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ITER - The Story So Far
In the sun-drenched hills of Saint-Paul-lez-
Durance, southern France, the largest 
experimental machine ever built is taking 
shape piece by extraordinary piece. On a recent 
April morning in 2025, a 1,350-tonne sector 
module4as tall as a five-story building and as 
heavy as four fully loaded jumbo jets4was 
lowered with millimeter precision into a 30-
meter-deep assembly pit. The operation, 
completed three weeks ahead of schedule, 
represented more than an engineering 
triumph. It marked the moment when ITER, 
humanity's boldest attempt to harness the 
power of the stars, transformed from ambitious 
vision into tangible reality.

The numbers surrounding ITER are staggering: 
35 nations collaborating across three 
continents, representing half the world's 
population and 73 percent of global GDP. The 
project commands a construction investment 
approaching ¬20 billion, with Europe 
contributing 45.6 percent and six other major 
powers4China, India, Japan, Korea, Russia, 
and the United States4sharing the remainder 
equally. When operational in 2034, ITER will 
generate 500 megawatts of fusion power, a 
ten-fold return on input energy that would 
mark the first time in human history that 
controlled nuclear fusion produces net energy 
gain.

But ITER represents something far more 
profound than technological achievement. As 
climate pressures intensify and energy 
demand is projected to triple by century's end, 
this first-of-a-kind global collaboration has 
emerged as the scientific backbone behind an 
entirely new industry4one that could provide 
abundant, carbon-free baseload power for 
millions of years using nothing more exotic 
than seawater and lithium.



Strategic Genesis: From Cold War 
Competition to Global Collaboration
ITER's origins trace back to 1985, when the geopolitical landscape looked vastly different. President 
Ronald Reagan and Soviet General Secretary Mikhail Gorbachev, meeting in Geneva during the 
height of Cold War tensions, agreed that some challenges transcended national boundaries. Fusion 
energy4the same process that powers the Sun4represented one such challenge, requiring 
resources and expertise no single nation could muster alone.
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The initial concept was deceptively simple: build a machine large enough to demonstrate that fusion 
could work as a practical energy source. The reality proved infinitely more complex. Fusion requires 
recreating conditions found at the core of stars4temperatures of 150 million degrees Celsius, ten 
times hotter than the Sun's center, contained within magnetic fields 200,000 times stronger than 
Earth's. The technological challenges were matched only by the diplomatic complexity of 
coordinating seven major powers, each with distinct national interests, technical approaches, and 
industrial capabilities.

The breakthrough came with the recognition that fusion development represented a positive-sum 
game. Unlike traditional geopolitical competitions, fusion success would benefit all participants 
equally. The ITER Agreement, signed in 2006, established an unprecedented framework: 
participating nations would share not just costs and risks, but all intellectual property and 
experimental results. This structure created powerful incentives for genuine collaboration rather 
than mere cost-sharing.

Third-party validation came from across the scientific establishment. The International Atomic 
Energy Agency designated fusion as a critical technology for global energy security. National 
academies of science in participating countries consistently ranked ITER among the highest-
priority scientific endeavours. The project's technical feasibility was confirmed through decades of 
smaller-scale experiments at facilities like JET in the UK, which achieved the current world record of 
16 megawatts of fusion power in 1997.



Leadership Architecture: Engineering 
Global Coordination

Director-General Pietro Barabaschi

An Italian nuclear engineer with four decades 
of experience in fusion research and large-
scale project management, assumed 
leadership in 2022. His background from CERN 
and European fusion programs provides 
crucial credibility with scientific communities 
and government stakeholders.

ITER Council

Representatives from all seven 
member nations provide strategic 
direction and budget oversight 
through consensus-based 
decision-making.

Advisory Bodies

Science and Technology 
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Management Advisory 
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Financial Audit Board (FAB)

ITER's governance structure is designed to manage this complex international collaboration. The 
ITER Council, with representatives from all seven member nations, oversees strategic direction, 
appointments, and budget. This structure ensures political support across diverse national systems.

Three specialized advisory bodies provide vital oversight: STAC for technical guidance, MAC for 
strategic management challenges, and FAB for independent financial audits. This framework, 
combined with a diverse international leadership team, ensures technical credibility and sustained 
political backing across vastly different national contexts.



Operational Model: Redefining 
International Scientific Collaboration

ITER's operational structure breaks new ground in international project management. Unlike 
traditional cost-sharing arrangements, nine-tenths of member contributions arrive as completed 
components, systems, or buildings rather than cash payments. This approach, known as "in-kind" 
contribution, creates powerful incentives for technological development within member nations 
while ensuring quality control and technical coordination.

The investment philosophy reflects fusion's unique risk-return profile. ITER is explicitly designed as 
a scientific demonstration rather than a commercial venture, with success measured not in 
financial returns but in technical milestones: achieving burning plasma conditions, demonstrating 
500 MW fusion power output, and validating technologies essential for future commercial reactors. 
This patient capital approach, supported by government commitments spanning decades, provides 
the stability necessary for such ambitious technical goals.

The capital structure totals approximately ¬20 billion in construction costs, with operational 
expenses extending well beyond initial completion. Europe's 45.6 percent contribution reflects its 
role as host and primary beneficiary of local economic impacts. The remaining six members each 
contribute 9.1 percent, a structure that ensures significant commitment from major powers while 
remaining feasible for medium-sized economies like Korea.

Decision-making processes balance scientific merit with political reality. Technical decisions flow 
through established scientific advisory channels, ensuring cutting-edge physics drives design 
choices. Strategic decisions require consensus among Council members, sometimes slowing 
implementation but maintaining the political support essential for long-term success. This dual-
track approach has proven remarkably resilient through changing governments and shifting 
national priorities.

Risk management addresses both technical and political challenges. Technical risks are mitigated 
through extensive modeling & component testing.
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Real-World Validation: From 
Blueprints to Breakthrough 
Milestones
ITER's transition from theoretical possibility to operational reality is best measured through concrete 
achievements that demonstrate both technical progress and organizational effectiveness. The 
installation of sector module #7 in April 2025 represents a case study in successful international 
coordination. This operation required seamless integration of components manufactured across 
three continents: the vacuum vessel sector from Korea, thermal panels from Korea, and toroidal 
field coils from Europe and Japan.
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1,350
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Weight of sector module #7, 
installed three weeks ahead of 

schedule

The logistics alone illustrate ITER's complexity. The 1,350-tonne assembly was transported along 
specially constructed routes, lifted by cranes manufactured in Germany, and installed by teams 
combining ITER supervisors, Chinese contractors from CNPE, European construction management 
personnel, and specialized technicians from crane manufacturer REEL. 

Financial impacts extend far beyond direct project costs. ITER has generated approximately ¬1.5 
billion in industrial contracts across member nations, creating specialized capabilities that form the 
foundation for emerging commercial fusion industries. 

The multiplier effects are particularly significant in specialized industrial sectors. European 
companies like Siemens and Ansaldo Nucleare have developed advanced manufacturing 
capabilities directly applicable to future fusion power plants. Japanese firms have pioneered new 
approaches to superconducting magnet production. American companies have mastered the 
production of tritium-breeding blankets. 

Strategic partnerships demonstrate ITER's catalytic effect on broader fusion development. The 
project's second workshop with private sector fusion companies in April 2025 attracted 
participation from leading commercial ventures, creating knowledge transfer channels between the 
international scientific collaboration and emerging commercial entities. The admission of the first 
private company to the International Tokamak Physics Activity (ITPA) represents a formal 
recognition of the commercial sector's growing sophistication.

Geographic and sectoral diversity reflects ITER's role as a global technology platform. Component 
manufacturing spans from high-tech centers in Japan and Korea, China & India.



Market Positioning: The Foundation 
of a Trillion-Dollar Industry
ITER occupies a unique position in the 
emerging fusion ecosystem, serving 
simultaneously as scientific proof-of-concept, 
technology development platform, and training 
ground for the next generation of fusion 
professionals. Unlike commercial ventures 
focused on rapid deployment or government 
programs targeting specific national 
objectives, ITER's mission encompasses the 
full spectrum of challenges facing practical 
fusion power.

The sector focus reflects fusion's 
comprehensive technical requirements. ITER 
addresses plasma physics through 
experiments designed to achieve and maintain 
burning plasma conditions for extended 
periods. Materials science advances through 
testing of plasma-facing components under 
conditions approximating commercial reactor 
operation. Engineering development occurs 
through integration of systems ranging from 
superconducting magnets to remote 
maintenance equipment. Each focus area 
addresses specific technical barriers that must 
be overcome for commercial viability.

Plasma Physics

Achieving and maintaining 
burning plasma conditions

Materials Science

Testing components under 
extreme conditions

Engineering 
Development

Integrating complex systems at 
unprecedented scale

Regional approach balances member nation interests with technical optimization. While final 
assembly occurs in France, component manufacturing is distributed globally to leverage 
specialized industrial capabilities and maintain political support. This approach has created a 
worldwide network of fusion-capable suppliers, lowering costs and reducing risks for future 
commercial projects.



Industry Ecosystem: Catalyzing 
Global Fusion Development
ITER stands as an unparalleled force in the global fusion landscape, distinguishing itself through its 
immense scale and comprehensive mission. While previous experiments like JET offered crucial 
insights by achieving 16 MW of fusion power for short durations, ITER is engineered to deliver a 
monumental 500 MW output, sustained over extended periods. This represents not merely an 
increase in power, but a fundamental leap towards demonstrating the viability of fusion as a 
continuous energy source. Unlike numerous private sector initiatives, which rightly focus on 
accelerating specific commercialisation timelines, none possess ITER's unique blend of 
unprecedented scale, robust international backing, and holistic technical scope.

This unique positioning confers significant competitive advantages. ITER consolidates the planet's 
largest assembly of fusion expertise, drawing thousands of scientists and engineers from premier 
institutions worldwide. This vast intellectual capital, coupled with patient capital from government 
backing4a luxury often unavailable to commercial ventures4fosters an environment of relentless 
innovation. Furthermore, the very nature of international collaboration establishes unparalleled 
knowledge-sharing mechanisms, drastically accelerating problem-solving across diverse and 
complex technical domains, from plasma confinement to material resilience.

Key Contributions to the Ecosystem

Development of advanced materials for 
extreme conditions

Validation of large-scale superconducting 
magnet technology

Pioneering remote maintenance and 
robotics solutions

Establishing safety protocols for fusion 
facilities

Creating a global network of specialized 
suppliers

Beyond its direct technological advancements, ITER actively addresses critical market gaps 
essential for the maturation of the broader fusion industry. It serves as an indispensable training 
ground, cultivating the next generation of fusion professionals4engineers, physicists, and operators
4whose expertise will be foundational to future commercial power plants. The stringent regulatory 
precedents established through ITER's licensing as a nuclear facility in France offer a crucial 
blueprint for the permitting and oversight of subsequent commercial projects. Additionally, the 
extensive global supply chain developed for ITER, spanning specialized components and industrial 
services, significantly de-risks and reduces costs for follow-on commercial fusion endeavours. 



Industry Ecosystem: Catalyzing 
Global Fusion Development
ITER's influence extends far beyond its immediate technical objectives, serving as the central node 
in a rapidly expanding global fusion ecosystem. The project's emergence coincides with 
unprecedented private sector investment in fusion ventures, creating synergies that accelerate 
development across multiple technological approaches.

The broader industry context reveals fusion's transition from pure research to commercial 
development. Private companies like Commonwealth Fusion Systems, TAE Technologies, and 
Helion Energy have raised billions in venture capital, pursuing alternative approaches to the 
tokamak design pioneered by ITER. Rather than competing directly, these efforts complement 
ITER's comprehensive technology development by exploring different engineering solutions and 
accelerated development timelines.

Comparative data illustrates the industry's rapid evolution. Total private investment in fusion 
ventures exceeded $7 billion by 2024, with new companies emerging globally from the UK and 
Germany to Canada and Australia. National fusion programs in China, Korea, and India have 
expanded dramatically, often incorporating technologies and personnel with ITER connections. This 
distributed development approach reduces technical risks while accelerating overall progress 
toward commercial viability.

Structural challenges addressed by ITER include the fundamental physics questions that all fusion 
approaches must eventually confront. Questions of plasma stability, materials durability under 
neutron bombardment, and tritium breeding remain relevant regardless of specific reactor design. 
ITER's role as a common research platform allows different commercial approaches to benefit from 
shared fundamental research while pursuing distinct engineering solutions.
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Expanding Horizons: ITER's 
Innovation and Global Impact
ITER's groundbreaking work extends far beyond its core fusion mission, fostering a rich ecosystem 
of innovation that creates opportunities across diverse industrial sectors. The project's demands for 
cutting-edge solutions drive advancements in fields with broad applicability, while simultaneously 
cultivating the human capital essential for future growth.

Advanced 
Materials
Development of novel 
materials for extreme 
fusion environments 
has relevance for 
aerospace, automotive, 
and energy storage 
industries.

Superconducting 
Magnets
Pioneering 
advancements in 
magnet technology are 
poised to benefit 
medical imaging, 
power transmission, 
and high-speed 
transportation.

Remote Handling 
Systems
Robotics for hazardous, 
radioactive 
environments apply 
directly to nuclear 
decommissioning and 
space exploration 
initiatives.

A profound network effect stems from ITER's role in human capital development. Thousands of 
scientists, engineers, and technicians are rigorously trained through the project, subsequently 
forming a vital talent pipeline for commercial fusion ventures, national laboratories, and academic 
institutions worldwide. This skilled workforce is arguably ITER's most critical contribution to the 
nascent commercial fusion industry.

Practical engagement frameworks for industry and researchers include participation in ITER's 
industrial outreach programmes, establishing joint research agreements with member nation 
domestic agencies, and collaborating with universities deeply involved in ITER research. The ITER 
Business Forum also serves as a crucial platform for networking with potential partners and 
investors across the burgeoning global fusion ecosystem.

From an investment perspective, ITER's success inherently validates the fundamental physics and 
engineering approaches underpinning commercial fusion. This de-risks private sector initiatives, 
opening doors for investment in emerging fusion companies and their specialised component 
suppliers, many of whom have honed their capabilities through ITER contracts. This represents a 
transformative industrial sector with significant long-term potential.

Furthermore, ITER has profound international development implications. Fusion power offers the 
potential for clean, baseload energy in developing economies, independent of extensive grid 
infrastructure often required by other renewable sources. ITER's unique inclusion of developing 
economies as full partners underscores fusion's promise as a truly global and equitable technology 
platform.



Implementation Framework: 
Translating Vision into Global Reality
For government leaders seeking to understand 
fusion's strategic implications, ITER provides a 
comprehensive template for international 
scientific collaboration on existential 
challenges. The project's governance structure 
demonstrates how sovereign nations can pool 
resources for shared objectives while 
maintaining distinct national interests and 
industrial benefits.

The lessons from ITER's organizational 
evolution are directly applicable to other global 
challenges requiring sustained international 
cooperation. Climate change mitigation, 
pandemic preparedness, and space 
exploration all share characteristics that make 
ITER's collaborative model relevant. The key 
insights include the importance of shared 
intellectual property arrangements, 
consensus-based decision-making structures, 
and careful attention to equitable benefit 
distribution among participants.

For private sector engagement, ITER creates 
multiple entry points for commercial 
participation. The project's extensive supply 
chain requires specialized components 
ranging from advanced materials to precision 
manufacturing services. Technology transfer 
opportunities allow companies to license 
innovations developed through ITER research. 
Personnel exchanges provide access to 
cutting-edge expertise and facilities 
unavailable in purely commercial settings.
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Strategic Implications: Reshaping 
Energy and Geopolitics
ITER's early operational successes provide compelling validation of fusion's technical feasibility and 
international collaboration model. The ahead-of-schedule installation of multiple sector modules 
demonstrates that complex international manufacturing and assembly processes can be 
successfully coordinated across continents and cultures. The completion of all major 
superconducting magnets by 2025 confirms that the most technically challenging components can 
be manufactured to required specifications.

1

2034
Initial operations with hydrogen and 

deuterium plasmas

2

2039
Limited deuterium-tritium operations begin

3

2040+
Full-power demonstration campaigns

These early results carry implications extending far beyond pure technology demonstration. ITER's 
success validates the patient capital approach essential for developing transformative technologies 
with extended development timelines. The project's organizational resilience through changing 
governments, economic disruptions, and geopolitical tensions demonstrates that properly 
structured international collaborations can maintain momentum despite external pressures.

Scaling potential becomes clearer as ITER approaches operational status. The project's planned 
research program extends through multiple phases, beginning with hydrogen and deuterium 
plasmas in 2034, progressing to limited deuterium-tritium operations by 2039, and culminating in 
full-power demonstration campaigns. Each phase builds  on industrial experience.

The global influence of ITER's approach is 
already visible in parallel national programs 
incorporating similar international 
collaboration elements. The European DEMO 
project builds directly on ITER experience while 
pursuing commercial demonstration 
objectives. China's domestic fusion program 
maintains strong ITER connections while 
developing indigenous capabilities. 

Energy Policy

Recognition of fusion as potential baseload 
complement to variable renewable 
sources

Industrial Policy

Support for fusion-related manufacturing 



The Investment Case: Positioning for 
the Energy Transformation
For global investors, ITER represents the foundational infrastructure enabling an entirely new 
energy industry with transformative profit potential. While the project itself generates no direct 
financial returns, its technical validation of fusion feasibility creates the market conditions necessary 
for commercial deployment. The fusion industry's projected growth trajectory suggests market 
opportunities measured in trillions of dollars over the coming decades.

Risk Mitigation
Built on decades of 
scientific research

International backing 
ensures continued 
support

Component testing 
reduces technical 
risks

Validation through 
ITER operations

Partnership 
Opportunities

Technology licensing 
from ITER research

Supply chain 
participation

Investment in ITER-
trained personnel

Spin-off technologies 
across multiple 
domains

Strategic 
Positioning

Leadership in 
transformative 
technologies

Centers of fusion 
expertise and 
industrial capability

Competitive 
advantages in energy 
transformation

Avoiding technological 
dependence

The risk mitigation elements in ITER's design provide confidence in fusion's commercial viability. 
Unlike early-stage commercial ventures pursuing unproven technologies, ITER builds on decades 
of scientific research and engineering development. The project's international backing ensures 
continued support through inevitable technical challenges and cost overruns. Component testing 
and validation through ITER operations will reduce technical risks for subsequent commercial 
projects.

Partnership opportunities span multiple levels of engagement. Technology licensing from ITER 
research provides access to cutting-edge innovations in plasma control, materials science, and 
systems integration. Supply chain participation offers near-term revenue opportunities with 
potential for substantial growth as commercial fusion deployment accelerates. Investment in ITER-
trained personnel and spin-off technologies provides exposure to fusion industry growth while 
diversifying across multiple approaches and timelines.



The Call To Action
Private businesses across industries face both 
opportunities and competitive pressures from 
fusion's emergence. Energy-intensive 
industries could benefit from abundant, low-
cost baseload power. Traditional energy 
companies must consider fusion's long-term 
competitive implications for fossil fuel and 
renewable investments. Manufacturing 
industries have opportunities to develop 
fusion-specific capabilities while adapting 
existing technologies for fusion applications.

The call to action is clear: fusion's transition 
from scientific curiosity to commercial reality is 
accelerating, driven by climate pressures, 
energy security concerns, and technological 
breakthroughs demonstrated through projects 
like ITER. Organizations that position 
themselves early in this transformation will 
benefit from first-mover advantages in what 
could become humanity's ultimate energy 
solution.

As ITER's tokamak rises piece by piece in the 
hills of southern France, it represents more 
than humanity's most ambitious scientific 
endeavour. It embodies a new model for 
international cooperation on existential 
challenges, demonstrates the patient capital 
approach essential for transformative 
innovation, and provides the technological 
foundation for an energy revolution that could 
sustain human civilization for millennia. The 
stars that have powered the universe for 
billions of years may soon power our cities, and 
ITER is showing us the way.

For government leaders, ITER demonstrates the strategic importance of maintaining leadership 
positions in transformative technologies. 

The project's member nations are positioning themselves as centers of fusion expertise and 
industrial capability, creating competitive advantages in what could become the energy industry's 
next major transformation. 

Countries lacking fusion capabilities risk technological dependence similar to current relationships 
in semiconductor manufacturing or renewable energy systems.



Visualizing Progress: ITER's Physical 
Manifestation
As ITER progresses towards its operational phases, the monumental scale and complexity of the 
project become increasingly tangible. The construction site in Cadarache, France, is a hive of 
activity, transforming blueprints into the world's largest experimental fusion facility. These visuals 
highlight key components and ongoing work, demonstrating the significant real-world 
advancements being made.

The ITER Assembly Hall, seen from the level of 
the overhead cranes. The tokamak pit is visible 
behind the wall at the back of the image.

Five auxiliary cold boxes at Level 3 of the 
Tokamak Building have been connected to 
cryolines and testing is underway. The 28-
tonne components act like dispatchers, 
receiving the different fluids from the 
cryogenic termination cold box located inside 
the cryoplant and redistributing them 
throughout the ITER machine.

Another sector rotated outdoors. After vacuum 
vessel sector #4 in June, sector #1 has been 
rotated under the huge gantry crane that has 
been installed on the platform near the former 
Cryostat Workshop

Sector modules #6 and #7 were installed in 
June and April, respectively. Another sector 
module should be inserted in December.
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