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[bookmark: _Toc211594868]I. Strategic Imperative and Key Motives for Participation in the Nuclear Sector
Participating in a nuclear power plant (NPP) construction project is a strategic decision for any major company—whether in construction, engineering, or mechanical engineering. It's not a typical commercial contract, but rather an entry point into a market characterized by exceptional long-term stability and demanding technological requirements. The motivations driving companies to take this step are rooted in macroeconomic, geopolitical, and technological factors.
[bookmark: _Toc211594869]1.1 Macroeconomic and Geopolitical Drivers
Entering the nuclear sector guarantees access to a market with a century-long planning horizon. Implementing a nuclear power plant program requires the creation and maintenance of a sustainable national infrastructure designed to last at least 100 years, including 10–15 years for the initial phase and decades for safe operation, decommissioning, and waste management. 1 For contractors, this "long market" means a transition from one-off, cyclical construction projects to stable service, repair, and supply contracts throughout the life of a facility. This factor ensures exceptional financial stability and predictability of demand, which is rare in other capital construction industries. 1
Geopolitical and environmental factors are reinforcing the relevance of nuclear energy. The global nuclear renaissance is driven primarily by the urgent need to reduce greenhouse gas emissions in line with international commitments and the desire to ensure a reliable, weather-independent baseload energy supply. 2 In regions that have traditionally relied on coal (such as the Western Balkans), nuclear energy is seen as the only large-scale and reliable source capable of replacing decommissioned thermal capacity. This is especially relevant in light of the European Union's plans to phase out fossil fuel imports and implement mechanisms such as the Carbon Border Adjustment Mechanism (CBAM), which could make coal-fired generation uneconomic.
For countries without a developed nuclear infrastructure, collaborating with leading global suppliers (vendors) such as Rosatom, Korea Hydro & Nuclear Power (KHNP), or Electricité de France (EDF) is a key strategic decision. In particular, Rosatom's offering, which often includes a full, closed-loop service cycle (from design and construction to fuel supply, maintenance, and, crucially, waste management), allows recipient countries to reduce risks associated with the entire nuclear fuel cycle (NFC) .
[bookmark: _Toc211594870]1.2. Justification of the Financial Multiplier Effect: Localization
One of the most powerful incentives for national governments and local companies is the financial multiplier effect generated by localizing production and services. Experts emphasize that every percentage point of localization is equivalent to millions of euros that remain in the national economy, creating jobs, increasing tax revenues, and stimulating the development of new high-tech industries .
Participation in a nuclear project requires national companies to improve quality assurance (QA/QC) standards, master complex technologies, including non-destructive testing (NDT), modernize production equipment, and conduct in-depth personnel training. This forces companies to reach a higher level of technological and managerial maturity. In Turkey, for example, in the Akkuyu NPP project, implemented by Rosatom, the share of locally sourced goods and services is projected to reach 47–56% by 2024–2025, with more than 350 national suppliers and contractors already involved .
1.2.1. Detailed Demand Vector for the National Contractor
For companies planning to participate, demand from the nuclear project is clearly structured into three key areas, allowing for targeted development of the necessary competencies.


Table 1. Key Areas of Localization and Examples of Companies

	Direction
	Examples of Localizable Services/Equipment
	Examples of Companies (Serbia)

	Construction and Infrastructure
	Concrete, metal structures, earthworks, logistics, temporary housing and communications 1
	Energoprojekt Visokogradnja 6 , Metalfer Group (rebar), HBIS Serbia (rolled metal) 7 , Lasar/MetalCorp (LSTK)

	Mechanical Engineering and Electrical Engineering
	Pumps and fittings (non-nuclear classes), transformers, instrumentation and automation, automated process control systems, cables 1
	Novkabel (cable) 8 , Tribotec (pumps/valves) 9 , Elektromontaža (metal structures, PS) 10 , Industrial Automation/ACE (APCS) 11

	Operation and Service
	Diagnostics, repair, chemical water treatment, physical and cyber security, special clothing, personnel training 1
	Albo (PPE/workwear)



The earliest and most significant opportunities are for construction and infrastructure contractors (earthwork, concrete work, logistics). The next stage will see demand for installation and engineering companies capable of performing non-nuclear piping, HVAC (heating, ventilation, and air conditioning), and commissioning work .
[bookmark: _Toc211594871]1.3. The Relationship between Risk Management and Institutional Maturity
It is important to understand that, while participation in a nuclear project offers significant benefits, it also exposes structural problems in the recipient country. The success of a nuclear power plant construction project requires exceptionally well-developed systemic institutions, a high level of transparency, and the fight against corruption. 13 In countries where systemic corruption and weak state institutions persist, there is a serious risk that the political desire to launch a project as quickly as possible (Plan A) could lead to a weakening of regulatory and quality requirements during the implementation phase (Milestones 1 and 2). 13
This situation creates a third-order risk for contractors: if quality or safety is compromised due to corrupt practices or inadequate oversight, this could lead to project termination or license revocation by independent international bodies (IAEA, WNC). 1 Therefore, contractors should invest in independent auditing and consulting to ensure compliance with international quality and safety standards, thereby forming their own line of defense against internal regulatory risks. 1
[bookmark: _Toc211594872]II. Calculating Your Own Strengths: Understanding Requirements and Readiness
To effectively enter a nuclear project, a company must structure its capability assessment using an internationally recognized methodology. The IAEA Guide (IAEA NG-G-3.1) defines three key milestones for developing a national nuclear infrastructure, and the contractor must align its efforts with these milestones .
[bookmark: _Toc211594873]2.1. What a Company Should Understand and How to Calculate Forces
The force calculation is not just a financial assessment, but a comprehensive readiness audit on 19 infrastructure issues covering the entire life cycle of a nuclear power plant.
2.1.1. Management and Quality Infrastructure
Nuclear power plant projects are considered among the most complex engineering and management challenges. 1 The company must demonstrate maturity in project management (PM), risk management, and, most importantly, change management . It is necessary to implement a formalized quality management system (QMS) and begin training personnel to establish a safety culture . A safety culture must be accepted and developed by all participants—from the designer and engineer to the operator and regulator. 1
2.1.2. Human Resources and Training (HRD)
Human capital is one of the most critical factors and at the same time the biggest barrier to entry for countries building nuclear power plants for the first time. 15 The company must:
1. Conduct a needs assessment: Identify the full range of competencies needed (from nuclear engineers to certified welders and NDT specialists). 1
2. Develop a long-term HRD plan: Create a realistic plan to attract, train and retain these specialists (purchase foreign competencies or develop your own). 1
A prolonged moratorium on nuclear energy, such as that experienced in Serbia (35 years), has led to the loss of almost all national nuclear competencies. 16 Since the process of training qualified nuclear personnel requires several years of specialized training, human resource capacity, rather than technical feasibility, will limit the actual percentage of localization . Attempting to impose an excessively high percentage of localization without an adequate human resource base can lead to the hiring of unqualified local specialists, which directly violates the principles of Safety Culture and increases the risk of project failure. 15 Therefore, investments in training programs, scholarships, and partnerships with universities (for example, with the Vinča Institute of Nuclear Sciences) are priority and strategic expenditures that ensure long-term business sustainability. 17
2.1.3. Financing and Financial Commitments
The financial demands of a nuclear program are enormous, and their provision begins with government funding for infrastructure development. 1 The contractor must:
1. Provide seed funding (Funding): Obtain funds for the development of basic infrastructure, training of personnel, obtaining licenses and quality certificates. 1
2. Assess project financing risks (Financing): Ensure that the Client's financial and operational model (e.g., Build-Own-Operate (BOO), as in Akkuyu) or the availability of preferential loans from the Vendor (as in the case of Rosatom) guarantees the financial viability of the project. This is critical to ensuring timely payment and coverage of capital expenditures.
[bookmark: _Toc211594874]2.2. Work Readiness Requirements (Milestone 2)
To participate in the auction, a company must demonstrate that its readiness meets the "Ready to invite bids" level. 1 This means that the company must ensure:
· Availability of adequate personnel to prepare the technical proposal, analyze the evaluation criteria and legal review of the tender documentation. 1
· Implementation of a formal management system and commencement of staff training to develop a safety and quality culture that takes full responsibility for safe operations. 1
· A clear understanding of the criteria for evaluating applications , which must be determined by the Customer before the tender is announced. 1
[bookmark: _Toc211594875]2.3 Assessment and Training Tools: Competence and Certification
A critical element of force calculation is the ability to quickly achieve and confirm nuclear quality . Certification to international standards is the minimum "passport" for entry into international supply chains:
· ISO 19443 (Nuclear Quality): This standard, based on ISO 9001:2015, is specifically designed for organizations in the nuclear energy sector supply chain that provide products and services important to nuclear safety (ITNS). 19 It is required for:
· Improving Safety Culture in the organization.
· Harmonization of audit processes and cost reduction.
· Identification and elimination of counterfeit or suspicious products. 19
· ISO 3834 (Welding): Covers comprehensive quality requirements for welding metallic materials. 21 The most stringent level, ISO 3834-2, applies to high-risk sectors, including nuclear. 21
· ISO 9712 (Non-Destructive Testing): Specifies requirements for the qualification and certification of personnel performing non-destructive testing (NDT). 22
Having these certificates not only ensures technical compliance, but is also a key factor in increasing the confidence of the Customer and the regulator. 1
[bookmark: _Toc211594876]III. Regulatory and Technological Complexity: What a Company Should Know
[bookmark: _Toc211594877]3.1 Legislative and Regulatory Imperative
A company intending to participate in a nuclear power plant project must have a thorough understanding of the national legislative and regulatory landscape. National legislation must be in place and in force prior to the project's commencement (Milestone 2) and cover nuclear safety, physical security, non-proliferation safeguards, and civil liability .
3.1.1. Independence of the Regulator and Legal Framework
A key factor for success and safety is the existence of an effectively independent and competent regulatory authority . 1 For example, in Serbia, such an authority is the Directorate for Radiation and Nuclear Safety and Security (SRBATOM), which is responsible for regulatory control, licensing, inspection, and supervision. 23
The legislative process is often complex and time-consuming. Serbia, for example, is a prime example: parliament only lifted a 35-year moratorium on nuclear power plant construction in November 2024, initiating the development of a new regulatory framework and program for the peaceful use of nuclear energy .
3.1.2. The Problem of Spent Nuclear Fuel (SNF) and Radioactive Waste (RAW)
The problem of spent nuclear fuel and radioactive waste management is a structural bottleneck in the global nuclear renaissance. 1 Without a reliable solution to these problems, the implementation of new large-scale nuclear energy programs is impossible. 1
Spent Nuclear Fuel as a Strategic Risk: Accumulating spent nuclear fuel at nuclear power plant sites does not enhance safety and represents a significant financial and environmental burden, requiring isolation from the biosphere for thousands of years. 1 In newcomer countries that do not have a developed nuclear fuel cycle infrastructure, responsibility for the fate of spent nuclear fuel should be assigned to the supplier of nuclear power plants and fuel. 1
Legal barrier to import: The Law on Radiation and Nuclear Safety and Protection (as in Serbia, for example) strictly prohibits the import of radioactive waste and spent nuclear fuel of foreign origin . 24 This means that the country must address the issue in two ways:
1. Developing your own deep geological repository (DGR) , which is an expensive and time-consuming process (construction can take decades). 26
2. Conclude a contract with the Vendor for the return of spent nuclear fuel (as proposed by Rosatom), which is the most pragmatic solution for newcomer countries. 13
If the Customer's financial model does not include a reliable mechanism for financing long-term management of SNF/RW and decommissioning, this creates a fundamental risk for the entire project. 1
[bookmark: _Toc211594878]3.2 Technological Choice and Its Impact on the Contractor
The choice of reactor technology (LWR or SMR) directly impacts the production and logistical requirements for the contractor.
Table 2. Comparison of Technological and Economic Parameters of Reactors

	Parameter
	Large LWRs (e.g. VVER-1200)
	SMR (Small Modular Reactors)

	Power (MWe)
	1000+ (typically 1200 MWe) 27
	5 – 300 (per module) 28

	Absolute CAPEX (USD billion)
	High ($5 – $10+) 29
	Low (up to $1 billion per module) 30

	Sources of Savings
	Economies of scale
	Economy of Series Production (Series) 28

	Commercial Maturity
	Full (Generation 3+) 31
	Partial (many in development/demonstration stage) 32



For newcomer countries, the IAEA and experts advise choosing proven designs with many years of operational experience (e.g., VVER-1200) to reduce regulatory and technical risks. 13 At the same time, SMRs offer lower initial capital investment (CAPEX) and potential flexibility, making them attractive to countries with smaller grids. 28 However, the competitiveness of SMRs depends on achieving "economies of production," that is, mass, factory-scale production, which remains unproven for most projects. 31
Beyond technical selection, the project's financial sustainability critically depends on its integration into the power grid. Nuclear power plants operate most efficiently in baseload mode. 1 In regions with a high share of renewable energy sources (RES), wholesale price volatility and system balancing costs increase. If the energy market does not guarantee the nuclear power plant's status as a reliable source (for example, through a fixed tariff or capacity market), its high capital costs will not be recouped, which could undermine the customer's solvency and create financial risks for the contractor. 2
[bookmark: _Toc211594879]IV. Risk Assessment: Comprehensive Analysis of Failures and Success Strategies
Risks in the nuclear sector are multifaceted, encompassing financial, regulatory, and geopolitical realms. Success requires a long-term, comprehensive approach aligned with international standards.


[bookmark: _Toc211594880]4.1. Main Causes of Nuclear Project Failures
An analysis of global experience shows that the main causes of failures and budget overruns lie in inadequate management and loss of competence:
1. Loss of Competence and Design Innovation: Long interruptions in nuclear power plant construction lead to the loss of key skills (e.g., in the US and Eastern Europe), which leads to significant delays and increased costs when programs resume. 2 Capital expenditure (CAPEX) increases can reach $5,500–$8,100 per kW of installed capacity, making the project uncompetitive compared to other energy sources. 29
2. Insufficient Regulatory Oversight: The regulator may not be sufficiently staffed or competent to conduct an independent assessment of the project (Milestone 2/3). 1 This increases the risk that technical issues will be ignored, which could lead to license revocation during the operational phase.
3. Unresolved Nuclear Legacy Issues (SNF/RW): If a country does not have a clear and financially secure plan for SNF/RW management (including funds for decommissioning), this creates a long-term safety risk and financial burden. 1 Delays in resolving these issues can lead to protests and political obstacles, jeopardizing the launch of nuclear power plants. 1
[bookmark: _Toc211594881]4.2 Geopolitical and Social Risks
For companies working on nuclear power plant projects, especially in newcomer countries, geopolitical and social stability is a critical variable.
· Risk of Sanctions and Supplier Dependency: When working with a vendor under international pressure, there is a risk of supply chain disruption. As the Akkuyu project demonstrated, vendors may be forced to turn to alternative suppliers ( for example, China) due to Western companies' refusal to supply, leading to delays and additional costs.
· Social Unacceptability and Corruption: Large projects, especially those related to natural resources or nuclear energy, often face strong public resistance. Protest movements based on environmental concerns and corruption can seriously slow or halt projects. In Serbia, for example, a strong environmental opposition (Ne damo jadar) actively opposes large mining projects. 34 The Academic Committee of the Serbian Academy of Sciences and Arts (SANU) has explicitly warned that the construction of nuclear power plants in the country requires a break with the practice of selective and partial compliance with laws and institutions , as well as the elimination of deep-rooted systemic corruption. 13
Mitigating this risk requires transparent and ongoing communication with the public throughout all three phases of the project (Milestone 1, 2, 3), as well as formal public involvement in the licensing process. 1
[bookmark: _Toc211594882]V. Preparation and Plan B: Strategies for Success and Investment Protection
[bookmark: _Toc211594883]5.1. How to Prepare for Work: Technology Transfer and Localization (TTL) Model
Successful nuclear energy development programs, such as those in France, South Korea and China, were based on a coherent and long-term national TTL plan that covered all sectors of industry. 1
· South Korea's experience: South Korea has gone from being completely dependent (Phase 1: Turnkey) to being self-sufficient (Phase 2: local project management, foreign companies as subcontractors, implementation of TTL in contracts) and, finally, to being an exporter (Phase 3). 36
· Role of Government: A key factor for success is the active support of the government, which ensures the existence of a long-term strategy, standardization of projects and international cooperation. 1
· Contractor Focus: The national contractor should enter the project starting with the least risky areas (construction, general industrial supplies) and gradually build up competencies in critical areas (welding, non-destructive testing, quality control) to the level of international standards (ISO 3834, ISO 9712). 1
[bookmark: _Toc211594884]5.2. The Role of Independent Consulting
, the relationship between the Customer and Contractor is commercial, but extremely demanding. The Customer (or general contractor) expects unconditional, timely, and high-quality fulfillment of contractual requirements and is not obligated to "train" the contractor .
independent consulting is critical :
· Advisor: Provides strategic guidance, helps develop policy, manage complex processes, and integrate technical findings into overall project management. 1
· Expert: Conducts a detailed review of technical documentation, assesses the site, confirms or refutes data, and provides an objective risk assessment. Expert independence is critical, as it ensures that assessments are aimed solely at protecting the client 's interests and not lobbying for the Vendor.
To accelerate the integration of local companies into the supply chain, it would be advisable to create mechanisms such as "Single Window" project offices. Such an office should conduct application clinics to bring entrepreneurs' technical documentation up to the required "ready for submission" standard, as well as assist in obtaining certification according to ISO 9001, ISO 19443, and other relevant standards .
[bookmark: _Toc211594885]5.3. Plan B: Investment Protection and Competency Monetization
"Plan B" (Consilio B), as it is defined by the expert community, is a strategy that ensures a return on investment in competencies even if the main NPP project in the country is not implemented.
1. Competency Transfer as a Guarantee: If a project faces delays or cancellation (e.g. due to a political crisis or sanctions), the company retains its main asset – certified personnel and a quality system (ISO 19443) .
2. Global Market Monetization: Certified companies and qualified personnel are in demand in other international nuclear projects (such as Paks II in Hungary or projects in Romania and other EU countries), as they have already overcome the main entry barrier—certification of nuclear quality. 37 Therefore, investments in HRD and certification can be monetized in other markets, even if a national project fails.
3. Sector Diversification: The level of quality required by nuclear standards (especially ISO 19443 and ISO 3834) provides access to other high-tech and demanding sectors, such as aerospace, precision medical equipment, or complex industrial facilities, reducing dependence on one market. 19
[bookmark: _Toc211594886]5.4. Risk Assessment (Summary Table)
Timely risk assessment is critical. Risk in the nuclear sector is multifaceted, and its successful management requires a systematic approach that considers both technical and external factors.


Table 3. Key Risks and Mitigation Strategies

	The Cause of Failure
	Consequences for the Contractor
	Risk Mitigation Strategy (Plan B)

	Loss of Competence/New Design
	Increased capital expenditures (CAPEX); construction delays; loss of competitiveness 2
	Selection of reference, proven technologies (LWR); massive import of competencies (TTL). 13

	Regulatory Immaturity/Corruption
	License revocation; construction halt; financial penalties; legal disputes 13
	Engaging independent consulting; ISO 19443 certification for self-monitoring; transparent reporting. 19

	SNF/RAW problem
	Unable to launch/operate (Milestone 3); 100+ year financial burden 13
	Contract with the Vendor for the return of spent nuclear fuel; creation of financial funds (decommissioning, waste); regional cooperation. 13

	Geopolitics/Sanctions
	Disruption of key equipment deliveries (Akkuyu example); suspension of funding; blocking by the EU 5
	Diversification of partners (KHNP, EDF); creation of stockpiles of key components; legal shielding. 38



[bookmark: _Toc211594887]VI. Conclusions and Recommendations
Entering into a nuclear power plant construction project is a strategic decision that ensures long-term financial stability and enhances a company's technological maturity. However, it requires an unprecedented level of planning, investment in quality, and management of complex multidimensional risks.
[bookmark: _Toc211594888]6.1 Synthesis of Key Findings
1. Long-Term Perspective: The NPP project provides exceptional long-term demand predictability (100 years), which is a key strategic imperative to exit the cycle of short-term construction projects.
2. Quality Imperative: Compliance with nuclear quality standards (ISO 19443) and specialized technical norms (ISO 3834, ISO 9712) is not just a requirement, but a critical prerequisite for safety and economic sustainability . Quality is becoming the contractor's primary "currency" in the international market.
3. Regulatory Oversight and Radioactive Waste: The Company must ensure that the Customer country has a clear, financially secure, and internationally acceptable SNF and RW management plan. Without addressing this issue, the project remains vulnerable to political and environmental risks.
4. Human Resources Management as a Risk Factor: A shortage of qualified nuclear personnel (engineers, welders, inspectors) is one of the most pressing risks that can limit actual containment and compromise safety. Investments in training and development of in-house staff (HRD) should be prioritized over investments in physical equipment.
[bookmark: _Toc211594889]6.2. Recommendations for Preparation for Work
To successfully enter into a nuclear power plant construction project and minimize risks, the following set of preparatory actions is recommended:
1. Conducting an Independent Readiness Audit (Gap Analysis): A detailed expert audit must be initiated to compare the company 's current capabilities with IAEA (Milestone 2) requirements and vendor-specific requirements. This should cover all 19 infrastructure issues, with a focus on management, personnel, and procurement.
2. Acquiring Nuclear Certification (ISO 19443): Prioritizing the implementation and certification of a quality management system (QMS) to ISO 19443, as well as obtaining certifications for welding and non-destructive testing personnel (ISO 3834, ISO 9712). These certifications will enable the company to not only participate in the national project but also integrate into global supply chains as a "Plan B. "
3. Engaging Independent Expertise: During the tender documentation review and contract signing phase , it's essential to engage independent advisors and experts. They will help objectively assess technical requirements, legal risks, and liability, ensuring the protection of the company's interests.
4. Establishing Partnerships in HRD: Establish collaboration with national and international educational and research institutions (e.g., Vinča) to create targeted training and retraining programs. This will minimize the risks associated with skill shortages and ensure long-term business sustainability .
5. Developing Legal Protection ("Plan B"): Contracts should be formulated to clearly allocate risks (including geopolitical and sanctions) and ensure financial protection. Investments in competencies should be viewed as an asset that can be quickly redirected to other markets in the event of failure or delay of the primary project.
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