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Introduction

For the purpose of this talk, a strategy defines the goal(s) to be achieved and outlines the actions to achieve 
them. A roadmap is a more detailed, resource-loaded plan to achieve the strategic goals.

CN, EU, JA, UK and US have the 5 main fusion development programs in the world, and they all have a 
strategy and/or a roadmap to develop fusion energy. Summarising each of these programmes with 2 slides is 
rather challenging…

There is an increased political support worldwide for fusion in individual countries, but also in international 
fora, in particular the IAEA Fusion Energy Group and the G7 Working Group on fusion, both of which had their 
first meeting at the end of 2024.

This increased support, together with the proliferation of fusion startups and the massive injection of private 
capitals the last few years, translate an epochal change in the development of fusion energy.

Could or should the IEA strengthen its role in the development of fusion energy?
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US (1 of 2)

17/03/2022, White House summit: Decadal Vision for Commercial Fusion Energy.

6/06/2024, White House summit: DOE Fusion Energy Strategy and its vision for its Fusion Energy Science 
Program (‘Building Bridges’), kick-start PPP with 8 companies to advance designs and research and 
development for private-sector-led fusion pilot plants (46MUSD for the first 18 months of a 5-year program).

4

DOE-wide Fusion Energy Strategy 2024 supports the BDV and is 
organized around three pillars
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Thanks to Dr Scott C. Hsu (DOE)
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Pillar 1 of the DOE fusion strategy is underpinned by Building Bridges, 
a new vision for the SC FES program

• Develop national Fusion S&T Roadmap aligned with 
industry
– “How” and “when” of closing S&T gaps to industry-led, 

government-enabled FPP(s)
• FIRE Collaboratives (FOA)

– Bridges foundational S&T research with technology 
development of the U.S. fusion industry

• Proposed “Public-Private Consortium Framework” 
(PPCF) (RFI) anchored by regional hubs
– Catalyze state/local-government, private, and 

philanthropic funding and partnerships
– Possible initial goals of delivering small-to-medium 

scale R&D test facilities and stimulating fusion supply 
chains

– Complements FIRE and Milestone Programs

A blue and white cover with white text
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Pillar 1 is supported primarily by “building 
bridges”:
(1) develop a roadmap (to be released in 2025)

(2) FIRE (funding of fusion S&T grants, launched)

(3) PP Consortium Framework, e.g. ARPA-E
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US – Takeaways (2 of 2)

Key assumption is that first fusion pilot plant will be built by private sector.

DOE needs to refocus R&D on low TRL technologies and let industry take responsibility for higher TRL 
technologies. Plasma physics still important, but need to shift emphasis from physics to engineering.

Cost of first pilot plant likely to be too high to be financed only by private sector. Need to develop adequate 
concepts to provide public subsidies.

Fusion in the US is following the same path as aerospace: yesterday NASA; today space -X, Blue Origin, and 
ULA (United Launch Alliance).

The strategy is clear and relies strongly on the private sector – typical US. It has worked for space, why not for 
fusion (provided the public financial support is adequate)?

https://www.whitehouse.gov/ostp/news-updates/2022/03/15/fact-sheet-developing-a-bold-vision-for-commercial-fusion-energy/

https://www.energy.gov/sites/default/files/2024-06/fusion-energy-strategy-2024.pdf

https://www.energy.gov/sites/default/files/2024-06/fes-building-bridges-vision.pdf

https://www.whitehouse.gov/ostp/news-updates/2022/03/15/fact-sheet-developing-a-bold-vision-for-commercial-fusion-energy/
https://www.energy.gov/sites/default/files/2024-06/fusion-energy-strategy-2024.pdf
https://www.energy.gov/sites/default/files/2024-06/fes-building-bridges-vision.pdf
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Industry

I consulted Fusion Industry Associates (FIA) to ask about their “strategic views”. Other industrial 
associations (EFA, EUBFA, J-Council) are younger and with limited membership, I did not consult them.

FIA members are mostly from the US, and FIA’s views are well aligned with the DOE strategy:

§ Support public research (1) to close open S&T gaps common across industry – in particular fuel cycle 
and materials, (2) for building the test stands necessary for a research program.

§ Ask for a risk-appropriate regulatory regime fully and permanently separated from nuclear fission. 
Ideally, it will also be globally harmonized.

§ The public will have to be supportive of the mass deployment of fusion ☞ needs for a significant 
education and outreach program that informs about fusion.

§ Advocate public support to private industry to build the (first) fusion pilot plants.

Takeaway

§ FIA views well aligned with US-DOE strategy.
§ The assumption that the first FPP will be built by private industry is probably not shared by all 

industries outside the US (in particular in the EU).
Thanks to Andrew Holland (CEO of FIA)
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UK (1 of 2)
UK fusion development strategy issued in Oct. 2023 (update of 2021 strategy).

Objectives for UK fusion

For the UK to demonstrate the commercial viability of fusion by building a prototype 
fusion power plant in the UK that delivers net energy.

For the UK to build a world-leading fusion industry that supports different fusion 
technologies and is capable of exporting fusion technology in subsequent decades.

Towards Fusion Energy 2023 
The next stage of the UK’s fusion energy 
strategy 

October 2023 

5 

Executive summary 
In 2021 the UK published its first fusion energy strategy. This set out a vision for UK fusion that 
focussed not just on the UK’s unique scientific and technical expertise, but on commercialising 
that technology by developing a thriving UK fusion sector and collaborating internationally. 

Over the last 2 years we have made significant progress. We are passing legislation to create 
a regulatory environment for fusion that ensures the safety of the public whilst encouraging and 
enabling innovation and investment. The concept design phase of our flagship fusion 
programme, the Spherical Tokamak for Energy Production (STEP) is well advanced. We’ve 
delivered a £50m Fusion Industry Programme and developed new technical and scientific 
capabilities. 

The objective of all these interventions has always been to stimulate the development of a 
thriving UK fusion sector and importantly, the supply chain to service it. 

Objectives for UK fusion 

For the UK to demonstrate the commercial viability of fusion by building a prototype 
fusion power plant in the UK that delivers net energy. 

For the UK to build a world-leading fusion industry that supports different fusion 
technologies and is capable of exporting fusion technology in subsequent decades. 

The context in which these interventions operate has continued to evolve rapidly over the last 2 
years. We have seen considerable investment into a growing number of private sector fusion 
companies worldwide, often with ambitious timescales and a wide range of technical 
approaches. At the same time, we’ve seen increased competition for skilled resource and a 
tightening of the global investment market. 

Figure 1 - The three pillars of the UK's Fusion Strategy 

INTERNATIONAL  SCIENTIFIC AND TECHNICAL  COMMERCIAL 

This updated strategy retains the three core pillars of international collaboration, scientific 
and technical expertise and commercialisation that were set out in the original strategy. It 
builds on the successes of the last 2 years and goes further, creating a new Fusion Futures 
Programme with a focus on supporting fusion sector development and enhancing UK 
leadership in an increasingly competitive field. 

The three pillars of the UK strategy:
Objectives for fusion international leadership
Use INCO to accelerate commercialisation of fusion energy.
Reduce cost and risk of UK programmes while protecting UK IP and competitive advantage.
Lead the development of int. fusion standards and regulation.
Objectives for fusion scientific and technical leadership
Maintain global leadership in fusion science, technologies and facilities.
Attract, grow and retain leading fusion talent, including supporting engineering disciplines.
STEP – Spherical Tokamak for Energy Production (to be build by 2040, West Burton site selected), UK 
Industrial Fusion Solutions Ltd (wholly owned subsidiary of UKAEA, https://step.ukaea.uk).
Decommissioning of JET; other UK fusion facilities (MAST U, RACE, MRF, CLF…).
Objectives for fusion commercial leadership
Create a vibrant fusion technology cluster(s) in the UK.
Attract inward investment into fusion, develop supply chain and skills base.
UK firms to compete successfully in a future global fusion market.
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UK – Takeaways (2 of 2)

Following BREXIT and its decision not to be associated to Euratom, the UK has developed and implements its 
own, clear fusion development strategy.

In addition to the demonstration of the commercial viability of fusion, the strategy aims to build a UK world-
leading fusion industry.

Selecting a concept (STEP) and a site for its future fusion pilot plant are very concrete and serious actions.

Following the change of government in July 2024, support for fusion development has been confirmed.

Never underestimate the UK!

https://www.gov.uk/government/publications/towards-fusion-energy-the-uk-fusion-strategy/5b7f10b9-1b7e-4b88-8f1b-61bae50f625a

Philosophical Transactions A, titled: “The Spherical Tokamak for Energy Production (STEP): Pioneering Fusion Powerplant Design 

20 

STEP 

This will be important for programmes such as the Spherical Tokamak for Energy Production 
(STEP) programme. Hosted in West Burton, Nottinghamshire, the STEP Programme will 
design, develop and build, by 2040, a prototype fusion power plant capable of delivering net 
energy. So far, the government has committed over £240m up to 2024 for the first tranche of 
STEP. With tranche 2a commencing in 2024, this will take government funding to over £300m 
up to 2025. This tranche will generate standalone benefits such as the creation of skills and 
expertise, producing data and IP and the development of UK supply chains. 

STEP will play an important role in demonstrating the commercial viability of fusion by 
integrating and operating industrial-scale fusion systems in a single, energy-producing facility 
which will galvanise the entire fusion sector in the UK. This ambitious and highrisk programme 
will do far more than just demonstrate fusion energy. It is designed to be done in partnership 
with the private sector, driving development of a supply chain, and industrial capability that is 
useful to a whole range of fusion technologies, not just the approach taken at STEP. 

This approach is already bearing fruit; in 2016 before the UK started to transform its approach 
to fusion energy, the UK Atomic Energy Authority had contracted with around 200 companies 
and organisations. In 2023 that number is over 4000, representing significant investment going 
into the UK economy. 

Figure 8 – Representation of STEP 
(© UKAEA) 

27 

Figure 13 – The West Burton site before being developed for STEP 
(© UKAEA) 

As part of Fusion Futures, the UK will invest up to £11m to further support the STEP 
programme and upskill UK industry to deliver it. We will implement an enhanced 
component design programme, engaging industry and UK science and engineering talent 
to build key components for future use in the STEP programme. The fusion sector will be 
able to benefit from enhanced knowledge-transfer between public sector fusion expertise 
and private industrial capabilities. 

In November 2022, the government announced an investment of £42m for the Fusion Industry 
Programme (FIP). The main component of FIP will galvanise and challenge the fusion industry 
to solve the important technical challenges of fusion helping to develop valuable intellectual 
assets and capabilities. It will also increase the supply of sought after skills in the fusion sector 
and make those skills more accessible for UK fusion businesses and STEP. So far FIP has 
awarded 56 contracts worth £31.25m supporting 91 companies including sub-contractors. 

STEP and the West Burton site 
(before develomment for STEP)

https://www.gov.uk/government/publications/towards-fusion-energy-the-uk-fusion-strategy/5b7f10b9-1b7e-4b88-8f1b-61bae50f625a
https://royalsocietypublishing.org/toc/rsta/2024/382/2280
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Japan (1 of 2)

The Integrated Innovation Strategy Promotion Council issued on 
14/04/2023 the Japanese “Fusion Energy Innovation Strategy”. 

Strategy defined/approved by the Cabinet Office (office of the prime 
minister).

Several references to recent developments in the US, UK,
and CN, also to ITER and the EU-JP BA Agreement).

https://www8.cao.go.jp/cstp/fusion/230426_strategy.pdf

Thanks to Dr Tomohiro Morisaki (NIFS, FPCC vice-chair)

Safety demonstration test

Third phase
~2020~ ~2025~ ~2030~ ~2035~

First Plasma

Plasma control test toward DT burning①ITER project (run by int'l collaboration)

Operation phase

Concept design & elemental 
technology development

Engineering design & full‐scale technology development

Ready to com
m
ercialize

A Roadmap toward Fusion DEMO Reactor

Integrated research phase

Extended research phase

Fusion neutron irradiation testConstructionTechnology demonstration & engineering design 

②JT‐60SA (part of BA activities)

~2050~
Intermediate C&R (check and review) Intermediate C&R C&R

Construction phase

③Fusion neutron source

Initial research phase

④DEMO R&D

⑤Blanket development

(1) DEMO design activities
(e.g.: development test of full‐scale superconductive coils, development of remote maintenance 
technologies for the DEMO, development of heating/current drive systems)

(2) Development of integrated plant simulator for DEMO
(3) Safety research & tritium handling technologies

(e.g.: safety discussion including verification and validation (V&V), development of fuel system including 
technologies for handling a large amount of tritium)

(4) Reactor engineering and related foundation research
(e.g.: material development including design criteria, development of measurement/control units, 
divertor development including heat load test)

Advancement from academic 
research to development 
research also anticipated

Engineering test (test blanket module (TBM))

First Plasma

⑧Social relations activities
⑦ Research on high‐power lasers

⑥ Research on large helical devices

Le
ge
nd When to achieve the target

When to decide transition to the next phase

Figure of activities required

Target to achieve

Long plasma burning at energy gain 
factor more than 10

Fourth phase

Validation of steady‐state 
operation

Acquisition of irradiation data

Validation of tritium recycle

Completion of engineering design 
based on prospective social 
acceptability & economic feasibility

Social relations activities toward  
realization of the DEMO

Bird's‐eye view by the Joint Special 
Design Team for Fusion DEMO

⑨4th phase (DEMO) 
Decision to transition

Construction & operation of DEMO

DT burning and ignition
Burn control & engineering test

BA activities (phase II) (run by int'l collaboration)

(run also thru int'l collaboration)

(run also thru int'l collaboration)

The Japanese fusion roadmap, issued in 2018, is being updated. Main 
issue: effects of ITER re-baselining.

New/revised roadmap expected in 2025.

FAST (Fusion by Advanced Superconducting Tokamak)
Private initiative, unlikely to be an official element of the new J-roadmap. On the other hand, the 
private sector is anticipated to have an important contribution.

https://www8.cao.go.jp/cstp/fusion/230426_strategy.pdf
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Japan (2 of 2)

INCO remains important. 

Collaboration with China: complicated. IFS (Institute of Fusion Science, Southwest Jiaotong University, China) 
and NIFS (National Institute of Fusion Science, Japan) signed an agreement in 2017 to design and build CFQS 
(Chinese First Quasi-axisymmetry Stellarator) in Chengdu.

(https://iopscience.iop.org/article/10.1088/1741-4326/ac369a).

Takeaways
Strong political support for fusion, new strategy driven by Cabinet Office.

Japanese views well aligned with EU ones (all to be confirmed in new J-roadmap):

§ tokamak remains main line of fusion power plant development;

§ importance of ITER confirmed, but need to assess effects of rebaselining;

§ INCO remains important/essential.

Work on DEMO not as advanced as in the EU (very limited JP contribution to BA IFERC project).

Contribution of private sector expected to increase, driven primarily by Kyoto Fusioneering. Contribution of Supply Chain industry 
unclear, but should not be underestimated.

https://iopscience.iop.org/article/10.1088/1741-4326/ac369a
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China (1 of 2)
Strong political support for fusion in China (opinion by Comunist Party of China and by State Council in support 
of fusion development), but there is no official CN fusion strategy or roadmap and there seems to be no plan to 
formalise one soon.

Main focus of fusion research in China is on MCF, in particular the tokamak option. Main devices in operation 
are HL-2M/HL-3 and EAST, supported by smaller devices located mostly in Universities and by a strong 
domestic R&D programme and INCO.

China participates in ITER and in the IEA fusion Technology Cooperation Programs (TCPs).

Thanks to Dr Shen Xinyuan (MOST) and Dr Jiangang Li (ASIPP)

MOST (Ministry of Science and Technology, host of ITER 
CN-DA) provided the attached draft, with no mention of 
ASIPP (Chinese Academy of Science, Institute of Plasma 
Physics) activities!

ASIPP has a clear roadmap: EAST-BEST-CFETR.

A fusion private sector is also emerging, the main 
company being ENN, focusing on the proton-boron  
reaction.
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China (2 of 2)

Takeaways

No official national fusion strategy or roadmap.

However, toady China is probably the country with the most “aggressive” fusion development program.

Key player is ASIPP, with a clear strategy-roadmap: EAST-BEST-CFETR.

Other players should not be understimated, even if their strategy/roadmap is currently unclear.

4

Integration design
p Model Integration and Size Distribution 17.2 m

21.5 m

Size Distribution on the Equatorial Plane 

BEST  construction started on 2023.1.28

BEST Tokamakmagnets Vacuum Vessel

BEST main Hail BEST control roomBEST campus

2023.1.28 start-up ceremony

73

Site Construction
Combined with BIM engineering, simulate Cryostat
support connection - non-magnetic steel column installationp Progress of building construction

BIM guidance and site construction tracking feedback
The progress of BEST construction 

is as follows：
l #5-1TOKAMAK Main hall completed 

the construction of B2 ,B1 floors

l #5-2 Tritium Plant  completed the 

construction of B2,B1,L1 floors

l #5-3 NBI power hall completed the 

backfilling of the pipe corridor and be 

ready for the construction conditions 

of the foundation raft

l #5-4 The power supply  hall have 

been backfilled and are ready for the 

foundation raft construction 

conditions

l #5-5 Hot Cell and Pre-Assembly hall 

completed the construction of B2, 

and the Pre-Assembly hall floor will 

be constructed in November

#5-1

#5-2

#5-4#5-3

#5-5

BEST
• Site selectd in March 2019
• First plasma in 2027
• Burning plasma with Q<5
• Steady-state with Q>1
• R = 3.6 m
• a = 1.1 m
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EU (1 of 2)
EU has a Roadmap but not a Strategy! However:

§ COM study on potential public-private partnership approach to foster innovation in 
fusion energy (7/03/2024)

§ European high-level roundtable on fusion energy (14/03/2024)

§ Interim Evaluation of EURATOM Fusion Program 2021-2025 and Ex-ante Assessment of 
Extension of EURATOM Fusion Program 2026-2027

§ Mario Draghi Report on the future of European colmpetitiveness: we need to create 'a 
stable and predictable fusion ecosystem for industrial innovation, leveraging the ITER 
project, while ensuring a clear technology development roadmap.’ (Sept. 2024)

Thanks to Dr Elena Righi (Europea Commission, RTD.D.4)

Home » About EUROfusion » Roadmap

THE ROAD TO FUSION ENERGY

The EUROfusion Roadmap
The EUROfusion roadmap forms the basis for the programme of EUROfusion and provides a clear
and structured way forward to commercial energy from fusion.

Since 2012, when the first version of the Roadmap was published, the European fusion community
has made significant advances in many areas. These include employing successfully
tokamak walls made of metal, gaining a greatly advanced understanding of the material
properties that will be required by ITER and DEMO, and completing the construction and operation
of the Wendelstein 7-X stellarator. Recent highlights are the world record fusion energy of 59
MJoule achieved in the JET tokamak by burning only 170 micrograms of the deuterium-tritium fuel,
and the completion of the pre-conceptual design phase of DEMO, the first device aimed to
produce fusion electricity.

Roadmap Phases

Short Term
Construction of ITER
Research & Development in support of ITER
Deuterium-tritium operation of JET
Concept Design phase of DEMO
Research & Development for DEMO
Construction of a fusion materials testing facility, IFMIF-DONES
Scientific and technological exploitation of the stellarator concept

Medium term
First scientific and technological exploitation of ITER
First exploitation of IFMIF-DONES
Engineering Design phase of DEMO with industrial involvement
Development of power plant materials and technologies
Possible further development of the stellarator concept

Long term
In the course of the roadmap implementation, the fusion programme will move from being
laboratory-based and science-driven towards an industry- and technology-driven venture.
The design, construction and operation of DEMO require full involvement of industry. This will
ensure that after a successful DEMO operation industry can take on the responsibility for
commercial fusion power. It not only emphasises the need to intensify collaboration with
industry but also to seek all opportunities for collaboration outside Europe (Broader Approach).

Roadmap long
version

Download your copy.



Roadmap in brief
Download your copy.



Roadmap illustrated
Download illustration.



EUROfusion
Knowledge

Management
strategy

Download document.



EUROfusion Human
Resources Survey

Download document.
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§ COM Fusion Expert Group (KO meeting 26/06/2024)

§ EU Parliament plenary session on energy (22/01/2025): a majority of 
MEPs called for the opportunity of nuclear fusion to be grasped to 
ensure the European Union’s industrial competitiveness and energy 
sovereignty in the future.

A strategic document from COM expected to be published in 2025.
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EU (2 of 2)

FEG
EFIP

Eurofusion

Skills

PPPResearch, 
Industry & 
Innovation

Fusion 
regulatory
Framework

EU
 Fusion 
Strategy
(6 pillars)

Inno (EIC) 

Takeaways

An EU fusion strategy should be officially 
published in 2025.

The EUROfusion fusion roadmap will then 
have to be revised.

Key changes:

§ Stronger involvement of industry (public-private partnership)

§ Reinforced international cooperation

§ New governance 

The EU programme is entering into a “transition phase”, the new structure to implement the forthcoming EU 
fusion strategy should be fully in place by end 2026
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Comments

The main lines or research in MCF are tokamaks and stellarators, with strong supporters for both in EU, US and 
the private sector. UK is focusing on the spheromak; Japan on the tokamak. ICF is still a contender to MCF.

Before DEMO/CFETR/pilot plant, only few devices are planning to use DT in the future: BEST and ITER in 
particular, the VNS if it is confirmed, SPARC in small quantities.

Identical keywords/key statements are used in the different strategies (reinforce INCO, develop PPPs, etc.), but 
they are then developed considering the specificities of each country. 

Most countries aim to develop a strong national industrial base to compete successfully in the emerging fusion 
business.

Still many benefits in a stronger INCO. Suitable instruments to do so exists, e.g., the IEA Technology 
Cooperation Programmes and other multi- and bilateral cooperation agreements. Whether these are suitable 
for cooperation with industry remains to be confirmed.
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Conclusion – Key Questions

Key questions on the different strategies (a personal view):

§ US – Is it too early to implement the shift from publicly-led RD&D to privatly-led initiatives?

§ UK – Too small to do it alone; with whom will it collaborate?

§ Japan – The strategy “ITER-DEMO-Fusion Power Plant’’ is less and less credible. Will their future 
roadmap recognise it?

§ China – China is coming!

§ EU – Will it be able to implement our future strategy efficiently? Will EU industry be up to the 
challenge?

§ IEA – Should the agency strengthen its role in the development of fusion energy?
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Thank you for your attention


