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ABSTRACT

With climate change being more emergent than ever before, all governments are focusing on

reducing greenhouse gas emissions. An important layer in doing so is to promote energy

transition towards renewables. However, not every country has the incentive and resources to

invest in renewables. Developing countries may care more about economic growth. Thus, a

key question remains: does renewable energy consumption benefit economic growth, and, if

so, does it benefit in the same way for countries at different development levels? This study

examines the relationship between renewable energy consumption and economic growth in

all OECD countries between 1990 and 2014. The correlation tests between renewable energy

consumption and GDP in selected countries show that renewable energy consumption is

positively correlated with economic growth only in developed countries. The regression

result of the fixed effects model shows renewable energy consumption has a negative impact

on GDP for OECD countries as a whole, but this negative effect is very small. From a policy

perspective, this indicates that adopting renewables is not conducive for boosting immediate

economic growth but it is important for environmental purposes and might eventually benefit

economic growth in the long run.
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INTRODUCTION

Undoubtedly, climate change is one of the most challenging issues human race is

facing. To tackle climate change, The Paris Agreement (Paris Agreement, 2015) was

made, and 174 countries promised to reduce emission to slow down global warming.

However, the current pledges are not enough and the efforts we made toward the

target, which is “to hold global temperature rise below 2 degrees Celsius above the

pre-industrial level”1 (Virta, 2019), are far from satisfaction. In order to keep this

alarming challenge in check, deep decarbonization is the most efficient and

straightforward way.

To slow climate change, full decarbonization of the energy systems is required

and is the priority (Virta, 2019). In practice, transitioning from an energy system

dominated by fossil fuels to a low-carbon one is what it takes to reach zero net

emissions, and this is where renewable technologies and nuclear energy come to the

stage. Both of these two options emit very low greenhouse gases compared with fossil

fuels. This process of transitioning is exactly what we call ‘decarbonization’.

Fossil fuels are still the most used energy source in most countries’ energy

systems. For example, in 2019, the largest fuel source in China is coal, which supplied

about 58 percent of total energy consumption, while petroleum and other liquids

ranked the second with 20 percent (EIA, 2020). But which countries are doing more

and better in the transitioning process? Now, most countries in Europe, Africa and

1 “What Is Decarbonization and Why Do We Need It?” n.d. Accessed December 18, 2020.
https://www.virta.global/blog/decarbonization.
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North America are having higher shares of electricity production from renewable

energy while countries with the largest greenhouse gas emissions, such as the U.S.,

China and India, are having relative lower shares. But still, renewables are not the top

choice for most countries.

Although most countries are moving towards energy transition, the efforts they

put in are very different from each other. For countries with low development levels,

they would want to put more efforts into increasing their economies, so they would

prefer fossil fuels over renewables. Therefore, it is crucial to examine the relationship

between renewable energy consumption and economic growth and, most importantly,

whether countries with different development levels can reap the benefits of

renewables, if any. This is important because if moving to renewables does not help

economic growth for developing countries, then they would have less incentive to

move to energy transition. As a result, in these countries, policies that favor

renewables might be difficult to implement if they do not benefit the economy. Thus,

countries with higher development levels and international organizations should take

more responsibilities and help developing countries to move to energy transition.

Based on the aforementioned information, this study explores the relationship

between economic growth and renewable energy consumption in OECD countries and

examines the hypothesis that the impact of renewable energy consumption on

economic growth is positive and countries with higher development levels can benefit

from renewables more than those with lower development levels.
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Using data from the World Bank and OECD Stats with the time span from 1990

to 2014, this study utilizes multiple regression with relevant control variables as well

as time and entity fixed effects. The dependent variable is GDP per capita (current

US$) and the key independent variable is renewable energy consumption (% of total

final energy consumption). The control variables include gross fixed capital formation

(% of GDP), urban population (% of total), total labor force, nation consumer price

index for energy, TFP levels at current PPPs, fossil fuel energy consumption(% of

total) and electricity production from renewable sources, excluding hydroelectric (%

of total). In addition, I create a dummy variable named development which shows 1

for developed countries and 0 for developing countries.

The regression results show that, for OECD countries, the impact of renewable

energy consumption on GDP is negative, contrary to the hypothesis. The impact also

appears to be negative for developed and developing countries, respectively, but it is

less negative for developed countries.

Based on the findings, this paper suggests that adopting renewable energy does

not benefit economic growth. In the context of OECD countries, most are

high-income countries and therefore have slow economic growth, the contribution pf

renewables is small. However, from the perspective of the environment and

sustainable development, renewable energy is a favorable and promising choice.
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LITERATURE REVIEW

Renewable energy has been gaining significant attention for the last decade and

is getting increasingly popular (Wang and Wang, 2020). Since the late 2000s,

renewable energy has been entering more and more important parts of our life, the

main reason for which is related to one of the biggest challenges in the world, that is,

climate change (Gozgor, et al., 2018). Renewable energy could supply four-fifths of

the world ’ s electricity by 2050, making great contribution in terms of mitigating

global warming (IRENA, 2019). The world has recognized that a habitable world with

clean and drinkable water, good air quality and biodiversity is of vital importance for

growth and development process. The Sustainable Development Goals issued by the

United Nations is a strong proof that renewable energy use is one of the key issues we

need to pay close attention to, since one of the goals is affordable and clean energy.

For many decades, fossil fuels have been major sources of electricity production, but

have also produced unimaginable large amounts of greenhouse gases that cause

climate change and have ultimately become to threaten sustainable growth (EESI

2021). To tackle this challenge, a well-established and sustainable energy supply

system and a faster transition towards renewable energy is what countries need to

power their economies.

The relationship between energy use and economic growth has always been one

of the most popular topics in the field of energy economics (Payne, 2010). Rising

environmental pollution and people’s awareness of sustainability along with
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technological developments that reduces the costs of renewable energy facilities’

installation, and rapid consumption of fossil energy led to consideration of renewable

energy use. In recent years, not only international organizations like the UN are

advocating clean energy, a lot of countries, especially the more developed ones, are

also investing more into renewable energy use and discussing the urgency of energy

transition. For instance, policies that promotes renewable energy have already been

implemented, such as renewable energy subsidies, feed-in tariffs (Gozgor, 2018). This

policy trend is resulted from the fact that renewable energy can effectively mitigate

greenhouse gas emissions and therefore provide the sustainable economic growth.

There are three key terms in exploring the relationship between renewable

energy use and economic growth, and they are sustainable development, renewable

energy and economic growth. These terms seem easy and intuitive to understand, but

I will give a succinct explanation for each of them. Although sustainable development

was first published in the 1987 Bruntland Report regarding global environment and

development, the modern concept of it has shifted to the focus towards economy,

environment and society, which is the development that meets the needs of the current

generation without sacrificing future generations’ resources to meet their own needs

(Bruntland Committee, 1987). Renewable energies are collected from renewable

resources and continually replenished by nature, and these sources are mainly sunlight,

wind, water as rain, waves and tides, and geothermal heat (Ellabban, et al., 2014). On

the other hand, the increase in the market value of goods and services produced over
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time is defined as economic growth, which is usually measured in the form of GDP

(Potters, 2021).

In terms of the causality for the energy-growth nexus, there are four hypotheses.

The growth hypothesis is the most intuitive one, which indicates that the energy

consumption causes economic growth, while the conservation hypothesis suggests

that this mechanism works the other way around; the feedback hypothesis proposes

that there is a bidirectional causality between these two variables, and the neutrality

hypothesis believes there is no causality at all. Different researchers draw various

conclusions given the diversity in the model, sample, period, and variable selection. A

recent literature review by Omri (2015) for the renewable consumption-growth nexus

shows that, among the literature he collected, 40% of them supported the neutrality

hypothesis, 40% supported the conservation hypothesis, and 20% supported the

growth hypothesis. For instance, the neutrality hypothesis is supported by Akarca and

Long (1980), the conservation hypothesis is supported by Kraft and Kraft (1978), and

the growth hypothesis is supported by Yu and Choi (1985). Although not covered in

this literature review, the feedback hypothesis is also supported by numbers of

scholars, such as Erol and Yu (1987).

The Kuznets Curve Hypothesis suggests that pollution can be solved by

economic growth, and a recent test by Ben Jebli, Slim and Ilhan (2016) on this

hypothesis suggested that increasing trade and adoption of renewable energy are

efficient in combating global warming in these countries. As mentioned above, most

studies do support the idea of increasing renewable energy use. For example, Wang
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and Wang (2020) concluded that the effect of renewable energy consumption on

economic growth is positive and this relationship is non-linear. This conclusion would

be the basic hypothesis on which I will conduct my own analysis.

For policy making inspirations, Gozgor et al. (2018) suggested that both the

fossil fuel energy and renewable energy consumption have positive impact on

economic growth. He (2020) also provided an insightful opinion regarding policy

making: policy makers should consider economic globalization as a “ renewable

energy promoting mechanism”. Polzin and Migendt (2015) proposed that policies that

consider market conditions and technology maturity, which includes economic and

fiscal incentives, would be useful for tackling the failures in the clean energy market.

In addition, investment in renewable energy should be increased and it’s important for

ensuring environmental sustainability, as Wasif Zafar and Shahbaz (2020) proposed.

However, OECD countries have large differences in the share of renewables in

the energy mix (Gan & Smith, 2011). According to the World Bank, in 2014, the

shares of renewable energy in Finland and Latvia are 23.5% and 28.2%, while the

shares are only 1.1% in Japan and 0.9% in South Korea. Several studies attempted to

identify the potential drivers of this difference. Gan and Smith (2011) found that GDP

and renewable energy market deployment policies positively affect renewable energy

supply while R&D expenditures, energy prices, CO2 emissions, and other energy

policies seem not. Sinha (2017) found that the inequality of renewable energy

generation across OECD countries is attributable to the inequalities in other aspects

such as development level. The selection of independent variables in these studies is
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different from each other, indicating variables that are useful for my own analysis

while excluding the useless ones.

A number of studies show that renewable energy consumption would benefit

economic growth. For example, Apergis and Payne (2010) examined the relationship

between real per capita income and renewable energy consumption per capita for a

panel of 20 OECD countries over the period of 1990 to 2005. They conclude that

there is a positive relationship. Later on, this result was supported by Inglesi-Lotz

(2015) who estimated the same effect using an even larger sample with 30 OECD

countries and a longer time period of 15 years.

Even though the relationship between GDP and renewables among the OECD

countries has been tested many times, they did not group these countries by their

development levels. In other words, whether the effect of renewable energy

consumption stays the same for countries with different development levels remains

unclear. Bozkurt and Akif Destek (2015) only selected four OECD countries for their

sample but concluded that adoping renewables benefits economic growth only for

more developed countries. A large sample of countries could be selected for a similar

analysis as Bozkurt’s since it might give a more convincing conclusion and

potentially give an interesting implication that some countries are not able to reap the

benefits of renewable energy transition, even though it has been proven to be

beneficial.
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EMPIRICAL MODEL AND ANALYSIS

Overview

Due to the nature of the data, I will be using a fixed effects model including both

year and entity fixed effects to estimate the potential correlation between my variables

of interest, that is, GDP and renewable energy consumption. The model also has five

control variables and the data set contains data for all OECD member countries from

1990 to 2014. In addition, I will create two sub-groups containing countries that are

more developed and less developed, and run the regression for these two groups

respectively and see if there are any differences.

Research Design and Variable Selection

Based on the information above, the final equation in Greek will be:

��,� = �0 + �1�1,� + ��
�=2

�

��,�� + �+ � + ��,�

Whereas

��,� is my dependent variable – GDP per capita (in current US$) is sourced

from the World Bank database. GDP per capita has been universally recognized as an

vital indicator of economic performance and is often used to compare the economic

well-being between different countries (Focus Economics, 2021). Given the wide

distribution of this variable, I use the log transformation of this variable for my

analysis.
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�1,� is my key independent variable – Renewable energy consumption, which is

represented by the share of renewable energy in total final energy consumption.

��,� represents a vector of control variables – Labor and capital variables are

represented by the number of people who are employed in the country and gross fixed

capital formation (share of GDP) respectively. Labor and capital are the two most

vital predictors of GDP and have been included in similar studies by numerous

scholars, such as Apergis and Payne (2011) and Bozkurt and Destek (2015).

Furthermore, other control variables are: urban population (share of total population),

which is used to represent the urbanization level of the country and is an important

indicator of the degree of regional economic development (Wang & Wang, 2020);

consumer price index (CPI) for energy, since other studies showed that high-income

countries could more easily handle the pressure from a sudden change in energy

prices than low-income countries given their relatively insufficient resources (Chang,

Huang & Lee, 2009), and thus energy price drives governments to change the energy

mix; total factor productivity as the change in energy source, which would affect

productivity and its omission would bring selection bias; electricity production from

renewable sources, excluding hydroelectric (% of total), as it is another measure of

renewable energy use (Neitzel, 2017) and is a potential channel through which

renewable energy affects economic performance; lagged GDP, as last year’s GDP is a

great predictor of GDP today.

� is the unobserved characteristics common to all countries at a certain year but

change over time (year fixed effects).
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� is the unobserved characteristics for each country that does not change over

time (country fixed effects).

Data

The data used in this paper consists of yearly observations between 1990 and

2014 for all OECD member countries, which are Australia, Austria, Belgium, Canada,

Chile, Colombia, Czech Republic, Denmark, Estonia, Finland, France, Germany,

Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, South Korea, Latvia, Lithuania,

Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovak

Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, the U.S. and the U.K.

Among these countries, Chile, Colombia, Estonia, Hungary, Latvia, Lithuania,

Mexico, Poland and Turkey are developing countries.

Considering that most OECD countries are also members of the European Union,

the year 1990 was selected to be the first year of my panel data because it was the

base year for most climate action targets in the EU (Qi & Li, 2017).

EMPIRICAL RESULTS AND ROBUSTNESS CHECK

Empirical Results

First of all, I tested the correlation for all OECD countries in total, two

sub-groups, the United States, Germany, and Turkey respectively. Same countries

have been selected into the study of Bozkurt and Destek (2015), and they concluded



12

that renewable energy consumption only positively affects economic growth in more

developed countries. Therefore, the correlation tests here serve as a way of getting a

preliminary view of the potential correlation between GDP and renewable energy

consumption in different contexts before running the regressions.

Table 1. Correlation test results.

Correlation Total Developi
ng

Develope
d

United
States Germany Turkey

Value -.0386 -.0119 .2222 .9046 .8923 -.9442

The above correlation results show that renewable energy consumption is

negatively correlated with GDP in the context of all OECD countries, and it is likely

because the data set contains countries with totally different development levels since

how nations benefit from energy transition largely varies. However, it is clear that the

correlations are positive for the US and Germany but negative for Turkey, which is

consistent with the findings of Bozkurt and Destek (2015) that renewable energy

consumption is only beneficial to GDP growth for more developed countries.

Furthermore, when testing for correlation in the two sub-groups, the result appears

negative for developing countries and positive for developed countries, which further

proved Bozkurt and Destek’s conclusion. Unfortunately, they did not offer an

explanation as to why this was the case but merely reported the results.
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Next, to determine if there is a relationship between renewable energy

consumption and GDP growth, a fixed effects model was utilized with data from all

of 37 OECD countries with a time span from 1990 to 2014. The model includes GDP

per capita (current US$) as the dependent variable.

The regression results are presented in Table 2. The results for renewable energy

consumption (% of total final energy consumption), which is the key independent

variable, are not all consistent with the correlation test results in table 1, because the

coefficient of renewable energy consumption for all countries is negative, while it is

also negative for developing countries and for developed countries. Specifically, for

all OECD countries, a 1 percent increase in the share of renewable energy

consumption is associated with 0.13 percent decrease in GDP per capita. For the two

sub-groups, a 1 percent increase in the share of renewable energy consumption is

associated with 0.11 percent decrease in GDP per capita for developing countries and

0.07 percent decrease for developed countries. For all these groups, the coefficients of

share of renewable energy consumption are statistically significant (p<0.01).
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Table 2. The effects of renewable energy consumption on GDP per capita.
Dependent variable: GDP per capita (current US$)

Variables
All OECD countries Developi

ng
Develope

dDifferent levels of controls
Share of
renewable
energy

consumption

-.0321
(.0263)

-.0660
(.0716)

.2812**
*

(.0914)

-.1056*
(.0554)

-.1264*
**

(.0319)

-.1071**
*

(.0248)

-.0739**
*

(.0215)

Gross fixed
capital

formation (
% of GDP)

.1967
(.1897)

.3653**
*

(.1145)

.2923**
*

(.0639)

.1954***
(.0532)

.1864**
(.0709)

Total labor
force

1.525**
*

(.4487)

-.4670
(.3734)

-.0513
(.1991)

-.5550**
*

(.1126)

.2472
(.2514)

Urban
population
(% of total)

1.726
(1.22)

-.7193
(.9502)

-.0916
(.4649)

.8133*
(.3611)

-.2857
(.4672)

Nation
consumer
price index:
energy

.3198*
(.1752)

-.1031*
**

(.0343)

-.0522*
**

(.0185)

-.0421
(.0463)

-.0424**
*

(.0131)

TFP level at
current PPPs

1.005**
*

(.2917)

.8434**
*

(.1786)

.2945**
*

(.0980)

.6686***
(.0696)

.2928***
(.1210)

Share of
electricity

production from
renewables

.0516**
*

(.0111)

.0214
(.0135)

.0391***
(.0090)

Lagged GDP
per capita
(current US$)

.4034**
*

(.0855)

.5170***
(.0696)

.3946***
(.0994)

Constant
9.937**

*
(.062)

9.441**
*

(.174)

-23.70*
**

(8.109)

19.269*
**

(7.119)

6.088**
(2.877)

7.964***
(2.623)

2.847
(4.113)

Country FE No Yes Yes Yes Yes Yes Yes
Year FE No Yes No Yes Yes Yes Yes
R-square 0.0015 0.1955 0.0017 0.1518 0.8445 0.5739 0.2972
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As interpreted above, the effect of renewable energy consumption is negative in

all three groups, which implies that, in the context of OECD countries, renewable

energy consumption does not contribute to GDP growth, and promoting renewable

energy consumption could bring certain economic cost. Nearly all OECD countries

are high-income countries, and thus have slower growth, yet these countries are also

the ones that are adopting more renewable energy for environmental purposes and to

follow the instructions of climate actions such as the Kyoto Protocol and the Paris

Agreement. Compared with fossil fuel energy, renewable energy is costly and there is

no cheap and efficient technology available. Thus, adopting renewables mainly relies

on government subsidies and would crowd out other government expenses and bring

financial burden to power companies and individuals. This would eventually slow the

economic growth, especially when these countries already grow slower on average.

Also, some countries are still highly dependent on fossil fuel energy consumption and

have few incentives to engage in energy transition and invest in renewable energy

technology innovation. For these countries, renewable energy sector is very new, and

the contribution of it is too small to make an impact.

Table 3 reports the effect of renewable energy consumption on capital and

productivity respectively. The reason of this test is that capital investment and

productivity are important components of economic growth, the potential impact of

renewable energy consumption on them would be insightful to understand how and

through which channels renewables affects GDP. Potentially, the costs of energy

adoption might cause slowdowns in economic growth because it diverts investment
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and crowds out other expanses. The results show that, for both developing and

developed countries, the effect of renewables consumption on TFP level is not

statistically significant, indicating that adopting renewables does not hamper

productivity growth. As for capital investment, the effect of renewables consumption

is not statistically significant for developed countries but is statistically significant for

developing countries. That is, for developing OECD countries, a 1 percent increase in

share of renewables consumption is associated with 0.09 percent decrease in capital

investment. Since developing countries have relatively less expenditures, it makes

sense that adopting renewables would divert investment.

In addition, the United States has extremely high levels of energy consumption,

but, according to the U.S. Energy Information Administration, only 11 percent of its

energy originates from renewables in 2019. Thus, it could be seen as an outlier in my

sample. However, removing the US from the sample does not change the results. In

other words, the effect of renewables consumption on GDP is still statistically

significant and negative when the sample excludes the United States.
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Table 3. The effects of renewable energy consumption on capital and
productivity.

Variables

Dependent variable:
TFP level at current PPPs

(USA=1)

Dependent variable:
Gross fixed capital

formation (% of GDP)
Developing Developed Developing Developed

Renewable energy
consumption (% of total
final energy consumption)

-.0254
(.0488)

-.0429
(.0285)

-.0867*
(.0391)

-.0074
(.0313)

Gross fixed capital
formation (% of GDP)

.2049**
(.0631)

.1257
(.0769)

Total labor force -.0393
(.3576)

-.1245
(.1565)

.2322
(.2897)

.7078***
(.2344)

Urban population(% of
total)

-1.3757*
(.7057)

-.2330
(.2726)

.3865
(.5417)

-.7083**
(.3039)

Nation consumer price
index: energy

.0982
(.0827)

.0164
(.0137)

-.2314
(.1269)

.0492***
(.0134)

TFP level at current PPPs
(USA=1)

.5442**
(.1759)

.2685*
(.1505)

Share of electricity
production from renewables

.0150
(.0137)

.0172*
(.0095)

-.0068
(.0267)

-.0080
(.0148)

Constant 5.174
(4.964)

2.369
(3.465)

-.945
(4.737)

-4.819
(4.288)

Country FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

R-square .0002 .0013 .0851 .0095

Robustness Check

My key independent variable, renewable energy consumption, can be measured

in various ways. For example, one measure is combustible renewables and waste,

while another is a share of total energy consumption. Different measures can lead to

different regression results and it is hard to determine which measure is better since
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they both have been used frequently in similar research and both essentially represent

renewable energy consumption.

This study performs one major robustness check by running the same regression

but replacing renewable energy consumption (% of total final energy consumption)

with combustible renewables and waste (% of total energy) as the key independent

variable. The results are reported in Table 5 (see Appendix). It can be seen that, after

changing how renewables consumption is measured, it is still negatively associated

with GDP (p<0.05). Specifically, a 1 percent increase in combustible renewables and

waste is associated with 0.08 percent decrease in GDP. This indicates that my results

are robust for different measures of renewables consumption.

LIMITATION

This study has several limitations. First of all, the model used in this study does

not control for renewable/total energy investment variables. Potentially, investment in

energy sector affects renewables consumption and is also related to GDP. However,

open databases such as IRENA and IEA only have data on specific investment

projects instead of countries. The closest variable available is the investment in

energy with private participation from the World Bank, but it only has data for three

OECD countries (Colombia, Mexico and Turkey).

Another limitation lies in the external validity of the study. This study only

explores the effects of renewable energy consumption on economic growth in the
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context of OECD countries. While most OECD countries are developed countries,

most of them already have a functioning energy market and infrastructures that allow

them to flexibly change their energy mix. Thus, they would be more responsive to the

change in energy price and more willing to substitute fossil fuel energy with

renewables. However, for a number of developing countries that just start building

energy infrastructures, the relationship between renewables consumption and

economic growth might be totally different.

CONCLUSION AND POLICY IMPLICATIONS

This study finds that the coefficient of renewable energy consumption on GDP is

negative and statistically significant. This unexpected result indicates that adopting

renewable energy is not a good choice in terms of economic growth. However, this

negative effect is relatively small comparing to renewable energy’s contribution for

the environmental purposes. Nowadays, energy transition towards renewable energy

is a mainstream trend as it is an important strategy for addressing CO2 emission as

well as replacing fossil fuel energy.

The results show that adopting renewable energy is more negatively associated

with GDP for developing countries than for developed countries. Since a 1 percent

increase in the share of renewable energy consumption is associated with 0.11 percent

decrease in GDP per capita for developing countries and 0.07 percent decrease for

developed countries. The coefficients for consumer price index for energy shows a
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statistically significant relationship for developed countries but insignificant for

developing countries. This suggests that countries with high-income can manage

energy price impacts better than those with middle or low-income since renewable

energy use is expensive. In other words, developed countries tend to be more flexible

with their energy mix as they are capable of changing the use of renewable energy in

respond to the energy price impacts, while developing countries are less willing to put

their limited economic resources into renewable energy and continue to focus on

economic growth using fossil fuel energy.

Even for developing countries, as shown in the empirical results, renewable

energy consumption exhibits a negative statistically significant relationship with GDP.

But it is inevitable that renewable energy consumption should be increased when

global warming and energy security are taken into consideration. In addition, other

researchers have found that the effect of renewable energy consumption on GDP

appears negative if the consumption is below a threshold but the effect will turn

positive with the increase of renewable energy adoption (Qi & Li, 2017). This sheds

light on my unexpected negative results and also provides meaningful insights with

respect to the policy implications of my analysis.

Some governments have already perceived renewable energy’s potential to

support growth, even if the benefits cannot be seen at the beginning. Two of the most

important means are to provide subsidies and feed-in tariffs, as they can help support

the development of renewable energy market and bring down the natural price of

renewable energy to be price competitive even after the aid is taken away (Neitzel,
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2017). Both subsidies and feed-in tariffs have been proven to be effective. In 1995,

the price of solar energy was at $11,500 per kW, which was too high for power

companies and individuals to adopt it. After a subsidy on the price issued by the

government, solar energy became price competitive with fossil fuel energy, and firms

started to develop rapidly. In 2020, Japan has the world’s third largest solar energy

installed capacity (IRENA 2021).

Feed-in tariffs are made specifically to support the development of the renewable

energy market (Neitzel, 2017). During the past twenty years, electricity production

from renewables have expanded massively in Germany due to the implementation of

feed-in tariffs (Böhringer, et al., 2017). On-going feed-in tariffs guaranteed by

Germany’s Renewable Energy Act helped the share of electricity production from

renewables “rise from about 3.5 percent in 1990 to 35 percent in 2018”2 (Appunn &

Wehrmann, 2019).

All in all, the results of this study show that adopting renewable energy has the

risk of bring economic cost, but this does not mean we should not invest in renewable

energy. Instead, renewable energy is exactly the energy of future. Renewable energy

helps alleviate the pressure from climate change as it generates less greenhouse gas,

protecting both the environment and people suffered from polluted air. Most

importantly, renewable energy sector is still at the beginning stage for most countries,

the development of the sector itself creates job opportunities and represents a new

source of stable income, which will eventually boost the economy.

2 Appunn, Kerstine, and Benjamin Wehrmann. 2019. “Germany 2021: When Fixed Feed-in Tariffs End, How
Will Renewables Fare?” Energy Post (blog). October 21, 2019.
https://energypost.eu/germany-2021-when-fixed-feed-in-tariffs-end-how-will-renewables-fare/.
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APPENDIX

Table 4. Descriptive statistics.

Variables
All OECD countries Developing Developed

Mean Standard
deviation Mean Standard

deviation Mean Standard
deviation

GDP per
capita(current

US$)
9.862392 .8944094 8.707591 .6488368 2.199265 1.13719

Renewable
energy

consumption
(% of total
final energy
consumption)

2.331612 1.072381 2.743359 .6951605 10.21048 .6253631

Gross fixed
capital

formation (%
of GDP)

3.118364 .1689242 3.117124 .1684821 3.118729 .1691726

Total labor
force 15.59631 1.494783 15.61619 1.38611 15.58991 1.528964

Urban
population(%

of total)
4.308313 .1522838 4.250703 .097544 4.326831 .1618464

Nation
consumer
price

index:energy

4.128012 .5401054 4.055078 .5367892 4.151248 .5394953

TFP level at
current PPPs
(USA=1)

-.2132742 .2145759 -.3927518 .202739 -.1577092 .1858898

Share of
electricity
production

from
renewables

4.262247 .3520131 4.231575 .3640622 4.272106 .3477433
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Table 5. Comparison of different measures of renewable energy on GDP per

capita.

Variables
GDP per capita (current US$)

Share of RE as RE variable Combustible as RE variable
Combustible
renewables and
waste (% of total

energy)

-.0842**
(.0327)

Renewable energy
consumption (% of
total final energy
consumption)

-.1264***
(.0319)

Gross fixed capital
formation (% of

GDP)

.2923***
(.0639)

.2702***
(.0731)

Total labor force -.0513
(.1991)

.0318
(.2175)

Urban
population(% of

total)

-.0916
(.4649)

-.1777
(.4038)

Nation consumer
price index:energy

-.0522***
(.0185)

-.0542***
(.0184)

TFP level at current
PPPs (USA=1)

.2945***
(.0980)

.2912***
(.1018)

Share of electricity
production from
renewables

.0516***
(.0111)

.0419***
(.0117)

Lagged GDP
per capita
(current US$)

.4034***
(.0855)

.4442***
(.1018)

Constant 6.088**
(2.877)

4.573
(3.641)

Country FE Yes Yes
Year FE Yes Yes
R-square 0.8445 0.8700
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