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Fusion energy is ready since 4.6 Mrd years!

What happens inside the sun?

4 protons p

fuse to helium  He

in a complex way,  because protons turn into neutrons n:

in the sun
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Fusion transforms 

mass into energy:

ȹE = ȹmc2

25 MeV per p-p process

The sun transforms

4 Mill tons of matter per 

second into energy.

Power flux = 380 000 

000 000 000 000 000 

000 kW         
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Conditions in the core of the sun

+
+

(1) A high temperature: 15 Mill degree = 1.5 keV

- to overcome the repulsion of equally charged particles
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(1) A high temperature: 15 Mill degree = 1.5 keV

- to overcome the repulsion of equally charged particles

+
+

Conditions in the core of the sun

T

solid liquid

T
gas

At 15 Mill degree: the sun is composed of a plasma: 

T
Plasma

4th state

Ion (D or T)

electron
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Plasmas over Sweden: Polar lights



8

Energy 2050 

Conditions in the core of the sun

(2) A high density: 150 grams / centimeter3 ~ 150 x the density of water

- to have enough fusion collisions

T T T
solid liquid gas Plasma

4th state

At 15 Mill degree: the sun is composed of a plasma: 

(1) A high temperature: 15 Mill degree = 1.5 keV

- to overcome the repulsion of equally charged particles

+
+
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Conditions in the core of the sun

(3) Like a liquid and a gas, also a plasma needs a confinement

T T T
solid liquid gas Plasma

4th state

At 15 Mill degree: the sun is composed of a plasma: 

(1) A high temperature: 15 Mill degree = 1.5 keV

- to overcome the repulsion of equally charged particles

+
+

(2) A high density: 150 grams / centimeter3 ~ 150 x the density of water

- to have enough fusion collisions
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From the sun to the earth

Technical fusion uses a different fusion reaction:

Heavy water 2H

= Deuterium D

Super-heavy 

water 3H

= Tritium T

Helium

He

Neutron

n

D T 4He(3.5 MeV) n(14 MeV)+ +
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From the sun to the earth

Technical fusion uses a different fusion reaction:

Heavy water 2H

= Deuterium D

Super-heavy 

water 3H

= Tritium T

Helium

He

Neutron

n

D T 4He(3.5 MeV) n(14 MeV)+ +

Advantage:

High fusion yield with commercial potential:

1m3 DT plasma Č MWs of power at a few bar
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From the sun to the earth

Technical fusion uses a different fusion reaction:

Heavy water 2H

= Deuterium D

Super-heavy 

water 3H

= Tritium T

Helium

He

Neutron

n

D T 4He(3.5 MeV) n(14 MeV)+ +

Conditions for technical fusion:

Temperature: 200 Mill degrees

Density: 0.15 nano-gr/cm3 (nearly vacuum)

Good confinement, good thermal insulation of the plasma
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Fusion fuel
Deuterium from sea-water (30 gr/ton) Č virtually unlimited source

In summary: fusion fuel ïD and Li - is practically unlimited.

The D in 3 bottles

and

the Li in 3 stones

supply a family with 

2 kids with electricity 

for a year 

Fusion represents 

ñdematerializedò

energy production.

1.5 tons of fuel (a year) 

Č Sweden's electricity.

Tritium is radio-active (T1/2 ~ 12 years) Č has to be produced

Breeding of Tritium from Lithium: n + 6Li ­ 4He + T 

The walls of a fusion reactor are covered with Lithium-ceramics

In-situ production of T, closed circuitČ safety aspect.

Lithium depositied in earth-crust and sea-waterČ supply for 30 Mill years
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From the sun to the earth

Technical fusion uses a different fusion reaction:

Heavy water 2H

= Deuterium D

Super-heavy 

water 3H

= Tritium T

Helium

He

Neutron

n

D T 4He(3.5 MeV) n(14.1 MeV)+ +

Tasks of reaction products:

n: major energy carrier + breeding of T

4He (a-particle): provide the internal plasma heating

A 2.5 GW fusion reactor (1 GWel) Č 500 MW a-particle heating

When cooled down 4He is the ash; removed by ash-pan (divertor)
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Inherent  properties

Energy production by binary processes Č no thermal runaway effects

A plasma can be terminated immediately

The fuel stored in the system is burned after ~ 10 sec

The ñashò is He: 

Č no environmental implication

Č not radio-active

T may not come into the bio-sphere (3 barriers foreseen)

The waste is of low radio-toxicity; does not need residual cooling

The waste can be minimised: a specific technology programme 

would pay off: material re-use after ~ 100 years

BUT
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The task

Fusion is an option with tremendous potential ïbut it is not yet ready

Two ways to realise a fusion reactor:

inertial confinement

magnetic confinement 

Confine a hot, high-pressure D-T plasma

Heat it to high temperatures externally till inner a-particle heating takes over

Provide plasma equilibrium, stability and low transport for good confinement

Breed tritium within a ñLithium-blanketò via the fusion neutrons 

Exhaust the He ash and maintain high plasma purity

Remove the power deposited by thea-particles

Remove the power deposited by the neutrons into the blanket

Produce electricity by standard steam techniques

Develop materials with low activation properties.
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Magnetic confinement

Fusion in the sun

Plasma confinement

by gravity

Technical fusion

Plasma confinement

by magnetic forces
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Magnetic confinement

B

Fusion in the sun

Plasma confinement

by gravity

Technical fusion

Plasma confinement

by magnetic forces
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Magnetic confinement

Fusion in the sun

Plasma confinement

by gravity

Geometry: 

a sphere

Technical fusion

Plasma confinement

by magnetic forces

Geometry: 

a torus

Č Toroidal confinement




