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Abstract: This paper analyzes the impact of the COVID-19 pandemic on economic growth and
electricity consumption and investigates the hypothesis of the influence of this consumption on the
gross domestic product (GDP) for Romania. Using time series on monthly electricity consumption
and quarterly GDP and a multi-linear regression model, we performed an analysis of the evolution
of these indicators for 20072020, a comparison between their behavior during the financial crisis vs.
COVID-19 crisis, and empirically explore the relationships between GDP and electricity consumption
or some of its components. The results of the analysis confirm that the shock of declining activity due
to the COVID-19 pandemic had a severe negative impact on electric energy consumption and GDP
in the first half of 2020, followed by a slight recovery. By using a linear regression model, long-term
relationships between GDP and domestic and non-household electricity consumptions were found.
The empirically estimated elasticity coefficients confirm the more important impact of non-household
electricity consumption on GDP compared to the one of domestic electricity consumption. In the
context of the COVID-19 pandemic, the results of the study could be useful for optimizing energy
and economic growth policies at the national and European levels.
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1. Introduction

In 2020, the sudden outbreak of the COVID-19 pandemic cast a shadow over the world
and dealt a severe blow to the health and safety of people in all countries and to economic
development, causing a global economic and social crisis [1]. Thus, the world economy is
in one of the worst economic crises since the Great Depression (1929-1933), the forecasts
of economists placing its impact even beyond the magnitude of that recorded during the
Great Depression [2].

Emerging as a health crisis, the COVID-19 pandemic has brought societies around the
world to their knees. This crisis has generated a number of severe circumstances for the
economy [3], but also a lot of complex challenges [4] generated by the important shocks [5]
that society has registered (closure of activities, drastic restriction of freedom of movement,
physical distancing).

More than half of the world’s population—over 4 billion people—have been stranded
since the beginning of the pandemic, causing a sharp drop in economic output and implic-
itly a stagnation or a decrease in the economic growth rate of most countries. Disruptions
in the economic activity also spread on the energy consumption, thus all the states register
accentuated decreases of the GDP and of the energy consumption. The COVID-19 pan-
demic disrupted the global energy system. Global energy consumption came to a sharp
halt in the upward trend observed since the last global shock in 2009.

Energies 2021, 14, 2394. https:/ /doi.org/10.3390/en14092394

https://www.mdpi.com/journal/energies


https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0003-2180-2523
https://doi.org/10.3390/en14092394
https://doi.org/10.3390/en14092394
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14092394
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en14092394?type=check_update&version=2

Energies 2021, 14, 2394

2 of 25

However, with the advent of the COVID-19 pandemic, a new lifestyle has emerged
around the world due to measures and restrictions taken by state governments to prevent
the rapid spread of the epidemic in society. The combined effect of isolation measures
in the first wave of the pandemic helped to reduce activity and, consequently, to reduce
energy consumption.

The dramatic impact of the severe restrictions caused by the COVID-19 pandemic
during 2020 has led to the total dismantling of economic forecasts. The energy system has
seen a rapid and steady decline in electricity demand, with data on electricity consumption
through lockdown periods resembling that of an “extended Sunday”, all due to reductions
in services and industry [6].

Thus, more and more researchers focused on analyzing the impact of the COVID-19
pandemic on the economic development of countries and implicitly on energy consumption [7,8].

The purpose of this research is to highlight the impact of the COVID-19 pandemic on
economic growth and electricity consumption in Romania.

To this aim, the main indicators analyzed were nominal gross domestic product (GDP),
domestic electricity consumption (DEC), household electricity consumption (HEC), and
non-household electricity consumption (NHEC).

The study was conducted on the case of Romania, based on time-series for the indica-
tors GDP, DEC, HEC, NHEC from 2007-2020, and focused on the following objectives:

e Analysis of the evolution of GDP and exploration of the impact of the COVID-19
pandemic on it;

e  Analysis of the evolution of electricity consumption and exploration of the impact of
the COVID-19 pandemic on it;

e  Comparative analysis of the impact of the coronavirus crisis versus the financial crisis on
electricity consumption, on a monthly basis, on the three components (DEC, HEC, NHEC);

e  Analysis of the correlation between electricity consumption and economic growth.

The impact of COVID-19 on economic growth and how electricity consumption, which
is one of the main pillars of ensuring the sustainable economic development of any state,
will have long-term effects, yet are still unclear. This study provides an overview of the
impact of the COVID-19 pandemic on economic growth and electricity consumption, for
Romania, an emerging EU country, and could serve as arguments for establishing policy
initiatives to address the pandemic and economic decline.

The implemented analysis model has as an element of originality the use of the
seasonal adjustment technique on the studied economic indicators, which by linearizing
the data series allowed us to obtain more significant results from an economic point of
view in terms of behavior and correlations between them.

The analysis of the evolution of the indicators shows that the GDP registered a signifi-
cant increase in the analyzed period, with a slight decrease during the COVID-19 pandemic.
The electricity consumption registered different evolutions. Domestic electricity consump-
tion experienced a modest increase in the analyzed period, while NHEC experienced a
significant decrease and HEC a continuous increase. The COVID-19 pandemic significantly
affected NHEC and DEC, an increase being registered only by HEC.

At the same time, the authors analyze the impact of electricity consumption on GDP,
ascertaining the presence of a positive long-term relationship between economic growth
non-household and domestic electricity consumption.

The second section of this paper begins with a review of relevant studies on economic
growth, energy consumption, and the impact of the COVID-19 pandemic. The third section
presents the data sets, model, and estimation methodology that were used to support the
analysis. The fourth section presents a statistical analysis of the indicators, showing the evolution
of Romania’s real gross domestic product and electricity consumption during the analyzed
period, the effects of the COVID-19 crisis on them, as well as a comparison with the effects of
the financial crisis of 2008/2009. The impact of electricity consumption on economic growth is
empirically investigated in Section 5, using a log multi-linear regression model. The estimation
results show that non-household electricity consumption has a more significant impact on
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economic growth than domestic electricity consumption, while household consumption does
not have a significant influence on GDP. Finally, Sections 6 and 7 contain discussions and
conclusions of this study.

2. Literature Review
2.1. The Influence of COVID-19 on GDP

Despite the differences between the crises in 2007 in the USA, and the COVID-19
pandemic triggered in 2020, the analysis of their typology constitutes a contribution to
deciphering key issues [9] and possible measures to stimulate economic growth. The
COVID-19 pandemic has called into question some conventional models of economic
growth, economic developments uncertain future [10].

According to some authors, the global economic impact of the pandemic is extremely
uncertain [11,12]. Gross domestic product (GDP) worldwide is estimated to decline be-
tween 1.3% and 5.8% in 2020 [13].

For emerging markets and developing economies, the GDP is estimated to decline
by 2.5% and 1.0% in 2020, which will lead to deepening poverty in these countries. A
more severe contraction of the economy in developed countries will devastate emerging
and developing economies, so world GDP is projected to decline by 5.2%, which means
entering the worst recession in the world after World War II and almost three times steeper
than the recent global recession of 2009 [14].

The European Union (EU) has seen the sharpest decline in GDP in more than a decade,
as the coronavirus lockdown has put Europe’s economies at a standstill. Thus, in the first
quarter of 2020, the decrease in GDP at the EU level (excluding the UK) was 4.4%, and
in the second quarter compared to the same quarter of 2019 it was 16.65%. The largest
declines in GDP in Europe were in France, Italy, Spain, and Slovakia, while only four
countries reported positive growth in the first quarter of 2020, Ireland, Bulgaria, Sweden,
and Romania [15]. In the second quarter of 2020, marked by the isolation measures taken by
most EU Member States to stop the spread of the coronavirus pandemic, the GDP declined
by 11.8% in the Euro area and 11.4% in the EU compared to the previous three months [16].

The eurozone economy showed signs of recovery in the third quarter but contracted
again at the end of the year, amid a pandemic lockdown. According to the EU statistics
agency Eurostat, GDP fell 0.7% in the fourth quarter leading to a 5.1% economic decline in
2020, while analysts expected a quarterly decline of 1.0%, and at an annual contraction of
5.4%, after a sharp recovery in the third quarter, when the euro area eased travel restrictions.
For the main European countries in the fourth quarter of 2020, GDP either continued to
decrease (France 1.3%, Italy 2.0%), or registered a slight increase (Spain 0.4%, and Germany
0.1%) [17].

According to the economic forecasts for autumn 2020, the Euro area economy will
contract by 7.8% in 2020, followed by an increase of 4.2% in 2021 and of 3% in 2022, and the
EU economy will contract by 7.4% in 2020, after which recovery is expected on the basis of
an increase of 4.1% in 2021 and 3% in 2022, however, neither in the Euro area nor in the EU
is production expected to return to pre-pandemic levels in 2022 [17].

The Romanian economy, given its dependence on global economic mechanisms and
its integration into European and global value chains, has also been severely affected by
the COVID-19 pandemic. The Romanian economy registers one of the largest contractions
in Europe [16], being surpassed only by the states whose GDP is based on tourism (Spain,
Croatia, Greece, Hungary, Portugal, France, Italy).

Following the global financial crisis of 2008, Romania received a USD 26 billion aid
package from the International Monetary Fund and World Bank that allowed it to have
one of the largest annual GDP increases in the EU in 2013-2017 [18]. With the presence of
COVID-19, Romania entered an era of economic uncertainty like the rest of the world.

Romania’s economy during COVID-19 regressed significantly. Romania has been and
continues to be significantly affected by COVID-19. In addition, the economic impact of
the lockdown procedures was extreme. Since the beginning of the pandemic, Romania
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has witnessed a double reversal of its usual annual GDP growth. In 2019, Romania’s GDP
growth was 4.2%, down from 4.5% in 2018, while in 2020, GDP decreased by 4.8% [16].

According to the World Bank [14], the prolonged COVID-19 pandemic severely af-
fected Romania’s economic activity and short-term household income. Romania’s GDP
should decline by 5.7% in 2020, followed by a decline of 4.9% in 2021 when a slow growth
of the economy is expected. The contraction of the Romanian economy in 2020 forecast
by the World Bank is much stronger than the one of 3.8% expected by the government.
Romanian government estimated a 3.9% decline of GDP in 2021, marking the beginning of
the biggest crisis of the Romanian economy in the last 6 years [19].

In order to overcome the negative impact of the epidemic and continue to promote a
full return to normal economic growth, governments need to introduce a series of response
measures. The measures taken by governments to deal with the COVID-19 emergency
have had a direct effect on both people’s daily lives and the activities of most companies.
The European Union’s response has been more prompt and concerted than ever on both
strategic axes: combating the COVID-19 pandemic and its economic effects. European
states have reached a significant level of solidarity in joint interventions.

A number of studies have examined the measures implemented by governments
to control the pandemic, from traffic restrictions to economy-wide shutdowns and have
highlighted the need to implement effective policies for countries still facing outbreaks or a
new wave of pandemic outbreaks [20-23]. The quality of government policies in managing
the health aspects of the crisis influences cross-border differences in the economic impact of
the pandemic so that governments that do well in managing the crisis will also have better
results in terms of economic results [24]. At the same time, a series of studies analyze the
impact of compulsory social distancing imposed by lockdown policies and social distancing
on GDP [25].

The Romanian government responded quickly to the coronavirus pandemic in Febru-
ary/March 2020, implementing measures to delay the spread. However, since August, the
country has been affected by another wave of growing infections, which has led to new
restrictions and lockdown measures.

Although the economic contraction in 2020 appears to be less severe than initially
estimated [16], uncertainty remains very high, given the recent evolution of the pandemic,
and real output is unlikely to return to pre-crisis levels by the end of 2022.

2.2. The Influence of COVID-19 on Electric Energy Consumption

The decelerating economic growth which followed the financial crisis of 2008 has
influenced both electricity consumption and energy efficiency. The largest reductions in
electricity consumption were achieved by the countries most affected by the financial crisis
(Greece, Romania, and Spain) [26].

Compared to 2007, energy consumption decreased significantly in 2009 and then in
2010, the reduction was more modest. In the following years, the structural effects and the
increase of energy efficiency had a significant contribution to the stagnation or moderate
increase of electricity consumption [27]. At the same time, the increased efficiency with
which energy is used leads to a reduction or stagnation of energy consumption. EU-
imposed standards on the need to increase energy efficiency will also help accelerate
adoption and implement change in the energy mix [28].

Energy efficiency is a strategic priority for the EU, as it can clearly contribute to
reducing electricity consumption with the adoption of new technologies with high en-
ergy efficiency. As a result, energy demand, despite the rapid growth in demand from
households, is not growing significantly.

After experiencing the largest decline in decades, global electricity demand is expected
to return modestly from 2021, mainly due to the recovery of the economy in China, India
and other emerging economies. With the recovery of the world economy, it is estimated
that electricity demand in 2021 will increase by about 3%, significantly weaker than the
return of demand of more than 7% in 2010, the year following the global financial crisis.
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The International Energy Agency estimates that energy consumption has fallen by up to
20% for each month of a national lockdown. Unfortunately, the restrictions are still in place
or imposed in the second wave of the pandemic, continuing to influence electricity energy
consumption, so that the return to a level of activity similar to that of 2019, that is, before
the outbreak of the COVID-19 pandemic, has not yet been considered by international
institutions for the next years [29].

The study of the impact of the COVID-19 pandemic on energy consumption shows that
the pandemic disrupted and reduced energy consumption, creating significant uncertainty
in terms of energy demand and supply [30-36].

Some researchers have studied the prospects for energy consumption during the
pandemic and government-imposed restrictions and made various forecasts using various
forecasting techniques [37,38].

Electricity consumption in Europe decreased by 11% in the second quarter of 2020,
compared to the same period in 2019. Economic activity in European countries did not
contract uniformly across the continent, the various isolation measures implemented by
countries have had various consequences on energy consumption. The largest decreases in
energy consumption were observed in the Member States with the strongest contractions
in gross domestic product. Germany initially saw a smaller decline in consumption, due
to less restrictive conditions than its neighbors and a resilient industrial sector with a
relatively high share of GDP. In contrast, the countries of southern Europe (Italy, Spain,
and France), have had significant decreases in energy consumption caused by measures
that severely affected the tourism sector. Thus, in Italy energy consumption decreased by
almost a third compared to the same period in 2019.

Energy consumption during lockdown has fallen by at least 15% in France, Spain,
while in Italy, at the height of the outbreak, electricity demand has sometimes fallen to
75% [39].

Household global electricity consumption has increased by 40%, due to the fact that
citizens have been forced to work from home in order to stop the spread of the virus, to the
detriment of electricity consumption in non-household sectors [40]. In terms of household
consumption, it is clear that it increases with the increase in household activities and proper
energy management becomes a very important issue [15,41-43].

Domestic electricity consumption includes the delivered electricity by electrical energy
producers to which is added the import of electricity and from which the export of electricity
is deducted.

The electricity consumption of household customers consists of the electricity used
for their own household consumption (excluding consumption for commercial or profes-
sional activities), and the electricity consumption of non-household customers includes the
consumption of electricity other than the household [44].

As the patterns of life on the planet change in response to COVID-19, so do the energy
profiles of states. Analyzing the impact of the various restrictions taken by European
countries in response to COVID-19 on their electricity consumption profiles, it is found
that the COVID-19 pandemic has reshaped the electricity consumption profile according to
human activities [45-48].

At the same time, lockdowns caused by the COVID-19 pandemic have drastically
changed the pattern of electrical energy consumption worldwide in favor of household
consumption. The analysis of the impact of changes in human behavior caused by the
COVID-19 pandemic on energy consumption in a household leads to the conclusion that
there is a close link between energy consumption and the behavior of household resi-
dents [8,49]. There is a reduction in energy consumption in all sectors, with the exception
of the residential sector where it is rising slightly due to the increased presence of residents
in their homes caused by mandatory home confinement. At the beginning of summer,
electricity consumption showed signs of returning to normal after the collapse of the second
quarter [29].
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Romania’s national electricity consumption is decreasing, being 4% lower in the
first 11 months of 2020, compared to the corresponding period of 2019, amid an increase
in population consumption by 4.3% and a decrease in consumption in the economy by
6.3% [50].

Overall, electricity demand has fallen and is expected to remain lower as office build-
ings, factories, and other large electricity users slow down or shut down. With the closure
of restaurants, shopping malls, factories, and office-based companies that introduced home-
based work, many countries saw a decline in industrial and commercial consumption
and an increase in residential demand. In this sense, some researchers have analyzed the
dynamics of different patterns of energy use, climate change issues, and the relationship
with social and psychological factors, concluding the need to adopt modern technology to
manage problems in times of crisis [51].

The COVID-19 pandemic facilitated the discussion of some of the energy transition
opportunities [35,52,53]. According to the International Energy Agency (IEA) projection for
2020, global energy consumption will be 6% lower in 2020 compared to 2019 [6], renewable
energy consumption will increase by 0.8% in 2020, and electricity demand will return
largely to 2019 to 2025 levels. Lower consumption, combined with an increase in renewable
energy production, set renewable sources a quarterly record, accounting for 43% of the
EU’s energy mix [39].

The pandemic caused a drastic reduction in electricity consumption (by up to 37%
compared to the same period last year) which had immediate effects on the electricity
market, lowering the price and changing the characteristics of the energy mix. At the same
time, there is a reduction of global gas emissions by about 8% compared to 2019, to the
level they were a decade ago [54,55], having a positive impact on the global climate [56].

Using cross-sectoral information, it is found that the significant reduction in electricity
consumption is strongly correlated with the number of COVID-19 cases, the degree of
social distancing, and the level of commercial activity [57].

2.3. GDP and Electric Energy Consumption

The economic crisis sparked by the global financial crisis of 2007-2008 has had an
impact on gross domestic product and energy consumption. From 2007 to 2014, energy
consumption in the EU decreased, while GDP recovered its 2007 level after the decrease in
2009 [58].

Restrictions imposed at the level of states have severely disrupted their economic
activity and also spread to energy consumption. As approximately 42% of final global
electricity demand comes from industry and 22% from commercial and public services
sectors, economic activity and electricity consumption are closely linked [59].

GDP growth has tended to be coupled with increasing electricity consumption, as the
number of people generating more goods and services increases. Researchers have long
believed that electricity stimulates global economic growth, believing that “electricity is
the essence of the economy” [60].

Several authors have studied the relationship between GDP and energy consump-
tion [61-64], providing a number of results in terms of causality, confirming the existence
or non-existence of a causality (unilateral or bidirectional) [65-67]. Thus, since the 1970s,
there has been a strong correlation (almost one to one) between electricity consumption
and GDP, but after 1996, this correlation begins to fall apart significantly [68].

In recent years, economies, especially those of developed countries, tend to become
service economies, which are less energy-consuming than production, and the energy
intensity of service sectors is substantially lower than that of industrial sectors. At the same
time, states are increasingly using production based on advanced techniques that lead to a
substantial reduction in electricity. In this respect, GDP is often used to assess the financial
effects of energy efficiency measures applied at the national and regionals level [69].

The investigation of the relationship between GDP per capita and electricity con-
sumption was carried out for some of the countries in Southeast Europe (Bosnia and
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Herzegovina, Croatia, Greece, Serbia, Slovenia, Romania, and Bulgaria) and the results
show a very close relationship between GDP per capita and electricity consumption only
for certain countries [70].

The analysis of the research papers shows that there is no clear consensus on the
relationship between energy consumption and economic growth, which also depends on a
number of other factors [71].

The impact of the COVID-19 pandemic on GDP, energy consumption, and climate change
was analyzed and then forecasted by 2032 using the dynamic modeling approach [72].

The state of emergency in Romania amid the coronavirus pandemic, followed by locking
down several sectors of economic activity, had a major impact on the evolution of electricity
consumption, which experienced a significant decrease during the state of emergency.

3. Materials and Methods

The data used for the analysis in this paper concern the following macroeconomic
indicators, for the 2007-2020 period for Romania:

e  Quarterly nominal gross domestic product (GDP), expressed in million units of the
national currency,
Quarterly and monthly domestic electric energy consumption (DEC), expressed in TWh,
Quarterly and monthly household electric energy consumption (HEC) expressed in TWh,
Quarterly and monthly non-household electric energy consumption (NHEC) ex-
pressed in TWh.

The data time series for the quarterly GDP was extracted from Eurostat [73] by the
use of SDMX-SOAP web services (Statistical Data and Metadata Exchange-Simple Object
Access Protocol) that allowed to define the query structure, to establish data extraction cri-
teria in the form of a multidimensional data cube and to integrate with EViews application
through transfer functions data.

The time series for the electric energy consumption were extracted from the monthly
reports of the Romanian National Energy Regulatory Authority (ANRE) [44]. The monthly
data on electricity consumption were aggregated to match the quarterly data for the GDP.

For the entire obtained data set, an ETL (Extract-Transform-Load) process was per-
formed to generate the quarterly values for the indicators in a format that would ensure
the integrity and coherence of the database construction for the proposed model.

The time series containing 56 usable observations are given in Appendix A, Table Al.

Basic statistical analysis and linear time regression are used for each indicator, to
analyze the evolution of GDP and electricity consumption during the period and the
impact of the COVID-19 pandemic. For the statistical analyses, we used quarterly data on
all indicators in Sections 4.1 and 4.2. The monthly data on electricity consumption are used
in Section 4.3 only to perform the comparative statistical analysis of electricity consumption
during the two crises-for the first year of the crisis and the previous year.

The impact of electricity consumption as a proxy for economic growth is investigated
using a linear regression model, derived from a simplified neoclassical production function
type model,

Y = cg + 1 X¢ + trend; + uy. 1)

Here t refers to the time, u; represents the estimation error, Y stands for the dependent
variable log GDP, while X stands for one or two of the explanatory variables log DEC,
log HEC, log NHEC. In some of the estimated equations in Section 4, the model includes a
linear trend.

Similar models were used to explore the usefulness of other energy consumption-
related indicators as proxies for economic growth in other countries [46,51,74].

The empirical analysis of the model is conducted as follows. First, the stationarity
and the order of integration of the variables was established by means of unit root tests,
such as Augmented Dickey-Fuller (ADF) [75]. Next, we test the co-integration relationship
between the variables using the Johansen maximum likelihood method [76]. The existence
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of cointegration indicates that there are long-run equilibrium relationships among the
variables, and thereby, Granger causality exists among them in at least one direction.

The Granger causality test is a statistical hypothesis test for determining whether one
time series is useful in forecasting another. A time series X is said to Granger-cause Y if
it can be shown, that those X values provide statistically significant information about
future values of Y. If a time series is a stationary process, the test is performed using the
level values of two (or more) variables. If the variables are non-stationary, then the test is
done using first (or higher) differences. In practice, it may be found that neither variable
Granger-causes the other, or that each of the two variables Granger-causes the other [77].

The Granger causality test is used to find unidirectional or bidirectional causalities
between the national real GDP and different classes of electricity consumption, in logarith-
mic form. Finally, the parameter estimates for the regression Equation (1) are evaluated
using the least square (LS) regression method [78].

As only quarterly data on GDP were available, all tests and estimations in Section 5
used the quarterly data on electricity consumption.

All numerical investigations were performed using EViews 12 software product [79].
The data architecture in EViews has combined relational database technology with func-
tions and commands through the integrated, object-oriented programming language.

At the same time, we performed a comparative analysis of the values of the indicators to
assess the increase or decrease, as, according to the meaning of the variation of these indicators,
the decisions of the government, of the enterprises but also of the individuals can be influenced.
The data model was realized by constructing a dynamic data series consisting of parallel data
series that highlights both the variation of the time characteristic and the variation in time of the
studied indicators. Economic indicators were generated by logarithm as cross-sectional data
series, grouped as a panel to apply group-level analysis techniques.

The dynamic series corresponding to the indicators used in the proposed model shows
a cyclical variation that is repeated in certain quarters. As an element of originality in the
analysis model, we used the seasonal adjustment technique and we used the method of
Tramo/Seats mobile media used by Eurostat and currently recommended to the Member
States of the European Union through which we linearized the series and decomposed
them [62].

4. COVID-19 Pandemic Impact on Electricity Consumption and Economic Growth
4.1. Analysis of COVID-19 Impact on Economic Growth

The analysis of the evolution of Romania’s GDP shows a permanent growth in the
period 2007-2019, even during the crisis of 2009.

From this perspective, Romania emerged among European countries as a true “economic
tiger”. Unfortunately, the main engine of economic growth was represented by private con-
sumption. To this were added tax cuts and salary increases, both in the public and in the private
sector. But the sharp rise in private consumption has led to an increase in imports, and even if
overall exports have increased, net exports have slowed real GDP growth.

Romania’s GDP had a substantial growth rate during the analyzed period, as it
increased by 148.75% in 2020 compared to 2007 (see Appendix A, Table A2). However,
GDP growth slowed from +7.1% in 2017 to +4.4% in 2018 and +4.1% in 2019, indicating that
the economic growth rate was on a downward trend [13]. This outlook was affected by the
onset of the global COVID-19 pandemic in the first quarter of 2020, which further affected
the Romanian economy since March 2020 (see Appendix A, Table Al. The decrease in the
GDP growth rate from the previous years left Romania at the beginning of the crisis with
weaker macroeconomic foundations than most of the member countries of Central Europe.

However, thanks to the good start of the economy in the first two months of 2020, the
economy still managed to mark an upward trend which made GDP in the first quarter of
2020 maintain a growing but moderate trend, 6.62% compared to the first quarter of 2019
(see Appendix A, Table A2. Since March, however, Romania’s GDP has felt the impact of
the pandemic and of the state of emergency imposed by the Romanian authorities mid-
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March, which led to economic stagnation in the first quarter of 2020 (—0.8%) compared to
the level of GDP of the last quarter of 2019 (see Appendix A, Table A2).

Starting with March, production suddenly contracted, registering record rates in
April. Thus, the second quarter of 2020 was the most affected by the pandemic, bringing
a record economic decline of 12.86% compared to the first quarter, and 8.88% compared
to the second quarter of 2019 (Figure 1). This figure represents a quarterly decrease in
GDP not seen in the post-revolution history of the Romanian economy, exceeding the
negative quarterly records of the economic-financial crisis of 2008-2009. The analysis of
the quarterly evolution of the GDP value in the period 2009 compared to 2008 shows a
very small variation compared to the change in the GDP value caused by the COVID-19
pandemic (Figure 2).
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Figure 1. Evolution of GDP during the period 2007-2020.
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Figure 2. Evolution of GDP during financial crisis and COVID-19 crisis.

During the financial crisis (2008-2009), GDP registered the largest decrease in the
3rd quarter of 2009, compared to the similar quarter of 2008 (4.64%), while during the
coronavirus crisis the largest decrease was 12.86% registered in the second quarter of 2020
compared to the previous quarter (see Appendix A, Table A2).

After this record decline, the economy began to show signs of a moderate recovery,
with GDP growing by 9.33% in the fourth quarter compared to the previous quarter.
Romania’s GDP decreased by 1.9% compared to the third quarter of 2019, which is a
decrease below the average of EU countries (4.3%).



Energies 2021, 14, 2394

10 of 25

In the second quarter of 2020 compared to the same period of 2019, GDP decreased by
8.88%, and compared to the first quarter of 2020 the decrease was 12.87%. Starting with the
third quarter of 2020, there is a mitigation of the effects of the crisis due to the reduction
of restrictive measures adopted by governments, so GDP increased by 9.34% in the third
quarter compared to the second quarter and by 7.91% in the fourth quarter compared to
the third (see Appendix A, Table A2).

The average GDP growth rate (both annually and quarterly), as well as the evolution
in the period 2007-2019 shows a permanent increase even during the financial crisis, but
from the second quarter of 2020, there is a slight decrease (Table 1). The actual growth rate
in 2020 compared to 2019 being —0.55%, significantly greater than the forecasted one.

Table 1. Analysis of the average annual and quarterly rate (AGR) and the graph of the evolution of the indicators in the
period 2007-2020.

GDP DEC HEC NHEC
AGR Evolution AGR Evolution AGR Evolution AGR Evolution
Q1 8.20 / 0.41 /\/\\j/\ 2.64 /\// 0.21 W
Q2 6.64 // —0.52 /\/\/\ 2.80 /\,_/ —-1.05 W
Q3 7.09 / 0.11 /\/\//\ 2.90 / 0.14 W'/\
Q4 7.12 / 0.02 W 2.96 //J —0.05 M
Annual 7.26 / 0.02 /\/\/\ 2.82 /~/ —0.17 \/\/\

Note: AGR-Average Growth Rates.

Statistical analysis of GDP reveals a relatively heterogeneous structure, the coefficient
of variation is 0.2775. GDP has a platykurtic distribution, asymmetric to the left, with
values scattered over a larger range around the mean and a probability for extreme values
lower (see Appendix A, Table A3).

4.2. Analysis of COVID-19 on Impact Electricity Consumption

Romania has an average energy consumption of 13.19 TWh (see Appendix A, Table A2), in
the analyzed period presenting a consumption very close to the average value (see Appendix A,
Table A1).

The analysis of the evolution of the internal energy consumption (Figure 3) shows
a rather accentuated inter-quarterly variation. According to the EU strategy on reducing
final energy consumption, it is observed that since Romania has accession to the EU, it has
also reduced electricity consumption. DEC increased slightly in 2020 compared to 2007
(0.28%), partly due to the conditions imposed by the EU [28] to reduce energy consumption
and also to increase energy efficiency.
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Figure 3. The evolution of electricity consumption in Romania during the period 2007-2020.

In 2014, the internal energy consumption was lower than the previous years, after
which until 2018 it increased uniformly so in 2017 it would exceed the level of consumption
from 2008. The year 2019 is marked by a slight decrease compared to 2018, while in 2020,
starting with the second quarter, there would be significant decreases compared to the
first quarter (19.4%) but also compared to the second quarter of 2019 (10.5%) which far
exceed the decrease recorded in the same reference period of 2009 compared to 2008 (see
Appendix A, Table A2).

During the financial crisis, the largest decrease in DEC was recorded in the second
quarter of 2009 compared to the same period of 2008 (11.82%), and during the coronavirus
crisis, the most pronounced decrease in DEC was recorded in the second quarter. of 2020
compared to the first (19.36%). In the third quarter of 2020, based on the slight recovery
of the economy, there is also an increase in energy consumption by 13.1 compared to
the second quarter, but there is a decrease compared to the same period of 2019 at 1.4%.
Starting with the third quarter of 2020, a tendency of increase from one quarter to another
was also noted (13.13% in the 3/2 quarter, respectively, 10.53% in the 4/3 quarter). The
comparative analysis at the quarterly level indicates the seasonal character of the DEC
evolution with the highest values in quarters 1 and 4 and the lowest in quarters 2 and 3
(see Appendix A, Table A2).

During the analyzed period, the domestic electricity consumption experienced an
insignificant average annual growth rate (0.02%). At the quarterly level, it is observed
that in the second quarter, the rate has a negative value, due to the sharp decrease in the 2
periods of crisis (Table 1).

The coefficient of variation (0.0733) reveals a homogeneous structure of internal energy
consumption, with a platykurtic distribution, asymmetric to the left, with values scattered
over a larger range around the mean and a probability for extreme values being lower (see
Appendix A, Table A3).

Household energy consumption has experienced a slight upward trend every year,
achieving an increase of 43.63% in 2020 compared to 2007 (Figure 4). In the first quarter of
2020, there is an increase of 6.6% compared to the fourth quarter of 2019, and 2.3% compared
to the first quarter of 2019. This significant increase can be justified by the transfer of many
activities to the teleworking system. In the second quarter of 2020, although household
consumption increased by 2.2% compared to the same period of 2019, compared to the first
quarter of 2020, it marked a decrease of 8.8% (see Appendix A, Table A2). The evolution
recorded in this last period is the result of the partial resumption in the classical system of
certain activities, but with the continued preservation of some activities in the telework
system, which allows, practically, the domestic consumption of electricity to remain in an
increase compared to the similar period from the previous year.
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Figure 4. The evolution of household electricity consumption during the period 2007-2020.

The average annual growth rate of residential energy consumption was close to 3
(2.82%), a rate that had about the same values at the quarterly level (Table 1). The statistical
analysis of household electricity consumption shows that the indicator has a relatively
homogeneous structure, with a platykurtic distribution, asymmetric to the right (see
Appendix A, Table A3).

In the case of non-household energy consumption, a slightly upward trend is observed
(Figure 5). After the financial crisis of 2008, there was a drastic decrease in electricity
consumption in 2009 (8.5%), especially for non-household consumption (13.68%), but with
sharper decreases in the first three quarters. In the years following 2013, there was a slight
increase, mainly due to non-household consumption.

Figure 5. The evolution of non-household electricity consumption during the period 2007-2020.

After the decrease registered after EU integration, there was a significant decrease due
to the financial crisis (see Appendix A, Table A1), after which non-household consumption
increased permanently, but in 2019 non-household consumption decreased compared to
the previous year. NHEC registered a slight decrease for 2020 as a whole compared to
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2007 (2.15%), with a sharper decrease in the first three quarters of the financial crisis, but a
smaller decrease during the coronavirus crisis, the most affected quarter being the second
one, with a decrease of 16.10% compared to the same quarter of the previous year and of
16.95% compared to the first quarter of 2020.

The largest decrease is marked by the emergency situation imposed by government
policy, so in the second quarter of 2020 non-household consumption decreased by 16.1%
compared to the same period in 2019 and 16.9 compared to the first quarter of the year
2020. With the lifting of restrictions and the recovery of the economy, non-household
consumption in the second quarter increased by 21.2% compared to the first quarter but
continued to decline compared to the same period last year (2.6%).

Non-household consumption shows an average negative annual growth rate (—0.17%)
due to both the transition from a production-based to a service-based economy and at the
same time re-engineering using modern technologies with high efficiency (Table 1).

One can also observe the seasonality character of NHEC, but also the growth trend
starting with the third quarter of 2020, as well as for the other three indicators analyzed.
Statistical analysis of non-household electricity consumption shows that the indicator has a
homogeneous structure (all values are close to each other and around the average), with an
asymmetric distribution to the right, leptokurtic with several values concentrated around
the average and high probabilities for the extreme values (see Appendix A, Table A3).

Our study shows that in Romania, as in other EU countries, the variation of economic
growth and electricity consumption are correlated with each other.

4.3. Comparative Analysis of Electricity Consumption Evolution during the Financial Crisis vs.
the COVID-19 Crisis

In order to compare the energy consumption in the two periods of crisis, we took
into account the monthly values of three categories of electricity consumption (DEC, HEC,
NHEC). The trends for these monthly electricity consumptions, related to the periods
2008-2009 and 2019-2020, are presented in Table 2.

Table 2. The monthly evolution of electricity consumption in the years 2008, 2009, 2019, and 2020.

Indicators 2008 2009 2019 2020
Pre \\WJ w \\\r\/ \/\/
NHEC W W \/\[/\/\/ \/\/

In both periods of crisis (financial and COVID-19), there is a seasonality of the evolu-
tion of all consumption analyzed (Figure 6).

Compared to the financial crisis of 2008-2009, the COVID-19 crisis marked an evolu-
tion characterized by a drastic decrease to a historical low point of both household and
non-household consumption during the lock-down period (March-May 2020). However,
for the same analyzed periods, in terms of household consumption, during the COVID-19
crisis, there is an increase generated by the transfer of activities from the classic system
(face to face) to the teleworking system.
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Figure 6. Comparative evolution of electricity consumption during the financial crisis vs. COVID-19 crisis.
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Against the background of a seasonal evolution, the internal electricity consumption
during the two crises was characterized by an important decline in the first year of the
crises (2009, respectively 2020) (Figure 7).

il
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seswilinear (2008) » » » »: Linear (2009) » » » » : Linear (2019) Linear (2020)

Figure 7. Comparative evolution of monthly domestic electricity consumption (DEC) during the financial crisis vs. the

COVID-19 crisis.

Due to the lock-down period (March-May 2020) due to the COVID-19 pandemic,
domestic electricity consumption slightly decreased in March, compared to the same period
in 2019 (2.75%), so April marked a drastic decrease in energy consumption, compared to
the same month of 2019 (14.25%) registering decreases even below the consumption of the
same month of 2009 (0.8%). In the following months, there will be a slight increase due to
the gradual resumption of economic activities.



Energies 2021, 14, 2394

15 of 25

130

120

110

100

0.50

0.80

070

060

0.50

The linearized values of domestic consumption in 2009 are constantly below those
of 2008. Similarly, the values in 2020 are below those of 2019 for almost the entire year
2020, with a tendency to reverse the situation (corresponding to a slight return of activities
generated by a relaxation of constraints) in the last quarter of 2020.

Household electricity consumption during both crises registered an increasing trend.
If in January 2020 the value of consumption was the same as in 2019, starting with February
there was a significant increase in household electricity consumption compared to the
same period of the previous year, reaching the highest increase in December 2020, 8.33%,
compared to the same month of 2019 (Figure 8).

||d||ll||||||“\“““||

2008 2005 2019 2020

wwwa Linear (2008) = « = Linear (2009) = » = #© Linear (2013) Linear [2020)

Figure 8. Comparative evolution of monthly household electricity consumption (HEC) during the financial crisis vs. the

COVID-19 crisis.

This is justified by the sudden transfer of many activities to the work system from
home (telework). The linearized representation of household consumption in 2020 in
the COVID-19 crisis is above the representation similar from the previous year (2019), a
situation that is comparable to the situation encountered in the previous financial crisis
(when the linearized values of household consumption in 2009 were higher than in the
previous year 2008). At the same time, the linearized values of the same household
consumption during the COVID-19 crisis are well above the linearized consumption
during the financial crisis, which may suggest the perpetuation of an increase in household
consumption generated by the expansion of digitalization of more and more activities.

As for non-household electricity consumption, it decreased significantly during both
crises. There is a slight decrease (4%), from the first month of 2020 compared to the
same month of 2019 (Figure 9), followed by the most drastic reduction in non-household
consumption of electricity of 21.31% to be recorded in April 2020 compared to 2019, being
even lower by 1.3% than the one recorded in the same month of 2009. In the subsequent
months, there is an impetuous increase in non-household consumption which corresponds
to the removal of restrictions imposed on some of the economic and social activities.
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Figure 9. Comparative evolution of monthly non-household electricity consumption (NHEC) during the financial crisis vs.

the COVID-19 crisis.

The linearized evolution of non-household consumption in the years preceding the
onset of the crisis (financial, in 2008 and COVID-19, in 2019) have a downward trend,
while the linearized evolution in the following years (for the financial crisis in 2009 and
for the COVID-19 crisis in 2020) has an upward trend. Also, linearized evolutions of the
non-household consumption from 2019-2020 are located in the great majority of the periods
analyzed at higher levels than the similar evolutions from 2008-2009, which may indicate
the permanence of an increasing trend of this type of consumption.

5. Electricity Consumption and Economic Growth. Empirical Results

In order to apply the statistical tests and empirical estimations described in Section 3, we
used the quarterly data on the four indicators, the time series containing 56 useful observations
for each variable, in logarithmic form.

Following the methodology presented in Section 3, we start with an ADF unit root
test to test the integration properties of variables. The results, displayed in Table 3, indicate
that the seasonally adjusted time series of the four variables are non-stationary. However,
all first differences of these series are stationary at a confidence level of 1%, thus all-time
series have the same order of integration, that is, I (1).

Table 3. Results of ADF unit root test.

Augmented Dickey-Fuller

Test Statishie L_GDP_S L_DEC_S L_HEC_S L_NHEC_S
t-Statistic 0.552099 —2.49664 ~1.22816 —2.35955
Prob.* 0.987 0.1218 0.656 0.1578
Level Test 1% level ~3.56002 355502 —3.55502 355502
critical 5% level ~2.91765 ~2.91552 ~2.91552 ~2.91552
values: 10% level 259669 259557 259557 259557
t-Statistic —6.33128 —7.98405 —9.2574 —8.42594
. Prob.* 0 0 0 0
st Test 1% level —3.56002 355747 —3.55747 —3.55747
differences Critical 5% level ~2.91765 ~2.91657 ~2.91657 ~2.91657
values: 10% level —2.59669 ~2.59612 ~2.59612 ~2.59612
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In order to determine whether there is cointegration between electricity consumption and
national GDP, a Johansen cointegration test was performed. The results given in Table 4 are
indicating the existence of a cointegration relation at the 5% significance level.

Table 4. Results of Johansen cointegration test.

Sample (adjusted): 2007Q3 2020Q4

Included observations: 54 after adjustments
Trend assumption: Linear deterministic trend
Series: L_GDP_SL_DEC_SL_HEC_SL_NHEC_S
Lags interval (in first differences): 1 to 1
Unrestricted Cointegration Rank Test (Trace)

Hypothesized . A o,
No. of CE(s) Eigenvalue Trace Statistic Critical Value Prob.
None * 0.405 49.191 47.856 0.0022
Atmost 1 0.211 21.161 29.797 0.347
At most 2 0.139 8.346 15.494 0.389
Atmost 3 0.004 0.244 3.841 0.423

Trace test indicates 1 cointegrating eqn.(s) at the 0.05 level. * denotes rejection of the hypothesis at the 0.05 level.

The cointegration test indicates the existence of long-term equilibrium relationships be-
tween variables in logarithmic form, and therefore there is at least one Granger causality
between them in at least one direction. The Granger causality test gives a statistical answer to
the question of whether one time series is useful to provide statistically significant information
to forecast another. The results displayed in Table 5 show only unidirectional causality, namely
domestic and non-household electricity consumption time series could be useful in forecasting
GDP, while GDP time series only in forecasting household electricity consumption.

Table 5. Granger causality test.

Null Hypothesis: F-Statistic Prob. Conclusion
L_DEC_S does not Granger 3701 0.031 DEC causing GDP
Cause L_GDP_S ’ ’ (significant at 5% level)
L_GDP_S does not Granger .
Cause L DEC_S 0.825 0.444 Accept the null hypothesis
L_NHEC_S does not 3.307 0.045 NHEC causing GDP
Granger Cause L_GDP_S ’ ’ (significant at 5% level)
L_GDP_S does not Granger .
Cause L_NHEC. S 0.815 0.449 Accept the null hypothesis
L_HEC_S does not Granger .
Cause L GDP. S 0.137 0.872 Accept the null hypothesis
L_GDP_S does not Granger 4.429 0.017 GDP causing HEC
Cause L_HEC_S ' ’ (significant at 1% level)

These results indicate that both domestic and non-household electricity consumption
have an impact on economic growth, while economic growth influences the level of
electricity consumption in individual households.

The White’s heteroskedasticity test performed showed an F-statistic probability value
of 0.5965, thus the hypothesis of homoskedasticity cannot be rejected.

Finally, Table 6 shows the results of empirical estimations of Equation (1), in 9 different
settings, regressing GDP on one or two of the electricity consumption variables, with or without
trend or fixed effect. The value of the determination coefficient R? (R-squared) is indicated in the
last column, while the standard errors of the estimated parameters are given in the parentheses.
Note that for most of the equations in Table 6, the value of R2 is close to 1, which can be attained
when the estimated values match exactly the observed values.

The estimated coefficients are positive for all regressions, showing the presence of a
long-term positive relationship between economic growth and electricity consumption.
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Table 6. GDP, domestic, household, and non-household electricity consumption.
Constant Log DEC Log HEC Log NHEC Linear Trend R-Squared
(1) log GDP %028333; 0.115
= e e
owscor e e o
(4) log GDP %0388;;; 0.195
() log GDP oy 0o 027
@lgcor ovE) (0005 096
mrgeor TG 02102 00019 0956
®logCOP iy 02y Oy oo 0562
©)log GDP oy os  000e) 096

Standard errors in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01.

Lines (1) and (2) from Table 6 show that domestic electricity consumption and national
GDP vary together closely both without trends and fixed effect and as deviations around
a trend. In both cases, the regressions are statistically significant at the 1% level, and
their values are very close (1.269 to 1.222). For each percentage point increase/drop in
electricity consumption, the national GDP increases/drops by 1.2%. The value of this
elasticity coefficient is close to the one of 1.43 reported in [51] for Europe, or the one of 1.3
reported in [46] for India, including in the study both the financial crisis and the COVID-19
crisis, or the value 1.41 reported in [74].

Line (3) includes a fixed effect, and the results show again a positive long-term relationship.

Lines (4), (5), (6) replicate the regressions for non-household electricity consumptions. The
results show the same evolutions as the ones for domestic electricity consumption. Remark
that the elasticity coefficient is slightly bigger (1.330 to 1.284) compared to the ones in lines 1, 2.
Thus, for each percentage point increase/drop in electricity consumption, the national GDP
increases/drops by 1.3%. This implies that non-household electricity consumption has a more
significant impact on economic growth than domestic electricity consumption.

In lines (7), (8), (9), we estimated equations including household electricity consump-
tions. The estimated coefficients are all positive, yet the ones corresponding to household
electricity consumption are not all statistically significant. This confirms the results of the
Granger causality test above, that HEC has no significant causality on GDP.

6. Discussions

The COVID-19 pandemic, although arose as a health crisis, has caused complex
transformations in human society, the global economic impact of the pandemic being
extremely uncertain.

The economic structure plays a major role in determining the impact of the pandemic
on the economy and electricity consumption. Like for other emerging EU countries where
electricity consumption is highest in residential sectors, in Romania electricity consumption was
less affected, compared to developed countries where industrial (non-household) consumption
is significant in total electricity consumption. At the same time, in Europe, the contribution of
the services sector, especially the tourism and hospitality sector, to total energy consumption
has led to a much greater impact on the economy and electricity consumption.
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The decline in economic activity starting from the first and continuing strongly in the
second quarter of 2020 can be detected in most European countries. Industrial activity and
services registered a significant decrease, mainly in the second quarter, in Germany, Spain,
France, Italy, and the United Kingdom, and thus non-household energy consumption
decreased significant.

The Romanian economy, given its dependence on global economic mechanisms and its
integration into European and global value chains, was strongly affected by the COVID-19
pandemic, registering one of the largest contractions in Europe. In the second quarter
of 2020, compared to the first quarter of the same year, it registered a record economic
decline of 12.86% never seen in the post-revolution history of the Romanian economy, far
exceeding the quarterly negative records of the economic-financial crisis from 2008-2009
(4.3%). Although after this record decline, the economy has shown signs of recovery,
leading to only a 0.55% contraction in 2020, compared to 2019.

The study of electricity consumption in Romania revealed that it has a seasonal char-
acter and that it generally keeps the same pattern as that of the emerging EU states. The
analysis of electricity consumption over the period 2007-2020, showed that domestic elec-
tricity consumption and residential consumption generally had a positive growth rate as
opposed to non-household consumption which experienced a permanent decrease, accen-
tuated in periods of crisis. Restrictions and constraints on economic activity in Romania
have had significant effects on energy consumption, significantly changing consumption
profiles, as other authors have ascertained [7,31,45], as has happened in other European
countries. In emerging economies, industry dominates, consuming about half of the final
demand as opposed to the commercial and public services sector. Our analysis shows a
decoupling of economic growth rates from changes in energy consumption.

The analysis of electricity consumption in Romania, after the financial crisis of 2008,
shows a drastic quarterly decrease in 2009 in non-household electricity consumption
(with a maximum of 17.6%) and domestic consumption (with an 11.8%), while household
consumption increased steadily.

The decrease in non-residential consumption manifested itself in the following years,
this being the consequence of a continuous transition of Romania from an industrial
economy to a service-based economy but also through a significant increase in energy
efficiency, due to technological improvements and behavioral changes. After the financial
crisis of 2008, domestic electricity consumption in Romania registered a modest growth
trend, which was interrupted by the beginning of the COVID-19 pandemic, the same as
for other countries of the world [7,30,46]. This was caused by the lockdown of economic
activity in several sectors, the most drastic decrease in domestic electricity consumption
was recorded in the second quarter compared to the first quarter of 2020 (19.4%), which
exceeds the decrease recorded in the same reference period of 2009 (14.8%).

Regarding the domestic consumption of electricity in Romania, as in other states [42,43,49],
itis found that both during the financial crisis and the pandemic one it experienced a permanent
growth trend, in 2020 this trend was even more significant.

Romania, like the other neighboring states, registers an increase in residential electric-
ity consumption starting with the second quarter of 2020, which could be explained by the
fact that people have carried out their activities at home.

Comparative analysis of the evolution of domestic electricity consumption during the
financial crisis vs. COVID-19 crisis leads to the conclusion that, against the background of
a seasonal evolution, domestic electricity consumption is characterized by a sharp decline
during the onset of crises.

The estimation of the impact of electricity consumption on economic growth was
carried out by using a multiple linear regression model. This involved the analysis of the
stationarity of the variables and the testing of the cointegration relationship of the variables.
The cointegration test indicated the existence of long-term equilibrium relations [65,66,71]
consumption between GDP and domestic and non-household consumption electricity. The
empirical estimations showed that the estimated coefficients are positive for all regressions,
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ascertaining the presence of a positive long-term relationship between growth and elec-
tricity consumption, in accordance with a number of other studies [62-64]. It is observed
that non-household electricity consumption has a more significant impact on economic
growth [74] than domestic electricity consumption, and household electricity consumption
does not have a significant influence on GDP [57].

7. Conclusions

Observing the downward trend of GDP at the beginning of the pandemic, we may
conclude that the average GDP growth rate will be insufficient to recover Romania’s
development gaps compared to the EU average. The outlook for economic growth and
electricity consumption remains uncertain, as the overall impact of the COVID-19 pandemic
is not yet known. Thus, the shock of reduced activity will have a severe and lasting impact
on non-household energy consumption.

Following the results of the analysis, we can affirm that non-household energy consump-
tion is influenced by government policies and is a major factor influencing economic growth.
The COVID-19 pandemic has highlighted the need for some governmental and European
policies are needed to stimulate sustainable and sustainable economic growth, in response to the
coronavirus pandemic to help Romania and other EU member states take appropriate measures
to provide support to particularly affected sectors, and implicitly to the citizens.

Increasing consumption of renewable energy sources, changes in user mindsets, the
fact that people are becoming more aware of their behavior and can benefit from a number
of innovations (automatic sensors and controlled devices), increase the energy efficiency,
which manifests itself in stagnation or even reduction of electricity consumption.
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Appendix A

Table A1. Time series for GDP and energy consumption (DEC, HEC, NHEC) for the period 2007-2020.

TIME TIME
Gpr! DEC * HEC * NHEC * Gpp1 DEC * HEC* NHEC*
Year Q Year Q
Q1 97,855.60  13.61 2.52 8.73 Q1 163,071.00 13.41 3.03 8.15
2007 Q2 102,979.40 12.40 2.25 8.55 2014 Q2 166,546.50 11.64 2.72 7.87
Q3 106,593.40 12.92 2.31 8.87 Q3 168,402.70 11.98 2.76 8.28
Q4 114,529.70 14.44 2.47 9.19 Q4 170,330.30 13.64 3.09 8.53

Year 421,958.10 53.37 9.55 35.34 Year 675,609.80 50.67 11.60 32.83
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Table A1. Cont.

TIME TIME
GppP1 DEC * HEC * NHEC * GppP1 DEC * HEC* NHEC*
Year Q Year Q
Q1 126,849.70 14.50 2.73 9.23 Q1 175,682.30 13.83 3.15 8.65
2008 Q2 132,214.10 1294 2.47 8.81 2015 Q2 173,002.10 11.90 2.80 8.25
Q3 137,422.40 13.28 241 9.01 Q3 180,146.20 12.55 2.88 8.74
Q4 138,299.00 13.84 2.77 8.39 Q4 181,706.10 13.52 3.17 8.61
Year 534,785.20 54.56 10.38 35.44 Year 710,536.70 51.80 12.00 34.25
Q1 129,320.60 13.39 3.00 7.71 Q1 184,575.30 13.94 3.24 8.72
2009 Q2 132,136.50 11.41 2.56 7.26 2016 Q2 190,319.50 12.08 2.80 8.36
Q3 131,043.90 11.97 2.58 7.75 Q3 189,654.50 12.52 2.88 8.74
Q4 135,955.70 13.15 2.86 7.87 Q4 197,084.50 14.37 3.12 8.94
Year 528,456.70 49.92 11.00 30.59 Year 761,633.80 52.91 12.04 34.76
Q1 129,311.30 13.90 3.04 8.04 Q1 206,856.20 14.63 3.37 9.05
2010 Q2 132,105.50 12.13 2.70 7.82 2017 Q2 209,498.70 12.57 3.00 8.71
Q3 132,883.50 12.34 2.64 8.09 Q3 216,864.20 13.02 3.02 9.07
Q4 133,403.80 13.68 2.87 8.14 Q4 221,414.40 14.35 3.24 9.03
Year 527,704.10 52.05 11.25 32.09 Year 854,633.50 54.57 12.63 35.86
Q1 139,898.60 14.49 3.09 8.74 Q1 227,174.80 15.15 3.44 9.42
2011 Q2 137,695.30 12.61 2.77 8.35 2018 Q2 234,720.60 12.70 2.97 9.02
Q3 140,928.70 12.68 2.74 8.56 Q3 240,750.20 13.17 3.02 9.40
Q4 140,145.00 13.94 2.98 8.56 Q4 245,001.50 14.75 3.36 10.09
Year 558,667.60 53.72 11.58 34.21 Year 947,647.10 55.77 12.79 37.93
Q1 143,789.00 14.33 3.22 8.56 Q1 255,549.40 14.75 3.45 9.33
2012 Q2 147,707.80 12.36 2.79 8.32 2019 Q2 260,560.00 12.94 3.15 8.88
Q3 148,401.80 1247 2.86 8.60 Q3 264,624.80 13.28 3.06 9.27
Q4 150,543.50 13.16 3.15 8.46 Q4 274,682.90 14.18 3.31 9.04
Year 590,442.10 52.32 12.02 33.94 Year 105,5417.00 55.15 12.97 36.52
Q1 152,787.90 13.43 3.11 8.16 Q1 272,47520 14.36 3.53 8.97
2013 Q2 156,689.00 11.54 2.74 7.78 2020 Q2 23742240 11.58 3.22 7.45
Q3 159,866.20 11.69 2.72 8.03 Q3 259,597.20 13.10 3.35 9.03
Q4 163,402.20 13.01 3.08 8.12 Q4 280,125.30 14.48 3.61 9.13
Year 632,745.30 49.67 11.65 32.09 Year 104,9620.00 53.52 13.71 34.58

! expressed in million units of national currency-data from Eurostat database. * expressed in (TWh)-data processed by authors from the
ANRE monthly reports.

Table A2. Analysis of the quarterly and annual evolution of the indicators.

Indicators GDP (%) DEC (%) HEC (%) NHEC (%)
2020/2007 148.7498 0.284815 43.63541 —2.15054
Q1(2020/2007) 178.4462 5.526161 40.35785 2.749141
Q2(2020/2007) 130.5533 —6.6129 43.11111 —12.8655
Q3(2020/2007) 143.5397 1.393189 45.02165 1.803833
Q4(2020/2007) 144.5875 0.277008 46.15385 —0.652884
Q1(2009/2008) 1.947896 —7.623318 9.970674 —16.468039
Q2(2009/2008) —0.058693 —11.823802 3.643725 —17.593644
Q3(2009/2008) —4.641529 —9.864458 7.053942 —13.984462
Q4(2009/2008) —1.694372 —4.985549 3.249097 —6.197855
Q1(2020/2019) 6.623299 —2.644068 2.318841 —3.858521
Q2(2020/2019) —8.879951 —10.510046 2.222222 —16.103604
Q3(2020/2019) —1.899898 —1.355422 9.477124 —2.588997
Q4(2020/2019) 1.981339 2.115656 9.063444 0.995575
Q12020/Q42019 —0.803727 1.2693935 6.6465257 —0.77433628
2020(Q2/Q1) —12.86458 —19.359331 —8.78187 —16.9453735
2020(Q3/Q2) 9.3398096 13.126079 4.0372671 21.2080537
2020(Q4/Q3) 7.9076739 10.534351 7.761194 1.10741971
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Table A3. Statistical analysis of indicators.

Ind. Mean Max. Min. Skewness  Kurtosis Jarque-Bera Prob. Coeff. of Variation

GDP 175,761 280,125 97,855.6 0.6125 2.230 4.8845 0.0870 0.2837
DEC 13.2142 15.15 11.41 —0.0171 2.036 2.1701 0.3379 0.0737
HEC 2.94934 3.61 2.25 —0.1083 2.555 0.5710 0.7516 0.1049

NHEC 8.57911 10.09 7.26 —0.0689 3.011 0.0446 0.9780 0.0641
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