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Video from the COMPASS Tokamak experiment at the Institute of Plasma 
Physics of the Czech Academy of Science (https://bit.ly/3C3rwVQ) 

https://bit.ly/3C3rwVQ


The what  - Physics concepts 

The Science of Fusion Energy

The how - Challenges & Strategies 💸



The what  - Physics concepts 



Fusion vs. Fission

235U

92Kr

141Ba

neutrons

200MeV

Fusion: 4x more energy per kilogram fuel than fission

2D
3T

14.1MeV
neutron

3.5MeV

4He
2D abundant in
ocean water (0.02%)

3T radioactive
(12.3y half-life)
man-made

Stable!



Where does the Energy come from?

Fusion holistics: the sum is lighter than its parts
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The fusion process
Nuclear 
attraction

Electrostatic
repulsion

Quantum
tunneling

Coulomb 
barrier



How to get there?

Accelerate and collide?
Rutherford scattering > Fusion



How to get there?
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Deuterium – Tritium gas
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How to get there?
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Deuterium – Tritium plasma
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How to get there?
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Deuterium – Tritium plasma
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Confinement



Record 520MK

Reaction Rates
ITER 150-300MK

Sun 
15MK

2D 3T

2D 2D

2D 3He

1H 11B

Nuclear
weapon 
100MK

💸



The how - Challenges & Strategies 



Fusion in your basement (electrostatic confinement)

https://bit.ly/3ILGIuqGenerating Fusion is EASY
but generating electricity is HARD 



The original Tcore=15 MK
ρ=1.62 x 105 kg/m3

Tsurface= 5770K

Energy emitted
as radiation



The sun (gravitational confinement)

Slow reactions, compensated 
for by enormous volume/mass/density

Sun 15MK

1H 1H 1H 1H

1.4MeV 1H 1H
2D2D

5.5MeV
3He 3He

12.9MeV 4He

1H 1H



Lawson criterion (Triple product)
Density x Temperature x Confinement time 

Gain “Q”
Energy produced / Energy required

💸
The holy grail: ignition (self-sustained fusion)



Fusion concepts: Tokamak (magnetic confinement)

Recent records:
🇯🇵 Tion~520MK
🇰🇷🇨🇳 tc~7-100s
🇪🇺🇬🇧 Ef~59MJ

2D-3T challenge:
Neutrons!

Plasma challenge:
instabilities



ITER: The largest Tokamak in preparation

1) Boiling the kettle

2) Replenishing 3T
 (Beryllium blanket)



Fusion concepts: Stellerator (magnetic confinement)

🇩🇪Wendelstein 7-X



Fusion concepts: Laser fusion (inertial confinement)

Recent record:
🇺🇸 Gain Q~1.5
and ignition!

Original intention:
Nuclear weapons research

🇺🇸 National Ignition Facility (NIF)
But…



Many independent startups:

Must address: Reaction rates + Gain & extraction method

💸



Conclusion:  Fusion energy
Nuclear Physics ✅
Plasma physics 📈
Engineering 📈
Economics ⚠


