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PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (U@GB3, organized the Second
Interndional ConferenceElectrical Engineering, Informatics, Machinery and Automation-

Technical Sciences applied in Economy, Education and IndudgfIMA .

ETIMA has a goal to gather the scientists, professors, experts, and professionals from the field of
technical sciences in one place as a forum for exchanging the ideas, strengthening the multidisciplinary
research and cooperation, and promoting the achievements of technology and its impact on every aspect
of living. We hope that this conference will contnto be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference. Maore than sixty colleagues contributed to this event,
from five different countries with more than tiyipapers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETI MA623 by presenting the results of their curr
many fruitful discussions.

We invite you and yaucolleague to attend ETIMA Conference in the future as well. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information as well as to involve as much as possible thengs@agchers into this scientific

event.

The Organizing Committee of the Conference
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ENERGY MIX OF THE SLOVAK REPUBLIC
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Abstract

This paper deals with the energy mix of the Slovak Republic with a focus on renewable energy sources and
their development in recent years. The share of renewablgyesources in electricity production in Slovakia

rose from 310 GWh in 2011 to 2 380 GWh in 2021. This number does not include hydro energy, which has had
a very good position in Slovakia for many years and its installed capacity is almost unchan@@d, itnas

2 546 MW, and electricity production was at about 4 600 GWh. The energy sector in Slovakia, as well as in
other European countries, must reflect worldwide changes and challenges. It needs to consider problems in
many fields, such as technicatomomic, ecological, legislative, social, and political.

The current situation in the Slovak energy system is described with a focus on energy dependence and the
usage of renewables. Some energy statistics are shown in this paper. Finally, possibleseaedagrlans for

the reduction of energy dependence are discussed.
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Introduction

European Union (EUis one of themajor playersin global energyconsumption Despiteits
leadingposition,the EU hasa very smalinfluenceon energyprice markets Moreover,the EU

and Slovakia as one of the EU’s member statastbeindependentf onemonopolysupplier,

as well as booss the productionfrom renewable energgources (RES)Many of the EU’s
countriesarealreadysuccessfullymplementinghis strategy.This is notonly aboutminimizing

our dependencen fossil fuels (and with its connected monopoly supplibgt alsoaboutthe
necessarincreasen renewablenergyproduction.The arrent energy mix in Slovakizould be
consideed as agood, which consistsmostly of nuclearpower plantsand hydropowerplants.
Nowadays, political authorities are searching for new, stable, and environmentally friendly
energy sowesthatcould be able to cover all energy demands and moreover assign energy safety
and sustainable development of the energy industry.

Slovakiahasuntappedotentialfor renewablesHowever,its utilizationmustgo handin hand
with legislationand regulation.It is importantto diversify the sourcesand to come up with
systematisolutionsthatconsistof sensiblestepsandconsideringhe opinionsof experts
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1. Energy in Slovakia

Slovakia is located in east Europe, between latitudes 47° and %0fdNpngitudes 16° and

23° E. It has an area of 49 035%amd5 428 792 inhabitants (data from 31 December 2022),
[2]. The Slovak climate lies between the temperate and continental climate zones with
relatively warm summers and cold, cloudy, and humidtevér The Slovak landscape is
primarily mountainous nature, extending across most of the northern half of the country. The
average temperature 8.7 °Cthe warmest average maximum temperature is 26 °C in July and
the coolest average minimum temperatsre/i°C in January. Slovakia receives on average
605 mm of precipitation annually or 50 mm each month [1].

Slovakia is highly dependent on energy commodities imgdre. energy dependence the
SlovakRepublic (56%, without nuclear energy) is only 2% éowthan EU averagean 2020, the

EU imported 57.5% of the energy it consumed. Wngtlear energy is included, Slovakia with
81% is the fifth most dependent EU country after Malta (98%), Cyprus (92%), Luxembourg
(91%) and Greece (819%g].

The energy mixrepresents an overview of individual energy sourcetharotal electricity
production.Slovak energy sector structure is diversified in terms of fossil and nuclear fuels and
renewable energy sources (RES) instgdvater. Considering t electricity prodian, Slovakia
wasanexporter till the end of 2006 when unit 1tb&nuclear power plant Jaslovske Bohunice
was shut downThe £cond unit was shut down in 2008. The redsoigshutting down was the
condition of Slovakia's accession to the European Umianvadays, Slovakia ian electricity
importer, electricity balance is low, in 2011 it was 2.3#tdin 2021 it was very similg5]. In

2021, the total installed capacity in Slovakia reached 7 WY, with total electricity
consumption at 30 86&Wh andotal electricity production at 30 093Wh[5], see table IThe

share of RES at electricity production is increasing, but excluding large hydroelectric plants, the
share of RES is at abo8o. In thelast decade the highest new installed capacity wastfiem
photovoltaic power plants, the share of wind energy is very low.

Table 1 Share of energy sources covering electricity production in GWh in Slovakia, in
2006, 2011, and 2021

Nuclear Hydro

Power Power

Plants | Fossils| Plants RES | Others | Production | Consumnmption
2021 15730 7274 4604, 2380 105 30 093 30 867
2011 15441 5726 4 006 2 992 28 165 28 862
2006 18013 50935 4 447 2 832 31 227 29 624

SourceRo | e nka S\&tidnal2ZCor2rd Centre of Slovaki@nline. Available at:
https://www.sepsas.skedia/6115/rocenkaed2021.pdf

2. Power Plants in Slovakia

The energy mix ofhe Slovak Republic is diversified in terms of fossil and nuclear fuels and
renewable energy sources and hydro energy, see fig. 1.
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Fig. 1 Installed Capacity of Slovak Power Plats in MW, 2021
SourceRo | e nka S\&tidnal2ZCor2rd Centre of Slovaki@nline. Available at:
https://www.sepsas.sk/media/6115/roceskd2021.pdf

There are two thermal power plants in Slovakia, in ¥gjand in Novaky. Despite coal, both
plants also use biomass, in Vojany since 2009 and in Novaky since 2011. One black coal fired
110 MW unit caravoid about 21 000 tons of G@&missionsannually when cdiring biomass.
Because they provide reliable elédty generation both for the baseload as well as for peak
load demand, they play a very important roléghi@power grid.Resentyears the main roleof
fossil fuelshasplayed natural gasThe hstory of coal mining is long, brown coal mining
started inSlovakia in 1913, but at the endtb& 20" century coal and lignite mining began to
decrease. After February 2022, sevamlintriesresuned their coal productiondue to gas
supply complications, but itis no longer possiblein Slovakia becausehe process of
transformatiorof theregionandterminationof mining hasbegun.In addition,the statewill no
longersupport it.

Two nuclear power plants, one in Jaslovské Bohunice with 2 unifgresisurised water
reactors, type WWER 44@nd one in Mochovceso with 2 units same type, are currently in
operation. Two new units, located in Mochovbejngplamed Unit 3 is now ina startup
phase andUnit 4 is still under constructiofhe electric power of each new unit will be 471
MW and will cover 13% ofheelectricity demand in Slovakid].

The nstalled capacity of hydropower plantsSiovakia was 2 546 MW in 202including
pumped storage power plants (there are fourofthemer ny V8h 734, 4 MW,
98 MW, Dobging8 24 MWeraaralcurfentlg3d hydropdver Misvitin
operationput only24 arelarge hydropower plant3 he shareof hydropowermlantsin annual
productionis on average 15%. Due to thdlexibility andrapid changes in outputheycan

cover power requirements at the top of the daily Idedjram,andthey are therefore also
suitable for covering emergency conditions inghe [6].

In 2021, a shareof energyfrom renewabls was 17.4% (lousesheatedby wood are also
included what cannot beconsideredas inappropriate), considering only electricity from
renewables without water, it was only 8%. Compaoagcent years, thenprovemenis only
marginal.The installed capacity of RES (waht water) was 884 MW in 2021, while in 2016
it was 876 MW. When we consider also hydropower, in 2021 RES achaesteate of 22.9%

in electricityproduction (6984 GWh, water 380 GWHh and other RES 804 GWh), while in
2020 it was 205 GWh, and in 201& was 7274 GWh, what represents 26.5% (overall

production was 2452 GWh).


https://www.sepsas.sk/media/6115/rocenka-sed-2021.pdf

The main share has solar energy, followed by biomass, see tébked2ition to energy from

water and sun, biogas or wood, geothermal energy can also be a suitable optiease ithe

share of renewables in the overall energy mhere are several areas, eaggundGalanta,

ve Okl Gliealrrrnad Hronom, Pregov or Kogice, whi
production but also for electricity.

Table 2 Share on the istalled capacity of RES in MW in Slovakia in 2021

Solar |Biomass| Biofuel | Wind | Others Total
532 234 104 3 11 884 MW

SourceRo | enka S\&tidnal2ZCor2rdl Centre of Slovaki@nline. Available at:
https://www.sepsas.skedia/6115/rocenkaed2021.pdf

Upon bigger installed power in REBeir impact is manifested the overall ES management,
especially from the view of assurancetugnecessary volume of particular kinds of supportive
servicesThe establishment ofhenecessary volume of particulankis of supportive services

is solved basd onthe methodology of transmission system operator in the Slovak Republic
(SEPS, a.s.). Renewables incretimenecessary volume for supportive services in secondary
power regulation and tertiary power regulation.

Conclusion

Renewable energy sources alone are not able to coveuralemands. Obviously, they are
environmentally friendly, and they help to decrease fossils consumption. In a short time, it is not
realistic and not econonatly reasonabléo replace & conventional (nuclear and thermal) power
plants with RES dui their unpredictable behaviour and high investment costs. Howewent
months have shown us whould look abur natural resourcesnd because of the lack of other
sources, the improvesnt of RES is welcome.

The instability ofsupplies,security of suppés environmerdl concerns as well as economic
constraintghe energy issues mubesolved. It is important to mention that for RES support are
many EU grantshat provide researchgevelopment, and innovation in the field of renewable
energy sources.
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