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Energy, as one of the most important factors of production, plays a decisive role in
the economic life and development of the civilization of societies. Along with
population growth, industrial development and technological progress, humans
demand for energy resources is becoming more and more intense. Energy
consumption, along with energy production, is one of the important criteria for
measuring the economic progress of countries. The effects of the Covid-19
pandemic on a strategic field such as the energy sector as the infrastructure of the
economic artery are impressive. The resulting shock is so deep and effective that it
changes energy consumption by affecting production activities and demand. The
purpose of this study is to investigate and evaluate the impact of the Covid-19
pandemic on non-renewable energy consumption in the member countries of
the Organization for Economic Co-operation and Development (OECD), during the
period of 2010-2020. In order to estimate the model, the Fully Modified Ordinary
Least Square (FMOLS) estimation technique is used. The obtained results show that
the COVID-19 epidemic has a negative and significant effect on the consumption of
non-renewable energy. In other words, the spread of the coronavirus reduces the
consumption of non-renewable energy. Also, the findings of the study show the
positive impact of financial development, commercial freedom, and economic
growth on non-renewable energy consumption.
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Extended Abstract

Introduction

In the past, global energy supply crises were usually limited to developments in the oil industry, but after corona outbreak, all energy
carriers were affected. For a long time, non-renewable energy sources have been used to meet energy needs, and fossil fuels have
been responsible for more than 80% of the total energy supply. As a result, the adverse effects of the Covid-19 disease on the market
of fossil fuels are significant compared to clean energies. The imbalance between the global supply and demand of fossil fuels,
along with geopolitical events and the decrease in economic growth in the major energy consuming countries have been among the
adverse factors of the impact of Covid-19 on the market of these energies.

It is necessary to know the impact of the covid-19 epidemic on energy demand due to its important role in the
macroeconomic structure, stock markets and scarcity of energy resources. How to affect the pandemic on the
consumption of fossil fuels helps policymakers in pricing and tax decisions and energy security planning. Therefore,
the challenges and threats related to the energy sector should be discussed. In this regard, the aim of this study is to
evaluate the impact of the covid-19 epidemic on non-renewable energy consumption in Organization for Economic
Cooperation and Development (OECD).

This study is innovative in two aspects. The first aspect is the theoretical analysis of the effects of the covid-19 epidemic
on fossil fuel consumption and provision a framework to investigate the impact of economic growth, financial
development, trade liberalization, energy prices and the dummy variable of Corona on the consumption of non-
renewable energy carriers using the FMOLS method. The second aspect is to focus on the 36 member countries of
OECD as the largest energy consuming countries. The results of this study can be used to identify the impact of the
covid-19 epidemic on the energy consumption of other countries and create a balance between energy production and
consumption.

Global energy demand in 2020 decreased by about 6% compared to 2019. The negative shock on the supply side is
due to disruptions in the flow of production and supply, reinforcing the demand shock. The reduction of the labor force
due to the closure of factories and educational centers, as well as the disruption of global value chains, are among these
shocks. The decrease in global economic activities further decreased the demand for some energy sources, and the
amount of decrease is different between different countries.

Method

To estimate the effect of the covid-19 epidemic on the consumption of non-renewable energy in 36 member countries
of the OECD during 2010-2021, the method of pnanel fully modified least squares (Panel-FMOLS) is used. The simple
panel data model is characterized as follows:

Yie = a + BXi + vt €y

where v;;. are the error terms of the panel regression. In this equation, Y is the dependent variable and X is the
explanatory variable. o and B are intercept term and slope respectively, i and t mean cross section and time respectively.
The variable X is assumed to be non-stochastic and the error component follows the classical assumptions, i.e.

E(vi) = N(0,02). The empirical model of the research is as follows:
ENC = f (GDPys ENPyes IDcovia—1oies Xie) + &c ()

where ENC is the dependent variable of the model and represents non-renewable energy consumption, oil consumption
in million tons has been chosen as a representative of fossil fuels, and its data have been extracted from the British
Petroleum statistical database.

ID opia—19 1S @ dummy variable for Covid-19. This variable takes 1 for the period of the epidemic of Covid-19 and 0
for other years.
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GDP is gross domestic product at constant 2015 prices in billions of dollars. The statistical data of the gross domestic

product was extracted from the World Bank.

ENP represents the price of non-renewable energy. The oil price variable has been used to investigate the impact of

Covid-19 on non-renewable energy consumption. The price of crude oil is in US dollars per barrel and its statistical

information is extracted from the British Petroleum database.

X represents control variables (trade liberalization, financial development).

TRD, the trade liberalization index based on the reports of the Heritage Foundation and the Statistical Database of

Economic Freedom.

MKC stands for financial development index, its data are also obtained from the World Bank.

In this study, i means cross-sections (i=1, 2, 3...36) and t represents the time interval (t=1, 2, 3...12) and ¢ is the error

term of the model.

The following model examines the impact of the Corona epidemic on the consumption of non-renewable energy:
ENCyt = Bo + BLENPy + B2GDPy + B3 MKCyp + B3TRD;¢ + BalDeopia—19 + Uit 3)

After checking the existence of co-integration relationships, the model is estimated using the panel fully modified least

squares (Panel-FMOLS) method. The FMOLS estimator is a semi-parametric correction method against some

estimation problems that can arise due to the long-term correlation between random shocks and the cointegrated

equation. The FMOLS panel has three pooled, pooled weighted and grouped patterns.

In this paper, EViews-12 software is used to evaluate the impact of the Corona epidemic on non-renewable energy

consumption.

The panel unit root test of variables under study indicated that all variables except for GDP, are | (1). GDP is stationary

at level. Due to difference in degree of stationarity of variables, Kao cointegration test was alpplied. The results confirm

the existence of a long-term equilibrium relationship between the variables.

After finding the long-term relationships among the varibles, the panel fully modified least squares method was used

to estimate the cointegration relationships.

Table 1. FLOMS model estimation results
(Dependent variable: non-renewable energy consumption)

Variables Coefficient  t-statistic Prob.
GDP 0.0000101 23.119* 0.000
ENP -0.0210 -6.643* 0.000
MKC 0.0164 4.533* 0.000
TRD 0.4406 7.856* 0.000

ID -3.3318 -13.101* 0.000

R2-adjusted=0.99
*Significant at 1%

In Table 2, the estimation results are presented separately for low-income and high-income countries. The average per
capita income in OECD countries in 2021 is equivalent to $43,274 and based on these estimates, 17 countries are in
the high-income group (with income equal to or greater than the average income) and 19 countries are in the low-
income group.
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Table 2. FLOMS model estimation results
(dependent variable: non-renewable energy consumption)

High-income Contries Low-Income Countries
Variables Coefficient  t-statistic Prob. Coefficient  t-statistic Prob.
GDP 0.000289 6.818* 0.000 0.0011 22.416* 0.000
ENP 0.018 2.612* 0.009 -0.057 12.89* 0.000
MKC 0.0056 0.6309 0.5283 0.021 7.942* 0.000
TRD -4.044 -21.453* 0.000 0.1003 2.121** 0.034
ID -2.137 -4.228* 0.000 -4.505 16.45* 0.000
R2-adjusted=0.998 R2-adjusted=0.98

*, **Significant at 1%, and 5%, respectively

Results

The results of Table 1show that the GDP has a positive effect on non-renewable energy consumption, that is, the level
of non-renewable energy consumption increases with the growth of GDP. This result is in line with the studies of
Chongko et al. (2022), Sharma et al. (2021). Considering the positive effect of economic growth on non-renewable
energy consumption in OECD, transition from fossil fuels to renewable energy sources is important for sustainable
economic growth.

The price of non-renewable energies has a negative relationship with the consumption. This result is consistent with
economic theories and expectations. Price changes affect demand through substitution and income effects. In the case
of dominance of the substitution effect, the demand decreases, and on the contrary, in the case of the dominance of the
income effect, the demand increases. Because developing countries are the main exporters of crude oil, the income
effect overcomes the substitution effect and the price increase causes an increase in energy consumption. However, in
advanced OECD countries, due to the growth of the clean energy industry in recent years, with the increase in the price
of fossil fuels, their desire to consume alternative energies has increased. Therefore, the substitution effect overcomes
the income effect and the increase in energy prices has a negative effect on energy consumption in these countries.
This result is consistent with the study of Mukhtarov et al. (2022).

The development of financial markets has a positive and significant effect on the consumption of non-renewable
energy. In fact, if the financial markets develop by one percent, the consumption of non-renewable energy will increase
by 0.0164 percent. This result is consistent and in line with the study of Mokhtarov et al. (2022), Ma and Fu (2020).
The development of the financial system can provide financial resources for companies with much lower costs and
facilitate the expansion of their production scale and thus increases energy consumption. In advanced and industrialized
countries like OECD, the activities of capital markets first cause more energy production and consumption, and then
after a period of energy consumption, for reasons such as environmental considerations, capital and money markets
are moving towards clean energy.

Trade liberalization increases the consumption of non-renewable energy. That is, with a one percent increase in the
trade liberalization, the non-renewable energy consumption increases by 0.4406 percent. This result is in line with the
studies of Zeeshan et al. (2022) and Kongkan et al. (2021). Trade liberalization affects the flow of goods transfer and
leads to an increase in GDP. The increase in trade increases the demand for different types of energy for transportation.
On the other hand, trade liberalization causes the transfer of technological innovations and leads to efficient use of
energy. As a result, governments should implement specific regulations to minimize the negative impact of non-
renewable energy consumption.

The dummy variable of Covid-19 has a negative effect on the consumption of non-renewable energies. The covid-19
pandemic directly and indirectly affected the consumption of fossil energy through various channels. The
implementation of social distancing measures and general quarantine during the epidemic limited production,
transportation, trade, and financial markets at the global level. These measures resulted in a drop in energy consumption
and demand. This result confirms the studies of Sislik et al. (2022), Wang et al. (2022), Jahan et al. (2022). The amount
of reduction in regional energy demand is different according to the start of restrictions and the quarantine
implementation in each country. With the implementation of limited quarantines in some countries such as Korea and
Japan, the energy demand decreased by 15% per week, with the implementation of partial quarantines in European

Stable Economy Journal, 2023; 4(3): 1-26



countries, the energy demand decreased by 25% per week and in most economic systems such as Italy, energy demand
decreased by 30% per week.

Financial development, gross domestic product and trade liberalization have apositive and significant effects on fossil
energy consumption in this group of countries. The coefficient of the dummy variable of Covid-19 shows that the
Covid-19 epidemic has a negative effect on the consumption of fossil energy. In fact, the results indicate the the
significant drop in the demand for renewable energies during the covid-19 epidemic. In dividing the OECD countries
into two low-income and high-income groups, the estimation results of the models show that in both groups, per capita
income has a positive and significant effect on non-renewable energy consumption, while the variable of the Covid-
19 epidemic has a negative effect. It affects energy consumption in two groups, and the negative effect is stronger in
the low-income group. However, regarding the effect of the real price of non-renewable energy, financial market
development and trade liberalization, the direction of effect, the size of the effect and the degree of significance are
different between the two groups.
The crisis caused by the Covid-19 pandemic has led to emergency measures by international and national authorities
around the world. Ensuring the well-being of society during the crisis has highlighted the importance of global energy
access and energy consumption management. In this situation, short-term and long-term measures to improve the
energy industry should be put on the agenda with regard to increasing employment, economic growth, energy security,
and reducing carbon emissions. Depending on the conditions of each country, governments can take measures in
collaboration with each other. For example, creating more integrated energy value chains and reducing related costs
and harmonizing policies in the energy market can create synergistic benefits. In order to prevent crises similar to the
Covid-19 pandemic, energy policymakers should take the following actions:

v" Energy demand management and serious application of the priority management strategy of demand over

energy supply;

v Creating a legal structure for the integration of demand and supply management of energy carriers and the use
of energy diplomacy in interaction with other countries;

v Diversifying the production and supply of energy carriers and their technical, economic, and environmental
justification and strengthening the energy logistics network in the post-corona era; and

v" Development and promotion of energy security to meet energy demand and search for energy sources,
especially renewable ones.
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