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[bookmark: _Toc210555173]I. Introduction: Analytical Context of Global Nuclear Supply Chains
[bookmark: _Toc210555174]1.1. Generation III+ Reactors Overview: Technology and Market Leaders
This analysis focuses on four leading Generation III+ large-block (GW-scale) light-water reactors (PWRs) that currently dominate the global export market and have European regulatory maturity: the APR-1400 (developed by Korea Hydro & Nuclear Power, KHNP), the AP1000 (Westinghouse), the HPR1000 (China National Nuclear Corporation, CNNC), and the EPR (Framatome/Électricité de France, EDF). All of these designs feature enhanced safety standards, including improved severe-accident protection systems and the use of passive systems, are designed for long operating lives of 60 years, and have high electrical power ratings in the 1100 to 1750 MWe range. 1
The purpose of this report is to identify how the geographic origin of the main vendor (Asia or Europe/USA) relates to the actual geography of production of key equipment (Nuclear Steam Generating Equipment, Instrumentation and Control Systems, Turbine Island), and what strategic risks (dependency, sanctions, timing) and opportunities (localization, diversification) this creates for potential customer countries, such as Serbia, which is negotiating with several global players. 5
[bookmark: _Toc210555175]1.2. The Importance of European Regulatory Legitimacy (EUR, GDA) and its Impact on Asian Vendors
European Utility Requirements (EUR) certification is a key standard confirming that a reactor design meets the most stringent European safety and performance requirements. Obtaining this certification has become critical for Asian vendors to expand into Central and Eastern European markets.
· APR-1400 (KHNP): The Korean design received EUR certification for its EU-APR project in 2017. 7 This allowed KHNP to actively participate in European tenders, for example in the Czech Republic. 6 The modifications approved by EUR included, in particular, the emergency cooling systems, demonstrating the adaptation of the design to European standards. 1
· HPR1000 (CNNC/CGN): The Chinese design has undergone the lengthy and rigorous UK Generic Design Assessment (GDA) process in the UK, completing it in 2022, and received EUR certification in 2020. 9 Leading European operators such as CEZ, EDF, Fortum, and Tractebel participated in the assessment process. 10 This confirms the technical viability of the Chinese design at a level recognized by European regulators, removing technological doubts, although not removing geopolitical restrictions.
· AP1000 (Westinghouse): The American design has also received EUR certification, with the latest version of the AP1000 approved in March 2023. 7 This regulatory approval is a major factor in its promotion in new European projects in Poland, Ukraine, and Bulgaria. 13
[bookmark: _Toc210555176]1.3. Diversification and Localization: Strategic Imperatives
For countries just beginning to develop their nuclear energy industries, key strategic imperatives include ensuring supplier diversification and maximizing localization of production. Localization (national content) helps reduce dependence on global supply chains, reduces currency risks, and fosters the development of national competencies. 14
Many vendors are actively pursuing memorandums of understanding (MOUs) with local European companies. For example, Westinghouse, as part of its proposal for the Czech Republic, committed to ensuring that at least 70% of the work would be performed by local companies. 15 Developing a regional supplier network (for example, in the Czech Republic and Bulgaria) is a direct response to this strategic requirement and helps mitigate risks associated with transatlantic or trans-Asian logistics and geopolitical chains. 16
[bookmark: _Toc210555177]II. APR-1400 (KHNP): A Korean Successful Model with Global Roots
[bookmark: _Toc210555178]2.1. Reference projects and proven effectiveness
The APR-1400 reactor, developed by KEPCO (Korea Electric Power Corporation), is an evolutionary Generation III reactor based on the earlier OPR-1000 design, incorporating elements of the American Combustion Engineering System 80+ design. 1 Currently, eight APR-1400 units are operating in South Korea (Shin Kori 3, 4 and Shin Hanul 1, 2) and four units are in commercial operation in the United Arab Emirates (UAE) at the Barakah station. 1
The KEPCO-operated Barakah project is often cited as one of the few large Gen III+ projects delivered on time and within budget. 6 This success, achieved in a country with no previous nuclear industry, demonstrates the high efficiency of the Korean construction model, based on standardization and strong centralized management by KEPCO. The efficiency of the Korean model stands in stark contrast to the widely publicized problems associated with long delays and significant cost overruns in the European (EPR) and American (AP1000) first-of-a-kind (FOAK) projects. 4
[bookmark: _Toc210555179]2.2. European Competences and Contributions (Strengths)
Although the APR-1400 is a product of the Korean nuclear industry, its roots and supply chain have significant European and American components.
· Technological Origin and I&C: The APR-1400 is based on American System 80+ technology. 1 Some believe that key technologies, including the instrumentation and control (I&C) systems, have licensed roots in Westinghouse technology. 20 This means that although KHNP has achieved a high level of autonomy, when entering export markets in Europe and the United States, interactions with Western suppliers or compliance with licensing agreements may remain necessary to secure regulatory and political approval.
· Critical Components (Pumps): The German concern KSB, a world leader in the production of pumping equipment, supplies the housings of the Main Circulation Pumps (MCP) for the APR-1400 reactors. 21 This circumstance demonstrates that even in projects that appear entirely Asian, reliance is maintained on highly specialized European industrial competencies in the field of heavy engineering, casting and forging for critical components of the NSSS.
[bookmark: _Toc210555180]2.3. Asian Competence and Independence (Control)
Korean industry exhibits a high degree of vertical integration and control over key production cycles.
· Heavy Equipment NSSS and BOP: Doosan Enerbility (Korea) is the primary manufacturer and supplier of key NSSS components (such as reactors and steam generators), as well as Turbine Island equipment (turbines and generators) for the APR-1400. This model, where production is concentrated in the hands of national leaders, ensures strict quality and delivery time control. This concentration is a significant competitive advantage for the Korean offering, but it also makes the entire supply chain potentially vulnerable to problems with a single large supplier.
· I&C Systems: In the adapted EU-APR design, the control and monitoring systems as well as the power supply systems are designed to meet specific European requirements (EUR) to ensure continuous and reliable power supply to equipment that must remain operational even during severe accidents. 23
[bookmark: _Toc210555181]III. AP1000 (Westinghouse): Global Design with a Focus on Central Europe
[bookmark: _Toc210555182]3.1. Reference projects: Contrasts in implementation
The AP1000, developed by Westinghouse Electric Company, is a Generation III+ reactor that utilizes passive safety systems to reduce complexity and cost. 2 AP1000 project implementation worldwide has shown significant variations depending on geography and EPC contract approach.
· Success in Asia: Four AP1000 units built in China (Sanmen 1 and 2, Haiyang 1 and 2) were successfully commissioned in 2018–2019. Westinghouse's Chinese partners have gained extensive experience in building and operating this technology, confirming the maturity of the design. 14
· Troubles in the US: The AP1000 projects in the US (Vogtle 3 and 4) have experienced unprecedented delays and cost overruns, due in part to project management issues, the complexity of the first-of-a-kind (FOAK) design, and the bankruptcy of Westinghouse in 2017. 19
Experience with AP1000 projects clearly demonstrates that the success of this technology depends not only on its innovative design but also on the effectiveness of the engineering and construction contractor (EPC). For new projects, such as in Poland, AP1000 will be deployed using a completed design and a list of qualified suppliers, which should minimize the risks inherent in FOAK projects .
[bookmark: _Toc210555183]3.2 Asian and American Supply Chain Competencies
The AP1000 supply chain is a hybrid, with key components manufactured in both the US and Asia.
· Key Components of NSSS (USA): Reactor Cooling Pumps (RCPs), critical to the primary circuit, are supplied by the American company Curtiss-Wright, which has received major contracts, including for Chinese units. 25
· Overall US Contribution: Westinghouse and its US suppliers (Celeros Flow Technology, Crane Nuclear, Emerson, Flowserve) are actively involved in promoting the AP1000, emphasizing the US origins of the technology. 26
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In response to European demands to reduce dependence on external supplies and ensure regional energy security, Westinghouse is implementing a strategy of deep localization.
· Strategic Deployment: The AP1000 has been selected as the basis for nuclear programs in Poland, Bulgaria, and Ukraine, and was also a bidder in the Czech Republic. 13 In Poland, Bechtel will serve as the EPC contractor, a key factor in the project's success. 27
· Localization and Partnerships: Westinghouse has entered into numerous memorandums of understanding with local European companies to establish a regional manufacturing base:
· Czech Republic: MOUs have been signed with seven Czech companies, including Královopolská (steel structures), Vítkovice (engineering), BC Prague (industrial valves), I&C Energo (I&C systems), and Sigma Group (pumps). 16 This active localization is expected to allow local companies to perform up to 70% of the work. 15
· Bulgaria: MOUs have been signed with five Bulgarian suppliers, including agreements for the production of instrumentation and control (I&C) systems and radiation monitoring systems for the Kozloduy project and other European sites. 17
This strategy positions AP1000 not simply as an American technology, but as a European technology managed by an American vendor, significantly reducing the risks associated with transatlantic supply chains and strengthening regional industrial competencies.
[bookmark: _Toc210555185]IV. CNNC HPR1000 (Hualong One): Asian Integrator with European Legitimacy
[bookmark: _Toc210555186]4.1 Design development and maturity of the industrial chain
The HPR1000 (Hualong One) is a Generation III PWR reactor developed by CNNC and CGN in China. The design combines active and passive safety systems, has 177 fuel assemblies, and a double containment structure. 3 The design leveraged 30 years of experience in the design and operation of Chinese nuclear power plants and incorporated the concepts behind the AP1000 and EPR. 9
· Maturity and Production: China's national nuclear program has reached a high level of maturity, with a "mature industrial chain." 3 China's first HPR1000 units (Fuqing-5/6, Fangchenggang-3/4) have entered commercial operation without any unplanned shutdowns during the start-up phase, demonstrating the high quality of execution. 9
· European Approval: Successful completion of the UK General Data Assessment (2022) and EUR certification (2020) confirm that the HPR1000 meets the highest global safety standards. 9 European legitimacy was achieved through the submission of over 10,000 pages of documentation and interaction with European regulators and utilities. 10
The successful achievement of European certification for the HPR1000 demonstrates not only its technical viability, but also the ability of Chinese vendors to achieve political and regulatory legitimacy in Western jurisdictions, which is a key factor for export projects.
[bookmark: _Toc210555187]4.2. Asian Control and Strategic European Cooperation
Despite its professed independence, HPR1000 also uses strategic partnerships with European companies to ensure the quality of critical components.
· Manufacturing Basis (Asia): Key components (RPV, NSSS) are manufactured within China's advanced industrial base. 3
· Industrial Bridge (Pumps): The SEC-KSB (Shanghai Electric-KSB) joint venture operates in China, producing reactor coolant pumps (RCPs) for Chinese reactors, including the HPR1000. This partnership with KSB (Germany) ensures compliance with international quality standards and technology. Thus, China leverages Western engineering expertise to manufacture critical equipment domestically while maintaining control over the production cycle in Asia.
· European Presence: CNNC is strategically expanding its presence in Europe by opening an office in Austria in 2022. This office is responsible for cooperation, equipment supplies, and nuclear technology in Europe (excluding Russia and Central Asia). 31 The establishment of a European hub demonstrates CNNC's long-term commitment to integrating into the European market, even in the face of political barriers that have led to the exclusion of Chinese companies from key tenders, for example, in the Czech Republic. 16
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[bookmark: _Toc210555189]5.1. Reference projects and problems of European construction
The EPR (Evolutionary Power Reactor), developed primarily by Framatome and Siemens (Germany), is a powerful Gen III+ PWR reactor. 4 Its implementation history demonstrates technological superiority amid significant design risks.
· Troubles in Europe: The European EPR projects at Olkiluoto-3 (Finland) and Flamanville-3 (France) have been plagued by significant delays (14 years and more than 10 years, respectively) and massive cost overruns. 4 EDF has acknowledged that one of the causes of these problems was poor coordination among multiple European suppliers. 32
· Success in Asia: Paradoxically, the first two EPR units were commissioned in Taishan, China. 4 The experience gained in Taishan reduced the time required to commission subsequent units, including Hinkley Point C. 34
This state of affairs indicates that the problems of EPR are not related to the technology itself (which is considered one of the safest), but rather to a crisis in the competence of EPC management and the coordination of a complex international supply chain in Europe.
[bookmark: _Toc210555190]5.2. European Competences: NSSS and Specialised Systems
EPR's supply chain relies on deeply integrated European high-tech companies.
· NSSS and Turbine Island: Framatome is traditionally responsible for the reactor island, and Siemens (which was the consortium partner for OL3) is responsible for the turbine island. 35
· I&C Systems (CCF Protection): The European EPR project demonstrates the highest level of attention to the independence and diversity of safety systems. Framatome's primary digital safety system is the TELEPERM XS. The backup (Diverse Actuation System, DAS) utilizes the analog, non-computerized UNICORN platform, developed by TechnicAtome and its subsidiary, ARCYS (France). 36 The use of a non-computerized system as a backup is a requirement of the UK regulator (ONR) and reflects best international practices in common cause failure (CCF) protection. This is a critical and unique European competence.
· Specialized Components: Spanish companies ENSA (manufacturing) and IDOM (engineering, risk analysis, radiation protection) are involved in the production of pressure vessels for the Hinkley Point C project in accordance with the French RCC-M code. 38
[bookmark: _Toc210555191]5.3. European Competences: Common Suppliers (Balance of Plant, BOP)
For the EPR, as with the AP1000, the Turbine Island Part (BOP) uses world leaders, although many of them are based in Asia or North America.
· Turbine Generators: Toshiba (Japan) and Mitsubishi Power (Japan) are the world's largest suppliers of turbine generators for Gen III+ reactors. 39 However, key European players such as GE Steam Power and Siemens also provide BOP diversification. 35
· Industrial Valves: European KSB (Germany) and Velan (Canada, with a strong presence in Europe and the US) are the main suppliers of nuclear valves and pumps that comply with stringent international codes such as ASME Section III. 41 Framatome maintains an extensive European supplier network. 43
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[bookmark: _Toc210555193]6.1. Analysis of the Geography of Competencies and Supply Chains Gen III+
Table 1 presents a synthesis of the competencies of key suppliers for the reactors under consideration.
Table 1. Competencies of European and Asian Companies in Critical Systems

	Critical System
	APR-1400 (KHNP)
	AP1000 (Westinghouse)
	HPR1000 (CNNC)
	EPR (Framatome)

	NSSS Lead Developer
	KHNP/KEPCO (Korea)
	Westinghouse (USA)
	CNNC/CGN (China)
	Framatome/EDF (France/Germany)

	Reference Objects ( Execution Risk)
	Low (Baraka, UAE) 18
	Average (Success in China, delays in the US) 19
	Low (China, Pakistan) 9
	High (Significant delays in Europe) 4

	Main Circulation Pumps (RCP)
	Korea, Cases: KSB (Germany) 21
	Curtiss-Wright (USA) 25 , Localization: Sigma Group (Czech Republic) 16
	SEC-KSB (China, joint venture with Germany) 30
	KSB (Germany), Velan (Canada) 41

	I&C Systems (Security)
	Korea (Rooted in Westinghouse) 20
	Westinghouse, Active Localization in the Czech Republic/Bulgaria 16
	China (National Development) 3
	Framatome (TELEPERM XS) and TechnicAtome/ARCYS (UNICORN, analog backup) 37

	Localization Strategy in Europe
	EUR-certified, but minimal direct integration into European production.
	Aggressive localization strategy (70% in the Czech Republic) 15 , creation of a regional hub.
	EUR/GDA certification, CNNC office in Austria 31 , but geopolitical barriers.
	Heritage, high dependence on French/German heavy industry.



[bookmark: _Toc210555194]6.2 Key Findings and Risk Assessment
6.2.1. Asian Vendors: Efficiency vs. Addiction
The APR-1400 and HPR1000 have demonstrated a strong ability to deliver projects in Asia on time and on budget, a key factor for developing nuclear programs. 6 However, while both designs have received European regulatory approval (EUR), supply chain analysis shows:
· APR-1400: Offers low project risk due to strong centralized Korean expertise, but retains Westinghouse's technological heritage, particularly in I&C. 20 When exporting to Europe, it is necessary to ensure that the European version of the EU-APR has a clear and independent supply chain for safety systems to avoid potential delays related to US export regulations, even if the Korean design already uses European components, such as KSB main circulation pump vessels. 21
· HPR1000: China's technological autonomy (mature industrial chain) 3 is supported by European certification, allowing it to compete for global markets. However, for many Central and Eastern European countries, the HPR1000 carries high geopolitical risk. The exclusion of Chinese companies from a tender in the Czech Republic 16 demonstrates that technical competence does not always overcome Western strategic concerns.
6.2.3. European and American Vendors: Technological Reliability versus Project Risk
· Westinghouse AP1000: High-tech design with passive systems. The company actively reduces international supply chain risks through a localization strategy. The active development of a regional manufacturing hub in Eastern Europe (Czech Republic, Bulgaria) for key components such as I&C systems , valves, and pumps positions the AP1000 as the most integrated Western design with European industry. This allows potential customers in the region to expect significant local involvement and reduced logistical risks associated with transcontinental deliveries.
· FRAMATOME EPR: Offers the highest degree of process security and the most sophisticated, reliable I&C architecture (with UNICORN analog redundancy). 37 However, the project is associated with the highest risk of construction inefficiencies and cost overruns, as confirmed by the experience of Finland and France. 4 Choosing EPR is a choice for maximum process security and deep European integration, but requires a strong financial and management cushion to cover project risks.
[bookmark: _Toc210555195]6.3. Integration of Global Technologies into the South-Eastern Europe Strategy
For countries just entering the nuclear energy industry, strategic reactor selection must consider not only its technical characteristics but also the vendor's ability to adapt its supply chain to regional political and economic conditions.
1. Balanced Position: Choosing AP1000 or APR-1400 (EU-APR), both EUR-certified, allows access to proven technologies with an Asian/American core that can provide the necessary balance of technologies within a multi-vector energy strategy. 6
2. Regional Collaboration: Westinghouse's strategy to establish a regional manufacturing base in Central and Eastern Europe (Czech Republic, Poland, Bulgaria) sets a precedent for deep involvement of local engineering and manufacturing companies, which is crucial for ensuring national competence and reducing dependence on the EPC contractor. 15
[bookmark: _Toc210555196]VII. EXECUTIVE SUMMARY
A comparative analysis of the four leading Gen III+ designs shows that they all use globalized supply chains in which European and Asian/American competencies are closely intertwined, particularly in the area of highly specialized components.
· The KHNP APR-1400 stands out as the lowest-risk model, thanks to Korea's proven ability to effectively manage projects (Baraka). However , its technological foundation includes European-made components (KSB) and American-licensed heritage (Westinghouse I&C).
· The Westinghouse AP1000 represents a design with the best prospects for regional integration in Central and Eastern Europe. Aggressive localization efforts, including MOUs with regional suppliers for I&C, valves, and pumps in the Czech Republic and Bulgaria, position it as a project that can maximize national ownership and diversify the regional supply chain .
· The CNNC HPR1000 offers technological maturity and performance confirmed by European certification, but its deployment in strategically sensitive European jurisdictions faces significant political constraints.
· FRAMATOME EPR offers the highest degree of technological security, backed by unique European competencies (e.g. the UNICORN analogue backup I&C system), but is associated with the highest risk of delay and cost, making it the least predictable in terms of construction schedule. 37
Thus, for a project focused on stability, European regulatory compatibility and high localization potential in the South-Eastern European region, the most balanced choice is the AP1000 and APR-1400.
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