
[bookmark: _Toc221091106]A comprehensive analysis of the most promising areas and niches for the implementation of nuclear projects in the Republic of Serbia

Content

A comprehensive analysis of the most promising areas and niches for the implementation of nuclear projects in the Republic of Serbia 	1
Strategic Foundation: Nuclear Energy Use 	3
Implementation of small modular reactors (SMRs) as priority 	3
Grid Integration and Infrastructure Challenges 	4
Non-energy uses: Nuclear medicine and radiopharmaceuticals 	5
Production of isotopes and radiopharmaceuticals 	5
Theranostics and personalized therapy 	6
Nuclear technologies in agriculture and industry 	6
Food irradiation and food safety 	6
Mutation selection and SIT technologies 	6
Industrial flaw detection and NDT 	7
Potential of Related Sectors: IT and Digital Transformation 	7
Digitalization and Digital Twins 	7
Critical Infrastructure Cybersecurity 	7
EdTech and Workforce Development: Innovations in Learning 	8
Simulators and VR/AR training 	8
Media and Public Communications: Building Trust 	8
Strategic Communications and Public Control 	8
Investment climate and support mechanisms 	9
Tax incentives and government grants 	9
Support through innovation funds 	9
Risks and barriers to project implementation 	9
Regulatory and political risks 	9
Infrastructure and financial constraints 	10
Development Forecast and Roadmap (2026–2040) 	10
Short Term (2026–2030): Institutes and Medicine 	10
Medium Term (2030–2040): Energy Breakthrough 	10
Conclusions and recommendations for market participants 	10




The revival of Serbia's civilian nuclear program represents a tectonic shift in national strategy, driven by the need to address the energy trilemma of ensuring supply security, enhancing economic competitiveness, and radically reducing carbon emissions in line with the EU's Green Agenda. 1 After a 35-year hiatus caused by the 1989 moratorium, Serbia is entering an active phase of building a national nuclear infrastructure, creating an unprecedented window of opportunity not only for energy giants but also for high-tech companies in the IT, EdTech, and media sectors. 4
[bookmark: _Toc221091107]Strategic Foundation: Nuclear Energy
Amendments to the Energy Law adopted in November 2024 formally lifted the ban on the construction of nuclear power plants, laying the legal basis for integrating nuclear energy into the country's power grid. 4 This move is seen as the only realistic path to replacing coal-fired generation, which currently provides about 67% of Serbia's electricity but is becoming critically unprofitable due to the introduction of European cross-border carbon taxes (CBAMs). 5
[bookmark: _Toc221091108]Implementation of small modular reactors (SMRs) as a priority
In the context of the Serbian energy system, small modular reactors ( SMRs ) are recognized as the most promising technology. President Aleksandar Vučić has set a target of 1,200 MW of nuclear capacity, which meets the country's baseload generation needs by 2040–2050. SMRs offer several critical advantages for Serbia: they require lower upfront investment, have shorter construction times, and offer the flexibility of being located on the site of decommissioned coal- fired power plants, allowing the use of existing grid infrastructure and water supply systems.
The table below provides a comparison of key characteristics of different types of nuclear installations in the context of their applicability in Serbia.



	Parameter
	Small modular reactors (SMRs)
	Traditional large nuclear power plants

	Installed capacity
	Up to 300 MW per module 11
	From 1000 to 1600 MW 13

	Construction period
	3–5 years (after licensing) 14
	8–12 years 5

	Capital expenditures
	Lower due to modularity 11
	High (from €8 billion per block) 2

	Network integration
	Ideal for small power systems 15
	Requires significant network strengthening 15

	Service life
	60–80 years 11
	60–80 years old 16


Serbia is pursuing a "multi-vector hedging" strategy, consulting with leading global vendors. The French company EDF has already conducted a preliminary technical study (PTS), confirming the technical feasibility and network compatibility of nuclear projects. 16 At the same time, South Korea's experience in serial construction and integrated proposals from the state corporation Rosatom, including solutions for the fuel cycle and waste management, are being discussed.13
[bookmark: _Toc221091109]Energy Grid Integration and Infrastructure Challenges
The successful implementation of nuclear energy requires not only the construction of reactors but also a fundamental modernization of the grid infrastructure. According to IAEA standards, the capacity of a single generating unit should not exceed 10% (in exceptional cases, 15%) of the total power grid capacity to avoid collapse in the event of a sudden unit shutdown. 15 For Serbia, this makes units with a capacity above 1,000 MW critically difficult to balance without deep integration with neighboring countries (Hungary, Bulgaria, Romania). 4
An important niche for projects is the use of excess heat from nuclear power plants for industrial heating (cogeneration) and desalination, which can significantly improve the overall economic efficiency of nuclear facilities in the long term. 20
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Non-energy uses: Nuclear medicine and radiopharmaceuticals
This area has the highest level of readiness in Serbia thanks to the expertise of the Vinča Institute of Nuclear Sciences, which has been a regional leader in the field of radiochemistry for decades. 22
[bookmark: _Toc221091111]Production of isotopes and radiopharmaceuticals
The Vinča Institute's Radioisotope Laboratory (OU 070) is registered under GMP (Good Manufacturing Practice) regulations and supplies Serbian medical centers with critical diagnostic and therapeutic drugs. 22 Serbia is currently striving to achieve full autonomy in radioisotope production, which will not only reduce the cost of medical services within the country but also expand into Balkan export markets. 25
Below is a list of the main radiopharmaceutical products produced and planned for production in Serbia.

	Radionuclide / Drug
	Application
	Production status

	[image: ](capsules)
	Thyroid Cancer Therapy 22
	Regular production 24

	Generator[image: ]
	Diagnosis of oncology and heart attacks 22
	Regular production 24

	[image: ]-peptides
	Treatment of neuroendocrine tumors 22
	Pilot production/R&D 22

	[image: ](PAT)
	High-precision PET diagnostics 28
	Planned (Cyclotron) 29

	Theranostic pairs
	Combined diagnostics and treatment 30
	Promising direction 31


A key project is the creation of a Nuclear Medicine Center with a modern cyclotron complex in collaboration with Rosatom. 26 This will enable the production of short-lived isotopes, which cannot be imported due to their short half-lives, thereby radically expanding the availability of PET diagnostics for Serbian citizens. 33
[bookmark: _Toc221091112]Theranostics and personalized therapy
The growing demand for personalized medicine is opening up niches for the development of targeted alpha-therapy drugs ( [image: ]). 30 These methods allow radiation to be delivered directly to cancer cells, minimizing damage to healthy tissue. 36 Serbia is actively participating in IAEA projects to implement radionuclide theranostics at the Clinical Center of Serbia and the Clinical Center of Vojvodina, creating opportunities for suppliers of high-tech equipment and specialized software for dosimetry planning. 37
[bookmark: _Toc221091113]Nuclear technologies in agriculture and industry
Serbia's agricultural sector, which has significant export potential, could gain significant competitive advantages through the implementation of radiation technologies.
[bookmark: _Toc221091114]Food irradiation and food safety
The use of gamma radiation and electron beams to process food products can effectively combat pathogens ( [image: ], [image: ]), destroy insect pests, and extend shelf life without changing the taste or chemical composition. 38
In Serbia, a gamma sterilization facility operates at the Vinča Institute, using a Cobalt-60 source. 41 Main commercial niches:
· Sterilization of medical devices: syringes, gloves, clothing. 41
· Processing spices and dried vegetables: the only method to ensure microbiological purity without loss of aroma. 40
· Phytosanitary control: processing of fruits (berries, apples) for export to countries with strict quarantine regulations. 43
[bookmark: _Toc221091115]Mutation selection and SIT technologies
In the face of climate change, radiation-assisted mutation breeding is becoming a critical tool for developing drought- and heat-resistant varieties of grain and vegetable crops. 45 The sterile insect technique ( [image: ]) offers an environmentally friendly alternative to pesticides for orchard pest control, which is relevant for Serbian fruit producers. 38
[bookmark: _Toc221091116]Industrial flaw detection and NDT
Nuclear non-destructive testing (NDT) methods [image: ]are in demand in the Serbian energy, petrochemical, and construction industries. The Vinča Institute's Radioisotope Laboratory provides source replacement services [image: ]for [image: ]weld and casting flaw detection, as well as well logging sources for geological exploration.
[bookmark: _Toc221091117]Potential of Related Sectors: IT and Digital Transformation
The nuclear industry of the 2020s is driving the development of Industry 4.0. The integration of nuclear facilities requires the creation of a complex digital ecosystem.
[bookmark: _Toc221091118]Digitalization and Digital Twins
Creation of "digital twins" ([image: ] [image: ]) reactor installations and auxiliary systems allows for the modeling of the facility's behavior at all stages of the life cycle—from design to decommissioning. 49 For Serbian IT companies, this opens up the following niches:
· Predictive analytics and monitoring: AI-based systems to detect microdegradation of components, reducing downtime by 30–50%. 51
· Fuel Cycle Optimization: Machine Learning Algorithms for Improving Fuel Burnup and Minimizing Waste. 51
· Smart Grids ([image: ] [image: ]): integrating SMRs into distributed energy systems with a high share of renewable energy sources requires complex load balancing software. 10
[bookmark: _Toc221091119]Critical Infrastructure Cybersecurity
Nuclear facilities are high-priority targets for cyberattacks. The transition from analog control systems to digital and networked solutions requires the creation of specialized layers of defense. 52 The Belgrade Faculty of Electrical Engineering's Innovation Center ( [image: ]) and hub [image: ]have expertise in industrial cybersecurity ( [image: ]-security) that can be scaled up for nuclear projects. 54
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EdTech and Workforce Development: Innovations in Learning
The shortage of qualified personnel has been identified as one of the main obstacles to the implementation of Serbia's nuclear program. 1 This creates a large market for EdTech solutions.
[bookmark: _Toc221091121]Simulators and VR/AR training
The use of virtual and augmented reality technologies allows personnel to practice reactor maintenance skills and emergency response in a safe digital environment. 56
· VR-OTS (Operator Training Simulators): creation of full-scale virtual copies of nuclear power plant control panels. 58
· AR for maintenance: Using augmented reality glasses to display diagrams and instructions directly on physical equipment during repairs. 53
· Gamification of learning: Implementing interactive scenarios to increase student engagement in specialized faculties. 60
The Vinca Institute and the French I2EN (founded by EDF) are planning joint educational programs where innovative simulators will be a central element. 23
[bookmark: _Toc221091122]Media and Public Communications: Building Trust
The success of the nuclear program is impossible without public consensus. The role of the media in Serbia is transforming from passive information dissemination to active participation in managing expectations and risks .
[bookmark: _Toc221091123]Strategic communications and public control
Digital platforms such as[image: ] [image: ](nuclearserbia.rs), serve as a "neutral bridge" between the state, science and society. 1 The main tasks of the media sector:
· Combating radiophobia: Providing science-based information on the safety of modern reactor generations (III+ and IV). 63
· Transparency: Ensuring independent monitoring of environmental indicators around potential nuclear power plant sites. 64
· Educational content: production of documentaries, podcasts, and interactive portals about the role of peaceful nuclear energy in decarbonization. 60
[bookmark: _Toc221091124]Investment climate and support mechanisms
Serbia offers one of the most attractive tax and financial incentive systems for high-tech projects in the region. 67
[bookmark: _Toc221091125]Tax incentives and government grants
Investors in nuclear energy and related technologies may qualify for the following preferences:
1. Tax holidays: Exemption from corporate income tax for 10 years for investments over 1 billion dinars (~€8.5 million) and the creation of at least 100 new jobs. 67
2. R&D deductions: Possibility of double deduction of R&D costs from the tax base. 70
3. Capital Investment Grants: Direct subsidies of up to 30% of the investment in equipment and infrastructure. 67
4. Payroll benefits: Reduction of payroll taxes and social contributions by 65–75% for newly qualified personnel. 67
[bookmark: _Toc221091126]Support through innovation funds
Innovation Fund of Serbia ([image: ] [image: ]) implements target programs relevant to the nuclear industry:
· Net-Zero Technologies: Grants for the development of clean energy and decarbonization solutions. 74
· GovTech: Funding innovation for the public sector, including monitoring and security systems. 76
· Mini & Matching Grants: co-financing of startups in the fields of nuclear medicine and IT. 69
[bookmark: _Toc221091127]Risks and barriers to project implementation
Despite the favorable climate, the implementation of nuclear projects is associated with long-term risks.
[bookmark: _Toc221091128]Regulatory and political risks
Serbia is in the process of transitioning from a prescriptive regulatory model ("do as written") to a risk-based model based on performance assessment ( [image: ]& [image: ]). 18 This transition requires highly qualified regulatory personnel [image: ]and harmonization with regulations [image: ]. 4 Political volatility and external pressure can influence the choice of technology partner, which is critical for projects with a 100-year life cycle. 13
[bookmark: _Toc221091129]Infrastructure and financial constraints
The lack of final disposal sites for radioactive waste ( [image: ]) and spent nuclear fuel ( [image: ]) requires cradle-to-grave contracts with suppliers, which increases project costs. 10 The high cost of capital ( [image: ]estimated at $112–$189 for new nuclear power plants [image: ]) requires the use of innovative financial instruments such as green bonds or government guarantees. 51
[bookmark: _Toc221091130]Development Forecast and Roadmap (2026–2040)
Based on the analysis of current initiatives, the following stages of industry development can be identified.
[bookmark: _Toc221091131]Short-term period (2026–2030): Institutes and Medicine
Over the next 4 years, the main focus will be on:
· Completion of IAEA Phase 1 and training of personnel for Phase 2. 78
· The launch of a Nuclear Medicine Center in cooperation with Russia, which will make Serbia a regional hub for isotope production. 26
· Implementation of pilot IT projects for digital monitoring of existing nuclear facilities in Vinča. 54
[bookmark: _Toc221091132]Medium term (2030–2040): Energy breakthrough
The final investment decision for the first SMR installation is expected by 2035. 13 During this period, niches in the areas of cybersecurity and the development of a national network of VR simulators for operators will become critical . [image: ]52 Serbia will likely become a participant in the regional nuclear energy distribution network, integrating into the [image: ]fuel supply chain for Generation IV reactors. 81
[bookmark: _Toc221091133]Conclusions and recommendations for market participants
The analysis confirms that Serbia's nuclear industry offers a unique set of opportunities for implementing long-term projects.
For energy companies, the most promising niche is consulting and engineering at the pre-project preparation stage (site selection,[image: ] [image: ]), as well as the creation of consortiums for the implementation of SMR projects on the basis of public-private partnership.
The IT sector should prioritize the development of predictive maintenance solutions and cybersecurity systems focused on industrial nuclear protocols.
EdTech companies are opening up a market for developing certified simulators and educational courses adapted to IAEA requirements and Serbian national standards.
The Republic of Serbia is demonstrating strong political will for a nuclear renaissance, backed by tangible steps to reform legislation and attract global industry leaders. Creating a sustainable ecosystem integrating energy, medicine, science, and digital technologies will guarantee the country's technological sovereignty in the 21st century .
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