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[bookmark: _Toc210555714]1. INTRODUCTION AND STRATEGIC CONTEXT
[bookmark: _Toc210555715]1.1 Overview of the WWER-1200 (Generation III+) program and the role of international suppliers
The VVER-1200 (AES-2006) reactor design represents a key development by Rosatom State Corporation in the Gen III+ reactor segment. This reactor type features increased electrical power (approximately 1200 MW), an extended service life of up to 60 years, and incorporates a comprehensive suite of active and passive safety systems capable of withstanding external impacts such as earthquakes and aircraft crashes. The VVER-1200 is Russia's primary export offering, implemented through the EPC (Engineering, Procurement, and Construction) and Build-Own-Operate (BOO) models .
Although Rosatom positions itself as a comprehensive supplier capable of providing the entire production cycle, a detailed analysis of the construction of the reference and export units reveals significant integration of critical and high-tech European components. European participation was not limited to auxiliary equipment but included nuclear safety systems and components crucial to the plant's efficiency.
The objective of this expert report is to provide a comprehensive analysis and cataloguing of European companies and technologies involved in four key VVER-1200 projects:
1. Novovoronezh NPP-2 (NVNPP-2, Units 1 and 2) is the world's first Gen III+ reactor. 1
2. Leningrad NPP-2 (LNPP-2, Units 1 and 2) – serial Russian construction. 4
3. Rooppur Nuclear Power Plant (Bangladesh) is an export EPC project.
4. Akkuyu Nuclear Power Plant (Turkey) is the largest BOO project. 3
[bookmark: _Toc210555716]1.2. Methodology and focus of analysis
The analysis focuses on verified supplies of key equipment and services that ensure safety, efficiency, or are part of the plant's critical industrial balance. The report is presented in a technical and formal style typical of industry research and is intended for specialists involved in supply chain intelligence.
[bookmark: _Toc210555717]2. ANALYSIS OF WWER-1200 PROJECTS IN RUSSIA (NVNPP-2 and LNPP-2)
NVNPP-2 and LNPP-2 serve as reference facilities for all subsequent VVER-1200 export projects. Their construction demonstrated a willingness to integrate Western technologies to achieve compliance with international standards, including European Utility Requirements (EUR) .
[bookmark: _Toc210555718]2.1. Novovoronezh NPP-2 (NVNPP-2)
NVNPP-2, Unit 1, was the world's first Gen III+ reactor, commissioned into commercial operation in 2017. 1
2.1.1. Critical safety systems (CSI)
The most strategically important European contribution to the construction of NVNPP-2 was the delivery of the critical control and protection system.



	Company (Country)
	Supplied Equipment/System
	Nature of Contribution/Service
	Sources

	AREVA NP (France/Germany)
	Digital Reactor Protection System (DRPS) based on the TELEPERM XS platform
	Supply and integration of the instrumentation and control (I&C) system for the nuclear island.
	8



The DRPS is a Class 1 (critical safety) component and is responsible for monitoring process parameters, initiating protective actions such as reactor trip system (RTS), and activating safety systems. 11 The selection of AREVA NP, a major European/Western supplier, for this system at the Russian reference unit had profound strategic implications. Not only did it confirm the “positive experience” of cooperation with Rosatom in the field of I&C 9 , but it also served as an implicit tool International certification and increased export appeal of the VVER-1200. Using a globally recognized Western I&C platform like TELEPERM XS allowed us to demonstrate our commitment to high international safety standards to external regulators and potential foreign clients, significantly simplifying the licensing process in export markets . This approach is further evidenced by the fact that AREVA NP has already supplied digital reactor protection systems for new projects in China and Slovakia.
2.1.2. Auxiliary equipment and fittings
European manufacturers of auxiliary equipment necessary for the reliable operation of both the nuclear and non-nuclear islands made a significant contribution to the NPP-2 project.

	Company (Country)
	Supplied Equipment/System
	Nature of Contribution/Service
	Sources

	ARAKO (Czech Republic)
	Nuclear valves, sealed cable entries, pumps, electric drives, laboratory equipment
	Supply of a wide range of shut-off and control valves. Total supply volume from the Czech Republic from 2003 to 2017 exceeded CZK 1.4 billion.
	10

	Tognum / MTU Onsite Energy (Germany)
	Emergency diesel generator sets (DGS)
	Supply of critical backup power systems. The subcontract value was $37 million.
	10



The supply of emergency diesel generators by German manufacturer MTU Onsite Energy underlines the importance of European technology for critical active safety systems that must provide backup power in the event of a complete power outage (Station Blackout), a mandatory requirement following the Fukushima events. 11
[bookmark: _Toc210555719]2.2. Leningrad NPP-2 (LNPP-2)
Leningrad NPP-2 is the second Russian site to utilize VVER-1200 reactors (AES-2006). 4 It also demonstrates the consistent use of Czech specialized components.

	Company (Country)
	Supplied Equipment/System
	Nature of Contribution/Service
	Sources

	ARAKO (Czech Republic)
	Nuclear valves and shut-off and control valves
	Delivery of more than 1,500 valves for Leningrad NPP-2. 12
	12


ARAKO's participation in both Russian reference projects (NVNPP-2 and LNPP-2) demonstrates Rosatom's strong demand for high-quality, specialized engineering equipment manufactured in Central European countries. Czech industry, with a long history of working with VVER technology (for example, the production of VVER-440 and VVER-1000 reactors by ŠKODA JS 14 ), maintains unique expertise in the production of components critical to the non-nuclear island and auxiliary systems for the nuclear island, such as valves and cable entries. This historically determined collaboration has long remained an important element of the Russian supply chain.
[bookmark: _Toc210555720]3. ANALYSIS OF WWER-1200 EXPORT PROJECTS (AKKUYU and RUPPUR)
Export projects, especially those implemented using the BOO model, demonstrate maximum readiness to attract the best global, including European, suppliers to ensure reliability and cost effectiveness.
[bookmark: _Toc210555721]3.1. Akkuyu Nuclear Power Plant (Türkiye)
The Akkuyu NPP project (four VVER-1200 units) is the largest BOO project in the global nuclear energy industry. 3 The project is financed by the Russian side, but its structure, according to early documents, provided for the possibility of using export credits for European suppliers, covering up to 85% of the equipment cost. 16
3.1.1. Main turbine equipment (Second circuit)
For the second circuit (turbine island), which is critical for power generation and the payback of the BOO project, advanced Western technology was chosen.

	Company (Country)
	Supplied Equipment/System
	Nature of Contribution/Service
	Sources

	GE Steam Power (France/USA) (through joint venture AAEM LLC)
	Arabelle steam turbine (half speed)
	Production of high- and intermediate-pressure cylinder rotors, stators, and turbogenerator rotors. The equipment was manufactured at the GE plant in France.
	17



The Arabelle turbine, developed by Alstom (whose power division was acquired by GE), is one of the most powerful in its class (up to 1900 MW) and offers high efficiency, durability, and extended maintenance intervals. 17 The choice of this technology, which was also proposed for other VVER-1200 export projects (such as the Baltic NPP and Hanhikivi NPP) , 6 confirms that in projects where Rosatom bears direct financial responsibility and manages the operation, preference is given to global leaders in non-nuclear engineering to achieve maximum economic performance.
3.1.2. Engineering control and consulting

	Company (Country)
	Supplied Equipment/System
	Nature of Contribution/Service
	Sources

	Assystem (France)
	Engineering supervision
	Independent technical control of construction works at the Akkuyu NPP site.
	17



The involvement of a major international engineering group, Assystem, operating in 17 countries 17 , for independent technical control underlines the project’s commitment to ensuring compliance with international quality and safety standards.
3.1.3. Wide range of auxiliary equipment (BoP)
The extensive geographic diversification of Balance of Plant (BoP) suppliers for the Akkuyu NPP is particularly noteworthy. Orders for pumps, heat exchangers, electrical equipment, and other auxiliary equipment were placed in five European countries .

	Country (Europe)
	Equipment Category
	Sources

	Czech Republic
	Pumping, heat exchange, electrical and auxiliary equipment
	17

	Hungary
	Pumping, heat exchange, electrical and auxiliary equipment
	17

	Italy
	Pumping, heat exchange, electrical and auxiliary equipment
	17

	Spain
	Pumping, heat exchange, electrical and auxiliary equipment
	17

	Poland
	Pumping, heat exchange, electrical and auxiliary equipment
	17



The distributed procurement strategy, encompassing such a wide range of EU countries, was likely motivated not only by risk mitigation but also by structural needs related to financial instruments. The possibility of using export credits tied to deliveries from specific OECD/EU member countries served as a powerful financial incentive for European companies to participate in the Russian project, integrating their industrial base into the VVER-1200 supply chain.


[bookmark: _Toc210555722]3.2. Rooppur Nuclear Power Plant (Bangladesh)
The Rooppur NPP is a classic export EPC project. Although the reactor island's core equipment is supplied from Russia , international European brands were brought in to ensure the high quality of the industrial systems.

	Company (Country)
	Supplied Equipment/System
	Nature of Contribution/Service
	Sources

	ABB (Europe/Switzerland)
	Electrical components (switches and sockets)
	Supply of high quality standardized industrial electrical equipment.
	21

	Schneider (France)
	Electrical components (switches and sockets)
	Supply of high quality standardized industrial electrical equipment.
	21

	Legrand (France)
	Electrical components (switches and sockets)
	Supply of high quality standardized industrial electrical equipment.
	21

	System Air (Europe/Germany)
	Electrical components and presumably ventilation systems
	Supply of high quality standardized industrial equipment.
	21

	DWT (Germany)
	Pipe cutting machines
	Supply of equipment for construction and installation works.
	21



The involvement of these world-renowned European brands in the supply of even standard electrical components necessary for the plant's balance sheet confirms the stringent quality and reliability requirements for nuclear power plant infrastructure. The use of European components in export projects also indirectly enhances the project's reputation, confirming compliance with high international industrial standards .
[bookmark: _Toc210555723]4. SUMMARY ANALYSIS OF EUROPEAN DELIVERIES (MASTER TABLE)
Table 1 presents a summary list of European companies involved in VVER-1200 projects.
Table 1: European suppliers in WWER-1200 projects

	Company (Country)
	Project(s) VVER-1200
	Equipment/System (Criticality Class)
	Nature of Contribution/Service

	AREVA NP (France/Germany)
	NVNPP-2 (Unit 1)
	Digital Reactor Protection System (DRPS) TELEPERM XS (Critical Safety, Class 1)
	Supply and integration of I&C system for nuclear island. 8

	GE Steam Power (France)
	Akkuyu Nuclear Power Plant (Unit 1)
	Arabelle Steam Turbine (Rotors, Stators) (High Efficiency)
	Production and supply of high-efficiency turbine equipment. 17

	ARAKO (Czech Republic)
	NVNPP-2, LNPP-2
	Nuclear Valves and Shut-off and Control Valves (Specialized BoP/NI)
	Supply of over 1,500 units of fittings, pumps and cable glands. 10

	Tognum / MTU Onsite Energy (Germany)
	NVNPP-2
	Emergency diesel generator sets (DGS) (Safety system)
	Supply of critical backup power systems. 10

	Assystem (France)
	Akkuyu Nuclear Power Plant
	Engineering supervision (Services)
	Independent technical control of construction works. 17

	ABB (Europe/Switzerland)
	Rooppur Nuclear Power Plant
	Electrical components (BoP)
	Supply of standardized industrial electrical equipment. 21

	Schneider (France)
	Rooppur Nuclear Power Plant
	Electrical components (BoP)
	Supply of standardized industrial electrical equipment. 21

	Legrand (France)
	Rooppur Nuclear Power Plant
	Electrical components (BoP)
	Supply of standardized industrial electrical equipment. 21

	System Air (Europe)
	Rooppur Nuclear Power Plant
	Electrical Equipment/Ventilation (BoP)
	Supply of standardized industrial equipment. 21

	DWT (Germany)
	Rooppur Nuclear Power Plant
	Pipe cutting machines (Construction equipment)
	Supply of equipment for installation works. 21

	European Manufacturers (Czech Republic, Hungary, Italy, Spain, Poland)
	Akkuyu Nuclear Power Plant
	Pumping, heat exchange, electrical and auxiliary equipment (BoP)
	Supply of auxiliary equipment through international contracts. 17



[bookmark: _Toc210555724]5. THEMATIC ANALYSIS OF EUROPEAN DEPENDENCY AND TECHNOLOGICAL CRITICALITY
A detailed study of the VVER-1200 supply structure demonstrates that, until recently, Russian projects were technologically integrated with European industry in three key areas: safety systems, high-performance turbine equipment, and specialized VVER engineering.
[bookmark: _Toc210555725]5.1 Critical participation in control and management (I&C) systems
The delivery of AREVA NP's TELEPERM XS digital reactor protection system to Unit 1 of Novovoronezh NPP-2 demonstrates Russia's commitment to using Western technologies to confirm the highest level of safety for Gen III+ reactors. The DRPS system is the foundation of nuclear safety, and choosing a proven European platform was a strategic move aimed at gaining international recognition, facilitating export efforts. AREVA NP has successfully completed a number of modernization projects in Russia, Hungary, Slovakia , and Finland, positioning it well for new Russian projects.
However, such reliance on a European I&C platform for a critical component creates significant operational risk. If cooperation or spare parts supplies are disrupted, maintenance, modernization, and possibly deployment of this system at subsequent units (LNPP-2, Ruppur, and Akkuyu) after 2022 would require activating Russian backup systems or finding complex reengineering and certification options for domestic alternatives.
[bookmark: _Toc210555726]5.2 Diversification of turbine technology to improve efficiency
The VVER-1200 reactor is offered with two main turbine options: a Russian full-speed turbine (LMZ/Power Machines), used at domestic sites, and a highly efficient European half-speed turbine, the Alstom Arabelle . 6
Akkuyu NPP project in Turkey is a prime example of how economic priorities within the Build-Own-Operate (BOO) model dictated the use of the best global technologies. Since under the BOO model, the Russian side is directly responsible for operation, power generation, and, consequently, the project's payback, metrics such as capacity factor and efficiency become critical. The Arabelle turbine, renowned for its power output and 60-year service life , was chosen specifically to maximize these economic metrics, even if this required the creation of complex joint ventures (AAEM LLC) and the use of offshore manufacturing facilities.
[bookmark: _Toc210555727]5.3. Financial mechanisms and geography of auxiliary supplies
The extensive involvement of BoP suppliers (BoPs) from five EU countries (Hungary, the Czech Republic, Italy, Spain, and Poland) for the Akkuyu 17 NPP was not accidental, but likely structurally determined. The financing structure of the Akkuyu project initially allowed for the possibility of using Export credit provided by European countries to support their industrial suppliers. 16 This mechanism, which allowed for a significant portion of the equipment cost to be covered (up to 85%), served as a powerful financial lever for attracting European industrial capital and high-quality products to the Russian project. Thus, until recently, Russian nuclear projects not only relied on European technology but were also integrated into the European financial ecosystem.
[bookmark: _Toc210555728]5.4. Maintaining specialized VVER competence in the Czech Republic
The Czech company ARAKO's repeated contracts for the supply of over 1,500 valves for Leningrad NPP-2 and fittings for Novovoronezh NPP-2 (10) underscore the continued unique, historically developed specialized expertise in Central Europe, which remains in demand for the maintenance and construction of VVER reactors. This knowledge, accumulated since the Soviet era, particularly in the Czech Republic (with its experience in, among other things, the production of VVER-440 and VVER-1000 reactors (14 )), has been indispensable for the supply of specialized components such as nuclear valves and sealed cable entries.
[bookmark: _Toc210555729]6. CONCLUSIONS AND STRATEGIC IMPLICATIONS
An analysis of the supply structure for four key VVER-1200 projects—NVNPP-2, LNPP-2, Ruppur NPP, and Akkuyu NPP—demonstrates the deep and multi-layered integration of European companies into the technological base of Russian Gen III+ reactors.
1. Critical technology dependence: Until 2022, there was a clear dependence on European suppliers in two strategically important segments:
· Safety Systems (I&C): Use of the TELEPERM XS platform from AREVA NP for the reactor protection system at the Novovoronezh NPP-2 reference unit. This integration was key to achieving international recognition for the VVER-1200.
· Energy Efficiency: Selecting a High-Performance Arabelle Turbine (France) for the Critical-to-RoI Akkuyu BOO Project.
2. Structural involvement of European industry: Cooperation was broad and geographically diversified. Auxiliary equipment for Akkuyu was ordered from Hungary, the Czech Republic, Italy, Spain, and Poland. Specialized components , such as valves, were consistently supplied by the Czech company ARAKO to domestic Russian projects.
3. Increased export attractiveness: The involvement of renowned European brands (ABB, Schneider, Legrand) for the balance of plant (BoP) in projects like the Rooppur NPP indirectly confirmed the high quality of the industrial standards used. 21
4. Paradigm Shift in the Supply Chain: Historical cooperation with European suppliers has created long-term vulnerabilities, particularly with regard to the maintenance and modernization of I&C systems and high-tech turbine equipment. Following the changing geopolitical landscape, there has likely been an accelerated shift toward import substitution or the use of alternative supply channels through non-EU jurisdictions such as Turkey or Serbia, where, according to other analyses, consulting and logistics hubs are being established. 22 This forced restructuring requires a separate assessment of its impact on the safety and cost-effectiveness of the VVER-1200 export units under construction.
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