EU pre-assessment fiche for IPCEI candidates
 
IPCEI on Innovative Nuclear Technologies - Nuclear Fusion Energy Technologies
The objective of this fiche is to provide a preliminary assessment of whether an industrial policy initiative in a given area (be it a specific technology, value chain or sector) would be a suitable candidate for an IPCEI.
The questions aim at ensuring that an industrial strategy initiative by Member States in a given area is warranted, aligns with EU objectives and would meet the eligibility criteria set out in the IPCEI Communication.
The objective of the fiche is not to come up with a final decision as to whether launching an IPCEI in a given area, but to assess if it would be necessary to conduct more analytical work to design a potential IPCEI.    
General scope of the IPCEI on innovative nuclear technologies
The proposed IPCEI on innovative nuclear technologies would aim at enabling Member States to invest into innovative nuclear technologies, such as SMRs/AMRs, fusion technologies, radioisotopes production, along with their enabling activities. These technologies have the potential to address three key societal challenges, namely (i) climate neutrality, (ii) strategic autonomy and security of supply and (iii) a better health. 
For fission technologies, key activities include SMRs/AMRs but also enabling activities such as innovative fuels, uranium processing, waste management and decommissioning, and supply chain development. Regarding nuclear fusion, the focus extends to enabling technologies such as tritium breeding, high-temperature superconductivity, and advancement in both magnetic and alternative concept as inertial fusion reactor technologies. The non-energy applications activities focus on production of medical radioisotopes aiming for sustainable supply chain in Europe.
Based on the feedback received from Member States in the pre-assessment phase, and the definition of the notion of infrastructure shared by DG COMP, the proposed IPCEI on Nuclear technologies would mainly cover R&D&I and FID[footnoteRef:2] projects in line with point 22 to 24 of the IPCEI Communication, and would address these main societal challenges. [2:  Additional projects which would qualify as infrastructure projects according to the Commission terminology could be considered in the Design phase, provided they can contribute to the roadmap of the IPCEI.] 

Areas covered by the proposed IPCEI would include SMRs in the short-term, AMRs and nuclear fusion technologies in the medium to long-term. They would also include projects related to the fuel cycle, supply chains, and to the production of radioisotopes for medical purposes as a vital side-benefit of nuclear technologies. 
The identified work fields include at this stage (i) Innovative nuclear power generation (SMR/AMR) and enabling activities, (ii) Uranium Processing and associated fuel Services, Waste management & Decommissioning, (iii) Supply chain development, transformation and modernisation of industrial sites, (iv) Nuclear Fusion technologies, and (v) Production of radioisotopes for medical applications. Further work in the design phase will be needed to demonstrate the combination of both field-specific issues and possible intertwined technical challenges linked to the use of nuclear technologies. 
As such, such an IPCEI would help in catalysing public and private investments into nuclear innovation and in enhancing the EU's nuclear ecosystem integration.
	Overall description of the initiative

	Please describe the overall planned area of intervention and the intended possible nature of policy intervention/projects. This could be linked either to specific technology, a value chain or a sector / value chain.
 
In the next decades, nuclear fusion is expected to emerge as a new energy source playing an increasing role in the advancement of decarbonized energy production while combining the objective of energy independence and security. Specifically, the next decade will be crucial to overcoming the major technological challenges that currently hinder the industrial and commercial maturity of fusion power plants (FPPs) and to identify and validate innovative solutions that, by means of a potential IPCEI and related activities, will bring them from lower TRLs (TRL 3-4 for some fusion technologies, higher for others) up to a TRL maturity level of 8-9 and a full commercialization. Currently, the pace of progress varies across different countries, being more noticeable in China and the US where important fusion programmes are advancing the TRL of key fusion technologies, with associated relevant IP that is protected.
In 2006 the ITER agreement has been established for the construction of the Tokamak that should demonstrate the scientific and most of the related technologies to bring the expectation on magnetically confined fusion energy production to be considered as reasonably viable in this century. The experience gained by ITER design, construction, and overall operation will be essential towards the development of FPPs.
EU in this enterprise plays the most important role among the seven ITER partners. In 2008 Fusion for Energy European Agency (F4E) and in 2014 the EUROfusion Consortium have been established within the European Union, alongside with Ukraine, the United Kingdom and Switzerland, to foster EU leadership in the development of Fusion Energy. In 2024, in line with G7 statements, the IAEA World Fusion Energy Group was established, whose inaugural meeting was hosted by Italy. These initiatives in the European and global context aim to bring research to an industrial level and accelerate towards the commercialization of FPPs.
The construction of ITER and of other recent facilities have involved a large number of industries for the procurement of both highly specialized components, systems and services. For the next generation of fusion plants/installations, industry must move from the customer-supplier relationship, where customers just respond to the needs of the client, to a co-development, becoming a key player and increasingly working in synergy with research organizations, actively promoting the successful overcoming of the main challenges through innovation, optimizing and developing technologies related to, among others:
· Breeding blanket, tritium and fuel cycle. 
· Tokamak/stellarator/plasma heating technologies.
· High-Temperature superconductivity and applications.
· Divertor.
· Inertial confinement.
The proposed IPCEI on Nuclear Fusion Energy Technologies (NFET) aims to support European companies in developing and launching innovative projects for the technologies and critical FPPs components outlined above. This will foster the creation and reinforcement of technological and production capacities within Europe. Due to their high level of innovation needs, fusion energy projects require significant investments in both R&D and first industrial construction and deployments. An IPCEI framework would be instrumental in bridging the gap between research and industrial realisation for commercial applications, facilitating Europe’s leadership in this strategic energy sector. 

	

	Political and industrial policy objectives 

	This section aims at assessing the key policy objectives of the initiative from an economic, industrial and research objectives.

What is the problem that the initiative aims at solving? What is the “cause” of the intervention and why is it important? 
The EU's decarbonisation policy aims to achieve net zero emissions by 2050. All technologies currently available and those that will gradually become available between now and 2050 will have to contribute to achieving this objective.
In general, countries that are investing in developing fusion energy research programs, both worldwide and in the EU are fully aware of its potential advantages. Fusion energy will produce large amounts of energy from small quantities of fuel; it does not emit CO2 and greenhouse gases; it is inherently safe as it does not rely on a reaction chain, and the reactor automatically shuts down in presence of malfunctions; it has a low environmental impact and does not produce long-lived radioactive waste; it can produce dispatchable energy, being therefore suitable for meeting baseload electricity.
Two main confinement concepts are currently studied for fusion reactors: magnetic and inertial.
Outside of the EU, the world’s leading countries that are actively investing to accelerate the development of fusion energy technologies are China, Japan, the Republic of Korea (hereinafter South Korea), the Russian Federation, the United States and the United Kingdom (UK).
The United Kingdom published, in October 2021, a national fusion energy strategy with the goals of demonstrating the industrial feasibility of fusion by building a prototype of FPPs with an investment of up to £650 million by 2027 into Fusion Futures program, in addition to the £700 million already allocated for the 2022-2025 period.
The United States, during March 2022 White House Fusion Summit, announced through the Department of Energy (DoE) the launch a department-wide initiative to support the “Bold Decadal Vision for Commercial Fusion Energy” (BDV) and develop a decadal strategy for accelerating the viability of commercial fusion energy in partnership with the private sector. In June 2024 DoE unveiled the “Fusion Energy Strategy 2024”, organized around three main pillars: i) close technological gaps, ii) prepare path to commercial deployment, iii) build and leverage external partnerships. DoE also announced a 180 M$ funding initiative for Fusion Innovation Research Engine (FIRE) Collaboratives, with the goal of strengthening the fusion innovation ecosystem by forming teams aimed at bridging the Department’s Fusion Energy Sciences (FES) programme, targeting foundational and enabling science research and aligning with the needs of the growing fusion industry. Furthermore, the DoE Fusion Energy Strategy 2024 was complemented by the FES Building Bridges vision, a document which aims at guiding future DoE investments in fusion energy, research and development and demonstration.
In April 2023, Japan unveiled its Fusion Energy Innovation Strategy. Considering fusion energy as a new industry, Japan’s aim is to fully enter the burgeoning global fusion supply chain competition, accelerating the realization of fusion energy through a multifaceted approach including commercialization, in addition to the ITER Project and Broader Approach Agreement and DEMO development.
In July 2024, the South Korean government announced an investment initiative targeting the development of fusion reactor components and related infrastructure with a focus on public-private partnerships (PPPs). The initiative, which will mobilize about 800 M$ in new investments between 2026 and 2035, is aimed at securing a leading role for South Korean companies in the commercialization of fusion reactors.  
China began fusion research later than other countries but has then progressed rapidly thanks to it joining the ITER project. China's roadmap for magnetic fusion has the following short-term goals: 1) establish advanced platforms for high-performance and high-powered plasma physics research; 2) develop key technologies for the design of the China Fusion Engineering Testing Reactor (CFETR), a facility capable of generating electricity by self-producing the necessary tritium; and 3) design CFETR and complete its construction. Recently, the Experimental Advanced Superconducting Tokamak (EAST) has set a new record in terms of plasma stability. Furthermore, in preparation for CFETR, China is constructing an intermediate experiment called BEST (Burning-plasma Experimental Superconducting Tokamak), which is expected to be completed by 2030. 
Moreover, there is a global surge of companies and start-ups that are attracting interest in accelerating the development of fusion energy technologies and solutions. As of end 2024, the Fusion Industry Association surveyed 45 companies (of which six based in the EU) involved in fusion energy development, with a remarkable increase of more than 30 companies (+200%) with respect to 2014. The stated goal of these companies is to develop and construct FPPs capable of feeding electricity into the grid starting in the 2040s, ahead of the mid-century timeline envisioned by current public research programs. They have so far attracted over $7 billion in investments from both private and public entities, to investigate new approaches and to make available the necessary technologies such as superconducting magnets, tritium self-sufficiency, radiation resistant materials, and increase the overall efficiency and lifetime of the plants. 
The fusion start-ups, in particular those based in the US, are increasingly participating in PPPs, which are emerging as a strategic ways to accelerate technological development and promote innovation by combining research expertise with industrial know-how.
Europe has a long tradition of fusion research and development, and European industries have realised most of the key components of ITER reactor, through the European joint undertaking Fusion for Energy (F4E). In 2024 Euratom has launched a CSA-Coordination and Support Action, called “GO4FUSION- Strategic Alliance for Building European Fusion Energy Partnership” aiming at preparing the framework for the establishment of PPP in fusion development. However, the number of EU-based start-ups working on fusion (six out the aforementioned of forty-five) and financial resources invested ($0.3 Billion out of $7 Billion) may raise concerns about the EU’s ability to ensure future technology autonomy in this field. There is a need to further stimulate and promote EU industrial engagement and capacity-building through innovation to address the remaining technological gaps. The European value chain can thus increase its leadership and competitiveness in fusion technologies, reducing the risks of MS’ (Member States) dependence on fuels, components and technology imports. 
To overcome the challenges MS must invest collaboratively to develop a strong industry for fusion reactors in Europe. 
To what EU policy objectives will the initiative contribute? Does it have a significant impact on sustainable growth?
According to the European Green Deal adopted in 2020, the MS will need to pursue an effective energy transition pathway. The proposed IPCEI on NFET is fully in line with the EU plan for ensuring sustainable prosperity and competitiveness, and decarbonising EU economy, while placing R&I at its core to promote and enhance collaboration between research institutions, universities and industry. In the medium to long-term, fusion energy has the potential to have a major impact on sustainable growth, among other energy sources, given the main advantages summarized in section 2.1.
What are the industrial policy challenges to overcome in the area?
In order to close the still existing scientific and technological gaps, large amounts of investment are needed to scale up innovation, production capacity and develop key technologies for building FPPs. Private sector investments are hindered by high risks and financing challenges associated with critical infrastructure like testing facilities and pilot projects. 
To secure the EU’s position as a global leader in fusion energy development, key industrial policy challenges must be addressed, including fragmented R&D&I (Research and Development and Innovation) activities and significant development costs.
What types of research and development and innovation (RDI) or first industrial deployment activities (FID[footnoteRef:3]) need to be conducted? For RDI-activities, why would they be of major innovative nature or constitute an important added value in light of the state of the art? For FID activities, why do they allow for the development of a new product or service with high research and innovation content or the deployment of a fundamentally innovative production process? [3:  Regular upgrades without an innovative dimension of existing facilities and the development of newer versions of existing products do not qualify as first industrial deployment.] 

The development of FPPs will require both RDI and FID activities. In terms of RDI, the projects embody the results of research on the systems and individual components that have been ongoing worldwide for decades. To be able to produce them on an industrial scale for FPPs, they require the development of new technologies as well as the development of special management processes for tritium components not yet on the market, as well as to push high temperature superconducting materials beyond their current achievements. Moreover, FID activities will have to be conducted to build prototypes, validate technologies, optimize processes, realize test facilities for the off-line characterization of huge components and train technicians. The innovations will cover the entire value chain, from the requirements definition of reactors to new manufacturing processes for components and sub-systems.
Is the initiative related to an integrated infrastructure project in the environmental, energy, transport, health or digital sectors? If yes, please explain why it is of great importance for the respective EU strategies or why it will contribute significantly to the internal market.
To properly advance there is the need to develop EU integrated infrastructure projects to validate the most promising concepts and qualify industrial solutions and processes by means of shared facilities to overcome all major challenges towards first of a kind fusion reactor(s) and their commercialization phase. Specific integrated infrastructure projects could be identified further in the design process, based on MS’ feedback.

	

	EU Dimension

	This section aims at assessing the relevance of an intervention at EU level in the proposed area. 

What would be the EU value-added of an intervention in this area?
The proposed IPCEI on NFET will develop a cohesive ecosystem of industries, start-ups, research institutions and universities throughout the entire fusion energy value chain. As highlighted in the Draghi Report on “The future of European competitiveness”, this approach will promote systemic collaboration between stakeholders, across the EU MS, ensuring that innovations can move efficiently from research to market. It will improve the scalability of this technology and strengthen the EU’s leadership in the strategic sectors of fusion energy contributing to the decarbonisation of EU economy.
Which positive spill-over effects to the EU economy/society would the initiative deliver?
The proposed IPCEI on NFET is expected benefit the EU economy and society through advancing technological leadership, enhancing EU R&D capacity and knowledge sharing, job creation, enabling new industries and attracting investments, strengthening energy independency and security. These positive effects align closely with the EU's strategic and goals of sustainable growth and competitiveness across multiple sectors.
Would the initiative address or aim to prevent a significant EU strategic dependency? If yes, please describe which dependency and how the initiative addresses it.
The proposed IPCEI on NFET aims at securing the EU’s strategic autonomy in this emerging field, ensuring that EU companies would be able to compete in the development and production of components and of power plants. Examples of such key technologies are superconducting magnets, tritium breeding blankets, divertors, remote handling systems, structural, functional and optical materials, high-power lasers, digital-twin capabilities, etc. By promoting EU-based fusion energy-related facilities, with integrated supply chains, the initiative would minimize Europe’s reliance on imported key technologies for future FPPs.  Moreover, competitive energy production from FPP will also reduce the need to import natural gas used in combined-cycle plants with carbon capture and storage.

	

	Market Dimension

	The objective of this section is to assess whether there is a need for public intervention in the area. 

What are the important market, systemic failures, or societal challenges that the initiative will address? Why is public intervention necessary? 
The initiative would address four main causes of market failure related to: negative and positive externalities, coordination problems and imperfect information.

Negative externalities: 
· Inability to internalise supply chain disruption risks. The widespread availability of the raw materials for producing nuclear fusion fuels reduces the risks associated with sourcing and trading materials, as well as the geopolitical tensions tied to supply chains. In particular, deuterium may be directly attainable by seawater processing, while tritium, being bred by irradiating lithium due to plant self-sufficiency, request a relatively small amount of natural lithium compared to that typically traded within other lithium-relevant markets (batteries, defence, satellite sectors…), so minimizing sourcing and trading issues and concerns. Additionally, FPPs can be located in a broader range of locations compared to renewable energy sources, which are often constrained by natural conditions such as wind and high solar radiation sunlight[footnoteRef:4] to specific locations occupying very big areas. However, the development of a nuclear fusion fuel cycle will require important investments that cannot be solely born by emerging fusion companies. [4:  United States Government Accountability Office (2023), Fusion Energy: Potentially Transformative Technology Still Faces Fundamental Challenges. ] 

· Mitigation of pollution and waste generation. Fusion is potentially one of the most environmentally sustainable energy sources. It does not contribute to the buildup of greenhouse gases, and it does not generate long-lived radioactive waste, even if lower-risk waste management (e.g. tritiated waste or waste resulting from the activation of materials) must still be considered. Environmental externalities are not typically reflected in the energy prices, thus expected social benefits from fusion energy, in terms of avoided pollution and waste, are not accounted for today by companies investing in this technology. 
Positive externalities. Nuclear fusion represents an innovative approach to energy production with the potential for significant environmental and societal benefits. As a disruptive technology, it promises clean, abundant energy with primary applications in power generation. Beyond this, nuclear fusion could revolutionise multiple sectors, including advanced materials, medicine, manufacturing, and space exploration[footnoteRef:5]. In 2024, Fusion for Energy (F4E) and EUROfusion have partnered to launch the European Fusion Technology Marketplace, a joint platform to promote technology transfer from the field of fusion to other domains.[footnoteRef:6] However, the full realisation of these benefits may prove challenging for the companies involved, since external parties may gain from the innovations generated through these companies' R&D&I efforts without compensating them in full for their contributions. [5:  Spherical Insights. Global Nuclear Fusion Technology Market Insights Forecasts to 2033. ]  [6:  https://fusion-technology-transfer.europa.eu/] 

Some Member States of the EU may consider that the current regulation of fusion facilities in the EU would need to be standardized, considering this would support the competitiveness of the European fusion industry, reduce both time and costs in R&D activities, while limiting fragmentation. International R&D projects (e.g. ITER[footnoteRef:7]) are demonstrating that synergies can be created even in very complex initiatives and with long time horizons. The recent IAEA initiative[footnoteRef:8] addresses the need for a tailored regulatory framework for nuclear fusion energy, harmonized worldwide, and aims to facilitate common investment decisions on its technology and industrial development. This underscores the need to advance both EU and international efforts in nuclear fusion development. Support from the IPCEI can help streamline this process and avoid fragmentation, including through the definition of guidelines, fostering greater collaboration across borders and reducing the risks of lagging behind competitors. [7:  https://www.iter.org/ ]  [8:  IAEA Fusion Outlook 2024 https://doi.org/10.61092/iaea.es3t-vz6q] 

Information asymmetries. Experts and stakeholders have still different views on the timelines of fusion energy viability, as well as when it will attain commercial feasibility. This uncertainty, combined with insufficient information regarding the reliability, performance, cost-effectiveness, policy direction, safety and environmental impact of fusion energy, is undermining investors' willingness to commit to this emerging sector. This trend is evident in the European venture capital market, whereas on a global scale, the majority of venture-capital-backed companies in the nuclear fusion sector are based in the USA, followed by Asia and then EU[footnoteRef:9]. State support would be a valid tool to stimulate RDI initiatives for nuclear fusion energy production. [9:  Data from Pitchbook market analysis of the companies operating in the Nuclear Fusion subsegment show 23 companies having head-quarter in US, 9 in Asia, and 4 in EU, out of the 46 companies in the sample.] 

Is there an existing EU value chain in the area? 
The fusion energy sector is poised for unprecedented growth, creating unique supply chain demands that present significant opportunities for businesses across various industries. The EU has a rich ecosystem of companies involved in the development of fusion energy technologies (FETs) including manufacturers, service providers, engineering, procurement and system developers.
The world market is still limited due to the discontinuity of large-scale projects, and the long time required for planning and building relevant facilities, hampering the transition from laboratories - and science-driven to an industry-driven venture. 
The supply chain of FPPs will draw on established industries such as building construction, steel, mechanics, robotics and power electronics. It will also introduce specialized needs that require advanced technologies and expertise (such as high-powered magnets, laser components, high power flux components, advanced cooling, advanced materials, high-powered semiconductors, high-temperature superconductors, fusion fuel production and management, etc.).

The EU is developing a promising value chain for nuclear fusion, driven by significant investment and international collaboration[footnoteRef:10], primarily through initiatives such as the ITER project, related joint R&D programs under Euratom, EUROfusion and the European joint undertaking Fusion for Energy (F4E). From its establishment in 2008 to the end of 2023, F4E has awarded operational contracts for ITER procurements and grants for the related RDI to European industries and research entities for a total value of 7,4 B€.  These efforts are laying the foundation for a robust value chain that spans research, development, manufacturing, support services and higher education. European companies are already manufacturing critical and special components and are a primary source for the supply of software and specialist engineering[footnoteRef:11].  [10:  Research institutions like the UK Atomic Energy Authority, Germany’s Max Planck Institute for Plasma Physics, and the Culham Centre for Fusion Energy are advancing fusion science, with the EU as a key contributor to the ITER project, a global effort to develop fusion energy.]  [11:  Fusion Industry Association (2023), The fusion industry supply chain: opportunities and challenges.] 

Although the EU value chain for fusion is advancing, significant gaps and challenges remain, particularly in scaling up manufacturing capacity, securing consistent funding, and developing a skilled workforce. However, with strong political and financial commitment in supporting a supply chain, the EU industry could maximize the opportunity derived from fusion, estimated up to €7 billion annually[footnoteRef:12]. The EU is well-positioned to become a future leader in the global fusion energy market with the opportunity to sustain competition from international programs and private start-ups. [12:  Fusion Industry Association (2024), The global fusion industry in 2024. ] 

Nevertheless, this leadership is challenged by strong competition from well-funded international programs and private start-ups, which may displace the EU nascent value chain in this field.
Is there a pipeline of private projects in the area that needs de-risking/ financing? 
Upon a preliminary examination of research and innovation projects funded through programs like EURATOM[footnoteRef:13], indicate a scarcity of European private projects in nuclear fusion, due to the high costs and technological challenges associated with fusion energy. Further analysis is required to effectively benchmark these industrial projects.  [13:  Euratom Research and Training Programme - European Commission] 

Key areas for the development of nuclear fusion applications include[footnoteRef:14]:  [14:  https://fusionforenergy.europa.eu/] 

· Plasma Physics and Confinement: focusing on studies on plasma properties, confinement, stability and dynamics; the qualification of appropriated approaches to magnetic and inertial confinement techniques is needed, with encouragement of state-of-the-art diagnostics and simulation for advanced control and prediction. This includes, also:
· advanced HTS technologies to enhance the efficiency and performance of magnetic confinement.
· advanced plasma heating systems for effective and controlled fusion reactions.
· advanced control systems based on AI.
· Materials and components: 
· produce advanced materials and components within design codes and standards, including high-performance materials to withstand extreme conditions, (e.g. high-temperature superconducting magnets for efficient and powerful magnetic fields, divertor for power exhaust, first wall of plasma facing components) as well as components for peculiar plant operation able to operate inside high magnetic fields. 
· Testing facilities for the qualification of fusion materials and components.
· Energy conversion and reactor design: designing efficient systems to convert the intense heat generated during fusion into electricity and developing systems for remote maintenance, advanced cooling, and overall reactor integration.
· Fuel cycle and resource management: improve a cost-competitive tritium production, exploring alternative fuels for fusion and developing a secure and sustainable supply chain for fusion fuel critical resources. This includes tritium cycle management and lithium technologies for breeding blanket. This includes also the systems to transfer the gas exhausted from divertor to gas-processing system (i.e. pumping systems).
· Management of power and energy transfer from/to the grid to minimize the reactive power exchange and development of the related high power electronic systems. This also includes power system for heating systems and for active control systems.
· Innovation in supporting technologies: promoting the applications of AI, advanced simulations, digital twins and big data for reactor optimization, integrating high-speed communication systems for real-time management, and developing advanced manufacturing, robotics, and remote-handling systems for reactor components.
On which basis can individual projects be integrated in a common structure/roadmap or programme aiming at a coherent, systemic approach?  
The following EU-specific principles and frameworks could underpin each separate project so to reach a coherent approach in relation to Europe's strategic priorities, where:
i.	Implementation of European Strategic Objectives by supporting the strategic vision for Europe to become the first climate-neutral continent by 2050 through complementing related goals for both 2030 and 2040[footnoteRef:15]. [15:  Nuclear energy for a net zero world – Report IAEA 2021] 

ii.	European Collaborative Frameworks: 
· Public-Private Partnerships (PPPs): foster partnerships between national labs, European research consortia (e.g., EUROfusion), and private entities to ensure collaboration across the public and private sectors especially where private companies may be hesitant to invest alone due to high costs and risks. Implementing the outcomes of the EU report on: “Analysis on a strategic public-private partnership approach to foster innovation in fusion energy”.
· Intra-European Cooperation: encourage cooperation between MS through research and training programmes and national initiatives, while involving key stakeholders such as Fusion for Energy (F4E) and the European Commission (Fusion Expert Group, High-Level Roundtable on Fusion).
· Joint undertakings: leverage the industrial know-how of Fusion for Energy (F4E)
· Cross-Border Projects: emphasize projects that leverage Europe’s unique diversity of expertise and encourage partnerships between all the different stakeholders. 
iii.	Policy and Regulatory Support: define pathways toward a harmonized European regulatory framework, built on lessons learned from existing fusion facilities (e.g., JET, ITER) and on the ongoing work by the IAEA and other international partners.
iv.	Knowledge/Technology Transfer: universities, research institutions and industry need to collaboratively engage in R&D work to ensure smooth knowledge transfer along technical, contractual, and project management dimensions. However, a potential structure could have the following focus areas:
· Developing scalable, modular fusion reactor designs that can handle high particle and heat fluxes, plasma confinement, and power extraction and transfer to fuel cycle system. This includes the standardization of the manufacturing cycles and qualification of the most relevant components and sub-systems.
· Collaborating on the creation of advanced materials capable of withstanding extreme conditions in fusion reactors, such as radiation and high temperatures.
· Developing advanced superconducting cables and magnets to create the strong magnetic fields required to confine the plasma and maintain stable fusion reactions.
· Ensuring the efficient production, handling, and recycling of fusion fuel (especially tritium), lithium enrichment facilities and designing systems to manage fuel cycles, waste, and byproducts generated during fusion processes (Action 10 SET Plan).
· Test of plasma physics to improve the understanding of plasma behaviour, confinement, and stability within fusion reactors.
· Developing power electronic systems for management of energy and power and for real time control of plasma confinement and equilibrium.
· Developing systems for the production of targets and feeding systems for inertial confinement system.
· Ensuring reliable and high efficiency heating systems for magnetically confined plasmas.
v.	Infrastructure and Innovation Ecosystem: facilitate access to international (i.e. ITER) and Europe’s leading research facilities, such as the DTT and NBTF facilities in Italy, IFMIF-DONES in Spain, and MYRRHA in Belgium. Foster an innovation-friendly environment by supporting start-ups and SMEs through funding mechanisms (in synergy with the European Innovation Council and the European Institute of Innovation and Technology) that encourage cross-border collaboration and knowledge sharing. Additionally, strengthen and scale up Europe’s industrial supply chain for fusion, transitioning from project-specific manufacturing to large-scale production to meet future demands effectively.
vi.	Common Digital Platform: experts must collaborate from concept to end-of-life, fostering a fully inclusive European nuclear ecosystem. The vision includes creating a unique common digital space and platforms for real-scale deposition technologies, online quality control, offline characterization tools, and training programs. The federated, harmonized, and interoperable data repositories will aim to establish a trusted data space utilizing Big Data and AI to accelerate analysis, identify suitable solutions and ensure coherence and synergy between projects. Synergies could be developed with the EuroHPC-JU[footnoteRef:16] (European High-Performance Computing Joint Undertaking) or other relevant EU HPC infrastructures, e.g. for numerical simulations of plasma physics, multiphysics (nuclear, thermofluid-dynamic, structural and electro-magnetic) analysis of pivotal components, structural analysis of advanced materials, and for advancing nuclear fusion beyond the state of the art. [16:  https://eurohpc-ju.europa.eu/index_en ] 


How would the IPCEI help to leverage or trigger more private investments or financing from the market in the technology area concerned?
The IPCEI might strategically channel State aid to stimulate RDI efforts, accelerate the development of qualification facilities, supporting European companies in the development and industrialization of cutting-edge enabling technologies for fusion energy. By enhancing collaborative efforts and knowledge sharing, the IPCEI could unlock synergies across different applications and create new opportunities for its participants and provide strong positive signalling for the European industry, the investors, the private sector in general as well as the scientific community. 
The IPCEI’s funds, in particular, may:
· Help reduce negative externalities associated with current energy sources by supporting companies that invest in technologies and applications enabling nuclear fusion. 
· Facilitate the internalisation of positive externalities associated with the development of nuclear fusion technologies, by incentivising companies to invest in projects that would benefit themselves and contextually other companies across various sectors. 
· Effectively address coordination problems by contributing to the creation of a common investment decision framework and promoting the definition of a harmonized European regulatory framework, suited to the development of nuclear fusion energy.

	

	IPCEI value-added

	The objective of this section is to assess whether an IPCEI would be an efficient tool to intervene in the given area. 

Can the area be entirely supported by other EU and/or national policy interventions?
While other national policy or EU funding opportunities/programs, including Horizon Europe, already support funding for fusion energy related themes/technologies or innovative low-carbon technology research, these funding interventions do not address the whole large-scale and cross-sectoral needs of the proposed IPCEI initiative. The IPCEI approach offers a more focused and coordinated that ensure strategic alignment and collaborative investment across MS.
Can the area be supported by alternative funding tools, such as Horizon, DEP, CEF or other appropriate State aid instruments, such as CEEAG, RDIF, GBER?
The area under the proposed IPCEI can potentially benefit from alternative funding tools. Euratom plays an important role in supporting the development of the fusion industry within the European Union. From the alignment of Euratom with Horizon Europe, three key strands are funded: i) ITER project, ii) research activities distributed through EUROfusion to research centres - also on key enabling technologies, that are threated primarily from a scientific rather than engineering perspective, iii) the recently launched CSA with the objective to establish the European Fusion Industry Platform.
New potential opportunities for further fundings could be exploited under Horizon Europe (e.g. creating Co-Programmed European Partnerships - CPEP[footnoteRef:17]). [17:  EU Publication: “Analysis on a strategic public-private partnership approach to foster innovation in fusion energy”(https://op.europa.eu/en/publication-detail/-/publication/02823529-dc31-11ee-b9d9-01aa75ed71a1/language-en)
] 

The proposed IPCEI would complement the current fusion area initiatives and enable higher-TRL advancements in a cohesive way across the full innovation-to-commercialization pipeline.
Would an existing industrial alliance or the creation of an industrial alliance facilitate an EU ecosystem in the relevant area (e.g. market creation by regulatory requirements)?
Industrial alliances are designed to promote cooperation and joint action among all interested partners. Therefore, the newly created European Fusion Association (EFA) could support the creation of a European alliance on fusion technologies to serve as effective tools for implementing EU strategies in critical sectors. Indeed, EFA is designed to promote cooperation and joint action among all relevant stakeholders. By uniting key players, it aims to effectively support EU policy objectives, strengthen the resilience of European economies, enhance the global competitiveness of industries, and accelerate the transition to a carbon-neutral continent by 2050. EFA mission is to foster a robust EU ecosystem in fusion energy. 
What would be the specific benefits of the IPCEI tool in the given area?
The IPCEI instrument provides distinct advantages compared to other EU or national funding mechanisms, making it particularly effective to addressing critical technological challenges on the pathway to licensing and developing fusion reactors. IPCEI supports large-scale transnational collaboration, driving innovation and fostering economic and industry growth in EU fusion energy.
IPCEI framework allows for large-scale funding across multiple MSs, mobilizing public and private investments at a significant level to overcome high initial development costs and support technology deployment. Additionally, a high level of coordination with the IPCEI enables shared standards, safety objectives, and optimized resource use.
How will you ensure SME participation in the IPCEI ecosystem?
To ensure SME participation in the IPCEI ecosystem, MSs will implement targeted measures such as fostering inclusive collaboration opportunities, simplifying the permitting process, and providing targeted support. Active engagement will be encouraged through dedicated workshops, networking events, and partnerships with larger industry players to integrate SMEs into value chains. Additionally, communication channels will be established to keep SMEs informed about project developments and opportunities, ensuring their meaningful contribution to the innovation process.
It has to be evidenced that the European Fusion supply chain is largely based by SMEs that will be a key target for a IPCEI on Nuclear Fusion Energy.

	

	Next steps

	The objective of this section is to assess what additional analyses are required for deciding whether to continue working on an IPCEI in the given area. 
6.1. Based on the above, should the given area be further considered in-depth for a potential IPCEI?
Nuclear fusion should be further considered in-depth for a potential IPCEI, particularly considering the outlined benefits of the IPCEI instrument, the positive spill-over effects, and the substantial synergies that can be promoted between the industrial and R&D sectors. The IPCEI framework presents a unique opportunity to facilitate large-scale, transnational collaboration, driving innovation and enhancing the global competitiveness of European industry. 
Fusion energy technologies represent a strategic opportunity to strengthen the European Union’s leadership in clean energy innovation and ensure greater technological and industrial autonomy. The proposal for an IPCEI focusing on nuclear fusion technologies aligns with EU objectives and its priorities related to sustainability, economic growth, and energy security. Moreover, it addresses several market failures, including coordination challenges, information asymmetries, and the significant investments required to support research, scale up of the technologies and first industrial deployment.
6.2. What additional analyses/information would be needed to refine the assessment? 
Additional technical, economic, and regulatory investigations will be needed. It will be crucial to assess the technological maturity of the main enabling systems, with a view to advancing them up to the highest TRL levels, and to conduct a cost-benefit analysis highlighting both the investment needed and the potential economic and environmental benefits. In parallel, a deeper examination of Europe’s industrial landscape is required, mapping the companies engaged in the sector, evaluating potential vulnerabilities, and identifying opportunities for cross-border collaboration. All factors, including regulatory framework and policy measures to facilitate both public and private investments, that can support the safe commercial deployment of fusion should be scrutinized in a holistic approach by all concerned organisations. It is equally important to explore synergies with other European programs and instruments—such as Horizon Europe and Euratom—in order to coordinate research and development efforts effectively and expedite the move towards industrial applications. 
A feasibility study is desirable, one that includes direct consultations with major industrial players, the scientific community, and national authorities, with the aim of refining both the scope and the roadmap of any future IPCEI on fusion energy technologies.
Furthermore, during the design phase, interested Member States should seek to confirm the availability of projects and their ability and willingness to provide those with financial support on their national budget within the common timeline that will be approved between Member States for this IPCEI on innovative nuclear technologies. Member States should also confirm the eligibility of these projects given IPCEIs’ requirements in terms of intellectual and industrial property spillover and cross-border collaborations.


Annex: link with IPCEI Communication eligibility criteria

	Eligibility Criteria for IPCEI 
	
	Assessment in fiche

	3.1. Definition 
	
	

	Integrated project (§13)
	
	To be assessed later in design phase but some elements could be included in 4. Market dimension section (question 4.1)

	3.2 Common European Interest
	
	

	Contribution to EU objectives and strategies (§14)
	
	Section 2. Political and industrial strategy objectives (question 2.2)

	Overcoming important systemic or market failures, or societal challenges (§15)
	
	Section 2. Political and industrial policy objectives (question 4.1)

	Minimum 4 Member States (§16)
	
	To be assessed later in design phase but some elements could be included in 4. Market dimension section (question 4.1)

	Spill-overs to economy and society (§18)
	
	Section 3. EU dimension (question 3.2) 

	Co-financing by the beneficiaries (§19)
	
	To be assessed later in design phase but some elements could be included in 4. Market dimension section (question 4.1)

	Compatibility with DNSH (Is there an EU value chain to mobilise? (§20)
	
	To be assessed in design phase

	Addressing a clearly identified and significant strategic dependency (§21)
	
	Section 3 EU dimension (question 3.3)

	Major innovative nature, in the light of the state of the art in the sector (§22)
	
	Section 2. Political and industrial policy objectives (question 2.3)

	First industrial deployment (§23-24)
	
	Section 2. Political and industrial policy objectives (question 2.3)

	3.3 Importance of the project
	
	

	Importance of the project (§26)
	
	Section 2. Political and industrial policy objectives (question 2.1)
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