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33 mg of deuterium 50 mg of tritium 360 litres of petrol

2002 2050

5 grams of lithium-ore 1 barrel = 159 litres1 litre sea water

1650 kg
oil/year

per person
6 billion
people

total energy usage expressed in kilogrammes oil-equivalent*

sources of primary energy in the
year 2003, source IEA Energy Statistics

*

*
3000 kg
oil/year

per person
9 billion
people

Fusion

Two light atomic nuclei, 

deuterium and tritium, fuse 

together and form a helium 

nucleus, a neutron, and a 

lot of energy.

Magnets

Strong magnets ensure that the hot plasma

does not touch the wall but that it continuously

travels around and around in the vessel.
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plasma

The plasma in tokamaks 

can be ten times hotter than 

the centre of the Sun.

microwaves

One method of heating the plasma

 is by using microwaves, just as 

in a microwave oven.
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for nuclear fusion on earth.

Energy is important
For almost everything we do and use – driving a car, heating, 

cooking, TV, music, traveling, telephone, clean water – we 

need energy. If we want to continue to live the way we do 

now, then we must ensure that we have enough energy for 

the future.

We use more 
and more 
energy
In 50 years time there will be 

9 billion people on earth 

compared to the current 

population of 6 billion. All 

those extra people will also 

need energy. Furthermore, 

countries like China and India 

are developing rapidly. The 

result will be that in 2050 the 

global population will use 

twice as much energy as 

they do at present.

We must protect 
our environment
Almost 80% of our energy is 

produced by burning coal, oil and 

gas (fossil fuels). This also 

releases CO2, a greenhouse gas. 

Greenhouse gases change our 

climate, resulting in more dramatic 

weather patterns like storms, 

hurricanes and droughts. If the 

temperature on earth rises too 

quickly, plants and animals can 

become extinct. If we do not want 

this to happen we will need to 

stop emitting CO2.

Oil, coal and gas
are running out
Oil, gas and coal are formed from 

prehistoric plants and animals that 

lived on earth about 300 to 400 

million years ago. We are deplet-

ing fossil fuels much faster than 

they were formed. If we continue 

using oil, gas and coal as we do at 

present, we will run into severe 

shortages during this century. 

The oil will become much more 

expensive and we will become 

more and more dependent on the 

import of energy from other coun-

tries.

A mix of
CO2-free
energy
In 100 years our entire energy 

production must be CO2-free. 

There is no single solution to 

achieve this. We must use all 

available energy sources: 

sun, wind, hydropower, 

biomass, geothermal energy, 

nuclear fission, fossil fuels 

with CO2 sequestration and 

nuclear fusion. This is the only 

way to ensure that there will 

be enough energy available 

for everyone.

What is fusion?
Fusion is the process that powers 

the Sun and the stars. It is the 

reaction in which two atomic nuclei 

combine, or fuse, to form a heavier 

atom. When light atoms such as 

hydrogen fuse, a lot of energy is 

released. Fusion is the opposite of 

nuclear fission, where heavy 

atoms are split into smaller pieces.

Atomic nuclei repel each other due 

to their positive charge. For nuclei 

to overcome the repulsive forces 

and fuse, they need to collide at a 

very high velocity, which means 

that fusion only occurs at very high 

temperature.

Fusion on earth
On earth we want to use fusion as 

an energy source because it is safe, 

environmentally responsible 

– fusion releases no greenhouse

gases that affect the climate – and 

there is abundant fuel available for 

everyone on earth to produce 

energy for millions of years.

Fusion fuel
To use fusion on earth as an energy source, a special mixture of gases is heated to an 

extremely high temperature. When the gas is hot enough, fusion takes place. The gas 

mixture (this is the fuel of the fusion reactor, just like petrol in a car) is made up of two sorts 

of hydrogen: deuterium and tritium.

Deuterium is present in seawater, tritium can be made from lithium (a metal which is widely 

available). Lithium is also used in lithium batteries, which provide electricity for laptops and 

mobile telephones. One litre of water contains 33 mg of deuterium. This produces the 

same amount of energy as 360 litres of petrol (when you fuse it with 50 mg of tritium). 

There is enough fusion fuel in the world for millions of years of energy production.

Status of Fusion Research
Fusion research is carried out by people all over the world. The 

largest fusion experiment in the world is the Joint European Torus 

(JET)       in England. JET is still too small to be used as a power 

plant. Small things cool down faster than large things (think of soup in 

a spoon and soup in a bowl), and if a fusion reactor is too small then 

the energy needed to keep it warm is more than the energy which is 

released in the fusion reactions. 

Today, the international fusion community is getting ready to take the 

next important step: the ITER project (see below).

The ITER project
The next step in fusion research is the large international ITER 

project. Together, the European Union, Japan, India, China, Russia, 

South-Korea and the United States want to show that fusion works 

and that it can produce energy on a large scale. ITER will be twice as 

large as JET and is designed to produce 500 MW of energy – ten 

times as much as that needed to keep the fusion process going. 

ITER will be built in Cadarache, in the South of France. 

The construction of ITER        will take ten years 

and should be finished around 2016. If ITER is 

a success, a demonstration fusion power plant 

        can be built.

Operation of a fusion plant
In a future fusion power plant, the fusion fuels deuterium and tritium are heated 

to a temperature of 150 million degrees using a variety of methods. One 

method uses microwaves, like those used to heat up food. The resulting hot 

plasma is contained in a ring-shaped vessel. To make sure that the hot plasma 

does not touch the walls (otherwise the plasma would cool down too much) a 

strong magnetic field is produced in the vessel        . The plasma particles 

follow the magnetic field and travel continuously around and around in circles, 

for literally tens of thousands of kilometers, without touching a wall. Such a 

vessel with magnetic field coils is called a tokamak. 

As they are not contained by the magnetic field, the 

high-speed neutrons are released during the fusion process 

fly into the wall of the vessel. In a future fusion power plant, 

they would transfer their energy to a coolant and convert 

lithium into tritium. Outside of the reactor the warm coolant 

would be used to make steam, with which electricity can be 

produced (or for example hydrogen)          .

Fusion is the energy source of the Sun
In the centre of the Sun, 600 billion kilograms of hydrogen fuse every second, forming 

helium. This releases an enormous amount of energy, of which a small part sustains 

life on Earth.

The temperature in the centre of the Sun is 15 million degrees Celsius. At high 

temperatures, the atoms in a gas lose their electrons, and together they form a gas of 

charged particles called a plasma. The Sun is a plasma, and so is a bolt of lightning or 

the gas in a fluorescent light bulb.

Fusion produces no harmful substances and no 

greenhouse gases that affect the climate.

Safety & Environment

In the fusion process itself no radioactive waste is produced. The metallic components 

of the plant itself will however in time become radioactive. By choosing appropriate 

materials the level of radioactivity should decrease quickly, so that after about 100 

years, it is expected that the material can be recycled, or stored relatively easily.
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Safety & Environment
Tritium is a radioactive substance, but because it is produced inside the plant (from lithium) 

and is also used there, the transport of tritium outside the plant is limited. Strict safety 

measures and confinement structures will ensure that the tritium stays inside the plant.

4

Safety & Environment 2
A fusion power plant will work just like a gas heater. At each instant 

there will be a limited amount of fuel, enough for a few seconds, 

present in the reactor vessel. If the fuel supply is closed, the fusion 

process stops, and therefore the reaction can never run out of hand.

Safety & Environment 1
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Cleaner energy for the future
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Nuclear fusion is the energy source of the Sun and the stars. Scientists and engineers over the 
whole world are working together to learn how to use nuclear fusion on earth. 

If successful, fusion energy can help fulfill the world́ s energy needs in a more sustainable way.
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