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Abstract: Surging electricity demand, its limited supply, and the pandemic crisis are just some of
the key factors that resulted in changes in electricity prices on the power exchanges. This topic
brings about a notable economic influence on both producers and consumers. The main purpose of
this paper is to explore power price volatility during the four-year period from 1 January 2018 to
31 December 2021, in 28 power exchanges in Europe, measured using daily velocity data. In addition,
based on the fixed and chain base index numbers, as well as their relative merits, this paper was
designed to measure the gap and convergence in trends. Considering that the price volatility varies
depending on the observation period, this paper performs a comparative analysis of electricity price
volatility on a daily, monthly, quarterly, and annual level for all examined countries. The obtained
results indicate that electricity price volatility is higher on a daily basis. Related to this, convergent
trends are demonstrated on all 28 observed markets, and there is a growing trend of hourly spot
prices in the analyzed four-year period. The results of this paper also confirm a higher power price
volatility during the pandemic period in 2020 and 2021 compared to the prepandemic period during
2018 and 2019.
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1. Introduction

An investigation into the effects of global issues, including the pandemic and wars,
on energy policies is crucial to understanding the relationship between the supply shock
and the energy sector’s green transitions [1]. Exploring the power markets in Europe
suggests that European countries have different economic structures and, as such, the
integration process should be accompanied by a process of convergence [2]. Given the
multidimensional nature of the convergence process, the differences in the market electricity
prices can lead to a slowdown in catching up with the most developed countries, so re-
engineering the economy is necessary. The liberalization of the electricity markets and
intensive competitive conditions began in Europe three decades ago. Before transformation,
the markets had a monopolistic structure. There is clearly a rising demand for clean
and renewable energy, which consequently raises concerns about energy security for
all countries.

The authors of [3] showed that there will be a 45% growth in global energy demand
from 2015 to 2030 and it is expected to grow by more than 300% by 2100. The first wave
of the COVID-19 pandemic affected energy sectors in many ways; there was a significant
decline in global energy demand and the demand for oil and gas, as well as a decrease in oil
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and gas prices [4]. In the first half of 2020, the largest annual drop in demand of the global
gas market was identified. Conversely, the influence of the COVID-19 pandemic on the
energy industry was also identified, particularly on energy firms. Some authors pointed
out that US oil and gas energy firms had heterogeneous reactions to the pandemic [5].
The authors of [6] noted that the COVID-19 pandemic had influenced the returns of most
energy firms in Greece, and another study [7] confirmed a significant negative effect on the
overall performance of energy firms.

This paper highlights the changes in power exchange prices during the COVID-19
pandemic crisis period and investigates the observed gaps in comparison to the period
before the crisis, as well as deficiencies in the general business environment in selected
countries. The significance of this research arises from the current debate on whether the
growing trend of power prices should move towards a long-term intense energy crisis under
the influence of the risk of war. This paper has direct practical implications for evaluating
price policies in Europe. It represents a significant contribution to understanding the market
movements that are greatly influenced by numerous economic and noneconomic factors.
The obtained empirical results suggest significant policy implications on the supply and use
of energy, from both economic and managerial perspectives, considering the high energy
prices. In this regard, this paper highlights the necessity for energy transition and promoting
energy security. The assessment of energy policies covers energy efficiency, renewables,
energy markets, prices, and taxes, as well as their regulation and competition. In this
regard, policymakers should establish mechanisms to stabilize the market and to reduce
the risk of price volatility spillover, which can empower sustainable development [8].

This paper is organized as follows: After the Introduction, Section 2 gives a summary of
the theoretical background and a review of the literature on the electricity market structure
and the influence of the COVID-19 pandemic on market movements. Section 3 describes the
materials and methods. Section 4 presents the empirical results and discussion surrounding
the results. Section 5 provides the conclusions and gives energy policy recommendations.

2. Background and Literature Review

The short-term electricity market structure, known as spot markets, includes day-
ahead markets (DAMSs) and intraday markets (IDMs). There are variations in the structures
of these markets. While DAMs are based on forecasts, which can include errors in their
nature, IDMs have been globally used [9]. Day-ahead markets are structured marketplaces
utilized for electricity trading and balancing activities one day before the delivery date of
that electricity. In addition, these markets are operated by a transmission system operator
and they include auctions which are simultaneously conducted 24 h a day. Therefore, the
economic actors can adjust their own transactions to maximize their profits [10]. Day-ahead
markets are growing due to institutions, regulations, software, and web applications [11].
Some of the main reasons that day-ahead markets are needed are as follows: establishing
a reference price for electrical energy; providing participants selling and buying energy
options for the next day, in addition to their bilateral agreements; supplying a balanced sys-
tem to the system operator the day before; and the opportunity to manage any constraints
the day before.

The asymmetric relationship between COVID-19 cases and fossil energy prices has
been noted. The analysis in [12] indicates that COVID-19 has influenced oil and natural
gas prices in highly volatile quantiles. The research in [13] indicates that the volatility
dynamics of the diesel market in Turkey started rising with the first COVID-19 cases and
peaked at the end of May 2020. The impact of the number of COVID-19 cases and deaths
led to an increase in the volatility of the daily oil price from 8% to 22% [14]. The analysis
in [15] stated that a threshold effect of COVID-19 infections influenced the oil prices. The
influence of the COVID-19 pandemic was analyzed as a case study in Germany and other
EU countries [16]. The presented study analyzed the response of the electricity system
to various circumstances and how the flexibility of the system contributed to having a
stable electricity response. The occurrence of the pandemic demonstrated that, in the case
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study of Germany, it is possible to integrate an increasing share of RESs (renewable energy
sources) into the changing electricity system, as well as to secure a supply on a continuously
high level.

The study from India focused on the influence of market concentration on electricity
prices during the COVID-19 pandemic [17]. The impact of the COVID-19 pandemic on
the analysis of pricing and energy load was assessed for the Iberian electricity market [18],
Spanish energy market [19-21], in Italy [22], in Poland [23], in Italy, the Czech Republic,
and China, contrastively [24], as well as in Australia [25].

The nonstorable feature of electricity makes this commodity and its prices more
volatile than others [26]. The evaluation of power price volatility in the USA was presented
in the analysis of California’s restructuring disaster [27]. Subsequent research for the USA
and Canadian power markets showed that electricity prices possess certain volatility and
other systematic properties that can be characterized by the type and method of electricity
delivery [28]. Also, the Canadian electricity market is one of the most volatile power
markets worldwide according to the case of Ontario [29]. The authors of [30] analyzed
intraday patterns, information arrival, and calendar effects on high-frequency volatility
in the Australian electricity markets. The British electricity spot market was analyzed
in [31,32], emphasizing the fact that the introduction of price-cap regulation achieved the
goal of lowering the price level at the cost of higher price volatility. Volatility of electricity
prices in Denmark and Sweden indicates that electricity prices are more stable in the
Swedish price areas as hydropower is a more stable energy source [33]. The situation in
Southeast Europe indicates that consequence can be seen in terms of energy poverty, both
in heating and electricity consumption [34], considering the industry energy consumption
in terms of sustainability [35,36].

Important insights of the European power markets presented in [37] show that large
changes in volatility affect future volatilities for a relatively longer period of time in
Nordic countries, Ireland, and the UK, while changes in current volatility have a less
profound effect on future volatilities in the Czech Republic, Russia, and Turkey. Also, the
authors of [38] examined 15 power markets in Europe and their outcomes revealed that,
compared to more established European markets, power price volatility is greater in the
emerging SEE marketplaces.

The documented literature is more focused on fluctuations of oil and gas prices during
the pandemic. Some papers provide power price analyses during the pandemic. The
motivation for the research lies in the fact that there are no studies that quantify price
volatility before and during the COVID-19 pandemic, measured by daily velocity based on
daily average power price levels. This research will close a measurement gap by comparing
the prepandemic and COVID-19 periods for volatility in European markets. This study’s
inspiration comes from the need to learn more about electricity price levels during a certain
time period, thereby filling the existing gap in the literature. A comprehensive analysis
that quantifies the specific changes in electricity price volatility across a wide range of the
European power markets, comparing the prepandemic and the pandemic period, with a
detailed methodological approach using daily velocity, has not been previously conducted.
While the existing literature touches upon the impact of COVID-19 on energy markets
and mentions general volatility, a detailed, quantified analysis of daily electricity price
volatility across multiple European power exchanges before and during the pandemic
would provide a detailed understanding of market reactions to external shocks. By em-
ploying daily velocity measurements based on daily average power price levels, the study
introduces a new approach to analyzing price volatility. This methodology allows for a
more granular examination of volatility dynamics, capturing short-term fluctuations that
might be overlooked by other measures. Understanding the volatility dynamics during
such an unprecedented event as the COVID-19 pandemic provides valuable insights for
policymakers, market operators, and energy companies. It can inform future strategies
for market stabilization, energy policy adjustments, and risk management practices in
anticipation of similar global crises.
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Recognizing the aim of the research, this paper will concentrate on testing the follow-
ing hypotheses:

H1. The growth in electricity prices was higher during the COVID-19 pandemic (2021) in all
European countries, compared to the period before the pandemic (2018).

H2. There were convergent trends in electricity prices in 28 analyzed power exchanges in Europe.

H3. The volatility of electricity prices was higher with daily velocity based on daily average power
price level.

3. Materials and Methods

Power price dynamics is important to understand because it is usually used as a
reference price for financial contracts [39]. The behavior of the price process is determined
by price fluctuations over a period, so one of the basic price characteristics is volatility.
Essential components of risk management are volatility processes [40], and uncertainty
dispersion of the future prices is determined by these fluctuations.

The aim of this paper is to evaluate power prices before and after the COVID-19
pandemic. Accordingly, hourly spot prices were used in the four-year period from 1 January
2018 to 31 December 2021. The primary focus of the presented study is to examine the
effects of the COVID-19 pandemic as a distinct external shock on the volatility dynamics
of prices in the European power markets. The intention was to isolate the pandemic’s
impact, allowing for a clearer analysis of its effects without the confounding influences of
subsequent geopolitical events. Market clearing prices for each hour are in EUR/MWHh.
The analysis captures power exchange prices of 28 markets in Europe. For markets with
different zones, such as Denmark, Italy, Norway, and Sweden, prices are calculated as
average prices, each representing an individual market. Data on hourly prices are available
on the official websites of power exchanges. Furthermore, this paper uses the IBM SPSS
Statistics 26 computer package for quantitative data analysis.

In the literature, price volatility has been measured quite often as the standard devi-
ation of logarithmic or arithmetic returns [41,42]. One extreme spike, either upward or
downward, could, however, completely dominate the standard deviation. For instance,
there may be a significant impact on the first six and last two hours if only one day is
removed [42]. Some authors employed the historical volatility concept to analyze the
volatility of electricity market prices [43—45]. Classical generalized autoregressive con-
ditional heteroscedasticity models—GARCH [46—48], most often used for describing the
volatility dynamics of commodities, cannot capture the extraordinary characteristics of
electricity prices and their volatilities [49].

For that matter, the authors of [50] used the methodology for measuring electricity
price volatility by the price velocity, the daily average of the absolute value of price change
per hour. Also, the authors used daily velocity based on the overall average price (DVOA)
and daily velocity based on daily average power price (DVDA) [29]:

DVOA; = %{ [(Zfiflhfi,jﬂ - Pij’) +|pici,m — Pi,lq /ﬁ,}/i =L2...N (1

DVDA; = %{ {(Z]'AiIl’Pi,]#l - Pz‘j\) +[pici,m — Pi,1|] /ﬁ',,}:i =1.2,...,N (2

where p_is the overall average price in the studied period, and p; is the average daily
price in the ith day, as follows [51]:

P,= Mx N i:le:lpi,jr ®3)

1 :
Pi, = i mPiji=12..,N (4)



Sustainability 2024, 16, 2426

50f 16

Mathematically, N is the number of days in the corresponding time period; I is the
index of the day i = 1,2,... ., N; j is the index of the time period j = 1,2,.. ., M; M is the number
of time periods during one day and for hourly prices M = 24; p; ; is the power price at the
jth time period in the ith day; and po s is the power price at the time spot preceding the
studied period. In this paper, the authors also use extended models of forecasting electricity
spot prices [40] as well as asymmetric volatility metrics in day-ahead power markets in
Europe [37], defined by a comparison of volatility in European markets [38] to employ
price uncertainty across 28 power markets:

_ Quarterly average of 6; .
bveA = Quarterly average of Pt'(st = 1P = Pia ©)
Yearly average of ¢
DVYA = 7 geof L6 =P — Pi_af] (6)
Yearly average of Py

For temporal comparisons incorporating long time series data on prices, fixed and
chain base index numbers and their relative advantages are appropriate. One may choose
to compare each year with the base year since the economic time series are often computed
using that year as the base period. It is from this process that fixed base index numbers
are derived. The second option compares the current period with the base period via a
sequence of link comparisons, where each link comparison yields an index for a specific
year using the base year as the previous year. This results in chain base index numbers [52].

A chain index is an index number in which the value of any given period is related to
the value of its immediately preceding period (resulting in an index for the given period
expressed against the preceding period = 100). The consecutive values of the index numbers
form a chain from the first to the last period. This is distinct from the fixed-base index,
where the value of every period in a time series is directly related to the same value of one
fixed-base period [53].

Chain base indices are used to determine the electricity price changes in consecutive
years. The obtained relative numbers show how much the average price of electricity on
power exchanges has changed in one year compared to the previous year. These values
are obtained by dividing the value of the ith period (E;) by the value of the previous i — 1
period (E;_1), and then multiplying this ratio by 100 [52]:

P, = E x 100% (7)
Eiy
The average rate of change is a constant that replaces a series of individual rates. It
is an average and relative change in the value of the power price for the observed time
period 2018-2021. The average rate of change is calculated using the geometric mean of the
chain base indices and can be used to predict the development of the phenomenon for the
periods following the last in the observed time series [52]:

G="VL xLyx...Ly (8)

Fixed-base indices express the percentage of change in the occurrence level for a certain
period in relation to its level of one fixed-base period. The index with a constant base, in
fact, represents the percentage of the average power price in the current period, compared
to the average price in the base year. The base period in the research is the starting year of
the analysis, i.e., 2018, due to it being a prepandemic year. Base indices are interpreted as
percentages by subtracting 100 from them [52]:

E.
B ==L % 100% )
Eo

The presented analysis, inspired by [41,42] when it comes to modelling the distribution
of day-ahead electricity returns, acknowledges the complexity and the unique characteris-
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AVERAGE PRICES BY MARKET

tics of electricity price dynamics in European day-ahead markets. The standard deviation
is a widely recognized measure of volatility, capturing the average degree of variation
or dispersion of a set of values from the mean. While it is true that this measure can be
influenced by outliers, extreme values that deviate significantly from the average, this
sensitivity is not merely a limitation but also a reflection of the real-world phenomena it
seeks to quantify. Electricity markets are particularly prone to significant price spikes and
drops due to their inherent characteristics, such as nonstorability of the product, inelastic
supply and demand in the short term, and regulatory influences. Therefore, when a single
large price movement occurs, it is often the result of significant, value-relevant events such
as sudden changes in demand, outages of power plants, or regulatory interventions. This
paper aims to explore the volatility dynamics of prices in the European power markets
during the external shock, recognizing that these markets are subject to high volatility due
to various factors, here focused on the pandemic itself. The use of standard deviation in our
analysis is justified by its ability to capture these fluctuations, providing a straightforward
and intuitive measure of market volatility.

4. Results and Discussion

This section presents the dynamics of electricity price volatility. Based on Figure 1, it
can be noted that there are convergent trends in all 28 power exchanges. Namely, in all
observed markets there is a growing trend of hourly spot prices in the four-year period
dating from 1 January 2018 to 31 December 2021. This confirms H2.

« BELGIUM AVG

« SWITZERLAND AVG
GERMANY AVG

« SPAIN AVG

« FRANCE AVG
GREECE AVG

4 ;,: § } s + HUNGARY AVG
i :; Ty : « NETHERLANDS AVG
p ot & = + PORTUGALAVG
R0 « SERBIA AVG

:';, . * . « SLOVAKIA AVG

+ LITHUANIA AVG

« ITALY AVERAGE AVG

+ SWEDEN AVERAGE AVG
Linear (BELGIUM AVG)
Linear (SWITZERLAND AVG)
Linear (GERMANY AVG)
Linear (SPAIN AVG)
Linear (FRANCE AVG)
Linear (GREECE AVG)
Linear (HUNGARY AVG)
Linear (NETHERLANDS AVG)
Linear (PORTUGAL AVG)
Linear (SERBIA AVG)
Linear (SLOVAKIA AVG)
Linear (LITHUANIA AVG)
Linear (ITALY AVERAGE AVG)

TIME PERIOD_1.1.2018-31.12.2021 Linear (SWEDEN AVERAGE AVG)

Figure 1. Power price trends in 28 markets.

A detailed analysis of daily data shows that an accelerated growth of electricity prices
was registered and followed by a higher growth trend in the second half of the observed
period, i.e., during 2020 and 2021, compared to the growth achieved in 2018 and 2019
(Figure 2).
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Figure 2. Oscillations of daily power prices in 28 European markets. Key dates are marked according

to monetary policy announcements [54].

The data presented in Table 1 indicate how many units of occurrence in the i time
period appear for every hundred units of occurrence in the i — 1 period. Based on the
calculated average annual rate of change, the highest value of this indicator was registered
in the Bulgarian market (39.68%), while it was only 5.54% in the Turkish power exchange.
The obtained results indicate that in the observed period, the average electricity prices in
Turkey grew by 5.54% per year, while the growth on the stock exchange in Bulgaria was

almost 40%.

Table 1. Chain base indices by country.

Chain Index
2019 2020 2021

Geometric Mean

Average Annual

Country 2018 of Chain Indices  Rate of Change
L L, Ls G G-100

Austria - 115.63 120.86 31.02 75.68 —24.32%
Bulgaria - 118.98 82.78 276.68 139.68 39.68%
Switzerland - 73.62 90.42 333.55 130.46 30.46%
Czech Republic - 87.36 83.62 299.4 129.81 29.81%
Germany - 84.7 80.9 317.85 129.62 29.62%
Denmark - 86.79 68.16 329.71 124.94 24.94%
Estonia - 97.43 73.47 257.42 122.6 22.60%
Spain - 83.22 71.22 329.63 125.01 25.01%
Finland - 94.11 63.63 258.17 115.63 15.63%
France - 78.59 81.63 339.01 129.56 29.56%
England - 75.46 80.84 347.54 128.46 28.46%
Greece - 105.67 70.67 258.2 124.47 24.47%
Croatia - 94.83 77.18 301.57 130.2 30.20%
Hungary - 98.74 77.46 291.91 130.7 30.70%
Italy - 86.15 74.76 314.18 126.48 26.48%
Latvia - 92.75 73.57 260.71 121.17 21.17%
The Netherlands - 78.42 78.26 319.33 125.14 25.14%
Norway - 89.39 23.94 680.66 113.36 13.36%
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Table 1. Cont.

Chain Index

Geometric Mean  Average Annual

Country 2018 2019 2020 2021 of Chain Indices  Rate of Change
L, L, Ls G G-100
Poland - 102.49 87.44 186.19 118.61 18.61%
Portugal - 83.32 71 329.58 124.93 24.93%
Romania - 108.44 78.34 282.34 133.86 33.86%
Serbia - 100.87 77.11 294.64 131.84 31.84%
Sweden - 85.89 49.22 305.39 108.89 8.89%
Slovenia - 95.28 77.03 306.38 131.01 31.01%
Slovakia - 85.63 81.95 302.13 128.47 28.47%
Turkey - 102.74 85.34 134.06 105.54 5.54%
Lithuania - 92.25 73.8 265.74 121.85 21.85%
Belgium - 71.19 81.02 326.58 123.5 23.50%

Table 2 contains the calculation of fixed-base indices for the analyzed group of coun-
tries in the observed period. It is possible to note the order of the countries with the highest
growth of electricity prices compared to the base year 2018, as follows: Bulgaria (272.49),
Romania (239.87), Austria (230.68), Hungary (223.25), Croatia (220.74). Scandinavian coun-
tries had the lowest growth in average electricity prices (Sweden 129.11, Norway 145.69,
Finland 154.58, Denmark 195.06) at the end of 2021 compared to the average electricity
price in 2018.

Table 2. Fixed base indices per country—2018 is the base period.

Country 2018 2019 2020 2021
Austria 100 86.48 71.56 230.68
Bulgaria 100 118.98 98.48 272.49
Switzerland 100 73.62 66.57 222.05
Czech Republic 100 87.36 73.05 218.72
Germany 100 84.7 68.52 217.79
Denmark 100 86.79 59.16 195.06
Estonia 100 97.43 71.58 184.26
Spain 100 83.22 59.27 195.37
Finland 100 94.11 59.88 154.58
France 100 78.59 64.15 217.48
England 100 75.46 61.01 212.03
Greece 100 105.67 74.67 192.81
Croatia 100 94.83 73.19 220.74
Hungary 100 98.74 76.48 223.25
Italy 100 86.15 64.41 202.36
Latvia 100 92.75 68.24 177.91
Netherlands 100 78.42 61.37 195.99
Norway 100 89.39 214 145.69
Poland 100 102.49 89.61 166.85
Portugal 100 83.32 59.16 194.97
Romania 100 108.44 84.96 239.87
Serbia 100 100.87 77.78 229.16
Sweden 100 85.89 42.28 129.11
Slovenia 100 95.28 73.39 224.86
Slovakia 100 85.63 70.17 212.01
Turkey 100 102.75 87.68 117.55
Lithuania 100 92.25 68.08 180.91
Belgium 100 71.19 57.68 188.38

Based on the recalculated values of the fixed and chain base indices, it can be stated
that H1 was confirmed, i.e., that in all analyzed European countries, the growth of electricity
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prices was higher in the period during the COVID-19 pandemic (2021) than before the
pandemic (2018). Table 2 shows that the values of the index in 2021, in all countries, are
greater than 100 (the value in 2018). Specifically, in half of the analyzed countries (14), the
values of the indices are over 200, which indicates that prices doubled compared to 2018.

Further research includes descriptive statistics of daily power prices on exchanges,
as given in Table 3. Based on this analysis, it can be seen that the maximum value of
average daily electricity prices in the period 1 January 2018-31 December 2021 was listed
in the power exchange in England (value 496.56208, point 1354, on 14 September 2021).
On the other hand, the minimum value of average daily prices in the observed period
was recorded in the Belgian power exchange (value —133.56083, point 523, 6 July 2019).
The largest difference between the maximum and the minimum price of electricity in the
analyzed period was recorded in the same exchange (value 566.54750, maximum price
432.98667; minimum price —133.56083). On the other hand, the smallest difference between
the maximum and the minimum price was noted in the power exchange in Turkey, where
the value was only 88.38833 (maximum value 91.10750 on 20 October 2018; minimum
value 2.71917 on 4 May 2019). In order to measure price volatility, a comparative overview
of prices on an annual and daily level is given, where the radars in Figure 3 show that
electricity price volatility was higher on a daily basis, which confirms H3 (electricity price
volatility was more pronounced on a daily level).

Table 3. Descriptive statistics.

N Range Minimum Maximum Mean D S.td'. Variance
eviation
Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic

Austria 1460 457.09 —22.75 434.34 56.64 1.25 4795 2299.01
Belgium 1460 566.55 —133.56 432.99 57.68 1.26 48.18 2321.24
Bulgaria 1460 419.30 2.30 421.59 58.85 1.20 45.89 2105.75
Switzerland 1460 448.18 —12.67 435.51 60.53 1.38 52.89 2797.36
Czech Republic 1460 438.98 —19.10 419.89 55.16 1.13 43.18 1864.94
Germany 1460 474.21 —42.24 431.98 52.40 1.15 44.00 1936.34
Estonia 1460 464.78 4.25 469.03 53.34 0.94 36.11 1303.77
Spain 1460 382.25 1.42 383.67 62.74 1.24 47.56 2262.20
Finland 1460 466.34 2.69 469.03 47.81 0.88 33.66 1133.09
France 1460 463.04 —10.10 452.94 57.78 1.35 51.58 2660.94
England 1460 507.88 —11.31 496.56 72.76 1.52 58.25 3393.27
Greece 1460 400.15 15.79 415.94 71.44 1.18 45.19 2041.90
Croatia 1460 459.13 —32.05 427.09 63.51 1.29 49.29 2429.49
Hungary 1460 413.86 6.61 420.46 63.58 1.27 48.38 2340.70
Latvia 1460 464.78 4.25 469.03 54.76 0.97 36.92 1363.05

The Netherlands 1460 435.30 —5.45 429.84 57.24 1.17 44.64 1992.88
Poland 1460 330.22 14.42 344.64 59.88 0.71 27.29 744.52
Portugal 1460 382.25 1.42 383.67 62.84 1.24 4757 2262.52
Romania 1460 425.23 3.01 428.24 61.96 1.23 47.14 2222.41
Serbia 1460 412.42 8.07 420.49 63.69 1.30 49.71 2470.62
Slovenia 1460 420.06 7.02 427.09 63.16 1.29 49.40 2440.34
Slovakia 1460 438.59 —18.70 419.89 56.71 1.16 44.20 1954.01
Turkey 1460 88.39 2.72 91.11 40.76 0.29 10.98 120.63
Lithuania 1460 464.78 4.25 469.03 55.16 0.99 37.75 1425.31
Denmark_AVG 1460 438.08 —7.63 430.45 49.76 1.00 38.38 1472.92
Italy_AVG 1460 418.99 10.54 429.53 70.14 1.35 51.41 2643.12
Norwey_AVG 1460 278.12 1.04 279.16 38.90 0.69 26.54 704.45
Sweden_AVG 1460 247.69 1.13 248.82 40.05 0.63 23.88 570.40

Valid N (listwise) 1460
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Figure 3. Electricity price volatility on an annual and daily level (DVYA: price volatility on a yearly
basis; DVDA: price volatility on a daily basis).

Volatility dynamics can also be measured on a quarterly basis. The results of these
analysis are shown in Figure 4, which implies that during 2021, the largest oscillations in
electricity prices were registered in power exchanges in Europe.

A comprehensive approach also requires a monthly in-depth analysis. Specifically,
Figure 5a,b show monthly price changes in January, March, September, and December
in the selected period (2018-2021) per country. It can be seen that the intensity of price
changes was highest in December, given that the seasonal character is evident, i.e., that in
the winter months there is an increased demand for electricity by industry and households.
The level of electricity consumption changes during the day, with higher consumption
during the daytime hours and lower consumption during the night. Consequently, it affects
electricity prices that differ and change on an hourly basis. The same principle is present in
the seasonal pattern, that is, the consumption of electrical energy is higher during strong
winters. We emphasize the months in which high monthly volatility is presented (January,
March, September, and December). Also, according to the results of the analysis, it is
concluded that there is no high volatility present in each month, and it would be wrong to
conclude that the monthly price volatility is high in all months during the year.
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Figure 4. Quarterly price volatility in 28 countries per year.
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Figure 5. (a) Monthly price changes in January, March, September, and December in the period
2018-2021 by country. (b) Monthly price changes in January, March, September, and December in the
period 2018-2021 by country.

According to [54], the COVID-19 crisis elicited an unprecedented multilateral response
by different central banks around a short period. Starting in March 2020, the Fed and
20 other central banks introduced unconventional monetary policy measures to respond to
the severe recession caused by the COVID-19 pandemic. Therefore, coordinated monetary
policies affected tail risk perceptions, and the volatility of energy prices was higher in
March 2020 (the period of elevated market distress) compared to the period from April
2020 until the approval of COVID-19 vaccines. In short, unconventional monetary policies
successfully shifted the structure of risk, and the spillover effects were more pronounced.
The channel of cross-border transmission of risk, if present, should occur through the
domestic effects of unconventional monetary policies.

5. Conclusions and Energy Policy Recommendations

The conducted research shows that in all European markets (Austria, Belgium, Bul-
garia, Croatia, Czech Republic, Denmark, England, Estonia, Finland, France, Germany,
Greece, Hungary, Italy, Latvia, Lithuania, Netherlands, Norway, Poland, Portugal, Romania,
Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey) there was a growing trend
in hourly power prices in the four-year period dating from 1 January 2018 to 31 December
2021. In addition, this growth was more pronounced in the second half of the observed
period, i.e., during the COVID-19 pandemic in 2020 and 2021, compared to the growth
achieved during 2018 and 2019 in the prepandemic years. The base period of the research
was the starting year in the analysis, i.e., 2018, because it was the year in which there was
no shock caused by the crisis. In comparison to the base year 2018, the biggest increase
in power prices occurred in 2021 in Bulgaria (272.49). On the other hand, Scandinavian
countries (Sweden 129.11, Norway 145.69, Finland 154.58, Denmark 195.06) had the lowest
price growth in 2021 compared to the average price of electricity in 2018. Measurements of
the average annual rate of change in electricity prices in the power exchanges showed that
the lowest value of this indicator was registered in the Turkish power exchange (5.54%).
The used methodology, while facilitating a clear analysis of volatility, may not fully encap-
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sulate the complexity of market behaviors and extreme events, representing a limitation in
capturing the nuanced dynamics of price fluctuations.

This is an important topic for further research because it opens possible directions of
thinking and points out the importance of energy management in conditions of high prices.
Further analysis should seek answers to questions such as the following: What are the
effects of rising market prices on energy production and consumption in Europe? Compar-
ative studies would be particularly welcome as they could result in a more holistic picture
of measuring volatility dynamics by examining the links between market conditions and
companies’ behavior. In addition, behavioral economics provides a theoretical framework
that can be applied to almost any form of economic behavior [55]. This is important and
can be useful for studying the ways in which economic actors make choices in the reality
that is characterized by high electricity prices.

Future investigations will also include the application of the nonlinear panel ARDL
(PNARDL) model [56] that can further enrich the analysis by providing a more detailed
understanding of how power prices respond asymmetrically to economic expansions
and contractions triggered by the pandemic. Specifically, this approach can allow for the
examination of whether and how different phases of the business cycle, influenced by
the pandemic, have differential impacts on the volatility of power prices. The PNARDL
model’s ability to capture and quantify these asymmetries would offer deeper insights into
the resilience or sensitivity of power markets to economic shocks, such as the COVID-19
pandemic and subsequent recovery phases. By applying this model, the paper could explore
whether power prices exhibit similar persistence during economic downturns, or if there
are notable decreases in volatility during periods of economic recovery, thereby offering
a more detailed characterization of the market dynamics in response to the pandemic. In
the end, future research can also be focused on the impact of the geopolitical factors on
the volatility of energy prices, and on comparing the dynamics of price changes in the
period 2022-2025. This would give a comprehensive view of the impact of shocks on the
supply and demand side in this turbulent market. In addition, the proposed different price
levels can be tested on another sample of countries, such as BRICS countries that strive for
energy efficiency.

Energy policy issues require more cohesion between counties. The analyzed group of
countries face exceptionally high energy prices regardless of their economic development,
location, or market arrangements. Volatility dynamics of prices might affect the medium-
to long-term objectives of energy policy. In addition, the presented volatility dynamics of
prices in 28 markets is caused by different factors, but all point to the need to accelerate
the implementation of the European Green Deal. Growing uncertainty and the volatility
dynamics of prices in the power markets risk creating real energy poverty and undermining
the support for the green transition in European countries. It is important to emphasize the
necessity to (a) improve energy security, (b) ensure affordable energy, and (c) protect the
economy and the green transition. Therefore, in the short and medium term, energy policy
tools that can be used to address rising prices are (a) reducing value-added tax rates or other
taxes on energy, (b) adopting targeted measures to support poor and vulnerable consumers,
and (c) introducing temporary measures to support households and small businesses. On
the one hand, these measures mitigate the impact of the rising prices by distributing the
cost to all taxpayers. On the other hand, they do not address the root causes. In the long
term, the rules governing power markets need to be revised. With current regulations, the
price of gas indeed determines the price of electricity in the European Union. This model
should be supplemented and corrected to achieve the goals of the Green Deal.

Certain nations, such as Spain and France, want to drastically change the way that
spot wholesale energy pricing is determined. The short-term marginal operational costs
of supplying electricity, which are frequently the variable cost of gas-fired generation, are
currently reflected in pricing. Alternatively, some nations would prefer that wholesale
rates represent the average cost of producing electricity from renewable sources over the
long term. This might have fundamental effects on operating and investment incentives as
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well as supply security, emissions, and energy costs. Potential abuse of market power is
one of the reasons for notable price volatility. In Spain, the notion that the current market
arrangements are not completely competitive is based on the nuclear moratorium, which
was adopted in the 1980s, and the scarcity of places for further hydroelectric projects.
Therefore, in the future, green transformation can be challenging due to a lack of market
competition. The existing form of electricity market architecture is being opposed by
Germany and a few other Member States. Growing volumes of low-carbon capacity
are already under long-term contracts with average long-term costs that are covered by
consumer fees. This could lead to a significant restructure of the European electricity
market to guarantee the least expensive transition.

Taking everything into account, the following conclusion may be drawn: increased
energy costs might be encouraging more people to favor decarbonization. One strategy
to lower electricity costs is, for example, to use renewable energy. This means that poli-
cymakers should focus on pro-decarbonization in the electricity sector. The current price
volatility dynamics highlight the need for a strong and coordinated strategy to better man-
age the clean energy transformation and unlock its enormous potential. An appropriate
policy framework should balance maintaining affordable access to energy with the double
aim of protecting vulnerable consumers and ensuring industrial competitiveness. Strong
government leadership may be crucial to facilitate private investment in low-cost clean
energy and to modernize the energy market.
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