Corovi¢, N. M., et al.: Electricity Consumption and Market Prices in Serbia ...
THERMAL SCIENCE: Year 2022, Vol. 26, No. 5B, pp. 4067-4078 4067

ELECTRICITY CONSUMPTION AND MARKET PRICES IN SERBIA
Impact of the Pandemic of COVID-19

by

Nebojsa M. COROVIC", Branka D. GVOZDENAC UROSEVIC,
and Nenad A. KATIC

Faculty of Technical Sciences, University of Novi Sad, Novi Sad, Serbia

Original scientific paper
https://doi.org/10.2298/TSCI2205067C

The COVID-19 pandemic has begun in early 2020 and still continues to strongly
affect the entire world delivering a significant global, shock, but varying across
countries and commodity sectors. The Government of the Republic of Serbia has
been adopting different measures to slow down the dissemination of the corona-
virus, specifically nationwide lockdown in March and April 2020. Business activ-
ities have been reduced. The pandemic situation has changed the lifestyle as peo-
ple are mostly staying home and working from home. This paper provides a re-
view of unprecedented impacts of COVID-19 pandemic, with restrictions and
lockdown in Serbia, on electricity sector at this stage of the crisis. The outcomes
offer a contribution to the body of literature because limited research has been
conducted on these relationships in case of Serbia. Sets of statistical indicators
are used to analyze changes the electricity sector has been facing. Data visuali-
zation is used to compare developments during the pandemic with those of previ-
ous years. Our research and data-driven analysis of these impacts should im-
prove the understanding of the techno-economic effects of unforeseen events,
such as a pandemic, on the power system, scrutinizing if effects could be relative-
ly short-lived or longer-lasting.
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Introduction

The SARS-CoV-2 coronavirus appeared in the Chinese province of Hubei at the end
of 2019. Since then, the phenomenon has turned into a COVID-19 pandemic. In order to slow
down the spread of the infection on the territory of the Republic of Serbia, the Government in-
troduced a state of emergency on March 15, 2020 [1], which lasted until May 6 of the same
year.

By declaring a state of emergency, the multimillion population was partially or
completely banned from leaving their homes, many companies had to reduce production,
many employees started working from home, many companies were closed, and students
switched to distance learning. Such measure has affected almost all sectors [2].

The driving force of the economy is energy [3]. Some studies have described the in-
fluence of level of economic activity on electricity demand [4]. These sudden and comprehen-
sive changes affected electricity consumption, increased the residential electricity demand and

* Corresponding author, e-mail: corovic.di22.2017@uns.ac.rs



Corovié, N. M., et al.: Electricity Consumption and Market Prices in Serbia ...
4068 THERMAL SCIENCE: Year 2022, Vol. 26, No. 5B, pp. 4067-4078

reduced electricity demand in business and industry, which was also reflected in the diagram
of daily consumption and electricity prices in the wholesale market. Certain implications and
trends have been identified [5].

Impact of COVID-19 on energy sector was elaborated as a matter of change in ener-
gy demand [6, 7], performance of markets [8], electricity generation fuel mix [9], rapid in-
crease in renewable energy share in generation mix [10], GHG emissions [7], politics of sus-
tainable energy transitions [11], energy security [10], transition in energy use [12], govern-
ment policies [13], etc.

Before the pandemic, the electricity pro-
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Figure 1. Power plants in Serbia — The new wind farms are expected [15].
installed capacity There is a plan to phase out 622 MW (thermal

power) units by the end of 2023 [16], but also
to construct new plants to replace them [15]. The lignite is considered to be the most im-
portant source for decades to come [17].

As a signatory to the Energy Community Treaty (2005), Serbia is obliged to incor-
porate the EU Directive 2001/80/EC on the limitation of emissions of certain pollutants into
the air from large combustion plants (and Directive 2010/75 / EU on industrial emissions) into
its national law starting from 2018. There is a transitional period for the electricity sector to
harmonize with the standards and define the time schedule for required investments. To this
end, National Emission Reduction Plan was adopted in January 2020, according to which all
power plants should comply with the obligations (established by Directive 2010/75/EU on in-
dustrial emissions) by 2027.

A particularity of electricity consumption in Serbia is the high share of the residen-
tial sector in total consumption, which is 47.65% [18], as a consequence of inefficient use of
electricity and low energy performance of residential buildings. The local industry is highly
energy intensive, the existing power system has a high degree of depreciation, the construc-
tion industry is slowly transitioning towards green best practice, the technical and commercial
losses in electricity generation and transmission are high, etc.

Figure 2 shows the shares in final consumption by sectors in Serbia in 2019 and
2020.

Electricity consumption by sectors in 2019 [18] and 2020 [19] are given in tab. 1.

Serbia has lagged behind in the process of upgrading energy efficiency [20]. Energy
efficiency in industry, transport, residential sector and other sectors needs to be increased. For
the above reasons, the authorities have adopted several laws and bylaws that govern this area.

These features are reflected in typical hourly load profiles. A typical Serbia load
profiles in 2019, for spring (April 17/21), summer (July 10/14), autumn (October 16/20) and
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Figure 2. Shares by sectors in final consumption
in Serbia

winter (December 25/29), weekdays and weekends, as well as in 2020, for spring (April 15/19),
summer (July 08/12), autumn (October 14/18) and winter (December 23/27), are shown in figs. 3-
6 [21]. Season and character of the days (weekday or weekend) most influence the electricity
demand [22].
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Figure 3. Daily load profile - April 2019/2020 Figure 4. Daily load profile - July 2019/2020

During 2019 (pre-COVID), the maximum system load of approx. 6600 MW was
recorded on December 31, and the minimum of approx. 2500 MW on July 14 [21].

The aim of this paper is to present detailed information, discussions on changes
caused by COVID-19 and visualization of results, their consequences on the power system, as
well as to be the basis for future research on the impact of emergency situations on the power
system. It aims to analyze the impact of the pandemic on the electricity consumption, daily
load profile and day-ahead prices, and the novelty of this paper is related to the sensitivities of
electricity consumption and day-ahead prices to imposed restrictions and the change in the
daily load profile. It should improve the consideration of the techno-economic effects of un-
foreseen events, such as a pandemic, on the power system. Hopefully this analysis will be a
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Figure 5. Daily load profile — Oct. 2019/2020 Figure 6. Daily load profile — Dec.2019/2020

valuable contribution for all market participants, highlighting the relevance of impacts, so, as
a step further, this data-driven analysis of consumption trend changes due to the COVID-19
pandemic could help us formulate future trends as we can anticipate that more people will opt
to work from home in the short-term and long-term future. For that purpose, a research has
been done and data have been gathered.

Methodology and data

To carry out this study, we derive data related to the electricity consumption from
the ENTSO-E Transparency Platform [23]. The time period that is covered is January 1, 2016
to December 31, 2020. Daily records for 2020 have been downloaded from the website, to be
compared with those for the years 2016 to 2019. To determine the values in the previous four
years the average load has been calculated for each hour for the years 2016-2019:

LaV,h(2016—2019) -1 M)

For this comparison, the Sundays of all years have been made to match, to calculate
the difference.

The percentage of change in electricity consumption in 2020 respect the previous
four years have been calculated in following way:

[Cons(zozo) - Consav(2016—2019)] -100

CONS,y(2016-2019)

Change = 2

The source of the load profiles data is JSC EMS (EMS A.D. — Transmission System
Operator in Serbia) Transparency platform [21].

Data corresponding to the electricity exports of Serbia to neighbouring countries
have also been downloaded from the ENTSO-E Transparency Platform.

National temperature data is taken from https://www.timeanddate.com/weather/
[24].
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Day-ahead power market prices made public by SEEPEX (Electricity Exchange
based in Belgrade, Serbia) have been used [25].

Results

Flectricity consumption and load profiles

Figure 7 shows the total electricity load in 2020 in relation to the average load in the

period 2016-2019, as well as the difference between these values [23].
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Figure 7. Electricity load in 2020 in relation to the average consumption in the period 2016-2019

The state of emergency in the Republic of Serbia was introduced on March 15,
2020, and lifted on May 6, 2020.

Figure 7 shows that before this period, the consumption curve for 2020 followed the
consumption trend in the period 2016-2019. With the introduction of the state of emergency,
the consumption curve for 2020 begins to deviate significantly from the average consumption
in the period 2016-2019.

In order to better notice the phenomenon, fig. 8 compares consumption during the
state of emergency in 2020 in relation to the relevant period in 2019 [21]. The Sundays of
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—800 MW. As during this period there was a tightening of Government measures and a ban on
going out, this decline in consumption is primarily due to the reduction of industrial (as well
as other economic) activities. The work of transport companies, restaurants, shops, etc. was
banned i. e. some industries have completely suspended their production during the state of
emergency, and most of the economy has reduced its electricity consumption in line with cur-
rent needs and capabilities.
Analysing the deviation of consumption during the state of emergency in 2020 com-
pared to 2019, fig. 9, these measures led to a drop in electricity consumption in Serbia of
about 3% during the state of emergency. There

o) 00 Electricity gonsumption change [%] 150, was an increase in consumption of about 3% in
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[%] and temperature [°C] during the state of
emergency compared to the corresponding
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It is interesting that the decline in con-
sumption continued even after the lifting of the
state of emergency, since the economy was
slowly recovering in Serbia, that employees returned to work gradually, and that the virus is
still present in the population.

The shifting change in the daily load profile has taken place due to the restriction
measures. Figure 10 depicts daily load diagrams for April 15, 2019 (Monday) and for April
13, 2020 (Monday) [21]. For this comparison, the Mondays for both years have been made to
match.

Figure 10. Consumption diagrams for April 15,
2019 and April 13, 2020

The reduction in electricity consumption has taken place at all hours of the day,
probably due to continuous consumption reduction of closed businesses. Besides, certain
changes in electricity consumption patterns can be recognized: morning consumption is grow-
ing slowly, evening maximum is shorter and lower than in the relevant period of the previous
year.
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A histogram of electricity consumption during a morning peak (between 8:00 and
14:00) in the period March 15 to May 06 in 2019, compared to the same period in 2020, is
shown in fig. 11 [23]. The most likely values of the electricity consumption were around
4700-5000 MWh in 2019, but 4200 MWh in 2020, with obvious reduction of consumption in
this period due to reduced industry activities.
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Figure 11. Histograms corresponding to electricity demand, between 8:00 and 14:00 from March 15 to
May 06 in 2019 (a) and 2020 (b)

A histogram of electricity consumption during a night-time peak (between 19:00 and
23:00) in the period March 15 to May 06 in 2019, compared to the same period in 2020, is
shown in fig. 12 [23]. During a night-time peak the household sector represents a significant
part of the demand, and since families spend more time at home in 2020, the distribution of
consumption became more even and higher, with obvious increase of consumption in this pe-
riod.
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Figure 12. Histograms corresponding to electricity demand, between 19:00 and 23:00 from March 15 to
May 06 in 2019 (a) and 2020 (b)

During the spring time, typically electricity is exported from Serbia. However, dur-
ing the spring of 2020, the export of electricity to neighboring systems decreased by almost
12% compared to the previous year, fig. 13 [21], primarily due to reduced electricity needs in
other markets due to the impact of the COVID-19 virus pandemic.

Figures 14(a)-14(d) visualize the electricity exports of Serbia to neighboring coun-
tries depending on the electricity price for the period 2017-2020 [21, 23]. There are trend lines
with downward trends (negative slopes), for pre-COVID years, when increasing export corre-
late to decreasing electricity prices, due to lower demand for energy in the region at the time
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Electricity day-ahead prices

The SEEPEX started operating in 2016, with a day-ahead market. The SEEPEX has
brought a market with hourly resolution (where hourly and block products can be traded). The
products are standard contracts for the physical delivery within the Serbian power system.
This market determines the “system marginal price” at which electricity is traded.
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Figure 14. Correlation among total electricity exports of Serbia and electricity prices;
(a) 2017, (b) 2018, (c) 2019, and (d) 2020

The volume of energy traded on the day-ahead SEEPEX market in (pre-COVID)
2019 was 2.53 TWh [28]. The share of electricity which was traded on the power exchange in
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comparison to the electricity volume which was delivered to all end-users was 8.7% while
18.7% is the power exchange share in comparison to electricity volume delivered to end-users
supplied in the open (retail) market. On the wholesale market, the power exchange share
amounts to 22.7% and the over-the-counter contracts refer to 77.3%. The wholesale electricity
market was mainly based on trade between traders/suppliers (apart from the state-owned
power utility, no large independent electricity producers). The traders (including the power
utility) optimise their portfolios by trading on the power exchange (offering excess volumes to
SEEPEX).

During the COVID-19 pandemic, SEEPEX prices began to fall sharply, both in peak
and non-peak hours, fig. 15 [25].

This phenomenon is primarily a conse- 35
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the start of the trade on this hub [31]. The com-  Figure 15. The SEEPEX prices during
bination of local and global effects led to a lockdown
large drop in electricity prices, which affected
prices not only in the short but also in the medium term, fig. 16.

Figure 16 shows the price at SEEPEX 2020 compared to previous years. Especially,
on April 13, 2020 there was a decrease in the daily average price of 37 € per MWh compared
to the corresponding period of the previous year [25].
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Figure 16. The SEEPEX prices comparison among 2018, 2019 and 2020

During the state of emergency, fig. 17, the average price on SEEPEX fell to an ex-
tremely low level: 27.09 € per MWh on weekdays and 20.34 € per MWh on weekends.
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Figure 17. Average daily (baseload) SEEPEX price in 2018, 2019, and 2020

Discussion and conclusions

This paper conducts assessment of the COVID-19 pandemic impact on Serbian elec-
tricity consumption and electricity market prices as limited research has been previously con-
ducted on these relationships (in case of Serbia).

The state of emergency and other measures to prevent dissemination of virus led to a
drop in electricity consumption in Serbia of approx. 3% during that period (March 15 to May
5, 2020). The consumption first increased 3% in the second half of March due to cold weath-
er, but then dropped 2% during April and up to 8% in a few days of May, due to drop of
economy activity. Besides specific measures, consumption was very affected by the weather,
which was very cold at the beginning of the state of emergency, but after that the temperature
was closer to average. Therefore, consequences of specific measures didn’t affect the total
consumption very much, as it was the case in some other countries. No major problem was
observed in the operation of power system, which demonstrates its ability and readiness to
deal with such situations (technical aspects).

In the household category, consumption increased during the state of emergency, but
among industrial consumers, some branches had large production downtimes and consump-
tion drop and others without significant production and consumption oscillations. During the
state of emergency, a significant drop in the electricity export to the neighboring systems was
recorded, primarily due to the drop in demand.

The reduction in electricity consumption, along with global impacts, as well as the
reduction in exports in the traditional months, have had direct effects on the day-ahead elec-
tricity market. As a consequence, prices on SEEPEX fell approx. 38% during the period
March-May 2020 compared to the corresponding period in 2019, reaching a value in some
hours of almost 0 € per MWh.

Unlike 2020 when the wholesale electricity prices reached the lowest level, during
second half of 2021 they are at an all-time high (baseload spot prices in Serbia and the region
have stabilized at around 200 € per MWh [25]). The causes are numerous. Not only renewed
demand for energy, but also the rising price of natural gas (reaching a historical maximum),
the rising price of CO, permits, etc. Some reserve coal-fired plants (power and district heating
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ones) have been activated, the fossil fuel use implies CO, emission permits and EU intro-
duced a reduction in the number of the permits, so their price has been doubled since the end
of 2020 (cca 30 € per tCO; in December 2020 vs. cca 70 € per tCO; in January 2021 [32]).

In addition, the price of electricity is affected (through the price of natural gas) by
the situation regarding the construction of the “North Stream 2” gas pipeline, which should
connect Europe with Russian Federation. Doubts about that issue lead to an increase in the
price of natural gas (natural gas futures contracts for 2022 steadied around 560 € per 1000 m?
in November 2021 [33]). Although it is expected that this issue will be resolved and that the
growth of natural gas prices will stop, electricity prices are not expected to fall to the pre-
COVID level.

As this is an evolving situation, these findings will need to be updated periodically
and could be extended to other countries and/or regions to obtain more comprehensive con-
clusions.

All crises, including this one caused by the COVID pandemic, inevitably lead to the
creation of new circumstances even when the crisis is over. In this respect, the economy re-
covered fairly quickly, energy demand returned to pre-COVID level, and prices reached un-
precedented levels that no one expected (which affect the economy as a whole).
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