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Abstract

Growing electricity demand and decarbonisation requirements pose significant challenges
for coal-dependent transition economies. This study examines whether nuclear deploy-
ment can support low-carbon economic transformation using Poland’s national nuclear
programme as a case study. We conduct a structured document analysis that integrates a
systematic search and screening of peer-reviewed literature with an analysis of national
policy and planning materials and a synthesis of publicly available project documentation
for the Lubiatowo-Kopalino nuclear power plant, the Patnéw project, and the planned
small modular reactor (SMR) deployments. Impacts on employment, infrastructure, techni-
cal education, technology transfer, and local supply chain participation are assessed and
mapped to the sustainable development goals and the EU climate policy criteria. The
analysis indicates that, if accompanied by early workforce development and supplier pre-
qualification, nuclear investments can stimulate industrial upgrading, strengthen energy
security, and deliver regional co-benefits beyond electricity generation. At the same time,
scheduling slippage, governance uncertainty, and gaps in domestic capabilities in nuclear-
specific components can limit these benefits. The article concludes with recommendations
for national and local authorities on stakeholder engagement, local content strategy, and
risk management that can be transferred to Central European economies with similar
starting conditions.

Keywords: sustainable development; climate goals; nuclear energy; energy transition;
small modular reactors

1. Introduction

The increase in energy demand in Poland is driven by socioeconomic development.
This requires an ever-increasing amount of electricity production to support the popula-
tion and industry. In 2024, Poland’s total installed capacity was 72.8 GW, sourced from
various energy sources, including renewable and coal-based sources. Most of the energy
produced (56.2% in 2024 [1]) still comes from non-renewable sources, including hard coal
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and lignite. In 2024, renewable electricity production was dominated by photovoltaics,
accounting for 64.94% of RES generation, followed by wind power plants at 28.5%, while
other renewable sources accounted for 5.56%. Given the intermittency of renewable energy
sources, maintaining stable, controllable generation capacity remains crucial to ensuring
energy security, so it is important not to cease production from non-renewable sources.
This protects the energy supply, a key component of energy security in a country or region,
especially amid global political instability, terrorism, war, cyberattacks, and the risk of
disruption to external energy supplies [2].

The use of hard coal in Poland for electricity production depends mainly on coal
reserves and, indirectly, on the economy [3]. Coal production in Poland has been declining
over the period 1990-2024. The total coal production in 1990 was 849,479 TJ, and in 2024 it
reached 329,335 TJ, indicating a 2.58-fold decrease in Poland’s coal production in the last
24 years. The need to reduce emissions of CO,, NOx, SOy, and other pollutants has led to
the adoption of cleaner combustion technologies [4]. However, these solutions are capital-
intensive and significantly increase the operating costs of coal-fired power plants [5,6].
This process is important given international and European climate commitments. An
example of this is the 2015 Paris Agreement [7,8], which, in light of environmental problems
and related sustainability goals, aims to limit global temperature increases to well below
2 °C relative to the preindustrial era [9,10] and, ideally, to 1.5 °C [9,10]. This process
requires enormous effort, as global temperatures have already increased by 0.85 °C [11],
underscoring the urgency of structural changes in energy systems [12].

Poland has committed to reducing greenhouse gas emissions by 35% from 1990 levels
by 2030 and increasing the share of renewable energy sources in electricity generation to
around 50% by 2030 [13]. Poland has set a target of achieving a 32.1% share of renewable
energy sources in the final energy consumption in heating and cooling by 2030 [14,15].

Furthermore, the gradual depletion of fossil fuel resources, observed in both Poland
and globally, reinforces the need for structural changes in the energy sector [16]. The
Polish hard coal mining industry has begun a gradual reorientation of its business models,
and more and more companies are undertaking initiatives to reduce their environmental
impact [17].

An additional constraint arises from Poland’s existing power generation infrastruc-
ture [18]. The average age of Poland’s coal power plants is approximately 47 years, with an
average efficiency of 37%, significantly below the EU average of 44% [19]. A significant
proportion of boilers (more than 70%) and turbine sets (more than 54%) are operated for
more than 30 years (71.36%) [20,21]. Due to the ageing of conventional power plants, the
risk of failure and potential disruptions in electricity generation from renewable energy
sources, and the need to develop nuclear energy, it is necessary to construct nuclear power
plants in Poland.

Poland is currently planning to launch its first nuclear power plant, and work on
this process has been ongoing for several years [22]. The construction of a nuclear power
plant is expected to improve system stability, reduce dependence on fossil fuels, and
limit transmission losses associated with electricity generation far from demand centres.
Furthermore, it will enable economic development in the construction sector by creating
new jobs and infrastructure.

There are different solutions to the world’s climate and sustainable development
goals. The most significant involve changes in energy sources, such as the nuclear power
plants studied. At a microlevel, these initiatives are reflected in ESG reporting, which
also applies to taxonomic criteria which point to environmentally sustainable practices. In
this regard, nuclear energy projects contribute significantly to achieving the sustainable
development goals (SDGs). In this sense, nuclear energy ESG reporting is becoming a
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critical route for a company to demonstrate sustainable actions, with specific consideration
of its potential for decarbonisation [14]. ESG reporting addresses various key challenges,
such as establishing environmental sustainability, improving governance transparency,
and appealing to investors [15]; however, it still needs more comprehensive, standardised
reporting approaches to fully integrate into sustainable energy transitions. Ultimately,
it is essential to note that the development of nuclear energy also plays a significant
role in advancing the circular economy, economic transformation, firm performance, and
value creation.

At the microlevel, circular economy principles are implemented through advances
in sustainable materials and manufacturing processes. Research on eco-friendly polymer
systems and biowaste-based particulate composites demonstrates that optimising material
composition and processing parameters can significantly improve mechanical performance
while reducing environmental impact, supporting ESG objectives, and enabling industrial
upgrading [23,24]. Nuclear energy investments align with the principles of the circular
economy through innovative waste management and resource recycling strategies. They
also significantly reduce ecological concerns by reducing emissions and advancing technol-
ogy [25]. Circular economy approaches in nuclear industries can reduce intermediate-level
waste disposal by up to 94%, with environmental benefits in all categories of resource
depletion [26]. As a result, there is a significant reduction in water scarcity, but the most
important outcomes are the use of minerals and metals, as well as ionising radiation and
waste [26]. In Poland, a national plan has been introduced for the management of radioac-
tive waste and spent nuclear fuel [27]. However, it is expected to be much safer to store
nuclear waste than to deal with the problem of poor, large-scale isolation of fossil fuels,
which is common in Poland. Another issue is that spent nuclear fuel contains recyclable
materials such as uranium and plutonium, which offer the potential for a circular econ-
omy [28]. Finally, it contributes to the creation of circular value chains, particularly for
transforming carbon dioxide into energy through a specific closed cycle [29]. Although
promising, research suggests that integrating the circular economy requires continued
technological innovation and strategic waste management approaches.

Similar principles of lifecycle extension and improvement of system efficiency are
observed in renewable energy technologies. Advanced vibration control and automatic
balancing systems in offshore wind turbines significantly reduce fatigue loads, improve
operational safety, and extend the useful life of components, thereby reinforcing circular-
economy objectives through durability and resource efficiency [30].

Recent studies further emphasise that the role of nuclear energy in low-carbon de-
velopment pathways should be evaluated within a broader sustainability and circular
economy framework. The literature on sustainable development increasingly highlights
the importance of integrating energy system transformations with circular economy princi-
ples to achieve long-term environmental and economic resilience, particularly in regions
undergoing structural energy transitions [31].

Contemporary research indicates that nuclear energy, when evaluated alongside
renewable sources, can support sustainable development objectives by providing stable
low-carbon baseload power while enabling material efficiency, waste minimisation and
resource recovery strategies consistent with circular economy models [32]. In particular,
recent analyses underline the potential of advanced nuclear technologies, including small
modular reactors, to enhance system flexibility and regional sustainability while addressing
lifecycle environmental impacts [33].

Despite these advances, the literature indicates that significant differences remain
between large-scale nuclear projects and SMR deployments in terms of technological
maturity, system integration, and sustainability performance, and these differences are
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often not explored within a unified comparative framework [26]. This gap highlights the
need for systematic, project-specific analyses that explicitly account for environmental,
economic, and circular-economy dimensions within national low-carbon development
strategies, as undertaken in the present study.

Against this broader sustainability and circular economy background, the present
study narrows its empirical focus to the documentable socioeconomic and policy-relevant
mechanisms through which nuclear deployment can contribute to economic transformation
in a coal-dependent transition economy. Specifically, we synthesise evidence across three
deployment strands (Lubiatowo-Kopalino, Patnéw and planned SMR initiatives listed in
Table 1) and structure the findings into (i) a domestic capability screen throughout the
project lifecycle (Table 2) and (ii) an SDG alignment mapping of identified mechanisms
(Table 3).

This article assesses how nuclear energy deployment can contribute to the economic
transformation of coal-dependent transition economies, using Poland as a case study.
To ensure alignment between the motivation outlined above and the empirical outputs
reported in Section 4, the study addresses the following research questions.

e (RQ1) What is the current and planned deployment portfolio in Poland (Lubiatowo-
Kopalino, Patnéw, and SMR initiatives), as evidenced by publicly available project
and policy documentation?

e (RQ2) Which socioeconomic and governance mechanisms are most consistently iden-
tified across the document corpus (workforce and skills, education and training,
enabling infrastructure, technology transfer, and supply chain participation), and how
do they differ across the three deployment strands?

e (RQ3) Based on triangulated documentary evidence, where is the participation of the
domestic industry most feasible across the project lifecycle, and what are the main
capability constraints (as synthesised in the capability matrix, as shown in Table 2)?

e (RQ4) How do the identified mechanisms align with the sustainable development goals
and the EU climate-policy objectives (as reported in the mapping of the alignment of
the SDGs, Table 3)?

The remainder of the paper is structured as follows. Section 2 details the document
analysis design and evidence sources; Section 3 provides the national programme back-
ground; Section 4 reports the results of the three deployment strands, including Tables 2
and 3; Section 5 discusses the implications and limitations; Section 6 concludes the paper.

2. Materials and Methods
2.1. Research Design and Scope

All empirical evidence used in this study is derived from documents. Consequently,
the research is framed as a structured document analysis in which peer-reviewed litera-
ture, national policy/planning materials, and project-level documentation are treated as
complementary document types within a single analytical corpus. Document analysis is a
recognised qualitative approach for systematically evaluating documentary evidence and
triangulating heterogeneous sources [34].

The peer-reviewed literature component is conducted as a scoping-oriented, systema-
tised review whose purpose is to map relevant concepts, mechanisms, and empirical claims
(e.g., local content, workforce development, technology transfer, and regional co-benefits)
rather than to estimate pooled effect sizes. Therefore, we follow the core steps commonly
recommended for scoping reviews—a transparent search strategy, explicit eligibility crite-
ria, and structured evidence charting—and report these steps using relevant items from
PRISMA 2020 and PRISMA-ScR; the search strategy is reported using PRISMA-S [35,36].
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Reporting standard and registration. The literature review component of this study
was conducted and reported in accordance with the PRISMA 2020 statement, with scoping
review-specific items informed by the PRISMA-ScR extension, and the search strategy
reported in accordance with PRISMA-S. A completed PRISMA 2020 checklist is provided in
the Supplementary Materials (Table S1), and the study identification and selection process
is documented in a PRISMA 2020 flow diagram (Figure S1). The review protocol was not
prospectively registered; therefore, no registration number is available.

A systematic literature review was conducted to identify publications on the role of
nuclear energy in the sustainable economic transformation of coal-dependent transition
economies, with a particular focus on Poland. The search targeted four thematic streams:
(i) evidence on the macroeconomic and energy-system impacts of nuclear deployment in
transition or coal-reliant contexts (e.g., decarbonisation pathways, energy security, elec-
tricity prices), (ii) technology- and policy-focused studies on large-scale nuclear and small
modular reactors (SMRs), including deployment readiness, licensing, supply-chain and
workforce considerations, (iii) analyses of coal phase-out, just transition, and distribu-
tional effects at national and regional levels, and (iv) Polish institutional and regulatory
context, including strategic documents, official statistics, and regulator reports. Searches
were conducted in Scopus and Web of Science using combinations of keywords related to
nuclear power, SMRs, coal transition, decarbonisation, energy security, and Poland/central
and eastern Europe; additionally, targeted screening of authoritative grey literature (e.g.,
government strategies, regulator publications, and international organisations’ reports)
was undertaken to capture policy-relevant evidence that was not indexed in bibliographic
databases. Duplicate records were removed prior to screening. The primary search covered
publications from 1978 to 2025; records outside this period were excluded unless they
provided seminal conceptual framing or unique baseline evidence necessary for interpret-
ing the Polish case. Titles/abstracts and, subsequently, full texts were screened against
predefined inclusion criteria (relevance to the research questions, credibility of source,
and availability of sufficient methodological detail), and reasons for full-text exclusion
were documented in the PRISMA flow diagram. This combination of a systematic review
with an embedded qualitative case study is consistent with established guidelines on
literature-review rigour and the principles of systematic review outside the context of
meta-analysis [37,38]. The case study logic (embedded units) provides the structure for
integrating documentary evidence in the three deployment strands [34].

2.2. Data Sources

Data were collected via desk research. We use peer-reviewed publications, official
policy and planning documents, publicly available project materials released by investors
and public agencies, and the statistical and survey sources cited in the article. Sources
were selected to cover the entire project pipeline (planning, procurement, construction, and
operations) and to enable cross-checking of key factual claims.

The literature search was conducted in Scopus and the Web of Science Core Collection
and complemented by Google Scholar to identify early-access items and relevant energy-
policy outlets that were not consistently indexed. The final search was completed on 31
December 2025. The search strings combined terms for (i) nuclear deployment (including
small modular reactors) and (ii) socioeconomic and sustainability mechanisms relevant
to transition economies and coal regions. An example query was: (“nuclear energy”
OR “nuclear power” OR “small modular reactor” OR SMR) AND (Poland OR “Central
Europe” OR “transition economy” OR “coal region”) AND (“just transition” OR “regional
development” OR “local content” OR “supply chain” OR workforce OR skills OR education
OR infrastructure OR “technology transfer”).
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We included peer-reviewed journal articles and review papers that (a) examined nu-
clear deployment within decarbonisation and energy transition pathways, (b) discussed
socioeconomic impacts or policy/governance mechanisms (employment, education, in-
frastructure, industrial capabilities, local content), and/or (c) analysed SMR deployment
in electricity and/or district heating contexts. We excluded publications that focused ex-
clusively on reactor physics, component-level engineering performance, or radiological
modelling, without discussing socioeconomic or policy mechanisms. Conference abstracts,
non-scholarly commentary, and duplicated versions were excluded. After deduplication in
a reference manager, screening was performed in two stages (title /abstract followed by
full text).

The policy corpus comprised official national strategies, plans, and legal /administrative
acts relevant to nuclear deployment, the energy transition, climate targets, and imple-
mentation instruments (including EU-level policy documents where directly applicable).
Documents were retrieved from official government, regulator, and EU repositories, and
only the latest consolidated versions were used when multiple amendments existed.

For Lubiatowo-Kopalino, Patnéw, and SMR initiatives, we compiled project dossiers
comprising publicly available materials, including investor announcements, procurement
and supplier prequalification information, environmental impact documentation, licensing
communications, and regional development plans.

2.3. Analytical Procedure

We conducted qualitative content analysis to extract evidence on (i) labour market
and education needs, (ii) infrastructure requirements, (iii) technology transfer pathways,
and (iv) supply chain participation. These elements were synthesised into the capability
matrix in Table 2 by classifying each subsystem according to current domestic capability
(yes/no/in the future). The consistency of the SDGs (Table 3) was assessed using a rule-
based mapping that links the identified impacts to the SDG descriptions and the selected
targets; each SDG was coded as direct, indirect, or not applicable. The synthesis was
triangulated across multiple sources to reduce dependence on single statements.

3. History of the National Nuclear Power Industry

The Polish energy sector is undergoing a significant transformation to achieve the
EU’s climate targets. The country aims to reduce the share of coal in its energy mix
while increasing the share of renewable energy sources (RES) and developing nuclear
energy [39]. By 2030, Poland aims to achieve at least a 23% share of RES in gross final energy
consumption, with wind and solar energy expected to reach 8-11 GW and 10-16 GW,
respectively [40]. However, the intermittent nature of RES requires the presence of stable,
dispatchable energy sources to ensure system reliability. In this context, nuclear energy is
considered a complementary low-emission option alongside renewables.

In Poland, the history dates back to the 1950s, when the research reactors EWA and
MARIA were commissioned, as shown in Figure 1. The first research reactors, EWA and
MARIA, helped build the country’s technical and research capacity.

In the 1970s, the decision was made to construct Poland’s first nuclear power plant
in Zarnowiec using WWER-440 reactor technology developed by the USSR. It is a second-
generation pressurised water reactor that uses water as both coolant and moderator [41].

The Zarnowiec Nuclear Power Plant project had significant economic and industrial
potential, mainly due to the planned involvement of domestic companies in the production
of key components, such as turbines and generators. The participation of Polish companies
was expected to contribute to the development of the domestic industry by transferring
know-how and modernising production facilities. However, following the Chernobyl
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Pioneering nuclear
research in Poland

disaster in 1986 and growing public protests, the investment was suspended. It was
then finally cancelled in 1990, although the first unit was about 40% complete, and the
expenditure incurred exceeded USD 500 million [42]. The cancellation of power plant
construction resulted not only in significant financial losses and the loss of the infrastructure
built, but also in a delay in the energy transition. Importantly, the interruption of investment
also hampered the development of the domestic nuclear industry. In addition, it impeded
the country’s development. The unfinished project had a long-lasting social impact on the
displaced local communities.

Q=D Q@D () Cumws)

Construction of EW A Construction of Suspension ofthe Planned
research reactor M ARIA research zarnow iec NPP construction ofNPP
reactor pro pct w ith AP1000
reactors

Figure 1. Stages of nuclear energy development in Poland.

Current plans for nuclear energy development in Poland, including the Lubiatowo-
Kopalino power plant project, face additional challenges, such as site selection, nuclear
fuel supply security, and radioactive waste management. Despite these barriers, nuclear
energy is considered one of the key tools for reducing PM10 and PM2.5 emissions from coal
combustion and improving air quality. The introduction of nuclear energy in Poland faces
various constraints, including public expectations and the need to increase its importance
in the structure of primary energy sources [43]. At the same time, the lack of a stable
and coherent energy policy creates obstacles to the effective implementation of nuclear
investments in Poland [44].

4. Results

This section reports the key findings derived from the document corpus, structured
into three deployment strands and two synthesis outputs: domestic capability mapping
(Table 2) and SDG alignment mapping (Table 3).

Currently, Poland has no operational nuclear power plants; however, this situation
is expected to change within the next decade or so. The first government-owned nuclear
power plant is expected to be built as the first unit in 2028 and completed in 2036 [45].
Additionally, two more nuclear power plant investments are planned, but the one in
Lubiatowo-Kopalino is at the most advanced stage of construction (Table 1) [46]. The
locations of nuclear power plants in Poland are shown in Figure 2. The implementation of
nuclear energy is a key element of Poland’s strategy to reduce greenhouse gas emissions
and to comply with national and international climate policy objectives [47]. According to
current forecasts, the total installed capacity of nuclear power units is expected to reach
approximately 7.4 GW net by 2040 and may increase to approximately 9.7 GW in the long
term. Ensuring a long-term supply of nuclear fuel is an essential aspect of this strategy.
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In the European Union, uranium supplies and fuel-cycle services are regulated by the
EURATOM Treaty, which allows power plant operators to enter into long-term contracts to
enhance fuel supply security and operational stability. Poland plans to secure nuclear fuel
supplies for at least five years after the launch of its first nuclear unit.

Figure 2. Location of the proposed and planned nuclear power plant in Poland. Lagre NPP—proposed
nuclear power plant; SMR—small modular reactor.

According to a CBOS survey conducted in 2024, 64% of the respondents support the
construction of nuclear power plants in Poland (Figure 3). Public support peaked in 2022,
driven by the energy crisis and the geopolitical situation following the war in Ukraine, and
then stabilised at a relatively high level. In the last decade, the percentage of opponents
has steadily declined, indicating a lack of strong resistance to the development of nuclear
energy on a national scale. However, when the survey refers to the construction of a nuclear
power plant in the immediate vicinity of respondents’ residences, support drops to around
45% [46].

An essential element in the evaluation of nuclear power plant construction in Poland is
the issue of radioactive waste management, water demand, and cooling systems. Although
these issues often raise public concerns, they are currently regulated by proven technologi-
cal and legal solutions that are already in use in countries operating nuclear power plants.
Spent nuclear fuel can also be treated as a raw material containing significant amounts of
reused materials, in particular uranium and plutonium [48]. Fuel reprocessing technologies,
used in France and other countries, enable the reuse of fissile materials in the fuel cycle [49].
This reduces the amount of radioactive waste stored. Although Poland currently does
not plan to build its own fuel reprocessing facilities, these solutions may be used in the
future for nuclear waste management. The use of water in the reactor cooling process is
equally important. Modern nuclear power plants use closed or semi-closed circulation
systems [50]. This type of circulation significantly reduces water consumption and its
impact on local ecosystems. Locating planned power plants near natural water reservoirs,
such as the sea or large rivers, is a significant technical advantage, enabling effective heat
dissipation. Most of the water used for cooling is returned to the cycle or discharged after
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meeting strict environmental standards. Radioactive waste management and closed water
circulation are integral to the planning and environmental impact assessment process. Their
inclusion in the planning process for nuclear power plants is necessary for technological
safety, environmental protection, public acceptance, and the long-term sustainability of
the investment.

80 — . 75
i —#— Supporters of the construction
70 —®&— Opponents of the construction
—A— Undecided 64
S
(]
&0
<
k=
Q
Q
)
o
g8
p=
IS
A
OI'I"I'I'I'I'I'II'II'I'I
A %) 3 ) O Q N e o Q) N ™
FF LSS S S S NG
X R O RO S G S S
PPN FF RN 7T T
Figure 3. Diagram showing the changes in % of support for nuclear power in Poland between 1987
and 2024, according to [46].
Table 1. Comparison of three possible nuclear power plants.
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Ostroleka, GE Hitachi Nuclear 2030—first
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Generation III
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In addition to the nuclear power plant itself, it is necessary to implement a number of
complementary infrastructure projects to support its construction and long-term operation,
with significant effects on regional development. These include the construction of a
national road connecting the site to the S6 motorway, the final route of which was approved
in June 2024, as well as the modernisation and expansion of the railway infrastructure,
which generates additional demand for construction and transport services. The coastal
location of the power plant near Gdynia requires the construction of a marine transhipment
facility for large components, thereby further stimulating employment in logistics and
port services. Additionally, investments in transmission infrastructure, including new
high-voltage lines and power stations, support both the integration of nuclear potential
into the national power system and broader economic activity in the region.

4.1. New Nuclear Projects
4.1.1. Nuclear Power Plant in Lubiatowo-Kopalino

After a lengthy selection process, Poland’s first state-owned nuclear power plant
will be built in Lubiatowo-Kopalino, in the municipality of Choczewo, in the Pomeranian
Province [51,52]. The nuclear power plant will deploy three AP1000 Generation III+ pres-
surised water reactors supplied by Westinghouse Electric Company [13,53], each with an
installed capacity of approximately 1150 MW. The choice of this reactor technology reflects
regulatory readiness and international operational experience, with the reactor already
implemented around the world (licenced in the US, Bulgaria, China, and the UK, among
others) [54] and characterised by a high level of safety [54].

This reactor is equipped with passive safety systems, i.e., systems that can operate
without electrical power or human intervention, using, among others, gravity, natural
convection, and atmospheric pressure [55]. Prefabricated components are used in their
construction, allowing faster assembly and reducing the risk of delays compared to building
and assembling each element on site. It is estimated that such a power unit can operate
for up to 60 years. The fuel cycle lasts approximately 18 months, and in the future, it will
be possible to use more advanced fuels, such as MOX. It was also designed to withstand
earthquakes, extreme temperatures, and aircraft impacts, which are important for safety
and potential catastrophic consequences. The construction of the nuclear power plant is
expected to boost the Polish industry and technology [56]. Polish companies will represent
40-60% of the total investment value throughout the implementation process. These
companies will primarily focus on construction, logistics and engineering services. This
will make it possible to improve the qualifications of employees and transfer know-how
in the field of nuclear energy to people involved in the construction and operation of
the power plant. This level of local participation creates substantial opportunities for
technology transfer, supplier development, and the upgrading of industrial capabilities,
particularly in regions that were previously dependent on conventional energy sectors [57].

In addition, the development or establishment of new factories to produce components
for the power plant and its infrastructure is expected. Therefore, during the construction
process, it is expected that 8000 to 10,000 new jobs will be created in the construction, trans-
port, logistics, and technical services sectors. Once the power plant is up and running, it is
estimated that between 900 and 1200 permanent jobs will be created at the plant, including
engineers, operators, and service specialists. Additionally, approximately 1000 people
will also work at the power plant in areas such as logistics, security, IT, catering, and
education. This contributes not only to the creation of new jobs but also to the long-term
development of human capital, including through specialised training, certification paths,
and participation in industry events.
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The location of the power plant in Pomerania will also bring development to the region
through improvements to road and rail infrastructure and ports. In addition, education
will be developed through knowledge transfer between institutions, e.g., schools. Another
advantage is energy security, as the power plant, with all its units operating, will supply
approximately 20 to 22 TWh per year, representing approximately 10 to 15% of total national
electricity demand.

Due to these investments, GDP and tax revenue will increase from the power plant
operator’s activities, as well as from the salaries of full-time employees and subcontractors.
The cost of the investment is estimated to be approximately PLN 192 billion (EUR 45 billion).
This money will come from a public subsidy from the Polish government, amounting to
approximately PLN 60 billion, as well as loans and bonds [58]. Beyond its energy output,
the nuclear power plant in Lubiatowo-Kopalino is best understood as a multidimensional
development initiative that combines industrial policy, regional development, workforce
transformation, and energy security objectives.

4.1.2. Small Modular Reactors in Poland

Small modular reactors (SMRs) are currently being presented in Poland as a comple-
ment to the construction of large nuclear power plants, especially in regions experiencing
a decline in demand for coal-based energy. Each SMR should have a capacity of approxi-
mately 300 Mwe [59]. The flagship initiative in this area is Orlen Synthos Green Energy
(OSGE), a company established in 2022 by SGE (Orlen Synthos Green Energy), which was
itself established in 2022 by PKN Orlen and Synthos Green Energy [60]. The company plans
to implement a fleet of BWRX-300 reactors in selected industrial locations [61]. In 2023, a
list of six locations [62] where SMRs are planned to be placed was established, namely:

e  Dabrowa Gornicza (ArcelorMittal steelworks area).

e  Wiloctawek (Orlen company area, more specifically the Anwil industrial area).
e  Tarnobrzeg-Stalowa Wola (industrial area, possibly near power plants).

e  Ostroleka (probably the area of the previously planned coal-fired power plant).
e  Stawy Monowskie (area near the Synthos chemical plant).

o  Krakéw (Nowa Huta) (PGE combined heat and power plant area).

GE Hitachi Nuclear Energy is responsible for the BWRX-300, a Generation IIl+ boiling-
water reactor [63]. The reactor’s operating pressure will be approximately 6.9 MPa. This
technology has already passed key licensing stages in Canada and the United States, and the
first construction project in Canada will be launched in 2024, with commissioning planned
for 2028. This reactor features a simplified design with a limited number of components
and passive safety systems. This will reduce construction time (24 to 36 months) and
improve operational reliability. The reactors will be fuelled with low-enriched uranium
(<5% U-235), and fuel replacement intervals will be approximately 12-24 months [64].

The cost of the first reactor is estimated to be approximately 6.7 billion zloty (EUR
1.5 billion). In comparison, the cost of the subsequent reactors is expected to fall to less than
4.5 billion zloty (1 billion) as a result of the experience gained during the construction of
the first reactor, but also, due to economies of scale, the more reactors are built, the cheaper
they become [65]. The planned financing will be obtained from the technology supplier,
GE Hitachi, as well as from strategic partners OPG (Ontario Power Generation) and TVA
(Tennessee Valley Authority) as an investment agreement worth USD 400 million, and from
American institutions such as EXIM Bank and DFC in the form of loans amounting to USD
4 billion.

The investment will also receive technical and engineering support from Laurentis,
Aecon, and AtkinsRéalis [66]. Hitachi Europe will be responsible for digitisation and
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automation, while ENEC (United Arab Emirates) will assist with project management and
operational cooperation.

SMRs can have a significant impact on replacing coal-fired power plants in electric-
ity generation. They will increase the country’s energy security by reducing fossil fuel
imports [67].

Employment in SMR-based power plants has a different profile compared to large
nuclear projects. During the construction phase at a single SMR location, approximately
1500-3000 people will be employed, of whom 200-300 will hold permanent positions
during operation. These figures are lower than those for large power plants equipped with
larger reactors. Due to the possibility of building multiple SMRs, the number of employees
will be multiplied. Plans to launch 24 reactors will require qualified personnel, including
individuals with nuclear energy operating licences. This situation may be problematic, as
it can make it challenging to find employees with commercial experience in the nuclear
sector. Fortunately, nuclear-related fields of study are currently being launched, which may
help in finding qualified employees. In addition to this number of employees, less skilled
workers will also be employed, for example, for security, catering, cleaning, and IT. This
development will also reduce unemployment and improve employees’ standard of living.

In terms of infrastructure, SMRs offer flexibility in location, so they can be placed in
the vicinity of former coal-fired power plants or directly within them. This allows for the
reuse of some installations, e.g., network connections, as well as industrial land, thereby
reducing investment costs. Each SMR location requires, among other things, nuclear-grade
safety infrastructure and waste management systems.

Thanks to cooperation with partners from Canada and the United States, it will
be possible to transfer technology and know-how to the national education system and
industry. The speed and effectiveness of this process will depend on the ability of national
universities, vocational schools, and research institutes to acquire nuclear energy-related
competencies. Unlike large nuclear projects, which typically concentrate training activities
in one location, small nuclear reactors require decentralised education and certification
systems, posing an additional challenge for regulators and training providers.

SMRs are expected to rely more on domestic companies due to their modular design
and serial production. Key power plant equipment (e.g., fuel assemblies and control
systems) will be imported in the early stages of implementation. Domestic companies will
participate in construction work, power plant support systems, logistics, and maintenance.

The economic viability of SMRs remains uncertain. It is assumed that each subsequent
power plant equipped with SMRs will be significantly cheaper than the first, which unfor-
tunately may not be the case. These forecasts are based on optimistic assumptions about
learning curves, standardisation, and continuous implementation. In reality, there may
be delays in work, a lack of public acceptance, or financing issues. As a result, although
SMRs are potentially a valuable solution to replace traditional coal-fired power plants, their
contribution to the country’s economic and energy transition depends on many factors,
including those mentioned above, which will determine the profitability of such facilities.

4.1.3. Patnéw (ZE PAK/PGE/KHNP)

The planned nuclear power plant in Patnéw is an example of how nuclear energy
can transform the economy of a region that is dependent on coal. In 2022, a letter of
intent was signed regarding plans to build a nuclear power plant in Patnéw by ZE PAK
(Zespot Elektrowni Patnéw—Adaméw—Konin), PGE, and KHNP (Korea Hydro & Nuclear
Power) [68]. The letter stated that the Korean Advanced Power Reactor 1400 (ARP1400)
technology would be used. A year later, in 2023, a special purpose vehicle, PGE PAK Energia
Jadrowa S.A., was established, with ZE PAK and PGE each holding a 50% stake. The project
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assumes the construction of at least two reactor units with a total installed capacity of
approximately 2800 MW (equivalent to 22 TWh), which would cover approximately 12%
of the country’s energy demand. The first unit is expected to be commissioned in around
2035. The cost of constructing two reactor blocks is estimated to be approximately 90-100
billion PLN.

The APR1400 reactor is a pressurised water reactor (PWR) [69] with an efficiency
of 38% that is manufactured by KHNP. This reactor will be fuelled with uranium and is
expected to operate for 60 years. It will be equipped with passive safety systems, double
shields, and emergency cooling systems. This reactor is already in operation in South Korea
and the UAE (Barakah) and is currently under construction in Egypt.

From a socioeconomic perspective, the Ptnéw nuclear power plant project is significant
because it is located in a region that is dependent on coal mining and coal-based electricity
generation. The reuse of existing energy infrastructure and the gradual elimination of
coal-based activities create favourable conditions for transforming the local labour market.
It is estimated that during the construction phase, which will take place between 2027 and
2035, between 4000 and 6000 workers will be employed on the construction site, along with
between 1000 and 1500 engineers and technicians. Subcontractors can temporarily employ
thousands of workers, such as in transport, logistics, and other services, including catering,
ranging from 2000 to 3000 workers. In the next phase, from 2035 (i.e., from the launch), 600
to 1000 jobs are expected to be created directly at the power plant, and 2000 to 3000 jobs are
expected to be created indirectly.

4.1.4. Safety

In the case of nuclear power plant construction, it is not only the reactor itself that
is considered; attention must also be paid to the need to improve and expand the energy
infrastructure. The first thing is to develop transmission and distribution networks and
build new transformer stations and high-voltage lines [70]. It is necessary to have a nuclear
fuel storage facility either at the power plant site or elsewhere in the country. In addition, a
plan for radioactive waste storage must be prepared.

In addition to the building itself, which houses the reactor, the entire technical and
industrial infrastructure must also be prepared. This will include management centres,
control laboratories, personnel facilities in the form of sanitary buildings, kitchens, and
transportation in the form of parking lots and employee shuttle services. Of course,
logistics must also be considered at this point, which requires that the facility be accessible
by appropriate roads, railways, or ports.

The operation of a nuclear power plant requires a supply of nuclear fuel; the price
fluctuates less than the price of coal or gas [71]. This makes it easier to predict fluctuations
in fuel prices, which is important for long-term expenditures. It also results in changes in
energy prices for consumers.

In addition to the above, emergencies must also be considered. Today, these may
include wars, terrorist attacks, natural disasters, or blackouts. The safety of a nuclear power
plant refers not only to the protection of the reactor, but also to the protection of the natural
environment, the stability of the entire region in which it is located, and the protection of
health. In the event of war, nuclear power plants are protected under international law [72],
and in situations of armed conflict, they can become military or strategic targets, that is,
occupied by the military. In such a case, damage to the reactor or cooling equipment may
occur. Restricting access to specialised personnel can also cause catastrophic damage. Of
course, the risk of sabotage must also be considered. To remedy such situations, the safety
enclosure should be reinforced to protect the reactor from possible shelling and explosions.
The introduction of emergency procedures and systems that enable remote control helps
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to limit the consequences that could arise in the event of loss of stationary control over
the reactor.

Natural and climatic disasters must also be considered when designing and building
power plants [73]. That is why it is so important to choose the right location for a nuclear
power plant, mainly avoiding areas that are seismically active or at risk of flooding. In the
event of an earthquake, the foundations and pipes are at risk. Floods and tsunamis can
cause systems to flood and prevent the cooling process from taking place, as was the case
in Fukushima in 2011 [74]. In addition to extreme situations, milder ones may occur, such
as storms or fires, which can threaten people in facilities and cause power lines to outage.
To increase safety, emergency drills must also be conducted to simulate potential disasters
and how to respond to them.

In addition to the failures mentioned above, there may also be a power failure or
blackout; that is, a sudden and prolonged power failure over a large area. For nuclear
power plants, this can mean the shutdown of the reactor cooling system, the failure of
monitoring and alarm systems, and the failure of all systems that require power. To this end,
power plants must be equipped with emergency power sources such as diesel generators,
batteries, and energy storage facilities. Blackouts can also be caused by cyberattacks,
which is why cybersecurity and employee training on hardware and software issues are
so important.

To increase nuclear power plant safety, new Generation III+ and IV reactors can
be used [75]. These reactors have a significantly higher level of safety than previous
generations. Among other things, they are equipped with passive cooling systems, which
means they do not require an external power supply. They are equipped with systems that
minimise the possibility of human error. Their use also reduces waste production. These
examples show how complex the process of accounting for risks in a nuclear power plant
is, which is why it is so important to ensure safety at the design stage.

4.1.5. Diagnostic Systems

Nuclear power plants must meet the most advanced safety standards among the
technical equipment in use today. Nuclear power plant safety systems are divided into
two groups: reactor safety and electricity generation system safety [76,77]. Reactor safety is
paramount; it is maintained using the most advanced methods, but it is not the main focus
of this paper. The focus is on the specific steam-turbine cycle used in nuclear power plants.
The turbine section and its accessories must maintain the highest level of safety. This is
guaranteed on the one hand by safety systems and on the other by advanced systems for
monitoring all operating parameters. These systems are used in diagnostic procedures to
ensure safety and also to manage the quality and cost-effectiveness of the operation. In the
case of SMR, the problems of diagnostics and safety are even more important because such
power plants are located close to inhabited areas.

Diagnostic procedures involve comparing the devices’ current operating parameters
with benchmarks for safe and correct operation. The current parameters are derived from
ongoing measurements. Benchmarks are generally defined functionally by numerical
algorithms that draw on advanced scientific and engineering knowledge [19]. Numerical
algorithms create advanced, realistic (that is, computationally accurate) models of entire
power plants. They allow the evaluation and improvement of operations in the face of
irregularities caused by both operational degradation of equipment and equipment failures.
This aspect is particularly important for nuclear power plants.

In Poland, few practical works are carried out at the intersection of science and en-
gineering. Examples include experimental and theoretical research on reactor-turbine
installations carried out mainly by the Institute of Fluid-Flow Machinery of the Polish
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Academy of Sciences in Gdarisk and the knowledge of employees of the Institute of Nuclear
Research in Swierk. Related Polish contributions include experimental and numerical
identification of bearing dynamic coefficients and rotor dynamics studies for ORC turboma-
chinery (including oil-free bearing solutions), which are directly relevant to model-based
condition monitoring, stability margins and maintenance planning for turbine generator
trains (e.g., [78-81]).

A significant portion of diagnostic procedures can be adopted from other facilities,
mainly conventional power plants (except reactors) powered by fossil fuels [8,82]. They
mainly concern mechanical systems and energy conversion procedures in steam turbine
installations. Gardzilewicz and Gtuch [83,84] presented this perspective at the Karlsruhe
Nuclear Power Plant Conference.

A significant problem in nuclear power plants is the possibility and quality of obtain-
ing measurement results. Currently, operating power plants use reactors from Generation I
(still) to Generation III+. The steam used in them is wet or, at most, saturated. This makes
it easy to measure loads, pressures, and mass flow rates, but it is challenging to obtain ob-
jectively correct temperatures. In [83,84], a proposal is presented for developing numerical
procedures to calculate temperatures in the nuclear steam cycle based on pressure, mass
flow rate, and load measurements, along with the characteristics of the cycle’s components.
This, in turn, enables the definition of operating characteristics, such as efficiency and
throughput, in the energy conversion process, taking into account extensive experimental
knowledge. That is essential in the diagnostic process to ensure safety. At this point, it
is worth highlighting the expertise of Polish researchers in applying artificial intelligence
methods to the diagnosis of steam power plants.

In conclusion, it is essential to emphasise the significant role of diagnostics in the oper-
ation of nuclear power plants. To date, research in this field in Poland offers opportunities
to adapt to the operational procedures of nuclear power plants. At this point, it is worth
highlighting the expertise of Polish researchers in applying artificial intelligence methods
to diagnostics.

4.2. Cooperation Between the Manufacturer and the Local Supply Chain

The modernisation analysed in this study requires the cooperation of a wide range of
specialists and a coordinated supply chain. A practical organisational model is provided
by the example of the first nuclear power plant to be built in Poland; some of the following
scopes and packages have been compiled based on a presentation of the subcontracting
programme (Pomerania Development Agency, Gdarisk, 15 September 2025, Dan McLuskie),
the parameters of which were stated earlier.

In nuclear projects, the supply chain can be divided into four basic stakeholder
groups [85,86]. The first group consists primarily of the technology manufacturer and
the main contractor (EPC). They are responsible for system design, quality requirements,
schedules, and integration of all subsystems. The second group is the investor and the
project company. This group is responsible for financial coordination, regulatory compli-
ance, and long-term operational planning. The third group includes domestic industrial
partners, such as construction companies, component manufacturers, installation contrac-
tors, logistics providers, service providers, and many others. The fourth group consists of
supporting institutions, such as certification bodies, research institutes, and universities,
whose tasks include monitoring compliance with standards and preparing and training
qualified personnel.

Operationally, nuclear new-build supply chains are organised into contractual tiers and
by safety significance. At the top, there is the owner/licensee (project company), working
with an EPC/architect/engineer integrator and the technology vendor(s) responsible for
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the nuclear island. Downstream, the supply chain typically comprises: (i) Tier-1 suppliers
of significant systems and long-lead equipment (e.g., turbine generator and conventional
island packages, central electrical systems, large pumps/valves, 1&C platforms); (ii) Tier-
2/3 manufacturers, fabricators, and specialist contractors (civil works, steel structures,
piping, electrical installation, HVAC/fire protection, coatings, logistics, temporary facilities,
site services); and (iii) lifecycle service providers (maintenance, spare parts, calibration,
inspection/diagnostics, and outage support). Procurement is commonly structured using a
graded approach that distinguishes items and services necessary to nuclear safety (ITNS)
from conventional balance-of-plant packages. This ITNS boundary drives the depth of
qualification, audit intensity, and documentation/traceability requirements [87,88].

Therefore, efficient cooperation depends on transparent role allocation and interface
governance between the owner/licensee, EPC integrator, technology vendor(s), and do-
mestic suppliers. In nuclear new builds, most collaboration friction arises at package
interfaces (design—procurement—construction handovers, documentation completeness,
and configuration changes); consequently, interface management and document control
become central instruments of cooperation rather than administrative overhead.

Evidence from the reviewed project documentation and previous studies indicates
that nuclear projects can generate substantial local economic benefits, including long-term
high-skilled employment and increased retention of economic activity within local supply
chains. Across the reviewed project documentation and supply chain literature, recurring
organisational patterns were identified regarding stakeholder roles, prequalification re-
quirements, and package-based contracting. In specific contexts, such as West Kalimantan,
Siti Alimah et al. [89] found that local populations require targeted skills training, with only
3.86% of the local workforce holding bachelor’s degrees. Domestic companies and universi-
ties can be involved in the entire process, starting with the design stage. At this preparatory
stage, Polish companies can engage in geotechnical studies, geodetic measurements, and
laboratory analyses. Then, their potential can be leveraged in preliminary construction
work. This allows domestic companies to enter the project at an early stage and adapt their
competencies to the nuclear sector’s requirements. It also generates immediate economic
benefits through employment, local government revenues, and infrastructure development.

Technology transfer is crucial, as Koster, M. [90] demonstrates that nuclear projects are
driving knowledge development in local manufacturing sectors. Ignazio Cabras et al. [91]
further confirmed that nuclear sites can retain approximately one-third of economic activity
within local supply chains.

These diverse participants improve the issues of strategic integration and collaborative
cost reduction. A significant advantage is that nuclear supply chains are more cooperative,
focusing on mutual value creation and introducing technological innovation.

Key strategies for efficient cooperation include:

(a) Developing comprehensive evaluation systems for supplier selection [92]. In practice,
this requires a staged prequalification pathway (initial capability screening, QMS
and documentation review — audits, trial/low-criticality packages), with explicit
criteria for traceability, configuration control, and non-conformance management for
ITNS-related scopes.

(b) Creating cooperative cost reduction agreements [93]. Effective mechanisms typically
include early contractor involvement and joint value engineering workshops, trans-
parent “open-book” cost structures for selected packages, and incentive-compatible ar-
rangements (e.g., target-cost elements or shared savings) to avoid adversarial change-
order dynamics.

(c) Implementing integrated project management that synchronises strategic activi-
ties [94]. Concretely, this involves an integrated master schedule between key owners—
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EPC suppliers, a joint risk register, interface control documents (ICDs) for cross-
package boundaries, and a familiar document management environment to ensure
regulator-grade documentation and traceability.

Efficient cooperation in nuclear energy plant supply chains requires strategic inter-
national collaboration and careful selection of participants. Admission to participation
requires prequalification: verified references; a quality system (e.g., ISO 9001 or equivalent);
financial capacity and bank guarantees; compliance with sanctions regimes; and health and
safety/environmental data for on-site work.

The construction and assembly of a turbine unit in a significant energy project require
a distributed supply chain and coordination among multiple contractors. Experience from
projects in Poland shows that an effective cooperation model combines parallel preparatory
work, the organisation of temporary facilities, the implementation of technological “islands”
and support services. This scheme applies to the manufacturer or installer of a steam
turbine (classic unit, ORC, combined heat, and power plant), with extensive involvement
of local companies.

During the preparatory stage, soil testing and field measurements are crucial, including
geotechnical, geodetic (aerial and ground), sampling, and laboratory tests. This area
naturally involves local suppliers of concrete, structures and general construction work,
which are significant determinants of regional market development, job creation, local
budget revenues, and quality of life. Infrastructure investments create substantial local
economic benefits through several mechanisms: they allow greater access to the labour
market [95]; they constitute fundamental capital input that increases productivity, reduces
logistic costs, and improves the coverage of public services [96]; and finally, they improve
economic growth rates, particularly in previously isolated regions [97]. Critically, these
investments are not just about physical construction, but about creating comprehensive
economic ecosystems.

During the main construction phase, cooperation covers both separate packages (deep
excavations and drainage, tunnels, module assembly, temporary structures) and areas
managed directly by the general contractor (turbine island, water intakes and discharges,
desalination, waste management). These are accompanied by specialist contracts for
fencing, protective coatings, passage sealing, coverings and casings, insulation, HVAC, fire
protection, and the installation of protective structures.

The contract scale favours the participation of micro-, small-, and medium-sized en-
terprises (SMEs): hundreds of thousands of cubic metres of concrete, tens to hundreds
of kilometres of pipelines, and millions of metres of cables are divided into numerous
construction and supply packages. This creates space for companies ranging from scaffold-
ing, facility maintenance, and site security to back-office services and ongoing utilities. At
the same time, local content activities are being carried out, including supplier symposia,
B2B meetings, prequalifications, and the successive awarding of contracts to domestic
entities. Thus, the network of supply chain links is expanding, and the creation of value for
various stakeholders involves many entities not only in terms of space but also in terms of
hierarchical dependencies.

The schedule requires early decisions on preparatory packages, several months in
advance of the “first concrete” milestone, and close coordination with the accompanying
infrastructure (roads, rails, marine structures, 400 kV stations). The turbine supply chain
must be integrated into these timelines so that the installation of machinery, pipelines,
insulation, and auxiliary systems can proceed without conflict.

The model described is universal and can be applied to other energy projects, including
cogeneration upgrades and binary ORC systems for geothermal energy, as analysed in
this article.
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4.3. Participation of the Domestic Industry Throughout the Project Lifecycle

The corpus consistently identifies the socioeconomic impact channels associated with
nuclear deployment in Poland, including demand for workers, education and training
needs, transport and enabling infrastructure, and the development of the local value
chain [98]. Based on the synthesis of the project documentation and the reviewed literature,
Table 2 summarises where participation by the domestic industry is feasible across the
design, manufacturing, construction/assembly, and operation/maintenance stages.

Table 2. Possibilities of using the potential of the Polish industry in the construction and operation of
a nuclear power plant.

Construction, Operation,
Location/Device Design Production ! Repairs,
Assembly .
Maintenance
Reactor No No Yes Yes
Auxiliary systems In the future In the future

Reactor Reactor safety X In the future Yes Yes

systems
Powering your N Yes Yes Yes

own needs
Turbine Yes Yes Yes Yes
. Generator Yes Yes Yes Yes
Engine room
Condenser Yes Yes Yes
Heat Exchangers Yes Yes Yes Yes
Pipelines Yes Yes Yes Yes
Other elements

Structural elements Yes Yes Yes Yes
Construction work Yes Yes Yes Yes
Power output Yes Yes Yes Yes
Supporting infrastructure Yes Yes Yes Yes
Sanitary facilities Yes Yes Yes Yes
Facility protection Yes Yes Yes Yes

Possible answers: yes: use of the domestic industry; no: lack of developed industry in this field; future: after
gaining experience with the first domestic nuclear power plant; x: not applicable. Source: own study.

Table 2 indicates that domestic participation is most feasible in the balance of plant
scope and in construction/assembly and O&M activities (e.g., civil works, structural ele-
ments, pipelines, supporting infrastructure, facility protection, and a large share of turbine-
island components). On the contrary, the most capability-constrained areas are those
directly linked to the nuclear island, particularly reactor design and reactor manufacturing.

The matrix also highlights capacity-building pathways, as several subsystems are
marked as “in the future”, suggesting that participation may expand after learning-by-
doing during the first domestic projects and through targeted certification and qualification
processes. In general, Table 2 provides a structured evidence summary of where domestic
suppliers can realistically enter the value chain under current conditions, versus where par-
ticipation is conditional on experience accumulation and regulatory/quality requirements.

4.4. SDG Alignment Mapping

The development of nuclear energy will also positively impact the achievement of
the United Nations sustainable development goals (SDGs). Seventeen strategic goals have
been established here, and achieving them will have a positive impact on sustainable
development worldwide. An analysis of the effects of nuclear power construction and
subsequent production on the accomplishment of the 17 SDGs is presented in Table 3.

https://doi.org/10.3390/su18052604


https://doi.org/10.3390/su18052604

Sustainability 2026, 18, 2604

19 of 26

Table 3. Impact of nuclear energy in Poland on achieving all strategic sustainable development goals.

Affiliation: Direct, Not

SDG Applicable, Indirectly SDG Description
Applicable
1 No poverty Indirectly applicable Possibility of reducing poverty through new jobs. Fulfilment of task 1.4.
Research on the decarbonisation and reduction of greenhouse gases in
2 Good health and Directl energy production using nuclear energy. In this way, the number of
well-being y people suffering from diseases caused by pollution will be reduced,
achieving task 3.9.
The need for specialised and technical education indicates the creation
3 Quality education Directly of new fields of study related to nuclear energy, the realisation of
tasks 4.4 and 4.7.
4 Clean water and Directl Improving water quality by reducing pollution generated during
sanitation y electricity production. Fulfilment of task 6.3.
Increasing energy efficiency through the use of nuclear reactors to
Affordable and clean . generate electricity. The knowledge gained during the facility’s
5 Directly . L .. L
energy construction and operation is shared through training and scientific
publications. Fulfilment of tasks 7.1 and 7. A.
Economic growth through increased employment in the construction and
Decent work and . operation of a nuclear power plant. Training and courses for employges
6 economic erowth Directly who lack the necessary training to ensure the safe operation of the facility.
& Growth of the gross domestic product. Fulfilment of
tasks 8.1, 8.2, and 8.3.
Development of nuclear energy to minimise the consumption of
7 Industry, innovation, Directl conventional fuels in domestic electricity production. Development of
and infrastructure y road infrastructure and high-voltage networks. Fulfilment of tasks 9.1,
9.2,9.4,and 9. B.
8 Sustainable cities Indirectly applicable Along with the construction of the power plant, new housing units will
and communities Yy app be built. Fulfilment of task 11.1.
9 coxifriortliscﬁljn d Directl Presentation of research on sustainable nuclear energy production using
PHO Y III+ generation reactors. Fulfilment of tasks 12.2, 12.4.
production
Reduce greenhouse gas emissions to reduce the carbon footprint while
. . . complying with international legal obligations, including those under the
10 Climate action Directly United Nations Framework Convention on Climate Change. Fulfilment
of tasks 13.2 and 13. A.
. . Protecting the environment by not producing greenhouse gases and also
B Life on land Directly reducing the extraction of fossil fuels. Realisation of task 15.6.
12 Partnerships for the Directl Cooperation within consortia; for example, the use and construction of
goals Y reactors. Fulfilment of task 17.6.

Taken together, Tables 2 and 3 synthesise the two main outcome streams of the study:
(i) domestic capability screening throughout the project lifecycle and (ii) an SDG alignment
mapping of the identified socioeconomic and sustainability mechanisms.

5. Discussion

The results highlight two interlinked issues that are critical for coal-dependent tran-
sition economies pursuing nuclear deployment. First, the Polish programme combines a
large-scale nuclear power plant path with emerging SMR initiatives, creating opportunities
for decarbonisation, but also increasing governance and delivery complexity. Second, the
magnitude of socioeconomic co-benefits depends strongly on early workforce planning,
supply chain readiness, and the ability to translate project pipelines into bankable local
participation rather than aspirational local content targets.
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The capability pattern in Table 2 implies that the near-term socioeconomic co-benefits
are most likely to materialise through construction-intensive packages and balance-of-
plant activities rather than through the nuclear island. This shifts policy attention to
early supplier prequalification, quality system upgrades, and workforce planning in civil
works, mechanical erection, piping, and auxiliary systems, where domestic participation is
comparatively realistic.

Furthermore, the concentration of “future” capability entries in Table 2 suggests that
a staged learning pathway (first-of-a-kind to nth-of-a-kind) may be required to expand
domestic participation into more specialised subsystems. This supports the need for
coordinated education and training initiatives, industry—university partnerships, and
certification infrastructure to translate project pipelines into bankable local participation
rather than aspirational goals.

These findings should be interpreted in light of the study’s reliance on publicly avail-
able and forward-looking documentation, which is inherently sensitive to regulatory
decisions, financing conditions, and schedule changes. Future research should complement
document-based synthesis with stakeholder interviews and quantitative monitoring of
local procurement, workforce trajectories, and project delivery milestones as the Polish
programme moves from planning into execution.

6. Conclusions

This review assessed how deployment can contribute to the economic transformation
of coal-dependent transition economies, using the Polish nuclear programme as an illus-
trative case. It was based on a structured document analysis that integrates a systematic
search and screening of the peer-reviewed literature with analysis of policy/planning docu-
ments and the synthesis of publicly available project documentation (Lubiatowo-Kopalino,
Patnéw and the planned SMR fleet). A structured mapping also evaluated the consistency
of these effects.

The first overarching conclusion is that, in a system that is still strongly reliant on coal
and characterised by an ageing thermal fleet, nuclear power is a controlled, low-carbon
source that can complement intermittent renewables and support the security of supply.
For Poland, where demand growth, unit retirements, and the need to maintain system
adequacy coincide, the analysed pathway frames nuclear not as a single technology choice
but as a system-level stabiliser that can reduce exposure to weather-driven variability, lower
emissions relative to coal-based generation, and provide a more predictable long-term
cost structure for electricity planning, provided that governance, financing, and delivery
schedules remain credible.

Second, the review indicates that the socioeconomic “co-benefits” of nuclear deploy-
ment are real but conditional. Job creation during construction and operation, regional
infrastructure upgrades (roads, rail, port/loading capacity, and grid reinforcements), and
increased demand for technical services can generate broad economic stimulus and local
development. However, the scale of domestic value capture depends on early work-
force preparation and supplier readiness. The capability screening presented in the article
(Table 2) suggests that there is substantial potential for Polish companies in civil works, with
a conventional balance of plants, turbine-generator islands, pipelines, structural elements,
and many supporting services, while restrictions related to reactor design/manufacture
and selected nuclear-specific systems remain. Consequently, without a deliberate supplier
development and qualification programme linked to quality systems, prequalification
requirements, and staged entry into contracts, local participation risks concentrating in
lower-value packages, limiting long-term technology transfer.
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Third, SMRs appear particularly relevant for “coal-to-nuclear” replacement pathways
in industrial sites and district heating contexts, potentially enabling decarbonisation be-
yond electricity (especially where cogeneration and process heat needs are significant). At
the same time, our review highlights that the deployment of SMR is sensitive to licensing
timelines, supply chain maturity, first-of-a-kind costs, and the availability of qualified oper-
ators and service infrastructure. Therefore, the role of SMRs in economic transformation
should be treated as promising but contingent and evaluated through phased deployment
strategies that explicitly manage learning effects and programme risk.

Finally, the mapping (Table 3) indicates that nuclear deployment, when embedded
in a coherent transition strategy, can align directly with multiple SDGs related to health
(through reduction in pollution), education and skills, access to clean energy, decent work
and growth, industry and infrastructure, responsible production, climate action, and
partnerships, while indirectly contributing to local community development. Importantly,
this alignment is not automatic. It depends on governance transparency, stakeholder
engagement, just transition policies for affected regions, and the credibility of delivery
(time, budget, and institutional capacity). For sustainability as an outlet, this conditionality
sends a key message: nuclear energy may support sustainable development outcomes, but
only when the social, institutional, and supply-chain dimensions are managed as rigorously
as technical ones.

Based on the reviewed evidence, several actionable recommendations follow for
Poland and similar Central European transition economies: (i) treat workforce develop-
ment (secondary, higher education and professional certification) as a critical path activity
rather than a supporting initiative; (ii) implement a national supplier development and pre-
qualification programme to move domestic firms up the value chain in successive projects;
(iii) synchronise “megaproject” logistics and grid expansion with nuclear construction
milestones to reduce schedule risk; (iv) embed cybersecurity, emergency preparedness
and diagnostic capability in the programme from the outset; and (v) maintain transparent
governance and local engagement to protect social licence and reduce disruption risks.

From a policy perspective, the Polish case offers a benchmarkable policy package for
other coal-dependent transition economies. First, benefits beyond decarbonisation require
institutional readiness: a credible long-term policy signal, strong programme management
entity, and an independent, well-resourced regulator to reduce governance-driven schedule
and cost volatility [58,88]. Second, nuclear deployment should be embedded in an explicit
“just transition” plan for coal regions, including workforce redeployment, reskilling and
certification, and transparent local benefit-sharing mechanisms to maintain the social li-
cence to operate [58,69]. Third, capturing domestic value does not happen automatically; it
requires policy-supported supplier development (staged prequalification, nuclear-grade
QA upgrades, and phased contract entry) and is tracked using indicators such as the
domestic procurement share by contract tier, the number of qualified suppliers, and work-
force certification rates [88,89]. Fourth, system integration should be planned in advance
by aligning grid and logistics investments with nuclear milestones and deploying SMRs
strategically for industrial heat and district heating in coal-CHP-centric areas [68,69]. To
enable cross-country benchmarking and continuous policy learning, transition economies
can publish a small KPI set (e.g., licensing lead time, schedule and cost variance, local pro-
curement share, numbers of nuclear-qualified suppliers and certified operators/technicians,
and periodic community acceptance metrics) and update it regularly as projects move from
planning to execution.

The review is necessarily constrained by its reliance on publicly available sources
and forward-looking plans, which are sensitive to regulatory, financing, and geopolitical
changes. Future work should complement this synthesis with quantitative assessments—for
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example, scenario-based power system modelling, input-output or computable general
equilibrium estimates for local content and employment multipliers, and comparative cross-
country studies across transition economies—to better determine which institutional and
market conditions nuclear programmes will deliver measurable and durable socioeconomic
benefits alongside decarbonisation.
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