energy in the Hydropower system is obtained from flowing water like a river. 

Because of the gravity, the water that comes from higher levels should go to lower 

levels, and the hydropower system is constructed in the middle of the flowing water. 

The turbines inside the water start to generate electricity from the speed of the water. 

Although Hydropower is the most used renewable energy resource, there are some 

ecological impacts on the usage of hydropower plants, especially bondage hydropower 

schemes, fish injuries, and water quality deterioration (Kuriqi et al., 2021).  In the CEE 

region, nearly 44% of overall hydropower energy consumption is consumed by 

Romania in 2020 (15.08 T/h) (Ourworldindata) 

 

The renewable energy plants should be increased for the benefit of the countries. The 

implementation of new renewable energy system construction decreases the energy 

dependency. Despite the high cost of building new energy plants within the country, it saved 

approximately 4 billion dollars for Finland in 7 years by not importing natural gas (Aslani et 

al, 2014). Moreover, the dependency on fossil fuels also increases the risk of price instability 

in the energy market. Any possible political crush might affect the prices and pipelines that are 

carrying energy sources like oil and gas. We can see that the gas prices in Europe have reached 

an all-time high in March 2022 for April futures sold at 3,600 dollars per 1,000 cubic meters 

of gas. The main reason for that price increase is the Ukraine and Russia conflict (which 

commenced in February 2022) where Russia was one of the main natural gas exporters to 

Europe via Ukraine. For eliminating such kind of risks, renewable energy resources should 

dominate the energy resources. 
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4. Economic Growth, REN consumption, and Control variables  

 

This section is focused on control variables. After explaining the main variables and the 

interrelation of those variables with each other in the previous sections, control variables, and 

their relationship with the main variables which are Economic Growth and Renewable Energy 

consumption has to be explained as well. The section is based on existing research and 

supported by empirical work in further sections. 

 

4.1 CO2 Emission and the Main variables  
 

Carbon Dioxide emission is one of the core problems of the environment which mostly comes 

from energy production sourced from fossil fuels. In the USA (the second-largest CO2 emitter 

in the world after China), 92% of total anthropogenic carbon dioxide emissions came from 

fossil fuel combustion for generating energy in 2019, according to the U.S Energy Information 

Administration (EIA, 2019). Moreover, there are several pieces of research supporting the idea 

that carbon dioxide emissions have either a positive or negative correlation with both renewable 

energy consumption and Economic growth. 

 

Mahmood et al. (2019) investigated a linkage between renewable and non-renewable energies, 

CO2 emission, and economic growth with the consideration of human capital in Pakistan 

between the period 1980-2014. By using three-stage least square and ridge regression methods 

the authors came to the conclusion that the environmental Kuznets curve hypothesis holds for 

Pakistan. Renewable energy usage affects the carbon dioxide emission to decrease, although it 

is vice versa for non-renewable energy. Moreover, trade openness has a positive and significant 

effect on CO2 emissions growth in Pakistan. Bilgili et al. (2016) also analyzed a revisited 

Environmental Kuznets Curve (EKC) hypothesis with the possible impact of renewable energy 

consumption on environmental quality. The validity of the EKC hypothesis employs carbon 

dioxide emissions and regressors of GDP, renewable energy consumption, and quadratic GDP 

as dependent variables. By using panel data on 17 OECD countries over the period 1977-2010, 

they found the result that renewable energy consumption decreases CO2 emissions. It was also 

indicated that GDP per capita and GDP per capita squared have impacts on carbon dioxide 

emissions positively and negatively respectively.  
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Outcomes from prior literature support the conclusion that carbon dioxide emission affects both 

renewable energy consumption and economic growth. As CO2 emissions affect both of the 

main variables of this research, it has to be taken as a control variable.  

Ang et al. (2007) examined the dynamic causal relationship between pollutant emissions, 

energy consumption, and output in France in the period 1960-2000. By using the vector error 

correction modeling techniques, they got the result that there is a quadratic relationship in the 

long run between carbon dioxide emissions and output (GDP) as energy consumption 

increases. This means there is more output with more energy and more energy generates more 

carbon dioxide. However, Yao et al. (2019) indicated the conclusion in their research that more 

CO2 emissions increase the demand for renewable energy consumption because REN 

consumption plays an effective role in CO2 pollution decrease. A 10% increase in the 

consumption of REN causes a 1.6% decrease in carbon dioxide emissions. On analyzing 17 

major developing and developed economies between the period 1990-2014, they also found 

that renewable energy consumption has a U-shaped relationship with per capita GDP. 

Renewable energy in the developed countries demonstrates a rising trend but shows a 

downward-sloping relationship in the developing economies according to the Renewable 

energy Kuznets curve (RKC) hypothesis. By reviewing these pieces of literature, it is obvious 

that while total energy consumption (including renewable energy) increases the CO2 emissions, 

renewable energy consumption behaves independently from other energy sources which might 

cause carbon emissions to decrease. There is a relationship between these variables. We derive,  

Hypothesis 1: CO2 emissions have a significant negative impact on Renewable Energy 

consumption in the CEE countries. 

 

 

4.2 Population and the Main variables 
 

The population is one of the main control variables in most of the research topics, more 

population means more consumers, therefore, it has been taken in this research as well. Several 

works of literature support the interrelation between the population, economic growth, and 

renewable energy. China is the largest populated country in the world (1.4 billion (World Bank, 

2020)), and the second-largest economy with 14.72 trillion USD (World Bank). The largest 

share of total renewable energy consumption is also in China with 24.6% (Statista, 2020). 

However, per capita GDP is less (10,500 USD) than most of the developed, even some of the 

developing countries (World Bank, 2020). These statistics make us think about the relationship 

between population and economic growth and renewable energy consumption. The outcomes 
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from prior literature are supporting the linkage between energy consumption, economic 

growth, and population.  In his research, Liu (2009) developed a function of energy 

consumption, population growth, economic growth, and urbanization process in China over the 

period 1978-2008 through the use of the ARDL testing approach and factor decomposition 

model. The results from the research show that there is a relationship between total energy 

consumption, population, GDP, and urbanization level when the total energy consumption 

(including renewable energy) is a dependent variable in the long run.  

There is a unanimous agreement that urbanization causes population growth in the area as the 

process brings high living standards, and new employment opportunities. Zhao and Wang 

(2015) have investigated the relationship between urbanization, energy consumption, and 

economic growth in China between 1980-2012 by using the vector error correction model. The 

outcome of the research is the impact of energy consumption shock on urbanization and the 

impact of urbanization on economic growth are rather marginal. Moreover, Granger causality 

results reveal that there is a bi-directional Granger causal relationship between energy 

consumption and economic growth. A unidirectional causality runs from urbanization to 

energy consumption and economic growth to urbanization. The literature has shown us that 

there is a linkage between energy consumption, economic growth, and population growth. As 

renewable energy is the ingredient of total energy consumption, we can assume that the 

relationship between renewable energy consumption and population growth exists as well. 

 

Akintande et al. (2020) developed a renewable energy consumption model using annual data 

between 1996-2016 in the five most populous African countries, namely, Ethiopia, South 

Africa, Nigeria, DR Congo, and Egypt. 44 predictor variables have been analyzed in total by 

using Bayesian Model Averaging (BMA). The results show that population growth, urban 

population, energy use, electric power consumption, and human capital are the main 

determinants of renewable energy consumption in the selected countries and the determinants 

are positively correlated with renewable energy consumption. Moreover, Vo et al. (2021) have 

examined the causal linkage between renewable energy consumption, population, CO2 

emissions, and economic growth within the Association of Southeast Asian nations (AESAN) 

countries by using an advanced panel vector autoregressive model and the Granger non-

causality test for heterogeneous panels. The results indicate that renewable energy usage 

responds to population growth and leads to carbon dioxide (CO2) emissions. Moreover, 

economic growth and renewable energy usage explain a substantial proportion of the change 

in energy consumption. More importantly, the authors argued that moderating population 
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growth and increasing renewable energy usage are essential factors in achieving sustainable 

economic growth in the ASEAN region. According to the existing pieces of research mentioned 

above, one more hypothesis appears: 

Hypothesis 2: The population has a significant positive effect on Renewable Energy 

consumption in the CEE region. 

 

4.3 R&D and the Main variables 

 
Research and Development (R&D) are playing a vital role in the progress of production or 

technology. Investigating more in one thing gives you a chance to go deeper on that and the 

ability to upgrade, and improve the product. Undoubtedly, an increase in research and 

development on each product decreases the cost of production and might even cause the 

invention of new technology. Thus, a decrease in cost directly affects the price of the product 

which is a positive incentive for consumers to increase their consumption of the given product. 

We can see the proof of that idea in the renewable energy sector as well. The price for using 

solar technology in 1956 was $1865 (adjusted for inflation, 2019 prices) per watt (Farmer et 

al., 2016) which was an unaffordable price for consumers, that is why it has been used mainly 

for supplying energy to satellites in early times. However, thanks to the research and 

development attempts, increasing demand for solar energy panels has created more incentive 

to improve the system, and now, we can see that the price of solar modules has declined by 

99.6% since 1976. (Ourworldindata) 

Sokolov-Mladenovic et al. (2016) investigated the influence of research and development 

(R&D) on economic growth in 28 European Union members between the period 2002-2012 by 

constructing a multiple regression model. The research concludes that ceteris paribus an 

increase in the expenditure on R&D as a percentage of GDP by 1% results in an increase in 

real GDP growth by 2.2 percent. The financial crisis and the negative influence on the fertility 

rate were taken into consideration for getting a better result. Researching and developing is the 

way to improve the quality of any given good, as renewable energy consumption and 

production became one of the trending phenomena, the Research and Development expenditure 

on the energy sector in 2019  has reached 22.5 billion, 1.9 billion more than in 2017 (R&D 

World, 2019). Wang et al. (2020) focused on heterogeneous effects of R&D, energy efficiency, 

oil price, environmental pressure, and policy in renewable energy consumption in the G20 

countries between 1990-2017. As a result, the authors concluded with the idea that research 

and development play a crucial role in promoting renewable energy consumption, in the upper-

middle-income groups. R&D contributes 60% to the development of renewable energy which 



19 

 

is more than other factors examined. The same applies more (79%) in the lower-middle-income 

group which means that middle-income countries are more dependent on the role of R&D 

investments. Furthermore, Kocsis and Kiss (2014) used a vector regression model on analyzing 

the relationship between renewable energy consumption, R&D, and GDP in European Union 

countries in the 2004-2012 period. The authors analyzed the impact of GDP and R&D on 

renewable energy separately and got a positive impact of R&D on renewable energy 

consumption at different levels of GDP. However, GDP has shown a positive impact on REN 

consumption on the larger expenditure of R&D, and the impact has not clear in lower R&D 

expenditure. In their research, Zafar et al. (2019) studied renewable energy and its impact on 

economic growth with the role of research and development in Asia-Pacific Economic 

Cooperation (APEC) countries between the period 1990-2015. The results show a positive role 

of energy (renewable and non-renewable) consumption in economic growth. Research and 

development expenditures and trade openness have a significant effect on GDP growth 

according to the research. From the above-listed references, the third hypothesis is derived: 

Hypothesis 3: R&D has a significant positive effect on Renewable Energy consumption in the 

CEE region. 

 

4.4 FDI and the Main variables 

 
Foreign Direct Investment (FDI) can be one of the essential determinants of improvement, the 

investment is the core of development as well as FDI. Statistics show that the value of FDI in 

the renewable energy sector is quite respectable in some countries. In India, $6.8 billion of FDI 

was directed to the renewable energy sector between the period 2000-2019 (Bhati, P., 2019). 

India is the fifth-largest renewable energy consumer economy in the world (BP. 2021) and is 

considered one of the largest GDPs with 2.6 trillion (Worlddata, 2020). The statistics show that 

there is a linkage between FDI, renewable energy consumption, and economic growth. 

 

The relationship between foreign direct investment and economic growth is one of the most 

researched questions. There is a unanimous agreement that FDI positively affects economic 

growth. Investment is the core determinant of GDP, therefore, any increase in total investment 

within the country including foreign direct investment results in a growth of the economy 

(Alfaro et al., 2004). According to Hansen and Rand (2006), a percentage point increase in FDI 

increases the GDP level by 2.25 percent on average. Foreign direct investment not only brings 

money to the country, but also introduces new business techniques, ideas, and technologies to 
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the domestic market from abroad. All of these techniques are taught to each employee of the 

foreign company who is mostly one of the local people. Thus, knowledge, education, and 

behaviors of the local people change as well as towards the protection of the environment. As 

a result, more people start to consume more Renewable Energy sources. This phenomenon is 

adequate especially in the developing countries where the FDI comes from developed 

countries. 

 

It is obvious that the relationship between renewable energy consumption and total FDI is 

positive, however, it might show differences as the sector of FDI changes (Doytch and 

Narayan, 2016). Doytch and Narayan (2016) investigated the influence of FDI on non-

renewable and renewable energy consumption, they both examined the total FDI effect and 

FDI by sector as well. A total of 74 countries were examined in their research between the 

period 1985-2012. The results suggest that total FDI encourages renewable industrial 

consumption. Moreover, in high-income countries, financial FDI decreases the industrial 

energy consumption from non-renewable, whereas, increases the energy consumption from 

renewable energy resources. Furthermore, manufacturing FDIs result in a decrease in 

renewable energy consumption. Fan and Hao (2020) researched the long-run and short-run 

relationship between Foreign Direct Investment, Renewable energy consumption, and 

economic growth in China between the period 2000-2015 by employing the Granger causality 

test. The results indicate that there is a stable equilibrium relationship between FDI, REN 

consumption, and GDP growth. However, the short-run relationship is not significant between 

Foreign Direct Investment and Renewable energy consumption according to the research. From 

the literature, the following hypothesis can be derived.  

Hypothesis 4: FDI has a significant positive effect on Renewable Energy consumption in the 

CEE region. 
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5. Data and Methodology 

 
This chapter is focused on introducing variables and respective data that will be used in this 

thesis analysis and regression model. The chapter aims to understand the variables and the 

possible impact of each independent variable on the dependent variable. The variables and 

models have been inspired by the existing previous literature.  

 

5.1 Description of variables  

 
In the research, the dependent variable Renewable Energy (REN) consumption and some 

independent variables that might have a possible effect on the dependent variable have been 

selected for the selected countries and the selected years. The data for each variable is collected 

from distinct well-known and reliable resources for the period 1990-2016 and combined by the 

author. The research analyzes the linkage between REN consumption and Economic growth 

including some other essential variables for the selected Central and Eastern European (CEE) 

countries which are known as one of the most industrialized countries in the European Union. 

 

As mentioned, the dependent variable which is REN consumption will be introduced as annual 

REN consumption per country in Terawatt-hours (TWh). The data will be taken from “Our 

World in Data” which consists of renewable energy consumption only generated from Biomass 

(both traditional and geo), Solar, Wind, and Hydropower energies. The overall renewable 

energy consumption by country and by year will be summed up by the author. Economic 

growth is the most important independent variable. GDP per capita (in current US dollars) will 

be taken in our model as Economic growth (Simionescu et al., 2019). As GDP is the main 

component in the economic growth calculation,  per capita GDP is taken to see the natural 

wealth of each country as the population differs across countries, the data will be collected 

from World Bank. The following independent control variable is annual CO2 emissions in 

kilograms. Since carbon dioxide emissions are the main cause of increasing attention on 

renewable energy production/consumption, the expected effect of CO2 emissions on renewable 

energy consumption is negative. The third control variable is population, according to the 

literature, the size of the population directly changes the consumption of energy (Hiroyuki, 

1997). The possible effect of population size on renewable energy consumption will be 

analyzed as well. Furthermore, total Research and Development (R&D) expenses on the 

economy are thought to have a possible effect on renewable energy consumption. Since the 
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development and research improve the productivity or the number of used products, it may 

increase renewable energy production within the country and the consumer preferences as the 

production rises. The data of annual R&D expenditure in each selected CEE economy within 

the given period could not be accessed, however, it has been gained by the author’s 

computations. The percentage of annual R&D from the total GDP (World Bank) accessed and 

R&D expenditure in current US dollars was derived by the author by using the annual GDP of 

the selected countries from the selected years and the proportion of R&D on GDP. The last 

independent control variable is Foreign Direct Investment (FDI) in current US dollars. The 

feasible impact of FDI is controversial. On one hand, FDI can positively affect REN 

consumption in terms of increasing the wealth and knowledge of the local people as discussed 

in Chapter 4.4. On the other hand, the pollution haven hypothesis (Jaffe et al., 1995; Beghin, 

1996) which is production or manufacturing without any restriction or tax by the government 

for polluting the environment, might negatively affect the REN consumption. The expected 

effect of FDI on REN consumption is positive according to Hypothesis 4 because the pollution 

heaven hypothesis does not hold for the CEE countries. 

 

5.2 Model Specifications  

 
The main aim of the paper is to fill the gap in renewable energy and economic growth analysis 

by exploring 10 CEE region countries, namely Bulgaria, Czech Republic, Estonia, Hungary, 

Latvia, Lithuania, Poland, Romania, Slovakia, and Slovenia. The reviewed literature and 

discussed topics in previous sections help us to specify the following production function by 

Bhattacharya et al. (2017) and Zafar et al. (2019). However, REN consumption is taken as a 

dependent variable in our function 

 

𝑅𝐸𝑁𝑐𝑜𝑛𝑠𝑖𝑡 = 𝑓(𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡, 𝐶𝑂2𝑖𝑡
, 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡, 𝑅&𝐷𝑖𝑡, 𝐹𝐷𝐼𝑖𝑡).          

 

Here, 𝑅𝐸𝑁𝑐𝑜𝑛𝑠𝑖𝑡 refers to Renewable Energy consumption, 𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡 means GDP per 

capita, 𝐶𝑂2𝑖𝑡
 refers to carbon dioxide emissions, 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡 is simply, the number of 

population, 𝑅&𝐷𝑖𝑡 means Research and Development expenditure, and finally, 𝐹𝐷𝐼𝑖𝑡 refers to 

Foreign Direct Investment. Some variables which show higher numbers are transformed into 

their natural logarithm to level the data. Additionally, apart from GDP per capita, we will add 

GDP per capita squared in the regression model followed by Destek and Sinha (2020) to show 

both linear and U-shaped relationships between economic growth and REN consumption. By 

following the provided pieces of literature, the regression model of panel data that examines 
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Renewable Energy consumption and Economic growth relationship with additional 

independent control variables in the selected 10 CEE countries during the period 1990 – 2016 

is  

 

𝑅𝐸𝑁𝑐𝑜𝑛𝑠𝑖𝑡 = 𝛽0 + 𝛽1 ∗ 𝑙𝑛𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎𝑖𝑡 + 𝛽2 ∗ 𝑙𝑛𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡
2 + 𝛽3 ∗ 𝑙𝑛𝐶𝑂2𝑖𝑡

+ 𝛽4 ∗

𝑙𝑛𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛽5 ∗ 𝑙𝑛𝑅&𝐷𝑖𝑡 + 𝛽6 ∗ 𝑙𝑛𝐹𝐷𝐼𝑖𝑡 + 𝑢𝑖𝑡.               

 

Here, 𝑅𝐸𝑁𝑐𝑜𝑛𝑠𝑖𝑡 is a dependent variable that shows annual renewable energy consumption for 

country 𝑖  at time 𝑡, measured in Terawatt-hours (TWh). 𝐿𝑛𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎𝑖𝑡 and 

𝑙𝑛𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡
2  are the logarithmic transformations of GDP per capita and GDP per capita 

squared for country 𝑖 at time 𝑡 respectively, measured in current US dollars. 𝐿𝑛𝐶𝑂2𝑖𝑡
 and 

𝑙𝑛𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡 are logarithmic transformations of carbon dioxide emissions in kilogram and 

the population for the country 𝑖 at time 𝑡 respectively. Finally, 𝑙𝑛𝑅&𝐷𝑖𝑡 and 𝑙𝑛𝐹𝐷𝐼𝑖𝑡 are the 

logarithmic transformations of Research and Development expenditure and Foreign Direct 

Investment for country 𝑖 at time 𝑡 respectively. The error term 𝑢𝑖𝑡 represents the factors that 

are not contained in the model which have a role in the dependent variable.  

Apart from the main variables which are REN consumption and Economic growth (GDP per 

capita), other explanatory variables were added to the model to increase the quality of the 

model. Because the explanatory variables might have across–time and cross-sectional impacts 

both on REN consumption and Economic Growth (GDP per capita) as discussed in the previous 

sections.  

 

All variables that will be used in the model are briefly emphasized in Table 2 which gives 

information about the variable name, the expected effect (sign) of independent variables on the 

dependent variable, the measurement of the variables, and the sources where the data were 

taken one by one.  
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Table 2. Description of Variables.   

Variable  Expected Sign  Measurement and Source  

Renewable 

Energy 

consum. 

Dependent 

Variable  

 Annual REN consumption by each REN source 

(summed up by the Author) is measured in 

Terawatt-hours (TWh). The data is collected from 

Our World in Data  

GDP per capita 

(GDP per cap.2) 

Positive  
Logarithmic transformation of annual GDP per 

capita (GDP per cap.2) in current US dollars. The 

data is collected from World Bank 

CO2 emissions Negative  
Logarithmic transformation of annual carbon 

emissions measured in kilograms. The data is 

collected from  

Our World in Data  

Population Positive  
Logarithmic transformation of an annual 

population. The data is collected from Our World in 

Data 

Research and 

Development 

expenditure 

Positive  
Logarithmic transformation of R&D expenditure 

measured in current US dollars. The data is 

calculated by the author, using data about R&D 

percentage in GDP and GDP. The data is collected 

from World Bank   

Foreign Direct 

Investment  

Positive  
Logarithmic transformation of FDI measured in 

current US dollars. The data is collected from 

World Bank 

Source: Author’s compilation.  

 

5.3 Econometric Model 

 
The panel data estimation will be used to analyze the relationship between Economic growth 

and REN consumption, with some other explanatory control variables. Panel data is used for 

analyzing the data for a group of individuals which is cross-sectional, dimensional, and has a 

periodical observation.  The main reason for using panel data analysis is the benefits compared 

with the other analyses. There is more information, and more variability in panel data, and the 

model is more efficient than others like time-series or cross-sectional data. Moreover, the 

results from panel data estimations are significantly different from single cross-country 

regression results, it is the most used model for analyzing cross-country relationships, 

especially for growth empirics (Islam, 1995). As mentioned before, our investigation contains 

both cross-sectional and time-series (1990-2016) measurements. Therefore, either the fixed 

effect model or random effect model fits our research. Thus we run the Hausmann test 

(Hausman, 1978) for determining which model is appropriate for our investigation. According 
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to the test, we take the null hypothesis as a random effect model is appropriate and for the 

alternative hypothesis, we assume the fixed effect model is appropriate. By using the STATA 

program, we have run the Hausmann test and got the results that the p-value is less than the 

value of the 5% significance level. Meaning that the null hypothesis that claims random effect 

as appropriate is rejected. According to the test, we have to use a fixed-effect model for 

analyzing the effects of all independent variables on our dependent variable which is 

Renewable Energy consumption. The results of the Hausmann test which was run on the 

STATA program are in Table 3. 

         Table 3. Hausmann test. 

Null Hypothesis: H0    The applicable model is the     

Random effect 

Alternative Hypothesis: H1 The applicable model is the Fixed 

effect 

Chi-square  13.11 

Prob > Chi-square (p-value)  0.0224 

                  Source: Author’s computation.  
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6. Empirical results and Limitations 

 
The chapter focuses on the empirical side of the research and gives information about the data, 

the econometric model that will be used, and the results of the empirical work which has been 

done by the author using the STATA program. Followingly, a robustness check and the 

limitations of the research are demonstrated. 

 

6.1 Descriptive and Statistical Analysis  
 

Before starting to emphasize the model and its results, firstly, a description of the data should 

be given to clarify the dataset which is going to be used for the model. According to the initial 

version of the data, the number of observations was 270 on REN consumption, logarithmic 

transformation of Carbon dioxide emissions, and the logarithm of Population, however, there 

were some missing values on the logarithmic transformations of GDP per capita (249), R&D 

(208) and FDI (247) which means that the data was unbalanced. The main cause of the 

unbalanced data is the lack of statistics in some countries over several periods. We have 

excluded the statistics which contain gaps for gaining a smooth and high-quality dataset. As a 

result, we lost some observations, and we got balanced data in the end. The final version of the 

statistical numbers of the dataset is demonstrated in Table 4. The regression model and output 

can be understood straightforwardly by checking the table. From the summary statistics, we 

get the information that Renewable Energy consumption has a minimum value of 0.012 and a 

maximum value of 26.969 terawatt-hours that belongs to Estonia in 1998 and Romania in 2016 

respectively. By looking at the Standard deviation of the variables, in all variables except 

Renewable Energy consumption, the Std. Devs are less than their means which can be 

interpreted that the values being distributed around the mean. However, in the Renewable 

Energy consumption, the Std. Dev. (5.79) is higher than the mean of 5.18. From here, we 

understand that there are lots of outliers in renewable energy consumption values. Additionally, 

the logarithmic transformation of GDP per capita shows its maximum value in Slovenia (2008) 

and minimum in Bulgaria (1997). Poland is the highest populated country among the selected 

countries which also shows the maximum Carbon dioxide emissions among other countries 

(log of value max is 19.74925) in 1996. The maximum Research and Development expenditure 

belongs to  Poland (2014) as well, whereas the minimum belongs to Latvia (16.98552 with log) 

which is shown in 1996. Finally, the lowest and the highest amount of FDI was expended in 

Slovenia in 2012 and Hungary in 2008 respectively. 
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Table 4. Descriptive Statistics. 

 

 

As it is mentioned that there are some outliers on the variable renewable energy consumption, 

we have decided to check all the outliers of each variable. Outliers may negatively affect the 

regression analysis, they may lead to distortion and inaccurate conclusions of the research 

analysis. Therefore, we should detect and eliminate them. For this purpose, we will use a 

simple, well-known box-plot method (Tukey, 1977; Schwertman et al., 2004). We will create 

a box plot for each variable on STATA and omit the outliers from our analysis. Following 

formulas will be used for identifying the upper limit and lower limit 

𝑈𝐿 = 𝑄3 + 1.5 ∗ (𝑄3 − 𝑄1)  and   𝐿𝐿 = 𝑄1 − 1.5 ∗ (𝑄3 − 𝑄1). 

Any value which is greater than the upper limit, and lower than the lower limit will be accepted 

as an outlier and will be omitted by the STATA program. We have created a box plot for each 

variable in Figure 1 where the outliers are indicated in Renewable Energy consumption and 

Log of Foreign Direct Investment. Twenty-eight observations were deleted from Renewable 

Energy consumption, and one observation was omitted from the log of FDI in total. Moreover, 

after omitting outliers from the data, because of the considerably high annual Renewable 

Energy consumption in Romania in each selected year (11.41-26.97 TWh) compared with the 

other selected countries, all values from Romania were omitted. As a result, Romania was 

excluded from the selected countries list. 

 

Furthermore, the normality assumptions should be checked beforehand in all empirical works. 

If the values are normally distributed, it helps to predict any impact, or relationship on the 

dependent variable with higher quality (Das, 2016). We checked the normality of each variable 

by using a histogram with a density plot, as graphical methods are more powerful by being 

Variables Observation Mean Std.Dev. Minimum Maximum 

REN consumption 199 5.181642   5.790383        .012      26.969 

Log of GDP per capita 199 9.013602    .7259248    7.216263    10.22134 

Log of CO2 emissions  199 17.54576    1.106698    15.77299    19.74925 

Log of Population 199 15.64915   1.026856    14.09031    17.46793 

Log of R&D 199 19.79266    1.270624    16.98552    22.35213 

Log of FDI 199 21.41337    1.377248    17.32819    25.04219 

Source: Author’s computation. 
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diagnostic tools (John M. Chambers, et al., 1983). From Figure 2, it is seen that all variables 

are almost normally distributed except logarithmic transformation of CO2 emissions and log of 

population. However, as perfect normality is almost impossible and is not the aim of this 

research, we have decided to keep those variables. Additionally, the normality deviations are 

not extreme, thus, we can neglect them, especially the variables which do not follow normality 

are control variables. The main variables, log of GDP per capita and REN consumption are 

almost coinciding with normality plots. 

 

6.2 Regression analyses and Results 
 

According to the result of the Hausman test, the appropriate model is the fixed-effect model to 

find the possible effect of each independent variable on the REN consumption in the 9 CEE 

region countries over the 1990-2016 time period. On the regression analysis, we run both 

individual fixed-effect and time fixed-effect models to compare the results. Most of the 

researchers who analyzed REN consumption and Economic growth linkage by using the panel 

data estimation preferred to use the individual fixed effect model where the effects change 

across individuals. However, we kept the time fixed-effect model as the priority model because 

of the changes through time, we controlled all time-specific unit effects thanks to the time-

dummy variables in the time fixed-effect model. Table 5 provides the results of the regression 

models (Std. errors in the parentheses) which consist of three models. We have added variables 

two by two and created three models to see the changes and effects more clearly as well as to 

check the consistency of the control variables. Each model is divided into two columns where 

the individual fixed effect regression outputs are in the left-hand-side columns and time fixed 

effect regression outputs are on the opposite side (right-hand-side). This helps us to compare 

the outputs and see the differences. In the first model specification, we added logarithmic 

transformations of GDP per capita and GDP per capita squared into the model to see both linear 

and non-linear effects. While the outputs of both variables in the individual fixed-effect model 

show insignificance, time fixed-effect results indicate significance at 10% and 5%, 

respectively. The coefficients of the logarithm of GDP per capita and the logarithm of GDP 

per capita squared are positive and negative respectively in the time fixed-effect model. 

However, the signs are vice versa in the individual fixed-effect regression output which is not 

expected. Followingly, in the second model, logarithmic transformations of CO2 emissions and 

Population were added to the regression models. In the individual fixed-effect regression 

output, the coefficients of log of GDP per capita and squared version are still insignificant, and 
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the newly added variables show significance with a 1% significance level. The effect of the 

logarithm of Carbon emissions is negative and the logarithm of the population is positive on 

renewable energy consumption which supports the estimation. However, the regression output 

with a time dummy variable differs from the individual fixed effect. Adding more variables 

does not change the significance of the logarithms of GDP per capita and GDP per capita 

squared. Nevertheless, the signs of the coefficients have changed to the opposite signs in both 

of them compared with Model 1. The significance and the sign of the effect of log Population 

are the same as the individual fixed-effect model. However, the logarithm of Carbon emissions 

changed to insignificance output which is different from the individual fixed-effect model. 

Lastly, in Model 3, the rest of the variables, logarithmic transformations of R&D and FDI were 

added to the models. The effects of each independent variable on the dependent variable in the 

complete regressions were visible. In the individual fixed-effect model, the significance of log 

GDP per capita and log GDP per capita squared changed from insignificant to significant at 

5% and 10% significance levels respectively. The effect of log GDP per capita is positive while 

the log of GDP per capita squared is negative on Renewable Energy consumption. The effects 

of logarithms of CO2 emissions, Population, and R&D are negative, positive, and positive 

respectively on REN consumption at a 1% significance level. Moreover, the logarithm of FDI 

indicates a negative effect on the dependent variable at a 10% significance level. Some of the 

results differ in the time fixed–effect model, logarithmic transformations of GDP per capita, 

and GDP per capita squared show positive and negative relationships on REN consumption 

respectively at a 1% significance level. The logarithm of the population also has a positive 

effect on the dependent variable at a 1% significance level. However, other control variables, 

namely, logarithms of CO2 emissions, R&D, and FDI indicate an insignificant relationship with 

the REN consumption which is a quite unexpected result. All in all, the results show that 

Economic growth and Population play an essential role in Renewable energy consumption. R-

squared of the main model is 0.6712 which means that 67.12 % of the dependent variable 

variation is captured by the independent variables that are used in the model. By comparing the 

results from the individual fixed-effect and the time fixed-effect models, we see that the results 

are different from each other, and analyzing the cross-section is more appropriate for the 

research than analyzing the time series of the data. Therefore, time-fixed effect results are taken 

as the output of the research. 
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Note: Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 

Source: Author’s computation. 

 

For correcting the model for heteroscedasticity, we use robust standard errors. Figure 3 

(Appendix) demonstrates the difference in results. We can see that the correlations are not 

changed and the numbers between Standard errors and Robust Standard errors are not differing 

a lot. Robust Standard errors of all variables are greater than the Standard error except for the 

logarithmic transformation of FDI. Moreover, although p-values increased in all variables after 

correcting the model for heteroscedasticity, the significances are still the same as the original 

output.  

 

                                                           Dependent variable: Renewable Energy Consumption 

VARIABLES Model 1 Model 2  Model 3 

       

Log of GDP per capita -3.436 6.304* 3.475 14.26*** 6.721** 14.62*** 

 (3.439) (3.413) (3.490) (3.448) (3.390) (3.494) 

Log of GDP per capita2 0.276 -0.505** -0.0904 -0.724*** -0.365* -0.788*** 

 (0.194) (0.213) (0.192) (0.202) (0.189) (0.206) 

Log of CO2 emissions   -6.153*** -1.327 -5.198*** -1.403 

   (1.028) (1.394) (0.987) (1.416) 

Log of Population   12.68*** 21.88*** 15.03*** 21.05*** 

   (3.243) (3.819) (3.165) (3.865) 

Log of R&D     1.619*** 0.488 

     (0.411) (0.454) 

Log of FDI     -0.223* -0.161 

     (0.121) (0.138) 

Constant 11.40 -15.48 -109.7* -381.5*** -196.3*** -371.8*** 

 (15.21) (14.09) (63.41) (76.23) (62.88) (76.54) 

Time NO YES NO YES NO YES 

       

Observations 170 170 170 170 170 170 

R-squared 0.328 0.578 0.497 0.665 0.562 0.671 

Number of countries 9 9 9 9 9 9 

Table 5: The time fixed-effect results. 
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6.3 Robustness check 
 

For the robustness check, we have decided to use the same data which is used in the empirical 

analysis on the different models to check the significance of the variables both in the original 

Fixed Effect model and in another model which is suitable for panel data. We run the same 

regression model on the Granger Causality model for panel data provided by Dumitrescu and 

Hurlin (Dumitrescu and Hurlin, 2012). For the lag orders and interpretation of the results, we 

used the approach used by Torkhani (2016). After checking lags one by one, we take the most 

appropriate lag order which is lag 3 (Torkhani, 2016). Figure 4 demonstrates some of the results 

which are considered the main results. The results are similar in both the Fixed effect model 

and Granger causality estimation. The effect of Economic growth and Population on 

Renewable energy consumption can be seen in both of the model results which proves the 

robustness of the results. All Granger causality relationships between each are briefly 

demonstrated in Table 6 (Appendix). 

  

 
Figure 4 

 
Source: Author’s Compilation 
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6.4 Limitations 
 

The main limitation of the research is the usage of unbalanced data, although the statistics of 

missing values are excluded and the data is balanced by the author, the lack of some years and 

a decrease in the number of observations in the balancing process might decrease the quality 

of the research. Moreover, the data on Renewable energy consumption contained a large 

number of outliers which both caused a decrease in the number of observations and exclusion 

of one country from the selected region which was Romania because of the considerably more 

REN consumption compared with the other countries from the sample. As a result, the number 

of selected countries from the CEE region decreased from 10 to 9. Another limitation of the 

research is that the thesis is focused on analyzing REN consumption and Economic growth 

relationship with some other control variables in the selected 10 CEE countries. However, the 

selected countries would be industrialized countries as a whole, as discussed in the previous 

chapters, the concentration of the economy affect the REN consumption, and the CEE region 

is one of the most industrialized areas in the EU. The results would be compared with the other 

regions where the economies are concentrated on other sectors like tourism, agriculture, 

service, etc. The last limitation of the research is in the Renewable Energy consumption data 

(Our World in Data) which contained only Solar, Wind, Biomass, and Hydropower energy 

resources in total renewable energy consumption. However, there are other renewable energy 

resources as well, although the popularity of that green energy resources is not as mentioned 

(Geothermal, Hydrogen). 
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7.  Conclusion  

 

This Bachelor thesis aims to analyze the relationship between Renewable Energy consumption 

and Economic Growth in the selected Central and Eastern European countries between the 

period 1990-2016, with the involvement of some other control variables like Carbon Dioxide 

emissions, Population, total Research and Development expenditure and total Foreign Direct 

Investment whose possible effect was expected on both of the main variables. To do that, some 

Panel Data estimation techniques were examined such as the individual Fixed-Effect model 

and time Fixed-Effect model. The Granger causality test was also used for checking robustness. 

The main contribution of the thesis is being the first research that examines the relationship 

between REN consumption and Economic Growth in the CEE region. It fills the gap of the 

nexus which is essential to reach a joint conclusion about the topic.  

The results indicate that there is a non-linear, inverted U-shaped relationship between 

Renewable Energy consumption and Economic Growth, meaning that the REN consumption 

increases as the Economy grows until the special point and starts to decline with the further 

economic increase after the special point. This can be explained by the energy dependency of 

the economy. Since most countries support the idea of green production, the usage of green 

energy increases as the production grows. However, after reaching some level of high 

economic status, the growth of the economy starts to become harder. One reason for that is the 

high energy demand, as a result, countries commence to consume cheaper, easily accessed 

energies which are energies generated from fossil fuels. Moreover, for attracting more foreign 

companies and FDI, some economies turn their territories into pollution havens as well. China 

is the best real example of this story. The Conservation hypothesis holds for the results, 

although the Feedback hypothesis was expected before the empirical analysis. 

 

Moreover, there is insignificance from CO2 to Renewable Energy consumption like the result 

of Yusuf et al. (Yusuf et al., 2020) on Energy consumption and Carbon emission relationship. 

The main reason for that insignificance might be because of the increase in Carbon Dioxide 

emission which is mostly generated from an increase in fossil fuel consumption, not a decrease 

in Renewable Energy consumption. Therefore, Hypothesis 1 – CO2 emissions have a 

significant negative impact on Renewable Energy consumption in the CEE countries – is 

rejected. The effect of Carbon dioxide emissions is negative but insignificant in the CEE 

region. 

 



34 

 

Followingly, the results indicate that Population has a positive significant effect on the REN 

consumption which simply means that an increase in the population directly affects an increase 

in the REN consumption. The outcome coincides with the result of the research by Hong Vo 

and The Vo (Vo, D.H., 2021). Hypothesis 2 – the population has a significant positive effect 

on Renewable Energy consumption in the CEE region – is supported by the outcome of the 

empirical analysis. 

 

Lastly, Total Research and Development expenditure and Foreign Direct Investment have 

shown insignificance in the Renewable Energy consumption which is not matching with the 

expectations. The reason for insignificance is common for both R&D and FDI, the share of the 

renewable energy sector in R&D and FDI contains a small proportion. Lower investment and 

research rates in that sector are because of the front-loaded cost structure of almost all 

renewable energy plants, lack of experience, and a gap in capacity which increase the riskiness 

and barriers for the investors and lower their attention on both research and investment in 

Renewable sector (IRENA, 2016). As a result of the above-listed reasons, the Renewable 

Energy sector takes a small percentage of total R&D and FDI and that is why the relationship 

between R&D and REN consumption, and FDI and REN consumption cannot be found and 

shown insignificance in our result. Thus, there is enough evidence to reject  Hypothesis 3 (R&D 

has a significant positive effect on Renewable Energy consumption in the CEE region) and 

Hypothesis 4 (FDI has a significant positive effect on Renewable Energy consumption in the 

CEE region). 

 

Additionally, as Economic growth and Population have a nonlinear and positive relationship 

to Renewable Energy consumption respectively, we can expect that the selected countries are 

able to reach the Renewable Energy consumption targets by 2030 and 2050 because of the 

general Economic Growth and Population growth lines are upward sloping. Moreover, tax 

heaven and other policies that ignore environmental damages and ignite the economy more can 

be none of the selected countries. Since all of the selected countries are a member of the EU, 

they have to follow Energy regulations by European Commission. We should consider the fact 

that all of the selected countries, except Slovenia, not only reached the Renewable Energy 

consumption percentage target from the total energy consumption by 2020 (20%) but they are 

also overreaching the target by the European Green Deal (Eurostat). 
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In conclusion, the main output of the research which is the relationship between Renewable 

Energy consumption and Economic growth (GDP, GDP per capita) is matching some of the 

literature (Sadorsky, 2009a, 2009b; Ingelesi-Lotz, 2016) mentioned in Chapter 2, however, we 

got non-linear, inverted U-shaped relationship. This result fills the absence of the CEE region 

in the Renewable energy and Economic growth nexus and may contribute to further research 

to examine the non-linear relationship in other sample countries and regions. Contribution to 

the further thesis that will be focused on the comparison of the REN consumption and 

Economic growth relationship in industrialized and non-industrialized regions is also possible. 
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Appendix 1: Box Plots  

 

Figure 1. Box Plots of all Variables and Outliers 
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Appendix 2: Histograms 

 

Figure 2. Histograms of all Variables 
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Appendix 3: Robust Standard errors 

 

 

Figure 3 

 

Source: Author’s computation in STATA 
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Appendix 4: Granger Causality Test Results 

 

Table 6 Granger Causality (lag 3) 

Null Hypothesis F-statistic p-value 

Log GDP per capita does not Granger-cause REN cons. 

REN cons. does not Granger-cause Log GDP per capita 

6.7269 

0.7138 

0.000 

0.4754 

Log CO2 emissions do not Granger-cause REN cons. 

REN cons. does not Granger-cause Log CO2 emissions 

1.5543 

54.8788 

0.1201 

0.000 

Log Population does not Granger-cause REN cons. 

REN cons. does not Granger-cause Log Population. 

3.0891 

22.2438 

0.0020 

0.000 

Log R&D does not Granger-cause REN cons. 

REN cons. does not Granger-cause Log R&D 

4.3243 

0.8982 

0.000 

0.3691 

Log FDI does not Granger-cause REN cons. 

REN cons. does not Granger-cause Log FDI 

-0.1724 

1.1632 

0.8631 

0.2448 

Log CO2 emissions do not Granger-cause Log GDP per capita 

Log GDP per capita does not Granger-cause Log CO2 emissions 

2.4330 

0.3253 

0.0150 

0.7449 

Log Population does not Granger-cause Log GDP per capita 

Log GDP per capita does not Granger-cause Log Population 

7.6792 

15.5635 

0.0000 

0.0000 

Log R&D does not Granger-cause Log GDP per capita 

Log GDP per capita does not Granger-cause Log R&D 

6.4526 

3.7911 

0.0000 

0.0002 

Log FDI does not Granger-cause Log GDP per capita 

Log GDP per capita does not Granger-cause Log FDI 

2.2495 

1.9455 

0.0245 

0.0517 

Log Population does not Granger-cause Log CO2 emissions 

Log CO2 emissions do not Granger-cause Log Population 

11.2651 

3.9180 

0.0000 

0.0001 

Log R&D does not Granger-cause Log CO2 emissions 

Log CO2 emissions do not Granger-cause Log R&D 

17.9153 

7.3726 

0.0000 

0.0000 

Log FDI does not Granger-cause Log CO2 emissions 

Log CO2 emissions do not Granger-cause Log FDI 

-1.0720 

-0.4806 

0.2837 

0.6308 

Log R&D does not Granger-cause Log Population 

Log Population does not Granger-cause Log R&D 

18.5038 

14.9974 

0.0000 

0.0000 

Log FDI does not Granger-cause Log Population 

Log Population does not Granger-cause Log FDI 

24.1537 

4.7068 

0.0000 

0.0000 
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Log FDI does not Granger-cause Log R&D 

Log R&D does not Granger-cause Log FDI 

0.5754 

0.3145 

0.5605 

0.7532 

Source: Author’s computation 


