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Fusion in the 

Universe

Powers the sun and stars

Source of all heat and life on Earth

Hydrogen fusion: 

- Two light atomic nuclei combine, form 

a heavier nucleus, and release energy

- Limitation: challenging to re-create on 

Earth ∆E=∆mc2
A tiny loss of mass

A huge gain of energy
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every second the sun 

turns 600 million tons of 

hydrogen into helium



3/14

Fusion on Earth:
1 gram of fusion fuels = 8 tonnes of oil

A plasma of Deuterium + Tritium (both hydrogen 

isotopes) is heated to more than 150 million °C.

- Shaped and confined by strong magnetic fields

- Helium nuclei (“ash”) sustains “burning plasma”

- Neutrons transfer their energy to the walls as heat

- In a fusion power plant, a steam turbine will 

transform the heat into electricity

“Tokamak”: Russian acronym for “Toroidal Magnetic Chamber”
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Advantages of 

hydrogen fusion

- Massive, predictable baseload power 

complementary to renewable energy 

technologies

- Safe, environmentally responsible

- Nearly unlimited supply of fuel for multi-millions 

of years

- No CO2 or other greenhouse gases

- No long-lasting high-activity radioactive waste
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Size matters

Tore Supra (CEA-Euratom)

Vplasma 25 m3

Pfusion ~0

Pheating ~15 MW 

Tplasma ~400 s

Iplasma ~1.7 MA

JET (Europe)

Vplasma 80 m3

Pfusion ~16 MW

Pheating ~23 MW

Tplasma ~30 s

Iplasma ~5-7 MA

ITER (35 countries)

Vplasma 830 m3

Pfusion ~500 MW

Pheating ~50 MW 

Tplasma >400 s

Iplasma ~15 MA

Ratio of output thermal power 

over input heating power (Q) 

depends on:

- Magnetic field strength

- Plasma density

- Plasma volume

ITER mission: Q ≥ 10 
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Towards a fusion 

future: a global 

collaboration

This is why 35 countries, 

led by the European Union, 

are collaborating to build 

the first industrial–scale 

hydrogen fusion facility.
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ITER Project 

Progress

The project construction is now more than 

70% complete to achieve ‘First Plasma’.

Critical activities have largely been 

maintained during the Covid-19 pandemic. 

7/14



8/14

Major First-of-a-Kind components 

manufactured by ITER members have 

been delivered 

The largest First-of-a-Kind components  

are manufactured on-site 

On-site assembly is on-going

ITER Project 

Progress (2)
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Staged Approach”:                       2025                                                                           2035

ITER Project 

Progress (3)
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Joint European Torus (JET)

Other fusion 

projects

Publicly funded efforts, 

including national projects, 

providing complementary 

research

Seeing new surge of privately 

funded efforts: very welcome

- Not sized for large energy 

production;

- Could add research value, 

better materials, etc.

Wendelstein-7X (D)

ITER is the only project scaled to produce a “burning plasma.”

SPARC (MIT spin-off, US) Tokamak Energy (UK)
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Other fusion 

projects

Publicly funded efforts, 

including national projects, 

providing complementary 

research

Seeing new surge of privately 

funded efforts: very welcome

- Not sized for large energy 

production;

- Could add research value, 

better materials, etc.

ITER reflects a strong global collaborative fusion community

https://nucleus.iaea.org/sites/fusionportal/Pages/FusDIS.aspx

https://nucleus.iaea.org/sites/fusionportal/Pages/FusDIS.aspx


12/14

The way forward:
energy transitions take time

Consider past transitions

- From biomass to coal

- From coal to oil

- Emergence of natural gas

Transition to hydrogen fusion 

will take time

- Need nuclear fission as a 

clean baseload “bridge” 
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Next step after ITER will be a pre-

industrial demonstrator that will lead 

fusion energy into its industrial era. 

The ITER Members are each developing 

conceptual designs for different 

demonstration projects.

Bringing time forward
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Fusion energy is now really

emerging and ‘will survive’ as 

demonstrated by ITER as a unique 

international collaboration and 

complemented by vast amount of 

domestic, public, and private efforts

ITER and the fusion 

energy perspective
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ITER and the fusion 

energy perspective

Fusion energy is now really

emerging and ‘will survive’ as 

demonstrated by ITER as a unique 

international collaboration and 

complemented by vast amount of 

domestic, public, and private efforts
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FOLLOW US ON THE WEBSITE AND ON 

SOCIAL MEDIA! 

ITER Newsline: 

www.iter.org/news/whatsnew

Social media
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Position: ITER favors a 

long-term sustainable

energy supply for the 

world

Requirement: decarbonization

of energy production

- Current status: 80% of 

energy from fossil fuels

- 65% of electricity

The task ahead: 

an “energy transition” 
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Clean energy sources: 

can only come from

well-known physical

phenomena

Renewables: partial solution

- Limitation: decrease in power density 

coupled with population concentration in 

mega-cities

Nuclear fission: well-known advantages

- Limitation: national policies, safety 

concerns, waste
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