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Abstract: On 11 March 2020, the WHO declared the COVID-19 epidemic to be a global pandemic.
This was a consequence of the rapid increase in the number of people with positive test results, the
increase in deaths due to COVID-19, and the lack of pharmaceutical drugs. Governments introduced
national lockdowns, which have impacted both energy consumption and economies. The purpose of
this paper is to answer the following question: do COVID-19 lockdowns affect the business cycle? We
used the cycle clock approach to assess the magnitude of decrease in electricity consumption in the
three waves of the epidemic, namely, April 2020, November 2021, and April 2021. Additionally, we
checked the relation between energy consumption and GDP by means of spectral analysis. Results for
selected 28 European countries confirm an impact of the introduced non-pharmaceutical interventions
on both energy consumption and business cycle. The reduction of restrictions in subsequent pandemic
waves increased electricity consumption, which suggests movement out of the economic recession.

Keywords: consumption of electricity; COVID-19; lockdown; non-pharmaceutical interventions
(NPIs); business cycle clock

1. Introduction

In the early period of the COVID-19 pandemic’s spread, the first lockdown was
introduced on 23 January 2020, in Hubei Province, China [1]. In Europe, the first non-
pharmaceutical interventions (NPIs), like advice to self-isolate if experiencing a cough or
fever, were introduced in Switzerland on 2 March 2020. In Italy, there were nationwide
school closures (5 March 2020), and the ordered lockdown—the government closes all
public places, people have to stay at home except for essential travel—started on 11 March
2020 [2]. In the next days and weeks, many countries conducted NPIs. The range of
interventions was very vast. The classification and ranking of NPIs are presented in the
paper [2].

The work of [3] indicates that the COVID-19 pandemic is the stimulus for a research
focused on the politics of crisis, which stems from defining crisis as a threat, uncertainty,
and time pressure on economic and political processes. Many governments introduced
non-pharmaceutical interventions in order to fight against the virus. Imposing restrictions
on borders, transportation (movements); closure of airports; restrictions on trade, tourism,
catering; closure of schools and universities; and many other things have made up the na-
tional lockdowns. The introduced restrictions range was classified in [4] into the following
three classes: soft lockdown, moderate lockdown, hard lockdown. The above-mentioned
restrictions imposed in several countries had an impact on regulations in all economic
sectors. As a result, those restrictions slowed down the economic activity and a question
therefore arises: can the magnitude of this slow down be assessed by the decrease in
electricity consumption?
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Energy Consumption, Business Cycle and Economic Growth

In the classical approach to economic growth theory, energy consumption is assumed
to be an input factor of production (complement to capital and labor). On the other
hand, in the so-called conservation hypothesis, it is assumed that ”green” policy has
little or no impact on GDP since energy consumption does not influence the dynamics
of GDP. On the contrary, the so-called feedback hypothesis assumes that there is a bi-
directional causal relationship between energy consumption and GDP. In the neutrality
hypothesis, it is assumed that there is no relationship between economic growth and energy
consumption. All this means that there is no consensus on the causal linkages between
energy consumption and economic growth. Furthermore, results of empirical analysis
in this field are ambiguous as well, though we can find some common patterns across
geographical regions, which are discussed in Section 2.

Another question is the relation between energy consumption and the business cycle.
Although we can extract the business cycle directly from GDP for quarterly time-series,
it may be useful to treat energy consumption as a leading business cycle indicator. This
is because energy consumption is highly correlated with industrial production and sales
(supply side) and consumers expenditures (demand side). There are also some empirical
results [5,6] supporting this approach.

Figure 1 shows the average daily number of positive COVID-19 tests for a given
month. We are focusing on three moments during the pandemic: April 2020, November
2020, and April 2021 for selected European countries. During those waves, the lockdowns
were introduced (as non-pharmaceutical interventions) and impacted energy consumption.
NPIs were loosened in January 2021 because the COVID-19 vaccination campaign began.

Taking all this into account, we formulate the following research hypotheses:

Hypothesis 1 (H1). Energy consumption can be used as an leading indicator of the business cycle.

Hypothesis 2 (H2). The energy consumption cycle clock can assess the impact of pandemic
lockdowns on the business cycle.

In order to verify these hypotheses, we used tools for time-series filtering in both
frequency and time domains. In the former, we used the spectral analysis approach,
especially the phase angle measure. In the latter, we used the cycle clock approach, which
gives us the possibility to trace changes in business cycle phases. We used quarterly time-
series covering the period from the first quarter of 2008 up to the second quarter of 2021
for the following 28 European countries: Austria, Belgium, Bulgaria, Cyprus, Czechia,
Germany, Denmark, Estonia, Greece, Spain, Finland, France, Croatia, Hungary, Ireland,
Italy, Lithuania, Luxembourg, Latvia, Netherlands, Norway, Poland, Portugal, Romania,
Sweden, Slovenia, Slovakia, Turkey. Details of our methodology are described in Section 3.

The remainder of this paper is as follows. In Section 2 we conduct the literature review
concerning the impact of the Covid pandemic on energy consumption. We also concentrate
on energy consumption as an economic growth barometer studying the results across
countries. The next section relates to the methods and data used in our research. The results
are described in Section 4. The discussion is provided in the last Section 5. Additionally,
we include a broad set of plots for graphical presentation of the results, which can be found
in the Appendix A.
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Figure 1. Daily average number of confirmed COVID-19 cases (left axis, light blue bars) and deaths
(right axis, dark blue bars) in 28 European countries.

2. Literature Review
2.1. Impact of COVID-19 Lockdows on Energy Consumption

In [7], authors using econometric models for the UK, France, and Germany, evaluate
the impact of lockdown on human behavior, which led to changes in demand for energy. A
broad description of the three components, pandemic, economic downturn, and climate
change, are presented in the paper [8]. Another paper [9] presents ten scenarios of energy
consumption changes for 20 European countries, indicating an inevitable decrease in
consumption from −1.81% to −10.46%. The paper [10] compares long-term trends in
energy consumption using ARIMA models and determines the impact of lockdown on the
decline in consumption. The paper [11] indicates the effects on six sectors of the economy,
including the energy sector, using the example of India. In [12] the impact of the COVID-19
on the economy, energy, and environment is analyzed, indicating catastrophic implications
on the entire economy. Similar analyses for the tourism industry are presented in the
paper [13].

The impact of lockdown on energy consumption in five regions of India is described
in [14], but the effect is different for different sub-periods due to various lockdown measures.

In [15–20] the effect of lockdowns on the electricity consumption of domestic users
is evaluated showing activity changes in energy consumption levels. The flattening of
energy consumption peaks over the daily cycle is presented in the paper [21]. Managing
energy consumption to mitigate the effects of lockdown is presented in [22]. Daytime and
nighttime energy consumption during the pandemic period is shown as a barometer of
economic activity in the work [23].

Figure 1. Daily average number of confirmed COVID-19 cases (left axis, light blue bars) and deaths
(right axis, dark blue bars) in 28 European countries.

2. Literature Review
2.1. Impact of COVID-19 Lockdows on Energy Consumption

In [7], authors using econometric models for the UK, France, and Germany, evaluate
the impact of lockdown on human behavior, which led to changes in demand for energy. A
broad description of the three components, pandemic, economic downturn, and climate
change, are presented in the paper [8]. Another paper [9] presents ten scenarios of energy
consumption changes for 20 European countries, indicating an inevitable decrease in
consumption from −1.81% to −10.46%. The paper [10] compares long-term trends in
energy consumption using ARIMA models and determines the impact of lockdown on the
decline in consumption. The paper [11] indicates the effects on six sectors of the economy,
including the energy sector, using the example of India. In [12] the impact of the COVID-19
on the economy, energy, and environment is analyzed, indicating catastrophic implications
on the entire economy. Similar analyses for the tourism industry are presented in the
paper [13].

The impact of lockdown on energy consumption in five regions of India is described
in [14], but the effect is different for different sub-periods due to various lockdown measures.

In [15–20] the effect of lockdowns on the electricity consumption of domestic users
is evaluated showing activity changes in energy consumption levels. The flattening of
energy consumption peaks over the daily cycle is presented in the paper [21]. Managing
energy consumption to mitigate the effects of lockdown is presented in [22]. Daytime and
nighttime energy consumption during the pandemic period is shown as a barometer of
economic activity in the work [23].

2.2. Relation between Energy Consumption and Economic Growth
2.2.1. World Wide Analysis

In the paper [24] authors verified different hypotheses of economic growth focusing
on the intellectual links between economics and engineering. In the case of oil-exporting
counties, there is some evidence for a strong unidirectional causality from economic growth
to energy consumption [25]. In the paper [26] authors analyzed 93 countries, and they
found that, at the individual country level, there are significant variations in results on
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the impact of energy consumption on real GDP. In most countries, energy does not have
a long-run Granger causal effect on real GDP. In countries where a causality relationship
exists, the sign of the effect is negative, meaning that energy consumption has a negative
effect on real GDP. The results for panel data were similar: energy consumption caused
real GDP for Western Europe, Asia, Latin America, Africa, G6, and the globe. However,
the sign of the effect was positive for Asia, Africa, and the world, but the point estimates
were all either zero or close to zero. On the other hand, for a two-times smaller panel of
economies [27], authors found evidence for energy-led growth hypothesis in 46 selected
economies. They also showed that the energy-led growth hypothesis was more prevalent
in the high- and middle-income countries compared with their low-income counterparts.

2.2.2. Results for OECD Countries

In [28] authors found that there is a strong cointegrating relationship between energy
consumption and economic growth. They propose factor decomposition to distinguish
between common and specific factors of energy consumption in OECD countries. In the
paper [29] authors found some evidence that a very short-run bidirectional causality exists,
and strong unidirectional causality running from capital formation and GDP to energy
usage for 30 OECD countries. Results in [30] show that, for OECD countries, it is not only
economic complexity that is positively associated with a higher rate of economic growth,
but also both non-renewable and renewable energy consumption.

2.2.3. Results for European Union

In the paper [31] authors found that the level of compliance with energy policy
targets influences linkages between energy consumption and economic growth. The results
indicate causal relations in the group of countries with the greatest reduction of greenhouse
gas emissions, the highest reduction of energy intensity, and the highest share of renewable
energy consumption in total energy consumption. In the remaining groups, the results
mostly confirm the neutrality hypothesis. In further research [32] they show that the
relationships between economic growth and electricity consumption depend on the level
of renewable energy sector development. In countries with relatively well-developed
renewable energy sectors, renewable electricity consumption boosts the economy and
vice versa. In the remaining countries, economic growth and electricity consumption
are independent.

2.2.4. Results for North and Central America

For the US, in [33] the author did not find evidence that there is a long-term causal
relationship between gross energy use and GDP. On the other hand, in [34] the author
found evidence for unidirectional long-run Granger causality in the commercial sector from
growth to energy, as well as evidence for bi-directional long-run Granger causality in the
transport sector. Finally, in [35] authors found that the conservation hypothesis is valid for
the US. For Canada in [36] authors found a bidirectional relation between output growth
and energy use in the short-run. For Central America, authors in [37] found evidence
for both short-run and long-run causality from energy consumption to economic growth,
which supports the growth hypothesis.

2.2.5. Results for Africa

For African counties, the author in [38] found that causality runs from GDP to energy
consumption in the short-run, and from energy consumption to GDP in the long-run. In
addition, they found unidirectional causality running from electricity consumption to GDP
in the long-run.

2.2.6. Results for Asia

For Asian countries, ref. [39] found that although economic growth and energy con-
sumption lack short-run causality, there is a long-run unidirectional causality running
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from energy consumption to economic growth. In the paper [40], authors analyzed energy
consumption and GDP in Korea in the period 1970–1999 and for an annual date; they found
a long-run bidirectional causal relationship between energy and GDP, and short run unidi-
rectional causality running from energy to GDP. They also analyzed energy consumption
and economic growth in Korea based on quarterly data in the period of January 1981–April
2000 [41] and they found no evidence for causality between energy and GDP in the short
run and a unidirectional causal relationship running from GDP to energy in the long run.
For China in [42] authors found evidence that, from 1999 to 2009, there was unidirectional
causation from economic growth to energy consumption in the long-run.

2.2.7. Results for Emerging Economies

For selected emerging economies authors in [43] found that the neutrality hypothesis
is valid for Bangladesh, Egypt, Indonesia, Iran, Korea, Mexico, Pakistan, and Philippines,
while for Turkey the growth hypothesis is valid. On the other hand, similar analysis con-
ducted in [35] revealed that for Bolivia, Brazil, Canada, El Salvador, Honduras, Nicaragua,
Panama, and Paraguay, the growth hypothesis is valid, while the conservation hypothesis
is valid for Colombia and Mexico. For the Commonwealth of Independent States, authors
in [44] found unidirectional causality from energy consumption to economic growth in
the short-run and bidirectional causality in the long-run, which supports the feedback
hypothesis. For Greece, authors in [45] found a bi-directional causal relationship between
electricity consumption and economic growth. At the same time, results in [46] revealed
significant unidirectional linear and non-linear causal linkages running from total useful
energy to economic growth.

3. Methods and Data

The comparison analysis of energy consumption dynamics with GDP dynamics was
performed based on quarterly data from the period 2008 Q1–2021 Q1. All statistical data
were taken from Eurostat databases. We employ the spectral analysis framework, and to
verify the first hypothesis, we use the phase angle. The spectral analysis investigates the
time series in the frequency domain instead of the time domain. The relation between
frequency domain and time domain is obtained directly from the Fourier transform. Taking
the frequency bands into account instead of the time moments allows finding the relations
between cycles in particular frequencies (low and high).

Let’s consider two time series xt and yt. Taking into account the covariance of those
processes and applying the Fourier transform, we receive the cross-spectral density fxy(ω)
represented in complex numbers as follows:

fxy(ω) = cxy(ω) + iqxy(ω),

where ω ∈ (0; π) is a certain frequency, cxy(ω) is the real part of a complex number and is
called the co-spectrum, while the qxy(ω) is the imaginary part and is called the quadratic
spectrum. The low frequencies relate to long-time lags, while the high frequencies refer
to short-time periods. The spectral analysis gives the following instruments for analysis:
the coherence coefficient, which indicates the strength of relation between two series xt
and yt, and the phase angle to obtain the differences in frequencies and the magnitude of
frequency amplitudes. In this research, we use the phase angle to evaluate the leading of
examined processes:

φxy(ω) = arctan
−qxy(ω)

cxy(ω)
. (1)

This measure presents the phase difference and can be used as a time lag within the
frequencies domain. If one phase is leading the second one in the time domain, then the
ratio φxy(ω)/ω is the lag indicator in the frequency domain. When the phase angle has a
constant slope, then the time lag is equal for frequencies for both processes [47]. In our case,
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a positive value of the phase angle indicates that energy consumption is ahead of business
cycle (is a leading indicator). A negative value of the phase angle indicates that business
cycle is ahead of energy consumption.

The last tool we use in our research is the business cycle clock, which is the coordinate
system where the vertical axis presents the deviation (measured in standard deviations) of
differences from the trend. The horizontal axis is the trend component’s year-to-year change
(expressed as a percentage). The position (quarter) in the coordinate system indicates the
phase of the business cycle. The first quarter is the expansion phase (above the trend with
an upward tendency). The second quarter represents the slowdown phase (above the trend
with a downward tendency). The third quarter is the recession phase (below the trend with
a downward tendency), and the fourth quarter corresponds to the recovery phase (below
the trend with an upward tendency).

Research Scenario

In order to check whether energy consumption is a leading indicator of the business
cycle, we calculated the phase spectrum between energy consumption (GWh) and GDP.
For this purpose, the quarterly data series have been cleared of seasonality and calendar
effects using the X-13-ARIMA procedure. A more extensive description of the X-13-ARIMA
procedure is presented in [48]. Next, the series were detrended using the Hodrick-Prescott
filter with parameter λ = 1600, which means filtering out the 9-year intermediate-term
trend. The application of the HP filter gives the business cycle component of zero average,
an irregular sinusoid shape, and different duration of growth and decline phases. The HP
filter is presented in the work [49], with modification in [50] and its usage for business
cycles in [51]. The estimated phase angles (calculated according to formula (1)) are shown
in Figures A1–A28 (graphs (b)).

In the second step, we build the business cycle clocks for energy consumption for
28 European countries. To do this, we need two components: the long-term trend and
the business cycle component, which were found through the the X-13-ARIMA procedure
and marked as SCA at Figures A1–A28 (graphs (c)). Next, we used the HP filter with the
smoothing parameter λ = 14400, which corresponds to cutting off 90.57 months (7.55 years).
This gives us the trend component marked at Figures A1–A28 as a trend with a green line
on graphs (c).

All the calculations have been computed using gretl program [52] and detailed results
are available as a supplementary material attached to the article.

4. Results

Figures A1–A28 present energy consumption and GDP cycles (graphs (a)) and the
phase angle between those time series (graphs (b)). We obtained positive values of phase
angle for 24 of 28 countries (support for H1) with the following remarks:

• In the case of 8 countries, i.e., Austria, Bulgaria, Cyprus, Czech Republic, Finland,
Hungary, Sweden, and Slovenia, values of phase angle are always positive (for all
frequencies).

• In the case of 11 countries, i.e., Belgium, Estonia, Greece, Spain, Italy, Croatia, Poland,
Portugal, Romania, Slovakia and Turkey, values of phase angle are positive only for
low frequencies (which corresponds to a period longer than eight quarters).

• In the case of 4 countries, i.e., Lithuania, Luxembourg, Netherlands, Norway, and
France, values of phase angle are positive only for high frequencies (up to 5 quarters).

• In the case of 4 countries, i.e., Germany, Denmark, Ireland, and Latvia, we got either
negative values of phase angle or results were inconclusive (which means lack of
support for H1).

The above results are crucial for our research and allow us to use energy consumption
as a leading indicator of the business cycle.

The second hypothesis is verified using the cycle clock approach for energy consump-
tion. Figure 2 presents cycle clocks for energy consumption for all analyzed countries drawn
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at three crucial moments of COVID-19 pandemic, i.e., April 2020 (Figure 2a), November
2020 (Figure 2b), and April 2021 (Figure 2c). Table 1 summarizes situation of those countries
in terms of energy consumption cycle phase.

Table 1. Changes in the trend, cycle, and phase of energy consumption in the analyzed countries
after 3 waves of the COVID-19 pandemic.

Trend Direction Position in Cycle Cycle Phasein Relation to Trend

April November April April November April November April
2020 2020 2021 2020 2020 2021 2020 2021

Austria decrease decrease decrease below above above changed unchanged
Belgium decrease increase increase below below above changed changed
Bulgaria increase decrease decrease below above above changed unchanged
Cyprus decrease increase increase below above above changed unchanged
Czech Republic decrease increase increase below above above changed unchanged
Germany decrease decrease decrease below above above changed unchanged
Denmark increase increase increase below below above unchanged changed
Estonia increase decrease decrease below above above changed unchanged
Greece decrease decrease decrease below above above changed unchanged
Spain decrease decrease decrease below below above unchanged changed
Finland decrease decrease decrease below below above unchanged changed
France decrease decrease decrease below below above unchanged changed
Croatia decrease increase increase below above above changed unchanged
Hungary increase decrease decrease below above above changed unchanged
Ireland decrease decrease decrease below below above unchanged changed
Italy decrease increase increase below above above changed unchanged
Lithuania increase decrease decrease below below above changed changed
Luxembourg decrease decrease decrease below above above changed unchanged
Latvia decrease decrease decrease below below above unchanged changed
Netherlands decrease increase increase below below above changed changed
Norway increase decrease increase below below above changed changed
Poland decrease decrease decrease below above above changed unchanged
Portugal decrease decrease decrease below above above changed unchanged
Romania decrease decrease decrease below above above changed unchanged
Sweden decrease decrease decrease below below above unchanged changed
Slovenia decrease decrease decrease below above above changed unchanged
Slovakia decrease increase increase below above above changed unchanged
Turkey increase increase increase below above above changed unchanged

According to results presented in Figure 2 and in Table 1 we can draw the following
conclusions:

1. In April 2020, at the time of the outbreak of the first wave of the COVID-19 pandemic,
energy consumption in all countries was below the trend (all points are below the
zero line on Figure 2a).

2. A year later, i.e., in April 2021, the position of energy consumption in the cycle moved
above the trend in all countries (all points are above the zero line on Figure 2c).

3. Successive waves of the COVID-19 pandemic changed the phase of the cycle in all
countries at least once. This means that there has been no country whose energy
cycle is immune to changes in the economic environment, such as the occurrence of
pandemic waves. In other words, when we compare Figure 2a–c, each country moved
to another quarter (changed its position) at least once.

4. The energy consumption cycle phase was changed twice in 4 countries: Belgium,
Lithuania, Netherlands, and Norway.

5. In 7 countries, i.e., Denmark, Spain, Finland, France, Ireland, Latvia, and Sweden, the
energy consumption didn’t change its cycle phase after the impact of the first wave of
the COVID-19 pandemic.

6. In the remaining 11 of the 28 countries analyzed, energy consumption changed its
cycle phase only after the first wave of COVID-19 and after successive waves their
cycle phases remained stable.
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Figure 2. Cycle clocks for energy consumption at April 2020, November 2020 and April 2021 in 28
European countries: Austria (AT), Belgium (BE), Bulgaria (BG), Cyprus (CY), Czechia (CZ), Germany
(DE), Denmark (DK), Estonia (EE), Greece (EL), Spain (ES), Finland (FI), France (FR), Croatia (HR),
Hungary (HU), Ireland (IE), Italy (IT), Lithuania (LT), Luxembourg (LU), Latvia (LV), Netherlands
(NL), Norway (NO), Poland (PL), Portugal (PT), Romania (RO), Sweden (SE), Slovenia (SI), Slovakia
(SK), Turkey (TR).

Detailed results of energy consumption cycle clocks are presented in Figures A1–A28
(graphs (d)). An essential decrease in energy consumption occurred for Turkey and Ireland.
Also, a noticeable change appeared in Estonia, Italy, and Austria. The magnitude of the
change in energy consumption levels in April 2020 was so substantial that all analyzed
economies went to the slowdown or recovery phase of their business cycle, which was
below their long-term trend (see Figure 2a). In April 2021, the introduced NPIs were less
rigorous. The lockdowns were not as crucial for the economy or industry as previous
lockdowns. All studied countries increased their energy consumption above the trend and
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turned to a downturn or expansion phase. The highest increase was for Poland. Hungary
and Turkey also consumed extensively more energy compared to the long-term trend (see
Figure 2c).

Analysis of Figures A1–A28 (graphs (c)) reveals that the trend in energy consumption,
estimated for a period from January 2008 to May 2021, did not change its direction in 2020–
2021 for many countries and remained constant in 12 countries (Austria, Belgium, Germany,
Greece, Spain, Finland, France, Ireland, Italy, Portugal, Sweden, Slovenia). The long-term
stability remained unchanged in 10 countries (Bulgaria, Cyprus, Lithuania, Luxembourg,
Latvia, Netherlands, Norway, Poland, Romania, Slovakia). Despite a temporary decline,
the upward trend remained unchanged in 6 countries (Czech Republic, Denmark, Estonia,
Croatia, Hungary, and Turkey). However, the decrease in April 2020 (due to lockdowns
imposed in March 2020) and its persistence in the next few periods strongly impacted the
energy consumption in many countries, reducing the usage and changing the long-term trend.

5. Discussion and Conclusions

If we look at Figures A1–A28 we can observe that in analyzed countries the largest
decline in energy consumption occurred during the first pandemic wave (the first several
weeks starting from March 2020). This was related to deep lockdowns introduced by
governments. For subsequent waves of increased morbidity, lockdowns were no longer as
broad as during the first wave.

After the first wave (March–April 2020), many European governments lifted the
restrictions by May–June 2020. People became more reckless during the summer of 2020,
and the pandemic returned, starting the so-called second wave in September–November.
In all European countries that did well during the first wave, i.e., where infection rates
were low, during the second wave infection rates increased in September and October 2020.
In many countries, governments reintroduced countermeasures to limit the spread of the
pandemic, including identification and isolation of infected people, together with tracking
and quarantining people with whom they have had close contact. Governments closed
borders and imposed strict pandemic rules again, but only for some selected sectors of the
economy (e.g., tourism, hospitality, food service, and trade). Many companies switched
to remote working, including primary and higher education. Local lockdowns were also
introduced. The range of initiated economic restrictions was smaller and did not cause
such a substantial impact on the economy as during the first wave. Still, it did not protect
societies from a solid increase in the level of illnesses and deaths. The change in the level of
electricity consumption can be seen in Figure 2b.

Looking at the results of business cycle clocks, the business cycle phase changed from
a deep recession to the middle level (trend) or to the recovery phase in most countries. Only
in 2 of the 28 analyzed economies, i.e., Sweden and Norway, the cycle phase changed a
little and remained around its long-term trend (zero level horizontal axis). This is probably
because these countries did not introduce taught economic restrictions, but only those of a
social nature (social distance, masks, closure of mass events).

The third pandemic wave occurred in March and April 2021, and governments also
introduced restrictions to control its spread. These restrictions were mainly of a “soft” type,
i.e., limited to social restrictions (distance, masks) with minor economic countermeasures.
These limited lockdowns resulted from the start of the vaccination campaign in December
2020 and its widening in the subsequent months. The ongoing broad vaccination campaign
discouraged the governments from the introduction of subsequent non-pharmaceutical
economic restrictions. Figure 2c indicates that the influence of lockdown constraints on
economic sectors were negligible, and the cycle clock indicated positions above the long-
term trend level for all 28 analyzed economies.
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By May 2021, we had three waves of the COVID-19 pandemic. In the summer of 2021
(July–September), a fourth wave appeared in some countries. In Europe, a substantial
increase in new COVID-19 cases has been observed since October or November. Central
and Eastern European countries are the most affected (Slovenia, Slovakia, Romania, Latvia,
Hungary, Russia, Ukraine), where the rate of increase in new COVID-19 cases may be
related to the vaccination rate. At the beginning of November 2021, the best situation was
in Portugal and Spain, where over 80% of the population was vaccinated. At the same time,
an average for all European countries was 60% [53]. The above-mentioned CEE countries
have vaccination rates far below the European mean. It seems that two factors can assess
the current pandemic status in different countries: vaccination rate, and a related set of
imposed non-pharmaceutical restrictions (which is well described by the Stringency Index).
Those two factors can directly influence economic activity measured by many economic
factors, including electricity consumption.

A literature review confirms that the range of non-pharmaceutical interventions intro-
duced by national governments were so broad that in many countries it was referred to as
a so-called hard lockdown [4,54–56]. The non-pharmaceutical countermeasures introduced
in March and April 2020 aimed to gain control over the spread of the virus and prevent the
health system’s collapse. This objective was achieved, however, these preventatives had a
strong negative impact on the economy, including the level of energy consumption. Similar
results have been obtained in [9], where authors point out that the strongest decline has
occurred in the hotel, restaurant, and retail sectors. The results of our research are in line
with [57] who state that the COVID-19 pandemic affected the energy markets, increasing
an overall uncertainty. We agree with [58] that COVID-19 restrictions imposed in order to
slowdown the morbidity of coronavirus cases changed people’s habits and work practices,
which impacted both energy demand and its consumption. The COVID-19 pandemic also
changed the structure of energy consumption, which is presented in [17] in the case of
Canada.

We found in our research that energy consumption can be used as a leading indicator
of the business cycle. The limitation of this study concerns the following issues. We have
focused on the European countries, mainly from European Union, where the differences
in introducing the NPIs are not so substantial. Most of these countries have proceeded
similarly with the fight with the virus. We do not take into account the adoption in people
habits during the pandemic period, i.e., work habits or more intensive home residence. The
effect of this change influenced energy consumption by reducing the usage of electricity [58].

Future research on the relation between COVID-19 restrictions and energy consump-
tion or GDP growth can be directed to the MIDAS approach, where we may use time-series
at different frequencies. Examples of such analysis are in [59,60]. In [61], authors use energy
consumption as a GDP factor in Denmark. Similar conclusions for Sweden are presented
in [62]. In [63], authors pointed out that energy consumption datasets are available at
relatively high frequencies and are always accessible, what makes them very useful.

The COVID-19 pandemic can have long-term consequences not only for human health
but also for economic conditions. In our opinion, the fact that the position of energy
consumption in the cycle moved above the trend in all countries (Figure 2c) may be the
biggest threat for reducing energy use and implementing green policy in Europe.
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Appendix A

The energy consumption (GWh) and GDP cycles (graphs (a)), phase angle between
GWh and GDP (graphs (b)), original values (red lines), the seasonally and calendar adjusted
data (blue lines), and the trend (green lines) of energy consumption (graphs (c)), and energy
consumption cycle clocks (graphs (d)) for selected European countries.
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Figure A1. Detailed results of cross-spectral analysis for Austria
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Figure A2. Detailed results of cross-spectral analysis for Belgium

Figure A1. Detailed results of cross-spectral analysis for Austria.

https://ec.europa.eu/eurostat/data/database


Energies 2022, 15, 340 12 of 27

Version December 3, 2021 submitted to Energies 12 of 28

2009 2011 2013 2015 2017 2019 2021

−500

0

500

−8,000

−6,000

−4,000

−2,000

0

2,000

GWh cycle (left axis)

GDP cycle (right axis)

(a)
π
12

π
8

π
6

π
4

π
2

π

0

2

4

6

24 16 12 8 4

Phase angle between GWh and GDP

(b)

2009 2011 2013 2015 2017 2019 2021

4,500

5,000

5,500

6,000

6,500

7,000 GWh

SCA

trend

(c)
−4 −2 0 2 4

−4

−2

0

2

4

slowdown

decrease

downturn above trend

below trend

expansion

increase

recovery

2020.04

2020.11

2021.04

(d)

Figure A1. Detailed results of cross-spectral analysis for Austria

2009 2011 2013 2015 2017 2019 2021

−1,000

−500

0

500

−10,000

−5,000

0

GWh cycle (left axis)

GDP cycle (right axis)

(a)
π
12

π
8

π
6

π
4

π
2

π

−1

−0.5

0

0.5

1

24 16 12 8 4

Phase angle between GWh and GDP

(b)

2009 2011 2013 2015 2017 2019 2021

6,000

7,000

8,000

9,000
GWh

SCA

trend

(c)
−4 −2 0 2 4

−4

−2

0

2

4

slowdown

decrease

downturn above trend

below trend

expansion

increase

recovery

2020.04

2020.11

2021.04

(d)

Figure A2. Detailed results of cross-spectral analysis for BelgiumFigure A2. Detailed results of cross-spectral analysis for Belgium.

Version December 3, 2021 submitted to Energies 13 of 28

2009 2011 2013 2015 2017 2019 2021
−600

−400

−200

0

200

400

600

−1,000

−500

0

500

GWh cycle (left axis)

GDP cycle (right axis)

(a)
π
12

π
8

π
6

π
4

π
2

π

0

5

10

15

24 16 12 8 4

Phase angle between GWh and GDP

(b)

2009 2011 2013 2015 2017 2019 2021

2,000

2,500

3,000

3,500

4,000

4,500

GWh

SCA

trend

(c)
−4 −2 0 2 4

−4

−2

0

2

4

slowdown

decrease

downturn above trend

below trend

expansion

increase

recovery

2020.04

2020.11

2021.04

(d)

Figure A3. Detailed results of cross-spectral analysis for Bulgaria
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Figure A4. Detailed results of cross-spectral analysis for Cyprus

Figure A3. Detailed results of cross-spectral analysis for Bulgaria.



Energies 2022, 15, 340 13 of 27

Version December 3, 2021 submitted to Energies 13 of 28

2009 2011 2013 2015 2017 2019 2021
−600

−400

−200

0

200

400

600

−1,000

−500

0

500

GWh cycle (left axis)

GDP cycle (right axis)

(a)
π
12

π
8

π
6

π
4

π
2

π

0

5

10

15

24 16 12 8 4

Phase angle between GWh and GDP

(b)

2009 2011 2013 2015 2017 2019 2021

2,000

2,500

3,000

3,500

4,000

4,500

GWh

SCA

trend

(c)
−4 −2 0 2 4

−4

−2

0

2

4

slowdown

decrease

downturn above trend

below trend

expansion

increase

recovery

2020.04

2020.11

2021.04

(d)

Figure A3. Detailed results of cross-spectral analysis for Bulgaria

2009 2011 2013 2015 2017 2019 2021

−100

−50

0

50

100

−600

−400

−200

0

200

GWh cycle (left axis)

GDP cycle (right axis)

(a)
π
12

π
8

π
6

π
4

π
2

π

0

0.2

0.4

0.6

0.8

1

24 16 12 8 4

Phase angle between GWh and GDP

(b)

2009 2011 2013 2015 2017 2019 2021

300

400

500

600 GWh

SCA

trend

(c)
−4 −2 0 2 4

−4

−2

0

2

4

slowdown

decrease

downturn above trend

below trend

expansion

increase

recovery

2020.04

2020.11
2021.04

(d)

Figure A4. Detailed results of cross-spectral analysis for CyprusFigure A4. Detailed results of cross-spectral analysis for Cyprus.

Version December 3, 2021 submitted to Energies 14 of 28

2009 2011 2013 2015 2017 2019 2021

−1,000

−500

0

500

1,000

−6,000

−4,000

−2,000

0

2,000

GWh cycle (left axis)

GDP cycle (right axis)

(a)
π
12

π
8

π
6

π
4

π
2

π

0

2

4

6

24 16 12 8 4

Phase angle between GWh and GDP

(b)

2009 2011 2013 2015 2017 2019 2021

4,500

5,000

5,500

6,000

6,500

7,000 GWh

SCA

trend

(c)
−4 −2 0 2 4

−4

−2

0

2

4

slowdown

decrease

downturn above trend

below trend

expansion

increase

recovery

2020.04

2020.11

2021.04

(d)

Figure A5. Detailed results of cross-spectral analysis for Czech Republic
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Figure A6. Detailed results of cross-spectral analysis for Germany

Figure A5. Detailed results of cross-spectral analysis for Czech Republic.
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Figure A7. Detailed results of cross-spectral analysis for Denmark
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Figure A8. Detailed results of cross-spectral analysis for Estonia

Figure A7. Detailed results of cross-spectral analysis for Denmark.
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Figure A9. Detailed results of cross-spectral analysis for Greece
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Figure A10. Detailed results of cross-spectral analysis for Spain

Figure A9. Detailed results of cross-spectral analysis for Greece.
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Figure A10. Detailed results of cross-spectral analysis for SpainFigure A10. Detailed results of cross-spectral analysis for Spain.

Version December 3, 2021 submitted to Energies 17 of 28

2009 2011 2013 2015 2017 2019 2021

−1,500

−1,000

−500

0

500

1,000

−2,000

−1,000

0

1,000

2,000

GWh cycle (left axis)

GDP cycle (right axis)

(a)
π
12

π
8

π
6

π
4

π
2

π

0

1

2

3

4

24 16 12 8 4

Phase angle between GWh and GDP

(b)

2009 2011 2013 2015 2017 2019 2021
5,000

6,000

7,000

8,000

9,000

GWh

SCA

trend

(c)
−4 −2 0 2 4

−4

−2

0

2

4

slowdown

decrease

downturn above trend

below trend

expansion

increase

recovery

2020.04
2020.11

2021.04

(d)

Figure A11. Detailed results of cross-spectral analysis for Finland
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Figure A12. Detailed results of cross-spectral analysis for France

Figure A11. Detailed results of cross-spectral analysis for Finland.
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Figure A11. Detailed results of cross-spectral analysis for Finland
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Figure A12. Detailed results of cross-spectral analysis for FranceFigure A12. Detailed results of cross-spectral analysis for France.
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Figure A13. Detailed results of cross-spectral analysis for Croatia
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Figure A14. Detailed results of cross-spectral analysis for Hungary

Figure A13. Detailed results of cross-spectral analysis for Croatia.
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Figure A13. Detailed results of cross-spectral analysis for Croatia
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Figure A14. Detailed results of cross-spectral analysis for HungaryFigure A14. Detailed results of cross-spectral analysis for Hungary.
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Figure A15. Detailed results of cross-spectral analysis for Ireland
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Figure A16. Detailed results of cross-spectral analysis for Italy

Figure A15. Detailed results of cross-spectral analysis for Ireland.



Energies 2022, 15, 340 19 of 27

Version December 3, 2021 submitted to Energies 19 of 28

2009 2011 2013 2015 2017 2019 2021

−400

−200

0

200

−4,000

−2,000

0

2,000

4,000

6,000

GWh cycle (left axis)

GDP cycle (right axis)

(a)
π
12

π
8

π
6

π
4

π
2

π
−0.8

−0.6

−0.4

−0.2

0

0.2

24 16 12 8 4

Phase angle between GWh and GDP

(b)

2009 2011 2013 2015 2017 2019 2021

2,000

2,200

2,400

2,600

2,800 GWh

SCA

trend

(c)
−4 −2 0 2 4

−4

−2

0

2

4

slowdown

decrease

downturn above trend

below trend

expansion

increase

recovery2020.04

2020.11

2021.04

(d)

Figure A15. Detailed results of cross-spectral analysis for Ireland
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Figure A16. Detailed results of cross-spectral analysis for ItalyFigure A16. Detailed results of cross-spectral analysis for Italy.
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Figure A17. Detailed results of cross-spectral analysis for Lithuania
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Figure A18. Detailed results of cross-spectral analysis for Luxembourg

Figure A17. Detailed results of cross-spectral analysis for Lithuania.
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Figure A17. Detailed results of cross-spectral analysis for Lithuania
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Figure A18. Detailed results of cross-spectral analysis for LuxembourgFigure A18. Detailed results of cross-spectral analysis for Luxembourg.
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Figure A19. Detailed results of cross-spectral analysis for Latvia
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Figure A20. Detailed results of cross-spectral analysis for Netherlands

Figure A19. Detailed results of cross-spectral analysis for Latvia.
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Figure A19. Detailed results of cross-spectral analysis for Latvia
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Figure A20. Detailed results of cross-spectral analysis for NetherlandsFigure A20. Detailed results of cross-spectral analysis for Netherlands.
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Figure A21. Detailed results of cross-spectral analysis for Norway
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Figure A22. Detailed results of cross-spectral analysis for Poland

Figure A21. Detailed results of cross-spectral analysis for Norway.
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Figure A21. Detailed results of cross-spectral analysis for Norway
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Figure A22. Detailed results of cross-spectral analysis for PolandFigure A22. Detailed results of cross-spectral analysis for Poland.
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Figure A23. Detailed results of cross-spectral analysis for Portugal
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Figure A24. Detailed results of cross-spectral analysis for Romania

Figure A23. Detailed results of cross-spectral analysis for Portugal.
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Figure A23. Detailed results of cross-spectral analysis for Portugal
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Figure A24. Detailed results of cross-spectral analysis for RomaniaFigure A24. Detailed results of cross-spectral analysis for Romania.
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Figure A28. Detailed results of cross-spectral analysis for Turkey
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Pandemic on Electricity Use by Residential Users. Energies 2021, 14, 980. [CrossRef]

http://doi.org/10.25561/77646
http://dx.doi.org/10.1038/s41562-020-01009-0
http://dx.doi.org/10.1017/S0020818320000375
http://dx.doi.org/10.1080/13501763.2020.1847170
http://dx.doi.org/10.1016/j.bir.2021.07.005
http://dx.doi.org/10.3390/en14061639
http://dx.doi.org/10.1016/j.spc.2020.12.029
http://dx.doi.org/10.32479/ijeep.10342
http://dx.doi.org/10.1016/j.jclepro.2021.127897
http://dx.doi.org/10.1111/exsy.12677
http://dx.doi.org/10.1080/19397038.2021.1964634
http://dx.doi.org/10.1016/j.scs.2021.103133
http://dx.doi.org/10.3390/su12145616
http://dx.doi.org/10.3390/en14040980


Energies 2022, 15, 340 26 of 27

16. Soava, G.; Mehedintu, A.; Sterpu, M.; Grecu, E. The Impact of the COVID-19 Pandemic on Electricity Consumption and Economic
Growth in Romania. Energies 2021, 14, 2394. [CrossRef]

17. Rouleau, J.; Gosselin, L. Impacts of the COVID-19 lockdown on energy consumption in a Canadian social housing building. Appl.
Energy 2021, 287, 116565. [CrossRef]

18. García, S.; Parejo, A.; Personal, E.; Ignacio Guerrero, J.; Biscarri, F.; León, C. A retrospective analysis of the impact of the COVID-19
restrictions on energy consumption at a disaggregated level. Appl. Energy 2021, 287, 116547. [CrossRef]

19. Halbrügge, S.; Schott, P.; Weibelzahl, M.; Buhl, H.U.; Fridgen, G.; Schöpf, M. How did the German and other European electricity
systems react to the COVID-19 pandemic? Appl. Energy 2021, 285, 116370. [CrossRef]

20. Kirli, D.; Parzen, M.; Kiprakis, A. Impact of the COVID-19 Lockdown on the Electricity System of Great Britain: A Study on
Energy Demand, Generation, Pricing and Grid Stability. Energies 2021, 14, 635. [CrossRef]

21. Abu-Rayash, A.; Dincer, I. Analysis of the electricity demand trends amidst the COVID-19 coronavirus pandemic. Energy Res.
Soc. Sci. 2020, 68, 101682. [CrossRef] [PubMed]
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