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cPri Energy and human development

How to quantify human
development?
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=PrL Energy and human development
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cPFL Unequal distribution of human

develonment .
Human Development Index groups, 2023
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=Pl ... and of energy consumption
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cPFL Evolution of distribution of
energy consumption
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=Pl Global view of energy tluxes

Ocean
currents

Tides

Geothermal
Stream runoff

Global fossil fuel consumption (2000)

Wind

Solar radiation
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The global flux of fossil and renewahble fuels. (Source: Smil, . 2006, "21 st century energy: Some sobering thoughts " OECD Ohserver 2585559 22-237
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cPrL What powered the world in 2025 ?
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Reliance on fossil fuels

Fossil Fuels have been produced from decayed plant and animal
matter over millions of years, cannot be re-formed in time

e Conventional Fossil Fuels
evar raachu, Gt nther dots

N FRANCISCO CHRONICLE

- Europe. TheOilDrum.
O Natural Gas (Laherrére, 2007) b e

B Coal (Energy Watch Group, 2007)

| ® il (TheGiDrum. com, 2008)
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Climate change
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=PrL Urgency of alternates development
Geopolitical issues

Finland
Which E.U. countries import
the most Russian gas
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=PrL Discussion of today’s energy options

Fossil
Coal

Natural gas
Oll

Renewables

Hydro-electric
wind
Solar

Nuclear fission
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=PrL dominated by electricity and by

renewables
IEA (2026), Change in energy demand in selected regions, 2025, IEA, Paris
| SY;'SS; . https://www.iea.org/data-and-statistics/charts/ change—in—energy—demand—in—selectecll—

Center regions-2025, Licence: CC BY 4.0



=PrL Discussion of today’s energy options

Why not only renewables ?

Renewables
Hydro-electric
wind
Solar
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=PFL The example of Germany - August 23
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S Germany - August ‘23 - March 24

[GWh/day]
2 D00

1 GO

400

O8B/2023 0972023 102023 /2023 12/2023
= Total electricity de... L= Biomass Hydiro
."I.I'Hirld offshore - Wimd onshaore Solar
M Swiss
Plasma . .
Center Agora Energiewende (2023): Agorameter. Model version 3.0,

Berlin, 13.09.21

O/ 2024

D2/2024

17



=PrL Discussion of today’s energy options

A politically incorrect view
Human deaths per energy
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=PFL A solution in the nucleus ? Fusion
vs. fission
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3 2He Helium 2
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Large energies are required for fusion

4 Potential anergy
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At such large energies matter is in the form of plasma 20
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cPFL Fusion powers the sun and all
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=PrL Fusion reactions and cross-sections
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The D-T reaction

Deuterium g  Helium (3.5MeV)

MNeutron (14.1MeV)

Tritium
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cPFL  Sources of fuel for D-T reaction

D is 1/6700 of hydrogenic atoms in oceans, i.e. 1.6/l
T does not exist in nature, as is radioactive and short-lived (12.5y)

10

But can be produced from Lithium

net + Li,° [ T2 + He,* + 4.8MeV ’A\J
(Li® is ~7%) Qi (n,e*H \‘

Pb(n,2n)

n,t + Li, [ T,2 + He,* +n! - 2.5MeV

(Li,7 is ~93%)

~

N

Li¢ cross section is larger for low energies N
7Li(n,n"e)3H ‘1

moderate neutrons first

L L LYY
-

9Be(n, 2n)+

Neutron multiplication is needed, and

Neutron cross-section, barns

Is possible above ~3MeV with Pb or Be

107 !

102 107 1

Neutron energy, MeV

Lithium is in earth crust and in ocean water (0.15g/m?)
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=PrL

Deuterium " Helium (3.5MeV)
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cPrL Schematic of a fusion power plant
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cPFL Advantages of fusion energy

High energy density fuel

Fuel Specific Energy (MJ/kg)
Water, 100m-high dam  0.001

Coal, oil, food 30-50

Fission (U-235) 85’000'000

Fusion (D-T) 350’000°000
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cPFL Advantages of fusion energy

High energy density fuel

Practically inhestaustible fuel

Environmental
No CO, emission

No high-level radioactive wastes
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cPFL Advantages of fusion energy

High energy density fuel

Practically inhestaustible fuel

Environmental

No CO, emission
No high-level radioactive wastes

No risk of nuclear accidents
Only ~1g of fuel in reactor
No chain reactions

No link with weapons proliferation

Geographically concentrated, not
subject to wheather variations

B Swiss
Plasma
Center
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cPrL Bremsstrahlung radiation spectrum
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cPrL Fusion <ov> vs. plasma temperature
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