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Abstract— The Republic of Serbia largely meets its electricity
needs through production in thermal power plants that use coal as
fuel. As the coal-lignite deposits in the Kolubara and Kostolac
basins are limited, and the reserves in Kosovo and Metohija are
not under the control of the Republic of Serbia, it is necessary to
find a solution to ensure the country's energy security and stability.
At the end of 2024, amendments to the Law on Energy lifted the
moratorium on the use of nuclear energy for peacetime purposes.
With this change, the Republic of Serbia gained the opportunity to
start a nuclear programme and, with the potential construction of
a nuclear power plant, meet its basic energy needs. In this paper,
we will analyse the current energy capacities of our country and,
based on the experience of selected European countries, examine
how it is possible to replace coal-fired thermal power plants with
nuclear power plants, the advantages and disadvantages of nuclear
power plants, and the obstacles and risks involved in the
construction and operation of nuclear power plants.

Keywords: Electric power system of the Republic of Serbia, Basic
energy, Decarbonisation, Nuclear energy, Strategic risks

I. INTRODUCTION

The power system of the Republic of Serbia faces a complex
structural challenge: how to successfully implement the
decarbonisation process and meet international climate
obligations, while simultaneously preserving energy
sovereignty, grid stability, and the economic competitiveness of
the economy. With a currently installed capacity of 9,043 MWe
(excluding capacity in the territory of the Autonomous Province
of Kosovo and Metohija), the domestic system relies primarily
on fossil fuels, as lignite thermal power plants provide about
66% of total electricity production. However, the era of
dominant reliance on coal is coming to an end, due to the
depletion of domestic surface mines and the declining quality of
mined lignite, as well as rigorous environmental taxes and
European Union market mechanisms, which directly penalise
the export of electricity with a high carbon footprint.

To replace coal, the Republic of Serbia has intensified the
integration of renewable energy sources (RES). While these
measures have significantly increased wind and solar capacity,
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engineering practice and operational data clearly indicate the
fundamental technical limits of a purely RES-based scenario.
The extreme stochasticity, intermittency, and rapid intra-day
fluctuations of solar and wind power pose a direct threat to the
security and balancing of the power grid, particularly in the
absence of large-scale energy storage systems. In light of these
structural circumstances, the introduction of nuclear power
plants into the electric power system of the Republic of Serbia
emerges as a technologically mature, commercially proven, and
environmentally acceptable alternative capable of providing
reliable electricity generation.

In accordance with the above, this paper presents a detailed
analysis of the current status of energy capacities in the Republic
of Serbia. It particularly examines the critical points in the
transition from domestic lignite production to intermittent
renewable energy sources, which reveal a structural deficit in
base-load production and highlight the need to consider the
introduction of nuclear power plants as a stable energy source in
the national strategy. The paper also discusses the experiences of
several European countries with decades of experience in nuclear
energy. The analysis of operational practices, regulatory
specifics, and solutions for closing the fuel cycle indicates that
nuclear power plants, in addition to their key advantage of
providing stable base-load energy, also entail various complex
requirements, both in terms of long-term operational and
logistical sustainability and in the process of selecting an
appropriate reactor technology supplier. Based on the experience
of these countries, the obstacles and risks to the successful
implementation of a nuclear energy programme in the Republic
of Serbia can be identified.

I. CURRENT ENERGY CAPACITIES OF THE REPUBLIC OF SERBIA

The production capacity of the electric power system of the
Republic of Serbia (excluding capacity in the territory of the
Autonomous Province of Kosovo and Metohija) consists of
lignite thermal power plants with 4,360 MWe, gas/fuel oil
thermal power plants with 552 MWe, large hydroelectric power
plants with 3,080 MWe, wind power plants with 827 MWe,
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solar power plants with 123 MWe, biogas power plants with 51
MWe, and a large number of small solar and hydropower plants
connected to the distribution network. Despite the large number
of plants operating on renewable energy sources, the dominant
base production in the system (approximately 66%) is provided
by thermal power plants using fossil fuels, primarily lignite. The
construction of wind, biogas, and solar plants was long
financially unprofitable until the introduction of "Feed-in"
tariffs.

energy for peacetime purposes, i.e. on the construction of
nuclear power plants. These acts clearly outline the orientation
towards the decarbonisation of energy and the economy by
2050, in accordance with the Law on Climate Change [3].

According to the facts and scenarios presented in these
documents, decarbonisation, that is, the transition of the energy
sector, leads to a gradual reduction in electricity production
from domestic low-quality lignite and a shift to renewable
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The production capacity of the electric power system of the
Republic of Serbia (excluding capacity in the territory of the
Autonomous Province of Kosovo and Metohija) consists of
lignite thermal power plants with 4,360 MWe, gas/fuel oil
thermal power plants with 552 MWe, large hydroelectric power
plants with 3,080 MWe, wind power plants with 827 MWe,
solar power plants with 123 MWe, biogas power plants with 51
MWe, and a large number of small solar and hydropower plants
connected to the distribution network. Despite the large number
of plants operating on renewable energy sources, the dominant
base production in the system (approximately 66%) is provided
by thermal power plants using fossil fuels, primarily lignite. The
construction of wind, biogas, and solar plants was long
financially unprofitable until the introduction of "Feed-in"
tariffs. At the beginning of the 2020s, despite the large number
of projects and requests for the construction of new solar and
wind power plants under the "Feed-in" model, to maintain the
safety and reliability of the electric power system, this issue was
addressed in a new systemic way with the transition from "Feed-
in" to the auction system for approval of connection to the power
grid. During 2023-2024, important documents in the field of
energy and environmental protection were prepared and
adopted: a) the Integral National Energy and Climate Plan
(INEKP), adopted at the session of the Government of the
Republic of Serbia on 25 July 2024; b) the Energy Development
Strategy of the Republic of Serbia until 2040 with a projection
until 2050 [1]; and Amendments to the Law on Energy [2],
which lifted the moratorium from 1989 on the use of nuclear
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energy sources and nuclear energy (from 2040, with a nuclear
block of 1000 MWe according to the INEKP scenario S-N, Fig.
D).

To achieve the outlined plans, amendments to the Law on
Renewable Energy Sources [4] and accompanying documents
were adopted at the proposal of the Ministry of Mining and
Energy. Based on these laws and regulations, the Ministry of
Mining and Energy has successfully implemented two cycles of
auctions for the construction and connection of wind and solar
power plants to renewable energy sources. This has established
the order and conditions for significant investment, primarily by
private companies, in such plants, while protecting the state's
interests through long-term PPA contracts with EPS AD to
supply generated electricity to domestic consumers at
reasonable auction prices, and maintaining the safety and
sustainability of the power system of the Republic of Serbia
under new conditions with an increased share of RES. Since the
first auction, approximately 294 MWe of wind power plants
(with a total operational capacity of 827 MWe expected by the
end of 2025) and a significant number of solar plants have been
put into operation. However, with the operational introduction
from 1January 2026 of the CBAM mechanism by the European
Union (EU), which drastically reduces the competitiveness of
electricity exports from renewable sources due to additional
significant fees paid by importers in the EU and introduces
negative electricity prices in accordance with EU directives, the
profitability of investing in such plants in our country has
become critical.



On the other hand, the temporal periodicity of solar radiation
and the large oscillations of wind energy in our area present a
particular problem for the security of the electrical grid and for
maintaining the quality of the available electrical energy from
the grid. To illustrate this variability of wind in the southern
Banat zone, Fig. 2 shows the values of the conditional parameter
"Load factor", that is, the equivalent operating time (number of
operating hours per year) of the plant at full capacity during the

period 2020-2025. It can be seen that this is at the level of 2,500
hours per year (i.e. 2,500/8,760 = 28.5%), that it varies from
year to year and depends on the quality of the plant's operation,
but that it is much lower than for fossil fuel thermal power plants
and nuclear power plants, where it exceeds 90%.

Fig. 3 shows the change in the average monthly achieved
relative power (relative to the nominal power of the plant)
throughout the year during the period 2020-2023. A favourable
characteristic of electricity production from wind in this area is
increased output in the winter period and minimal output in the
summer period, allowing for effective combination with
production from solar power plants. However, Fig. 3 indicates a
relatively low level (below 50%) and significant variability in
achieved power, resulting in mediocre monthly production. In
reality, production variability is even more pronounced at the
daily or 2-minute level, which is very difficult to compensate
for at the power grid level, as sudden changes occur rapidly and
almost simultaneously at all wind farms in the area. Considering
all these issues, there is justified doubt that the planned
decarbonisation of the electric power system of the Republic of
Serbia can be achieved predominantly by switching from
lignite-fired thermal power plants to renewable energy sources
(INEKP Scenario S).
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Fig.2 The values of the conditional parameter "Load factor"of the
plant at full capacity during the period 2019-2025

In accordance with the above, the planned significant
increase in the capacity and production of electricity from
renewable sources (wind and solar) in the decade 2040-2050,
according to INEKP Scenario S-N (Fig. 1), is difficult to achieve,
especially in the period from 2045 to 2050, when an exceptional
increase is planned. Annual production of 20.82 TWh from wind
(69% of the total estimated wind energy potential in the RS) and
22.14 TWh from solar energy (72.6% of the total estimated wind
energy potential in the RS) is projected. In that case, by 2050, the
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missing wind and solar capacities or production would have to
be replaced by nuclear units of at least 2 x 1200 MWe, which
would further increase the security of electricity supply and the
reliability of the power system, while also bringing CO2
emissions in the electricity generation sector to zero.
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Figure 3 Change in the value of the realized mean monthly relative
power of the wind power plant in southern Banat

II. INTERNATIONAL PRACTICE AND
MODELS OF NUCLEAR ENERGY

EUROPEAN

To determine the optimal directions for the potential
development of the nuclear programme in the Republic of
Serbia and to adequately identify the associated risks, it is
necessary to conduct a comprehensive comparative analysis of
successful European models. Accordingly, this section reviews
the current status and development directions of nuclear energy
in selected countries, focusing on key technical, operational, and
strategic aspects: from installed capacity and projects under
construction, through the fuel supply chain, to closing the fuel
cycle and the disposal of spent nuclear fuel.

The analysis covers neighbouring countries — Hungary,
Romania, Bulgaria, Slovenia, and Croatia — whose geographical
proximity and power connections directly influence the energy
balance and security framework of the Republic of Serbia. To
provide a broader context, the analysis is extended to Slovakia
and the Czech Republic, countries with decades of nuclear
experience and highly developed industrial and scientific
infrastructure, and finally to Finland, whose advanced nuclear
programme and rigorous regulatory model serve as a benchmark
for setting future national standards.

A Status and structure of operational production capacities

The current capacities for electricity production from nuclear
power plants are summarised in Table I for the neighbouring
countries of the Republic of Serbia, and in Table II for the Czech
Republic, Slovakia and Finland.

The review of nuclear energy in the immediate vicinity of the
Republic of Serbia begins with an analysis of capacity in
Hungary, whose nuclear programme is technologically and
strategically based on Soviet water-cooled and water-moderated



pressurised reactors (VVER), with a total net installed capacity
of 1916 MWe [5]. There is one operational nuclear power plant
in Hungary, NE Paks I (Paks I), located approximately 65 to 70
kilometres as the crow flies from the border of the Republic of
Serbia, upstream on the Danube. At NE Paks I, four units with
VVER-440 type reactors (the more advanced V-213 model) are
in operation, each with a net capacity of about 475 MWe to 500
MWe (following successful power uprate programmes). These
units were commissioned between 1982 and 1987. After the
operating life of all units was extended by 20 years between
2012 and 2017, capital projects are currently being implemented
for a second consecutive extension of an additional 20 years,
bringing their total operating life to 70 years. According to
official data from the International Energy Agency (IEA) for
2024, NPP Paks I is the mainstay of domestic electricity
production in Hungary, accounting for 42.2%. The remainder of
the electricity mix is provided by fossil fuels (primarily natural
gas at 18.8%, and a low share of coal at 6.4%), while renewable
energy sources cover over 32% of production, with rapid growth
in solar photovoltaic capacity reaching 24.2% of the total mix
[6].

The specificity of Romania's nuclear programme is reflected
in the strategic adoption of Canadian pressurised heavy water
reactor (PHWR) technology. In Romania, the Cernavoda nuclear
power plant is operational with a total net installed capacity of
1,302 MWe [7]. NPP Cernavoda is located downstream on the
Danube, approximately 290 kilometres in a straight line from the
border with the Republic of Serbia. The plant comprises two
units with CANDU 6 type reactors, each with a net capacity of
651 MWe, which entered commercial operation in 1996 (Unit 1)
and 2007 (Unit 2). The reconstruction and technological
modernisation of Unit 1 is currently underway to extend its
operating life by an additional 30 years (until 2056). According
to IAE data for 2024, NPP Cernavoda accounts for about 18.9%
of total national electricity production [8]. The remainder of
Romania's electricity mix is highly diversified, with renewable
energy sources covering 50.1% of production (hydropower
plants contribute 32.2%), while coal and natural gas account for
31%.

Bulgaria has one operational nuclear power plant, NPP
Kozloduy, which was built using VVER technology and has
been in commercial operation since 1974. NPP Kozloduy is
located about 50 kilometres as the crow flies from the eastern
border of the Republic of Serbia, downstream on the Danube.

Two units are currently in operation — Unit 5 (synchronised in
1987) and Unit 6 (synchronised in 1991)—which use VVER-
1000 type reactors (subtype V-320) with a total net installed
capacity of 2006 MWe [9]. Through extensive programmes of
technological modernisation and westernisation of safety
systems — mainly implemented by the American company
Westinghouse, the French-German consortium
Framatome/Siemens, and the original Russian designer
Rosatom — and with the aim of harmonising safety standards
with the requirements of Western Europe (WENRA — Western
European Nuclear Regulators Association) and IAEA standards,
the operational life of these units was extended to a total of 60
years. In 2024, these two operating units provided a stable base
capacity and accounted for 39.4% of total national electricity
production. The remaining part of Bulgaria's power mix is
predominantly based on fossil fuels (primarily domestic lignite
and natural gas) with a share of 40.5%, while renewable energy
sources (hydro potential with intensive growth of solar and a
stable share of wind power plants) cover 20.1% of production
[10].

Slovenia and Croatia share ownership of the Krsko Nuclear
Power Plant, which was built and commissioned in 1983 as part
of the state programme of the former Yugoslavia. NE Krsko is
located approximately 260 kilometres in a straight line from the
border with the Republic of Serbia, upstream on the Sava River.
NE Krsko consists of a single unit with a Westinghouse
pressurised water reactor (PWR). The original nominal output of
the plant was 632 MWe net, but through technical modifications
and replacement of the steam generator, this was increased to 696
MWe [11]. Technological modernisation programmes have
extended the reactor’s operational life by 20 years, moving the
deadline for the permanent shutdown of the plant from the
originally projected 2023 to 2043. According to IEA data for
2024, NPP Krsko accounts for 19.8% of total electricity
production in Slovenia (remaining mix: 31.4% hydro, 25.6%
coal and gas, 4.9% solar and wind), while in Croatia it accounts
for 14.8% (remaining mix: 44.7% hydro, 21.7% gas and coal,
15.2% wind and solar) [12], [13].

Two nuclear power plants with a total net installed capacity
of 2306 MWe are operational in Slovakia [14]: Jaslovské
Bohunice and Mochovce, as shown in Table II. Two units are in
operation at the Jaslovské Bohunice NPP, while three units are
operational at the Mochovce NPP, all with VVER-440 type

TABLE I. NUCLEAR POWER PLANTS IN NEIGHBORING COUNTRIES

Hungary Romania Bulgaria Slovenia and Croatia
Nuclear power plant Paks Cernavoda Kozloduj Krsko
Shortest border distance 65-70 km 290 km 50-60 km 260 km
. Dunav Dunav Dunav Sava
Position . K
- uzvodno -nizvodno -nizvodno -uzvodno
. . 1x PWR
Reactors in operation 4 x VVER-440 2 x CANDU 6 2 x VVER-1000 .
Westinghouse
Instaalled power (neto) 1640 MWe 1302 MWe 2006 MWe 632 MWe
Power after reconstruction (neto) 1916 MWe - - 696 MWe
o 1996 (Blok 1) 1987 (Blok 5)
On the grid since 1982-1987 2007 (Blok 2) 1991 (Blok 6) 1983
S . N 20% (Slovenia)
0, 0, 0,
Participation in total electricity production in 2024 42.2% 18.9% 39.4% 15 % (Croatia)
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reactors (model V-213).Tokom realizacije projekta izgradnje
Bloka 3 u NE Mohovce izvrSena je tehnoloska integracija
sigurnosne platforme TELEPERM XS (razvijene od

net power of 4369 MWe [18]. At the Loviisa nuclear power
plant, two units with VVER-440 type reactors (model V-213) are
in operation, equipped with Westinghouse safety systems and
massive protective containments. Three blocks are operational in

Table II. NUCLEAR POWER PLANTS IN EUROPE
Slovakia Czech Republic Finland
Nuclear power plant Jaslovs:.ke Mohovce Dukovani Temelin Loviisa Olkiluoto
Bohunjice
. . 2 x VVER- 2 x VVER- 2xBWR
Reactors in operation 440 (2+1)xVVER-440 4 x VVER-440 2x VVER-1000 240 1xEPR
Instaalled power (neto) 836 2x404+438 1632 1926 840 2x660+1600
Power after reconstruction (neto) 2x466 467+469+438 1770 2164 1014 2x890+1600
1984
1998 (Unit 1)
On the grid since (Blok 3) 2000 (Unit 2) 1985-1987 2002 (Blok 1) 1977-1981 | 19791982
1985 2023 (Unit 3) 2003 (Blok 2) 2023
(Blok 4)
Participation in total electricity o o o
production in 2024 61.7% 40.3% 39.2%

The Czech Republic is an example of a small country where
nuclear energy (3934 MWe of net installed power [16]) is
supported by its own professional infrastructure (Institute for
Nuclear Research in ReZ) and a strong mechanical industry (led
by Skoda JS, which owns the technology for producing heavy
nuclear equipment). In the Czech Republic, two nuclear power
plants are in operation: Dukovany and Temelin, as shown in
Table II. Four units with VVER-440 type reactors (model V-213)
operate at Dukovany NPP, while two units with VVER-1000
type reactors are operational at Temelin NPP. At Temelin NPP,
the Westinghouse digital control and management system was
integrated for the first time on a Soviet-type VVER reactor to
adapt the safety systems to Western standards. According to IEA
data for 2024, nuclear power plants in the Czech Republic
provide 40.3% of total electricity production, coal and gas
thermal power plants account for 43.4%, while renewable energy
sources — primarily biomass and solar — cover the remaining
14.3% of production [17].

TABLE III. NUCLEAR CAPACITIES UNDER
CONSTRUCTION
Country Nuclear Reactor/Power Status
power plant
The first
Hungan :\IBFI)ng:)avI?SS“i VVER-1200 CBCTZEIZe;fAf:sr
gary 2x1200 MWe
6) poured on 5
February 2026.
In the phase of
NPP final functional
. VVER-440/V-213 testing of the
Slovakia Mohovce
440 MWe system (cold
(Blok 4)
and warm
tests)

Finland is an exceptional example for the Republic of Serbia,
as it is a country with a similar population that has become a
European leader in nuclear energy. Finland has two nuclear
power plants: Loviisa and Olkiluoto (see Table II), with a total
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NE Olkiluoto: Blocks 1 and 2 are light water boiling water
reactors (BWRs) manufactured by the Swedish company ASEA-
Atom (later integrated into ABB, now part of Westinghouse),
while Block 3 is a newer unit with a Generation 3+ boiling water
reactor EPR from the French manufacturer EDF. Olkiluoto
Block 3 entered commercial operation in 2023 instead of the
planned 2009, due to complex technical challenges. During
construction, the Finnish regulator STUK demonstrated top-
level expertise and absolute steadfastness in implementing the
strictest safety standards, representing an exceptional model of
professionalism that the future regulatory body in Serbia would
need to emulate when building a nuclear power plant. According
to IEA data for 2024, nuclear power plants in Finland account
for 39.2% of total electricity production, while wind energy
contributes 25.3%, hydropower 17.2%, and biomass 11.9%. This
results in 96.2% of electricity being generated from clean and
renewable sources with low carbon emissions [19].

B. Dynamics of development: power plants under
construction and planned projects

The status of new nuclear capacities in the analysed
countries ranges from the final stages of construction to the
initial stages of planning. Capacities currently under active
construction are located in Slovakia and Hungary (see Table
II). In Slovakia, the focus is on the final stages of
commissioning Unit 4 at NE Mochovce, construction of which
began in 1987 and, after being suspended, was reactivated in
2009 [20]. In Hungary, the Paks II project officially entered the



TABLE IV. PLANNED NUCLEAR CAPACITIES

Country Nuclear power plant Reactor / Power Status
Slovakia NPP Jaslovske Bohunjice (Blok 5) PWR reactor power to Tender documents are being prepared for
1200 MWe vendor selection.
Czech Republic NPP Dukovani APR1000 Vendor KHNP has been selected (contract
(Units 5 and 6) 2x1050 MWe finalisation); commissioning is expected in
2036.
NPP Temelin APR1000 A five-year option for the construction decision
(Units 3 and 4) 2x1050 MWe has been secured with KHNP.
Bulgaria NPP Kozloduj AP1000 FEED is ongoing with vendor Westinghouse.
(Units 7 and 8) 2x1150 MWe
Romania NPP Cernavoda CANDU-6 FEED is ongoing in cooperation with the
(Units 3 and 4) 2x 720 MWe American-Canadian-Italian consortium.
SMR Doicesti NuScale FID for one module (77 MWe) was delivered
6x 77 MWe during the pre-EPC phase with vendor Fluor.

construction phase at the beginning of February 2026 with the
pouring of the first nuclear concrete [21].

Planned capacities are shown in Table IV. The Czech Republic
is in the phase of detailed engineering design and licensing after
formally completing the vendor selection process by signing a
binding contract with the South Korean supplier KHNP. This
contract includes the construction of two units at the Dukovany
power plant (with the first concrete planned for 2029) [22], and
a contracted option for two additional units at the NE Temelin
site [23].

High power capacities planned in other analysed countries are in
pre-project activities and FEED phases (Front-End Engineering
and Design) that precede the Final Investment Decision (FID).
Slovakia is preparing documentation and environmental permits
for a new unit at NE Jaslovska Bohunice with a planned capacity
of up to 1200 MWe, for which a tender for the selection of
technology and suppliers should be conducted [24]. Bulgaria is
conducting negotiations for the construction of units 7 and 8 at
the Kozloduy NPP site, with a total capacity of about 2300 MWe.
The FEED phase is underway with the vendor Westinghouse for
the delivery of the AP1000 reactor, while a consortium of
Hyundai Engineering & Construction and Westinghouse [25]
has been appointed as the main contractor. In Romania, the
existing structures are being revalidated for the unfinished Units
3 and 4 at NE Cernavoda (capacity 2 x 700 MWe), which will
use Candu Energy (CANDU 6) technology. The implementation
of the Krsko 2 project is in the early preparation stage, with a
pre-project phase in Slovenia ahead of the referendum planned
for 2027-2028 [26]. Finland is not currently considering new
high power capacity.

An exception to the aforementioned large capacities is the
Doicesti project, with a capacity of 462 MWe, which is being
developed in Romania in partnership with the American
company Fluor. It is based on six modules of the small modular
reactor NuScale VOYGR-6, each with a capacity of 77 MWe
[27]. In February 2026, the final investment decision (FID) was
made, formally advancing the project to the pre-EPC
(Engineering, Procurement, and Construction) phase, which
includes licensing, field research, and procurement of long-lead
production equipment. As this is a completely new technology,
the contract provides initial financing for only one reactor
module, while procurement of the remaining five is conditional

on the successful operation of the first module in practice,
serving as a risk mitigation measure.

C. Analysis of the impact of non-technological factors on
national nuclear strategies

The nuclear energy strategies of the countries analysed here
were significantly influenced by non-technological factors such
as foreign policy adjustments, security considerations, and
geopolitical polarisation. Below are several examples where
these factors predetermined the direction of strategic planning
and the balance of power, without regard to economic
justification or technological readiness.

As a first example, we cite the premature shutdown of
technically sound units with VVER-440 reactors (model V-230)
in Bulgaria and Slovakia as a condition for these countries’
accession to the European Union. This requirement arose from
the unfavourable safety ratings of the Association of Western
European Nuclear Regulators (WENRA), primarily due to the
absence of a containment building and the risk of reactor vessel
fragility under neutron flux. The decision to permanently shut
down the reactors was made even though these reactors did not
experience any serious incidents (above the level of anomalies
on the INES scale) during their entire operational life.

For the Kozloduy NPP in Bulgaria, a binding shutdown
schedule was set for units 1 and 2 in 2002, and for units 3 and 4
at the end of 2006 [28]. This measure was implemented despite
the fact that comprehensive modernisation programmes [29] had
previously been carried out on these units, whose technical
adequacy and high level of operational safety were verified by
the IAEA [30]. The reactors were disconnected from the grid
after only 24 to 28 years of operation, significantly before the
end of their designed and economic life [31]. Shutting down
these units, with a total gross power of 1,760 MWe, significantly
reduced Bulgaria’s export potential as the key supplier of
electricity in the Balkans.

Similarly, in 2006 and 2008, after only 28 years of operation,
Block 1 and Block 2 at NE Jaslovska Bohunice (each with a net
power of 408 MWe) had to be permanently shut down, despite
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hundreds of millions of euros having been invested in
comprehensive safety upgrades to address the initial design flaws
[32], [33]. As a direct consequence of the shutdown of these two
units, Slovakia, a country with a traditional production surplus,
was temporarily a net importer of electricity.

The next non-technological factor, referred to as diversification
strategy and security filters, concerns public procurement rules
and the structure of supply chains. This trend is exemplified by
the Czech security model for the Dukovany NPP, where the "Lex
Dukovany" law was adopted, legally excluding Russian
(Rosatom) and Chinese (CGN) vendors from the tender [34].
"Lex Dukovany" restricted participation in the construction and
maintenance of new nuclear power plants exclusively to
companies from countries that are signatories to the 1996
International Agreement on Government Procurement. As the
Russian Federation and the People's Republic of China are not
signatories to this agreement, their nuclear industries (Rosatom
and CGN) are automatically excluded from the tender. However,
limiting the choice to Western-oriented bidders (French EDF,
American Westinghouse, and South Korean KHNP) did not
ensure smooth continuity of the investment. The project
immediately encountered serious legal and geopolitical disputes
when both unsuccessful bidders, Westinghouse and EDF, filed
official complaints with the Czech Antimonopoly Office against
the selection of KHNP. Westinghouse directly challenged the
South Korean bidder's right to use and export the APR1000
technology, claiming that this design uses licensed American
technology and that KHNP does not legally have the right to
sublicense or transfer it to third parties without Westinghouse's
consent [35].

Another example is the Finnish scenario, where foreign policy
factors in 2022 had a decisive influence on the unilateral
termination of the valid contract with Rosatom for the
construction of the VVER-1200 reactor at the Hanhikivi site
[36]. This step caused damage amounting to hundreds of millions
of euros in previous investments, as well as the initiation of long-
term international arbitration proceedings [37]. Since multi-year
delays on the Olkiluoto 3 project (which was commissioned in
2023 instead of 2009) did not allow timely provision of the
planned domestic production, the cancellation of the Hanhikivi
project led to the loss of the next 1,200 MWe of base production
in long-term projections. In this way, the long-term plan to
reduce imports and cover the domestic electricity deficit with
domestic capacities is threatened [38].

In contrast to the Czech model of legal exclusion and the Finnish
scenario of unilateral contract termination, the Hungarian
approach is based on maintaining technological continuity with
the originally selected vendor, with specific adaptations to the
Western regulatory and industrial framework for the Paks II
project. The Paks II project is implemented under the interstate
agreement between Hungary and the Russian Federation from
2014, under which 80% of the estimated investment value is
financed by a Russian state loan. The project implementation
process involved long-term coordination with the authorities of
the European Union. To meet European safety and market
standards, the project was ultimately structured as a hybrid
technology model in which Rosatom remained the main
contractor and supplier of the VVER-1200 reactor technology,
while plant segments such as the turbine island and the command
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and control system were entrusted to consortia of Western
companies, including Framatome and GE Vernova.

In addition to the challenges associated with constructing new
nuclear capacities, non-technological factors also affect existing
operating power plants, primarily relating to the supply of
nuclear fuel in countries where VVER-440 and VVER-1000
reactors are in operation (Czech Republic, Slovakia, Bulgaria,
Hungary) [41]. Diversifying fuel supply is a geopolitical issue,
with alternative producers (such as Westinghouse or Framatome)
being introduced due to the potential termination of cooperation
with the current supplier from the Russian Federation. However,
this process cannot be regarded as a straightforward techno-
economic substitution, as it requires long-term regulatory
licensing and complex demonstration of the compatibility of new
fuel elements with existing structures.

Technological concepts for closing the fuel cycle

Closing the nuclear fuel cycle through the permanent
isolation of spent fuel is considered a major challenge for
nuclear energy, as it requires long-term management of
long-lived radionuclides and passive safety over hundreds
of thousands of years. In this context, the Finnish Onkalo
project is particularly significant, as it represents the
world’s first operational deep geological disposal site. The
Onkalo facility is designed for the permanent isolation of
spent fuel and highly radioactive waste in granite rock at
depths exceeding 400 metres [42]. Unlike Finland, the
other countries discussed here rely on national capacities
for temporary spent fuel storage. The following text
outlines the specifics of these concepts.

The Czech Republic is at an advanced stage of site
selection for a deep geological repository in granite massifs
and is conducting detailed geological research with the aim
of confirming the final location by 2030 [43].

Hungary’s deep geological disposal programme is
primarily developed for the storage of spent fuel from the
Paks I NPP reactor, which, since 1998, is no longer sent to
the Russian Federation for reprocessing but is instead
accumulated on site within a modular dry storage facility
[44]. Due to the construction of the Paks II NPP, Hungary
plans to expand domestic capacities for long-term storage to
mitigate geopolitical risks. In contrast to the Finnish and
Czech approach of building storage in crystalline granite,
Hungary is considering a sedimentary, clay-rich medium
with low hydraulic conductivity for deep disposal.

Bulgaria’s spent nuclear fuel management strategy has
historically relied on successive commercial contracts with
the Russian fresh fuel supplier (TVEL company), covering
the transport and reprocessing of fuel from the VVER-1000
reactor in the Russian Federation. Although these
arrangements have not been formally annulled, their
implementation is currently stalled due to logistical and
security restrictions in the Black Sea region [45]. As a result,
and due to the obligation to accept highly active vitrified
waste to be returned from Russia, the Kozloduy NPP operator
plans to build its own capacities.



NE Cernavoda in Romania generates a larger volume of
spent fuel due to the use of CANDU technology with natural
uranium as fuel. Storage is carried out at the power plant site
using specific above-ground concrete modules [46].

Slovakia applies a centralised model of temporary wet
storage for all domestic VVER-440 reactors at a single site
[47].

Finally, Slovenia and Croatia divide the spent fuel
from NE Krsko equally, and Croatia’s intention to store its
share at the Cerkezovac location (Trgovska gora) faces
strong resistance from Bosnia and Herzegovina for
environmental and security reasons [48].

CONCLUSION

Based on the analysis of the domestic power system and
the practices of selected European countries that are
traditional owners of nuclear energy technologies, the
following key conclusions can be drawn.

Given that the pronounced stochasticity of renewable
energy sources makes it impossible to independently replace
the base production of thermal power plants, the lifting of the
moratorium at the end of 2024 has opened a strategic
opportunity for the integration of stable nuclear units with a
capacity of at least 2 x 1200 MWe. In the period 2045-2050,
this has emerged as a technical solution for decarbonisation,
preservation of grid stability, and ensuring the energy
sovereignty of the Republic of Serbia.

The examples of the European countries considered
confirm the following. It is possible to modernise older types
of reactors to extend their operational life or harmonise their
safety aspects with WENRA and IAEA standards. A high
degree of engineering caution is required due to the chronic
delays of generation III+ evolutionary projects (such as
Olkiluoto 3 in Finland) and the high technological
uncertainty of the SMR concept (such as the NuScale project
in Romania). The choice of technology supplier extends
beyond purely techno-economic and security considerations
and becomes, to a great extent, a geopolitical factor, as seen
in the Czech Republic with the introduction of the "Lex
Dukovany" model, or in Finland, where large financial and
arbitration risks arose due to the unilateral termination of
strategic contracts in the case of the Hanhikivi 1 project.
While Finland has developed the world’s first deep
geological repository (Onkalo), regional countries still rely
on temporary storage facilities.
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