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Monsieur René Claude Eugéne GASTOUT Ir. / 25 avril 1937 - 5 juin 2022 /
Président du Cercle Royal Africa' dN‘Outre-mer / 2019 - 2022 /

INMEMORIAM

« Généreux, notre président Claude
tenait a apporter bénévolement une
aide technique aux populations du
Congo dans le cadre de programmes

d’assistance qu’il suivait de prés. SesT
4'5 RS
Notre ami a marqué le Cercle de son R
empreinte et nombreux serons-nous
a regretter son départ. »

“"Hommage au Président Gastout”
par le Secrétaire Général

10 juin 2022
Nous avons recu de nombreux témoignages touchants d’africains et
parmi eux, celui de Jonathan Kahumba, un proche que Claude estimait.

Je le cite : « Je suis profondément attristé par la mort de ce grand homme.
Un homme au coeur humain ».

La derniére fois, lors de mon passage chez lui avec d'autres amis du Congo,
il nous a présenté un repas symbolique et nous a dit : )

NOUS SOMMES TOUS LES MEMES QUELLES QUE SOIENT NOS DIFFERENCES.

Bon voyage Claude !
Jean-Michel van Dievoet



Du feu a I’atome : I’énergie au
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1 — Introduction : I'énergie,

* moteur essentiel du développement humain
* quelques principes généraux et concepts de base

2 - L’ histoire de I’homme a été substantiellement marquée par I’évolution des sources

d’ « énergie libre » qu’il a su ou pu utiliser
3 - Conclusion : I'énergie, moteur du progrés ou épuisement de nos ressources ?

- vers un nouveau pacte entre I’économie, la société et I'environnement

* Responsibility for the information and views set out in this CRAOM conference course lies entirely with the author.
* Reproduction of the texts of this CRAOM conference course is authorised provided the source is acknowledged. 3
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La méthode scientifique vise a décrire et expliquer les faits (le réel) de maniére neutre.
A l'inverse, la méthode idéologique va tenter de faire correspondre les faits, le réel, Risks - Waste

avec les conclusions (diapo ci-dessus).
Cette méthode n'est donc pas neutre et deux idéologies en concurrence vont ainsi ECOn0my N UC|ea r
présenter les faits sous des angles différents.
Source : Expliquer les sciences sans les défigurer : le défi de la vulgarisation scientifique - Héléne Mottier (CNRS),

15 juillet 2019 - https://www.echosciences-grenoble.fr/communautes/atout-cerveau/articles/expliquer-les-
sciences-sans-les-defigurer-le-defi-de-la-vulgarisation-scientifique

Ecology

« Tout probléeme bien posé est a moitié résolu » Henri Bergson

~___ The natural laws (also known as scientific laws)
S22 N ‘*/- no change during the past 13.7 billion years -

; = are very different from /’
the man-made laws - change over time !

Man Made
Laws
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The multiplier effect of energy access - Energy as an enabler

72\, SUSTAINABLE ™ ™
Energy is an enabler to foster economic development, create jobs, \‘{ \‘/ DEVELOPMENT "‘
facilitate education and health services, empower women, ensure food \{\ //

production and water supply and perform many other actions required L 17 GOALS TO TRANSFORM OUR WORLD
for overall development of societies (NEXUS). The relationship of energy

with "Human Development Index” (HDI) is well known and established.




UN Agenda-2030 : 17 "Sustainable Development Goals” (Sept 2015)
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The proposed 17 “Sustainable Development Goals for people and planet” cut
across all of the most critical social, economic and environmental issues of our time.

W
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ONU: « 17 objectifs pour transformer notre monde » et Rapport ODD 2018 ( https://www.un.org/sustainabledevelopment/fr/development-agenda/)
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Some 2021 figures (total of 191 countries)

Country rank HDI

Switzerland 1 0.962

Belgium 13 0.937

DRC 180 0.479
10K 12K 14K 16K

er capita [kwh] #*

Human Development
Index (UN’s HDI)

based on health - education -
living standards

UN’s HDI curve 2012 (graph) - Here we see a high
correlation between lower energy and lower HDI :
a small increment of “electricity consumption per
capita” (ECpc) corresponds to a relatively large
increase in HDI.

As energy use increases, we witness what
economists would call “diminishing returns” in
human development outcomes.

And at higher energy use, there is no statistically
significant dependency:

the relationship shows evidence of saturation.
The best-fit curve shows “high human
development” (HDI above : 0.8) was attained at
4000 kWhr (= 14 GJ) of electricity use per capita.

Energy consumption is pretty strongly correlated
with achievement of many of the objectives of the
SDGs (hence with UN’s HDI).

But the current proposed indicator for measuring
universal access to modern energy is the IEA’s best
guesses for the number of people consuming at
least 100 kWh/yr. If you live in a rural area, you hit
“modern” energy at only 50 kWh/yr.

NB Cuba is the only country with a high HDI where
average consumption is below 2,000 kWh/cap/yr.

= > The SDGs are at risk of setting the energy goal
far too low

Source : Todd Moss - CGD Blog (Centre for Global
Development — Sept 24, 2015 -
https://www.cgdev.org/blog/here%E2%80%99s-better-
way-sdgs-can-lighttheway-end-poverty

In 1990 the first Human Development Report introduced a new approach for advancing human wellbeing. The human development approach is about
expanding the richness of human life, rather than simply the richness of the economy in which human beings live. It is an approach that is focused on people
and their opportunities and choices. Most developed countries have an HDI score of 0.8 or above, landing them in the “very high human development” tier.
These countries have stable governments, widespread affordable education and healthcare, high life expectancies, and growing, powerful economies.
Source : https://hdr.undp.org/about/human-development // latest HDI data in https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
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“"Wéritable guerre énergétique” -/“Conquéte de I’énergie du futur”
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Demain,
la guerre du feu
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Afrique du
Sud

« Un besoin insatiable d'hydrocarbures »

L’Union Européenne, Pékin et Washington
partagent une méme obsession, la diversification
de leur approvisionnement énergétique, pour
réduire leur dépendance a I'égard de I’étranger.
« Demain, la guerre du feu, Etats-Unis et Chine a Afrique de 'Quest 55 %

la conquéte de I'énergie » par F. Lafargue (2006) Afrique du Nord

30

o

En 2019, I'Union Européenne dépendait, pour 60 % de
sa consommation d'énergie, de ses importations.
Le reste de I'énergie est produite sur le sol européen.

5 Moyen-Orient

31

« ’affrontement mondial pour la conquéte de I’énergie du futur »

La lune, I’astre aux multiples ressources
Il existe trois grandes catégories de ressources connues sur la Lune:
e certaines "terres rares" (cérium, terbium, samarium, scandium, gadolinium ..)
® ’"hélium-3 pour la fusion (deux protons et un seul neutron) : fusing helium-3
with deuterium, with the advantage of not producing neutrons
e I’eau (glacée a - 163°C) a la surface des régions polaires

Vo An isotope of Normal
EGE - 7 Juin 2021 - https://www.ege.fr/infoguerre/ (J n\m::an ’T.’.'.l"f.?.'l." PY
laffrontement-mondial-pour-la-conquete-de-lenergie-du-futur mmmu":"""{‘ Proton

.@ +18.4 Mev
EG Ecole de Guerre @ Ad Bl
Economigue J Hlm vl Zneurons

Helium-3 ' """ Normal
Helium
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Figure : An updated periodic table compiled by the European Chemical Society (EuChemS)
highlights important chemical elements that could experience future supply shortages.

The United Nations Educational, Scientific and Cultural Organization (UNESCO) has named 2019 the Year of the Periodic Table of Chemical Elements,
in recognition of the 150th anniversary of Dmitri Mendeleev’s original publication of the table in 1869. A humber of items prominent on above
“endangered-species list” of chemical elements are important materials for electronics and integrated photonics. 9
Source : An “"Endangered List” for Chemical Elements - January 2019 - https://www.euchems.eu/euchems-periodic-table
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Du feu a I’'atome - I’énergie
au coaur de I’histoire humaine

e bR % L
L’ histoire de ’homme a été substantiellement “We need to get serious about the renewable energy revolution
marquée par |’évolution des sources d’énergie — by including nuclear power” - May 5, 2022
libre qu’il a su ou pu utiliser. https://thebulletin.org/2022/05/we-need-to-get-serious-about-the-

renewable-energy-revolution-by-including-nuclear-power/

Matter — molecules ! > atom — electrons & nucleus — protons & neutrons — quarks — strings

Gluon

Electron @
fmsairoton A/ Quark Up
0 Strings
Quark Down O/

Molecule

Atom
Atomic
Nucleus

10

mater  Chemical reactions (eV) — e—pp Nuclear reactions (MeV)
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From Chimpanzee Using Tools
to Fourth Industrial Revolution

B

gibbon

orangutan

gorilla

15 28

chimpanzee

4 § X “u T
Lot Al ) ' » Z (¥ " 7_‘4. .
” (1932) : eleven ironworkers _‘3‘1"7«.
Accomplished toolmakers : Chimpanzees are sitting on a steel beam 260 meters above the ground on | |

e i I
inventive and extremely clever (large anthropoid the sixty-ninth floor of the Rockefeller Plaza (formerly i’?{’

....

ape of equatorial African forests). Humans and RCA) building in Manhattan, NYC — above iconic photo |
chimps share a surprising 99 percent of their DNA. has been revisited by a contemporary artist. '
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Machines (whether simple or complex) are operated manually or automatically, but they require human intervention.
Robots, on the other hand, are designed to operate independently and perform tasks without human intervention. 11



Fundamental forces vs Energy

Fundamental Forces
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Energy from biomass, water, solar, wind, nuclear, geothermal, oil, coal and gas

How a polar vortex works

Stable polar vortex Wavy polar vortex
Strong Unstable
jet stream jet
& stream
Microwave
——

Cold air is \ T f

contained

output
AC
Currents

Warm air
moves north

Input AC
Currents

NOAA

Stratospheric polar vortex - Stable and Wavy
Jet Streams (NOAA Scilinks inspires and engages
students - https://scijinks.gov/polar-vortex/ )
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QUELQUES MOTS SUR LA FORCE ET L’ENERGIE
Etienne Klein nov 2020 - « Le gout du Z - N\ Oui, la science est contre-intuitive"

L’énergie d’Ar

Un éternel re;

Pour essayer de comprendre le sens du terme d’énergie, il faut d’abord voir I’écart entre la mécanique classique de Descartes,
Galilée ou Newton qui utilisent le mot de force et la thermodynamique qui introduit le terme d’énergie dans la science.

Alors que la force est I’action d’un corps a travers un espace vide, I’énergie exprime le
bilan d’un systéme ou nous trouvons en méme temps conservation et transformation

dvnamiq Ue (défaisante /entropie/ ou constructive /(néguentropie/).
Avec Einstein, I’énergie intensifie sa présence avec la célébre équation E = m c2. De plus I'énergie quantique semble paradoxale.
Source : « L'énergie d'Aristote a Einstein - Un éternel recommencement » par Bertrand Souchard, 2018

Oui, la science est contre-intuitive.

Etienne Klein

(physicien CEA, philosophe des sciences, 1958 -)
( https://fr.wikipedia.org/wiki/%C3%89tienne_Klein )

CEA Recherche - YouTube : https://www.youtube.com/user/CEAsciences/featured toujours le bon sens et n’a que faire
de la bureaucratie des apparences.

« La science prend souvent l'intuition
a contre-pied, contredit presque

(1) Conférence et livre « Le golit du vrai » - https://www.youtube.com/watch?v=2byu0bYPjOc
(conférence, Sorbonne, Paris) - 9 nov. 2020 + Publication : « LE GOUT DU VRAI » de Etienne Klein
(56 pages, Tracts Gallimard, juillet 2020, Euros 3,90)

Les sciences sont de grosses
machines a pulvériser les préjugés et

(2) Conférence "Peut-on faire progresser I'idée du progrés ?" a contredire les interprétations

« Les ingénieurs franchement on ne les entend pas beaucoup » < .
spontanées que nous faisons des
https://youtu.be/tCOKgoCX8CA (conférence de 1h28 aux Alumni de ECE — Lyon) - 4 nov. 2020 P q f

Si vous n'avez que 3 min sec, alors écoutez un résumé : https://youtu.be/l WZDVAX6mQ

phénoménes qui nous entourent. »

N/
(3) Qu'est-ce que I'énergie ? (16 min) — 4 ao(it 2017 https://www.youtube.com/watch?v=4CBSZgPmPHO S 4
* De quoi I'énergie est elle le nom ? - 19 févr. 2019 - https://www.youtube.com/watch?v=QCh4jlsvmZE = Q ==
* https://www.cea.fr/comprendre/Pages/energies/essentiel-sur-energies.aspx

13
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Energy (TWh) vs
Power (GW)

TWh

= Ener Power
Total net electricity production in Belgium o(r=c:':::l;"cilt_.\;:;:‘i’nwl:;tt:':) (= the rate at which energy
. i d d d
by production technology 2021* (96,34 TWh) is produced or used)
0,4%
e While units of energy measure the total
o m Thermal, incl. biomass quantity of work done, they don’t tell us
' m Pumped hydro how fast that work is being accomplished.

m Hydro
Nuclear
Wind
Solar

0,4% ™ Other

' =y

Energy consumption in EU households (2018) Power < = > Energy
Space heating " Lighting

*63.6% VA ikl A 1 GW NPP would generate

— approximately 8 TWh in a year
; (assuming a load factor of 92 %, that is :
8 000 hours operating time per year).

5 14

ec.eurona eu/eurostat



Les énergies en

La carte meptale
des énergies

un coup d’ceil

L'énergie est présente partout sur notre Planéte

et sous de multiples formes : la chaleur et la

lumiére du soleil, I'eau ou I'air en mouvement, le

bois ou les eaux chaudes souterraines, les
gisements de charbon ou de pétrole ...

On appelle énergies primaires ces différentes
sources d'énergie naturelles.

Mais dans bien des cas, nous ne pouvons pas
utiliser directement ces énergies pour nos
besoins.

Que peut-on faire d'un flacon de pétrole brut ?
Il faut le transformer en carburant pour nos
moteurs.

Que peut-on faire du courant d'une riviére ?
Il faut installer un barrage pour créer une chute
d'eau artificielle et produire de I'électricité.

Les formes d'énergie produites a partir des
énergies primaires, comme l'électricité ou les
carburants, sont appelées énergies secondaires

ou vecteurs énergétiques.

Ce sont ces vecteurs énergétiques que nous
utilisons dans notre vie au quotidien.

planete
energies

An inifiative by o ToTaL
FOUNDATION

https://www.planete-

energies.com/fr/medias/infographies
/la-carte-mentale-des-energies
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« Energy slaves »

per capita per annum
- in Belgium : 590

‘sv-h; AVAIS |

Ascension du Mont Blanc

- Hauteur h = 3800 m

- Homme m = 70 kg

- Gravitation g = 9.81 m/s**2

4
SRR TRAMWAY DU MONT-BLANC
WX

S,
, e f
G b
(
0. 2 )
b&nu AIMAnnu /4
v

= Energie d'ascension : hx m x g = 2.6 MJ (approx. 0.7kWh)

= Puissance « mécanigue Homme » (7 heures ascension) = 100 W TWh e GW

Total energy consumption (TPES) per capita per annum in "W average” in 2013 and “energy slaves”

- Belgium: 6708.9 (or 211.64 GJ, i.e. : 58789 kWh) = > approximately 590 energy slaves per capita per annum

. France : 5112.4
. USA : 9207.8

= > approximately 450 energy slaves per capita per annum

= > approximately 810 energy slaves per capita per annum.

List of countries by total energy consumption per capita. This is not the consumption of end-users but all energy needed as input to produce
fuel and electricity for end-users. It is known as Total Prlmary Energy Supp \'4 (TPES), a term used to |nd|cate the sum of production and
imports subtracting exports and storage. - https: ikipedi iki f b

"The energy slave is a unit of measurement that allows us to better understand and evaluate the consequences of our life choices.
An energy slave works to produce energy 24 hours a day. He produces an average power output of 100 W (that is : 875 kWh/year).”
Source : R B Fuller (1940). "World Energy and https://jancovici.com/en/energy-transition/energy-and-us/how-much-of-a-slave-master-am-i/
Calculation method. The number of energy slaves per capita depends on the method of calculation: either we take

* the average energy provided by a slave 24 hours a day, 365 days a year (that is : 875 kWh/year) => above figures

* or the mechanical energy provided by a healthy individual working 40 hours a week (or 3 kWh/week or 210 kWh/year).
In comparison, a litre of gasoline can provide 9.5 kWh of chemically stored energy (to run an engine for example). 16
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Integrated energy planning seeks to consider all the key elements of the energy value-chain
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® Solar

* Wind
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* COMMERCIAL
SECTOR

® Electronic
Communication

® Cooling

* RESIDENTIAL
SECTOR

® Space Heat
® Refrigeration
* Cooking

* GTL ® Irrigation pumps Lo et
* Resources *CTL * TRANSPORT * AGRICULTURAL
extraction and * Vehicles SECTOR
sourcing * REGASIFICATION ® Aircraft lo Wat I
ater supply
_, * Rail * TRANSPORT
”’ SECTOR
® Person kms
Department:
Energy
REPUBLIC OF SOUTH AFRICA

“The Energy Planning Framework considers all energy carriers, all technology options and all key national policy

imperatives and proposes an energy mix and policy recommendations which ensures that the energy sector can help
achieve these in the most optimal manner.” (IEA)

Source : INTEGRATED ENERGY PLAN (IEP), Republic of South Africa, Dep’t of Energy, 22 November 2016 -
http://www.energy.gov.za/files/IEP/presentations/Integrated-Energy-Plan-22-Nov-2016.pdf and IEP Report, 20 August 2013 - http://slideplayer.com/slide/8307179/

Integrated
Energy
Planning

Republic of

‘ South Africa
e u y

C > P >
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Africa Energy
Outlook 2019

P
:
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]

World Energy
Outlook

2022
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World primary energy supply*

About 20 % of the world's energy is

consumed in the form of electricity (IEA] . —

Renewable
Energy Consumption

World Final Energy

Consumption — Biomass ~ 78% ,

1971 2012

BFossil ONonfossil

Key point: Fossil fuels still account for most — over

“New" Renewables ~ 1% 80% — of the world energy supply.

/" Biofuels ~ 1.6%
- Geothermal ~ 0.6% \ec“
~ - Hydro~ 18%

— Others ~ 6%
~—— Blomass ~ 6%
.
OurWorldinData
Visualising the Empirical Evidence on
—— Hydro ~ 88% how the World is Changing

Source : * Eurostat - Energy statistics - an overview — February

3 2022 https://ec.europa.eu/eurostat/statistics-

EIGCT"CH)/ from explained/index.php?title=Energy statistics - an overview
Renewables *Structure of Global Energy (2016) - Worldwide statistics -
http://www.greenrhinoenergy.com/renewable/context/uses a
nd_sources.php

+ Our world in data - Is the world making progress in
decarbonizing energy? - https://ourworldindata.org/energy-mix

Most of the energy used in the four broad sectors
world-wide comes from fossil energy (about 80 %).

National energy use is categorized in most countries world-wide in four broad sectors: It has been so over the last 50 years (above graph).
. . . . . — o, . e ~
traT\spor.tatlon (|:.>asse.nge|.', freight, and. pipeline) 31'A: in the EU A small fraction of the primary energy sources -
¢ residential (heating, lighting, and appliances) — 26 % in the EU approximately 20 % - is consumed in the form of
e industrial users (agriculture, mining, manufacturing, and construction) — 26 % in the EU electricity but this fraction may grow dramatically

e commercial (services), agriculture and forestry, and others— 17 % in the EU in the coming decades because of the upcorming
EEEE— massive electrification of society (IEA outlook). 18
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Industry‘

@ Fossil fuels
Nuclear

22 TWh,

Academia

Besoin total d’électricité :
e en Belgique en 2040 = 100 TWhe

Renewables
e en France en 2050 = 645 TWhe ,

0 :

NB - au niveau mondial, la part de Policy
I’électricité dans la consommation
finale d'énergie progresse rapidement :
13 % en 1990, 20 % en 2019.

Primary energies : renewables - fossil fuels — nuclear

Stakeholders : policy - industry — academia

+ resource and energy efficiency in a circular economy
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Statistiques électricité 2021 (1/2)

* Production d'électricité (TWh) Total net electricity production in Belgium
* Capacité de production (MW) by production technology 2021* (96,34 TWh)

0,4%

TWh GW

Energx Power m Thermal, incl. biomass
- . Pumped hydro
(= the ability to do work on (= the rate at which energy | Fump 4
or cause a change in matter) is produced or used) m Hydro
Nuclear
Production d'électricité nette (TWh) en Belgique pour I'année 2021/ Wind
Le graphique ci-contre représente la ventilation en pourcentage,
par type de fuel de la production nette d'électricité en Belgique. Solar
=> Sources d’énergie pilotables = 82 % et non-pilotables = 18 % 0.4% ™ Other
Capacité de production (MW) en Belgique (2004 — 2021)
Les deux graphiques ci-dessous représentent la répartition
par technologie de I'ensemble des capacités de production
en Belgique et son évolution jusque fin 2021.
=> Sources d’énergie pilotables = 57 % et non-pilotables = 43 %
Installed capacity in Belgium by production technology (MW) Installed capacity in Belgium
by production technology 2021* (27,957 MW)
30.000,00
27.957
|
|
25.000,00
m
| mBiomass and biogas
L]
20.000,00 m N m = " m Solar
|
- Wind
15.000,00 = 5% [ m
H
[ B B B B | ' N ydro
= Pumped hydro
10.000,00
Nuclear
m Conventional thermal
5.000,00 Fossil Fuel Fired Nuclear Hydro Wind Solar MWBiomass, biogas ®Pumped Hydro Waste
Autre source : « Un tour d'Europe du Green Deal - Vue Générale », Pierre Kunsch
— Collége Belgique - 31.01.2023 - https://lacademie.tv/conferences/un-tour-d-
0,00 europe-du-green-deal-vue-generale-par-pierre-kunsch

2004 2010 20101 2012 2013 20014 2015 2016 2017 2018 2019 2020 *2021 20
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Statistiq ues électricité 2021 (2/2) Load factor: percentage of total number of hours per year when production assets
are in operation in Belgium (equivalent full load hours capacity)

120,0%
* Facteur de charge

* Industrie, services, résidentiel, ...

100,0% C%) 96,7%

80.0%

60,0%

36,1%
L. , . 40,0% 34,4%
Source: « Statistiques électricité -
Production, consommation et
capacités de production d'électricité 17,9%
en Belgique>», 2021 20.0%
FEBEG (Fédération Belge des 9,0%
Entreprises Electriques et Gaziéres) l . l I . .
https://www.febeg.be/fr/statistiqu 0,08
es-electricite Natural Gas Nuclear Wind Onshore Wind Offshore Solar PV
201 2017 =2018 =201 202 2021

and SPF Economie, PME, Classes #2016 w2017 w2018 =2019 #2020 =20
moyennes et Energie - ENERGY
KeyData - Ed. February 2023 Le facteur de charge s'obtient en calculant le rapport entre I’électricité effectivement produite et celle qui aurait été produite
- https://economie.fgov.be/fr sur la méme période si 'outil de production analysé avait fonctionné continuellement a sa capacité nominale (pleine capacité).

Dans I’exemple ci-dessus nous illustrons le facteur de charge exprimé en pourcents pour quelques technologies en Belgique
pour 'ensemble de ’'année 2021 et pour les années précédentes (calculs effectués sur bas des chiffres de production bruts).

Final 'observed' energy consumption by sector in Belgium in 2020* (80,87 TWh)

Consommation en 2021 - industrie, services, résidentiel, transport

452%
45,0%
= Industry . 'z . s . ' . .
En 2021, la consommation d'électricité en Belgique s'est inscrite en
40,0%
hausse a 83,7 TWh, ce a la suite de la reprise post Covid-19.
Services
35,0%
La consommation calculée est définie comme suit: Production nette -
30,0% i i . ” o ey s .
Residential consommation d'électricité pour le pompage-turbinage - pertes
25,3% . . . . .
25.0% r— réseaux + importation - exportation. La consommation du secteur
Transport énergétique (raffinerie etc.) est reprise dans cet indicateur.
20,0%
- u Agriculture/Forestry Le graphique ci-contre représente la ventilation de la consommation
d'électricité, en TWh, par segment de marché (attention chiffres
10.0 Energy transformation (oil 2020, car les données de 2021 ne sont pas encore disponibles).

refineries & cokes ovens)
5.0%

— 21
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Table des matieres =N Du feu a I'atome : I'énergie au

coaur de I’histoire humaine

1 - Introduction : I'énergie, moteur essentiel du développement humain

- quelques principes généraux et concepts de base

2 — L' histoire de I’'"homme a été substantiellement
marquée par l’'évolution des sources
d’ « énergie libre » qu’il a su ou pu utiliser

Fundamental Forces

@”@ Strength Range () Particie
mmmmmm
3 Strong 7o hoids nucews 10 gluons,
@ @lwm, (dameterofa  (nucleons)
‘medium sized nucleus)
Strength Range (m) Particle
Electro- <® @ photon I

2 magnetic O=<® 7 ey
Strength Range (m) Particle
e Sy 18 Intermediate
- z - by 4 Weak i 10 (omllomammmr Vector bosons
3 - Conclusion : I'énergie, moteur du progres ou -\.gf (4) @_;E@@ T e il
: Strength Range (m) Particle 1
épuisement de nos ressources ? 1 |Gy @+(m) sxo® e 22N

spin=2

- vers un nouveau pacte entre I'économie, la société et I'’environnement

* Responsibility for the information and views set out in this CRAOM conference course lies entirely with the author.
* Reproduction of the texts of this CRAOM conference course is authorised provided the source is acknowledged.
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(1) Science (histoire de la physique) <=> (2) Engineering (conquéte de I’'énergie)

“You have to know the past to understand the present” — Carl Sagan

Description

(1) SCIENCE

(2) ENGINEERING
« La physique moderne est née des leam, analyze buld, synthesize <« L’énergie est essentielle pour le

cendres du monde aristotélicien » bien social et economique »

science : engineering :

Nature

“Scientists discover the world
that exists ;

Engineers create the world
that never was."”

Theodore von Karman (1881 -1963)
aerodynamic theoretician HU-USA

. How has engineering changed the world ?
Physics Emerges : From : heat from fire
From Aristotle to (first energy source used by humans)
Copernicus ... to Einstein ... To : modern mix of primary energy
sources (renewables, fossil and nuclear)

. We need all the energies !
4]

Human Geography Sociology
.. Economics | .. . Psychology
Linguistics Criminology Law
Political Science ) jomass
Development Studies Riomasy
Anthropology

i as”
Communication | Cultural Studies
Translation Studies ‘ Education Wind Nuclear




Platon et Aristote, « philosophes » (ptAocodoc), cad : chercheurs de sagesse

[e
4

!« L'Ecole d'Athénes », 1510, Raphaél

Platon et ses Idées, et Aristote I'observateur de la Nature

Source: “L'Ecole d'Athénes”, Raphaél (1483-1520 - portrait 1)
Chambre de la Signature, Cabinet de travail et bibliothéque de
Jules Il, Vatican, Rome

- Commande de Jules Il (pape de 1503 a 1513 — portrait 2)
(https://fr.wikipedia.org/wiki/L%27%C3%89cole_d%27Ath%C3%A8nes)

Le tableau de Raphaél, I’Ecole d’Athénes, résume trés bien les positions absolument
antinomiques des deux : Platon (a gauche) et Aristote (a droite). Platon montre vers le 3
haut indiquant que ce sont les choses impérissables de I'esprit (les idées) qui constituent ﬁ =
la réalité premiére de I’'Univers ; Aristote pointe le sol par le plat de sa main droite, ce qui |
symbolise sa croyance dans la connaissance par le biais de I'observation empirique et de

Pour Démocrite
(460 — 370 av. J.-C.), le philosophe
"riant", la nature est composée
dans son ensemble de deux
principes :

* les atomes, atopa,
(littéralement : « insécables »,
ce qui est plein) et

* levide (ou néant).

NB - opposition déterminée de

Platon mais aussi d’Aristote et de

leurs successeurs.

DESCRIPTION: fresque peinte en 1509-1510 (largeur 7.7 m, hauteur 4.4 m)

¢ Au centre : Platon (sous les traits de Léonard de Vinci) tenant le Timée, Aristote tenant I'Ethique (https://plato.stanford.edu/ )
¢ Al'extréme gauche : Epicure (coiffé de pampre) + Heraclitus, the "weeping" philosopher, and Democritus, the "laughing" philosopher.
e A gauche : Socrate, Zénon, Pythagore (assis avec un livre), Averroes (penché avec un turban)
¢ Au centre: Heraclite (sous les traits de Michel-Ange), Diogéne
e Adroite: Euclide ou Archiméde penché, un compas a la main et entouré d'étudiants (1er plan, sous les traits de Bramante),
Zoroastre (avec une sphére, de face), Ptolémée (couronné, de dos avec un globe terrestre), autoportrait de Raphaél (avec un béret)
NB - HYPATIE D’ALEXANDRIE (AU CENTRE DE LA MOITIE GAUCHE), SEULE FEMIME DE L’ASSEMBLEE (AD 355 — 415)



https://fr.wikipedia.org/wiki/L'%C3%89cole_d'Ath%C3%A8nes
https://plato.stanford.edu/

Il y a plus de 2300 ans Hic

— Aristote, philosophe grec

=

Aristotle Was Wrong — L\ LR 2
Very Wrong — b a9 “ Yo & i‘m

But People Still Love Him -0 S e )
27 8 c EW Apy
Gy g & »

&

o . o
Oui, la science est

contre-intuitive”
Eﬁlenne AKIem, 203’1 Koys W,z vossa A/ oiton
Le gout du vrai q quark &%) meson _‘ galaxy

g gluon i, & % baryon -
star
€ electron &% ion *

[Lmuon Ttau
black
V neutrino @) atom ‘ hole | Particle Data Group, LBNL, © 2008. Supported by DOE and NSF

« Le monde (cosmos) est un
ensemble clos et fini de sphéres |
hétérogenes imbriquées » /Aristote/

illustration des deux infinis (infiniment petit

> Du Big Bang a nos jours (cosmologie):
/M. Planck/ et infiniment grand /A. Einstein/)

Pioneers of gravitational theory :
Aristotle ; Galileo Galilei (1638)
Isaac Newton (1687) ; Albert Einstein (1915)
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A I’hotel Métropole, Max Planck, Henri Poincaré, Hendrick Lorentz, Marie Curie, Albert Einstein,
tla s§@nce (premier Congres Solvay, 1911)

)

CATHERINEDOULTREMONT
MARINA SOIVAY

FANTAISIEN
OUANTIOUES

Dans les coulisses des grandes

Henri Poincaré, Max Planck,
Marie Curie, Ernest Solvay,
Albert Einstein...

« Fantaisies quantiques
- Dans les coulisses des
grandes découvertes du
XXe siécle » juin 2020

« La Science, c’était la
passion d’Ernest Solvay »,
précise Marina Solvay,
I'arriére-arriére-petite-
fille de I'industriel qui a
signé cet ouvrage, avec
comme coauteure
Catherine D’Oultremont.
Grand Hétel Métropole

Assis : Walther Nernst, Marcel Brillouin, Ernest Solvay, Hendrik Lorentz (chairman), Emil Warburg, Jean

Baptiste Perrin, Wilhelm Wien, Marie Curie et Henri Poincaré.

Debout : Robert Goldschmidt, Max Planck, Heinrich Rubens, Arnold Sommerfeld, Frederick Lindemann,
“Everything should Maurice de Broglie, Martin Knudsen, Friedrich Hasenohrl, Georges Hostelet, Edouard Herzen, James Jeans,
be made as simple Ernest Rutherford, Heike Kamerlingh Onnes, Albert Einstein, et Paul Langevin.

as possible,

but no simpler.” (“On the first Solvay Congress in 1911”, Norbert Straumann — Ziirich, in Eur. Phys. J. H 36, 379-399 (2011)
Ainie - https://core.ac.uk/download/pdf/159146147.pdf)


https://core.ac.uk/download/pdf/159146147.pdf

Standard model of fundamen
s

Fundamental Forces

Kand

Fossil Fuels

Ad

tal forces and particles
primary energy sources

Nellelg Hydroelectric

L o W

Nuclear Fission  Nuclear Fusion

Geothermal Biofuel
Strength Range (m) Particle 1 é Lx.
S{ Force which s - — .
rong holds nucleus 10715 gluons,
@ @togeher Wianeter ol s n(nucleons) 3 1
medium sized nucleus) Primary energy sources
Strength Range (m) Particle take many forms, |n(.:|ufi|ng
2 * nuclear energy (fission and
Electro- <® (- 1 SO Plicki 3 fusion),
: ®_> <_® 137 ' g;ssz] 2 + fossil energy -- like oil, coal
’nagnetlc and natural gas — and
* renewable sources like
_ Strength Range (m) Particle hydropower, biofuels,
W k e / 18 Intermediate wind, solar and geothermal.
ed w\@ [:> @ Az vector bosons 4
(0.1% of the diameter & \ap-
of a proton) W5 W7 4y,
neutrino interaction mass > 80 GeV
Induces beta decay spin =1
S = = o Human history:
ren ange (m anicie . .
: g y SR the world is seeking to
G ravi t'y -39 : graviton .
6 x 10 Infinite mass = 0 climb up the energy
bt density ladder !

(Vaclav Smil - 2018)

The fundamental types of force (or interaction) are gravity, electromagnetic, weak nuclear, and strong nuclear. All other forces, such as contact forces (e.g. frictional
force, tension force as applied through strings, force exerted during collision) and non-contact forces (e.g. Coulomb, magnetic, centrifugal force) are special cases of
those forces. Physicists understand forces as resulting from the interaction of systems and fields - https://schooltutoring.com/help/physics-review-of-types-of-force/
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Histoire de ’lhomme <=> évolution ges&sources d’énergie libre utilisées

Energy Is the only universal
currency: one of its many forms
must be transformed to another in
order for stars to shine, planets to
rotate, plants to grow, and
civilizations to evolve.

“Energy and Civilization”, 2017,

Vaclav Smil (Manitoba, Canada) -
http://vaclavsmil.com/2017/05/08/ener
-and-civilization-a-histor

L’ histoire de ’lhomme
a été substantiellement

V4 ’ V4 L]
marquee par I'évolution Jusqu’a il y a environ 500 000 ans, la seule énergie libre a la disposition de ’homme était
des sources d’énergie libre sa propre énergie.
C|U'i| d SU ou pu utiliser. En maitrisant le feu pour chauffer, cuire, éclairer ou travailler les métaux, il a franchi la
(https://www.connaissancedesenergies.org/fiche premiére marche de son apprentissage énergétique.

-pedagogique/energie)

Sont venues ensuite l'utilisation de I’ énergie animale domestiquée (1),

Rappel : Cing fonctions d’état usuelles

en thermodynamique hydraulique et éolienne (2), thermique a cycles (3), électrique (4), chimique,
* L’énergie interne : U exprimée en J (joule) pétrole et gaz (5), nucléaire (6), et bas-carbone (7).
* L’enthalpie : H = U + pV exprimée en J
* L'entropie : S exprimée en J.K-1 NB : A la fin du XVille siécle, a la veille de la révolution industrielle, la quasi-totalité des besoins d'énergie de
e L’énergie libre: F= U —T.S exprimée en J I'humanité était encore assurée par des énergies renouvelables (Fernand Braudel, historien, 1902 — 1985).
* L’enthalpie libre : G=H-T.S exprimée en J Chacune de ces étapes a été I’occasion d’une évolution

le plus souvent majeure des structures des sociétés humaines.

« Le travail de ’"homme consiste a capter I’énergie libre »

(libre ! - seule I’énergie libre est utilisable — seconde loi de la thermodynamique /entropie/).

CIVILIZATION Que faites-vous avec un baril de pétrole brut ? Rien.
[ ot “ jul Si I'énergie est libre, le gros du travail consiste
a la capter et transformer de maniére a ce qu'elle soit utilisable.

,/" New vk i ¥ Rappel : L'énergie libre F (appelée aussi énergie de Helmholtz) est, en thermodynamique, une fonction d'état extensive
VA[:[AV SMIL dont la variation permet d'obtenir le travail utile susceptible d'étre fourni par un systeme thermodynamique fermé,
a température constante, au cours d'une transformation réversible. F est un potentiel thermodynamique.
On appelle potentiel thermodynamique d’un systéme soumis a un certain nombre de contraintes, toute fonction qui
décroit au cours de I’évolution spontanée du systeme, I’équilibre thermique correspondant G son minimum.
(Chimie - Université Paris-Sud & Orsay - http://hebergement.u-psud.fr/fabien-cailliez/Downloads/rappels _chim387.pdf) 28
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Humanity has experienced three major energy trar/msitic\ms and is now struggling to kick off a fourth

—

—
——]
—
—
—
—
—
—
—

History of transitions : (1) fire ; (2) muscle ; (3) coal, oil, and gas

e First was the mastery of fire, which allowed us to liberate
energy from the sun by burning plants.

¢ Second came farming, which converted and concentrated
solar energy into food, freeing people for pursuits other

than sustenance. During that second era, which ended just

a few centuries ago, farm animals and larger human populations
also supplied energy, in the form of muscle power.

o Third came industrialization and, with it, the rise of fossil fuels.
Coal, oil, and natural gas each, in turn, rose to prominence, and energy
production became the domain of machines, as such coal-fired power plants.

¢ Now, fourth, the world faces its fourth energy transition: a move to energy
sources that do not emit carbon dioxide, and a return to relying on the sun's
current energy flows, instead of those trapped millions of years ago in

deposits of coal, oil, and natural gas.

The fourth transition is unlike

w - A
the first three, however. 235 “ :/o"

“climbing back down o— > 200mev. =
/ the power density ladder” % \o"
Historically, Vaclav Smil (1943 -) IKr
notes, humans have typically traded
relatively weak, unwieldy energy
sources for those that pack a more

concentrated punch.
https://www.science.org/content/article/meet
-vaclav-smil-man-who-has-quietly-shaped-how-
world-thinks-about-energy
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Heat from fire: first energy
source used by humans
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Harari
“
Sapiens
A Brief
History of
Humankind

« La domestication du feu a ouvert le “A comprehensive account
premier gouffre significatif entre of how energy has shaped
Early ability of primitive human beings to use fire I'hnomme et les autres animaux ; society throughout history,
collection of natural fire first and then production of fire by our ancestor Homo erectus I'usage des outils aussi. Mais le facteur from pre-agricultural
Evidence (uncovered in Kenya and in South Africa) suggests that the earliest controlled use déterminant qui nous a propulsés des foraging societies through
of fire by hominins was about 1,420,000 years ago. However, it was not until about 7000 marges au centre, c'est la fiction today's fossil fuel-driven

BCE that Neolithic humans acquired reliable fire-making techniques, in the form either of (Ia capacité a tisser des mythes) » (2012) civilization” (2017)
drills, saws, and other friction-producing implements or of flint struck against pyrites. 30




Evolution énergétique (117 : muscle animal et esclavage

Jusqu’a il y a environ 500 000 ans, la seule énegie libre 2 Ia aisposition de ’lhomme était sa propre énergie.

En maitrisant le feu il y a environ 10 000 ans pour chauffer, cuire, éclairer ou travailler les métaux, il a franchi la
premiére marche de son apprentissage énergétique.

Sont venues ensuite 'utilisation de I’ énergie animale domestiquée (1/7), hydraulique & éolienne (2/7),

thermique a cycles (3/7), électrique (4/7), chimique, pétrole et gaz (5/7), nucléaire (6/7), et bas-carbone (7/7).
NB : A la fin du XVille siécle, a la veille de la révolution industrielle, la quasi-totalité des besoins d'énergie de I'humanité était encore
assurée par des énergies renouvelables, essentiellement : animales et biomasse (Fernand Braudel, historien, 1902 — 1985).

Chacune de ces étapes a été I’occasion d’une évolution le plus souvent majeure des structures des sociétés humaines.

Dans I’Antiquité, muscle animal et esclavage => énergie mécanique

By 3z E 1313 r3 Ve - 7T ] =5~
= v~ ~ T4 = 4 R ’ o

Figure left - Ploughing with a yoke of horned cattle in ancient Egypt. The tomb of Sennedjem,
c. 1200 BC, in the necropolis of Deir el-Medina on the West Bank at Luxor (ancient Thebes)
was actually one of the great discoveries, found intact by Italian archaeologists in 1886. 31



1/4
Anything that has
mass exerts the
force of gravity on
another object.

Evolution énergétique (2/7): moulins a eau et a vent

..'

e

Moulins pour énergie mécanique:

(interaction fondamestaté nA\1/4 : gravitationnelle)

10 tonnes
de matiere
=> 1 kWh

substitution partielle a la force humaine et animale, rare, coliteuse et peu efficace

NB : * water-lifting wheels appeared in ancient Egypt by the 4th century BC (also Archimedes’ screw, 250 BC)

* the first practical windmills were in use in ancient Iran (Persia) at least by the 9th century AD

Overshot water wheel

Wheel
Rotation

Water Flow

Flume

|

Tail race

b P m

i Sun and
- gravitation

Hot air is less dense
than colder air.
For air, the warmer
volumes rise and
cooler air flow is to fill
the volume.

This is wind.

Si ’'on utilise la gravitation ou d’autres forces mécaniques, il faudra disposer de 10 tonnes de matiére pour produire 1 kWh.

Deux illustrations : (rappel : 1 kWh est I’énergie cinétique d’un camion de dix tonnes roulant a 100 km/h)

e Pour obtenir 1 kWh d’énergie électrique dans une usine hydroélectrique, dont le rendement est de 85 %,
il faut faire chuter 10 tonnes d’eau d’une hauteur de 40 métres.

e Pour obtenir 1 kWh avec une éolienne, il faut récupérer toute I’énergie cinétique de 20 000 m3 d’air (soit 27 tonnes) arrivant a 60 km/h.

NB: The gravitational force, described systematically by Isaac Newton (picture) in the 17th century, acts between all objects having mass. 32



Evolution énergétique (3/7) : énergie thermique a cycles (machine a vapeur des le

e no 2/4 : électromagnétique) .

electromagnetism, _
science of charge 1 kilo

and of the forces and de matiere e . )2 . .,
fields associated =>1kWh ® Faire de I’électricité avec de la chaleur
with charge

proton e A A

Faire du mouvement avec de la chaleur \a a a 4 a )

La machine a vapeur briilant, d’abord du bois (et des foréts clectrin }mm — &
entiéres) et ensuite du charbon, a permis de transformer I’énergie

nucleus
thermique en énergie mécanique, surtout a partir du XVllle siécle.

BROWETT, LINDLEY & CO (1 899) 11D,

PATRICROFT,

Locomotives and steam engines. Simply put, steam engines use fire and MANGHESTE
coal (chemical energy) to boil water and produce steam (heat energy), High Soced . . . .

Self-Lubricating . .

which in turn pushes the cylinder and piston to drive the movement of Docble Ao .
the wheels (kinetic energy).

ENGINES
for Electric

Lighting &
Traction .
From 50 to
2,000 hop. .

Combustion reaction

CH, + 0z — CO:+ HO + AH

From photogr: nl of two 400 h.p. Engines built lc« the British Electric Traction Co. in 1900,
er for two 750 h.p. Engines just received for extensic Hh station,

NB : Electricity and steam turbines. Much of electricity world-wide still
comes from coal, burned in power plants. Inside a coal-fired power plant,
coal is still burned to make steam, driving windmill-like devices called steam
turbines, which are much more efficient than steam engines. As they
rotate, they turn electromagnetic generators and produce electricity.

‘www.alamy.com - FE17BP

Si I'on utilise I'interaction électromagnétique, il faudra environ 1 kilo de matiére pour produire 1 kWh.
Trois illustrations :
e Combustion chimique : les carburants fournissent de la chaleur a raison de 1 kWh par 0.1 kg (équation de combustion : CxHy + 02 —> CO2 + H20)

e Les chiffres sont comparables pour I’énergie biologique : un bon repas (un kg d’aliments) fournit environ 1 kWh, dissipé ensuite dans I’organisme.
e 1 kWh permet de faire fondre 10 kg de glace ou de faire bouillir 1.5 kg d’eau.

NB : The electromagnetic force, given scientific definition by James Clerk Maxwell (picture) in the 19th century, is responsible for the repulsion
of like and the attraction of unlike electric charges; it also explains the chemical behaviour of matter and the properties of light.




CTRICITE » au XXe siecle

Les grandes dates de I'électricité 1600 — 2030 (EDF)
https://www.edf.fr/groupe-edf/espaces-dedies/|-
energie-de-a-a-z/les-grandes-dates-de-l-electricite

EXPOSITION
INTERNATIONALE

-’7

1937 Paris - LA FRESQUE « LA FEE ELECTRICITE » {7

« Mettre en valeur le réle de I'électricité dans la vie
nationale et dégager notamment le réle social de
premier plan joué par la lumiére électrique »

D'une surface de 625 m? ce tableau de Raoul Dufy (1877 — 1953),
parmi les plus grands du monde, est aujourd'hui exposé
au Musée d'Art moderne de la Ville de Paris.

* Electricité = Lampe a filament (Thomas Edison).

* Electricité utilisé pour I'éclairage, transport et usage domestique.
* James Clerk Maxwell (Cambridge, 1831 -1879 — photo right)
* Dynamo Zenobe Gramme (1826 — 1901) = > moteur électrique
* Barrage hydro-électrique.

* Siemens et AEG = > les tramways électrique.

* Londres => Metro.

* Electrométallurgie et électrochimie (€électricité remplace charbon).
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A crucial part of the EU’s plan to wean itself off Russian energy is to greatly
increase purchases of liquefied natural gas (LNG) from other producers.

NB In total there are 29 operational LNG terminals and an additional 33 LNG
import terminal projects under construction or in the planning stage in Europe
as of May 2022.

But the EU isn’t yet equipped to receive enough of the fuel to replace Russian

gas entirely.

What’s more, there’s only so much LNG for sale on the global market, leaving

European countries battling with big Asian buyers such as Japan and South

- -
P rl Ce Of O I I Korea to secure the supplies they need to get through the colder winter months.
(Source : August 2022 - Bloomberg L.P.)

(Adjusted for inflation)

$200 $200
Gas imports from Russia
$180 $180 Lithuania "
$160 $160
— UK. Germany
[H]
% $140 J $140
o0
5 $120 $120 ;NG tankers grow
£ 100 $100 F—
2 T ————— b
@ $80 ﬂ $80 EES— e \ gigaa
$60 | $60 n - i i Greece
$40 JLuA\/ $40 QMax 1132 foet
$20 f'J $20 ot foting LNG plant 1601 foet
Figure above - With the delivery of 57 vessels in 2021 and 7 until April 2022, the
1950 1960 1970 1980 1990 2000 2010 2020

global LNG carrier fleet consisted of 641 active vessels as of end-of-April 2022,
including 45 floating storage and regasification units (FSRUs) and 5 floating
storage units (FSUs). Max size = 488 metres (1,601 ft) long (Floating Production
Storage and Offloading unit /FPSO/, owned by Shell plc and built by TSC (Technip—
Samsung Consortium) in South Korea, launched in 2013).

NB For the immediate future, the world is limited to about 50 LNG facilities around
the world, along with some 600 specialized tankers that can ferry cargoes.

Price of oil adjusted for inflation - West Texas Intermediate oil price history 1946-2022

Wide fluctuations in oil prices have played an important role in driving economies into
recession and even regimes collapsing—which is why movements in oil prices are closely
watched by economists, investors, and policymakers globally (1980s oil glut — Wikipedia)
1979 : Iranian revolution and Irag-Iran war / 1990 : the fall of the Soviet Union
2001 : dot_.cc_Jm bubble an_d 9/11 attack / 2008 : financial cnfisis /2015 : U_S shale revolution / Source : More than a third of the natural gas in Europe comes from Russia
When Russia invaded Ukraine on 24 February 2022, the price of crude oil skyrocketed from - The NY Times - Feb. 15, 2022 -

around $76 per barrel at the start of January 2022 to over $110 per barrel on 4 March 2022. https://www.nytimes.com/interactive/2022/02/15/business/energy-

environment/russia-gas-europe-ukraine.html 35
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Evolution energétique (s/7): energie nucleaire (depuis milieu XXe siecle

3/4 (interaction fondameatale n 4 : nucléaire forte)

strong interaction,

a fundamental
p_hy5|cal force that de matiere
binds protons anc_i —> 1 KWh
neutrons together in

the nuclei of atoms : - TEFK : (e *g&; C%D

'undamental Forces

10 mg

sPECiAL

March} e

1/ >

- S "Au fond, vous savez, mon . e P T
- OBJECTIF LUNE seul rival international, " L,
c'est Tintin! »
(boutade du général de

Gaulle, rapportée par 139
André Malraux, déc 1969) 56 Ba
ad 235 Q"
HIP N
&)" o , ey /

| £ voic/ I pile etomigue,
Constituee’ par d éncrmes
locs de graphite dars
lesquels courept des tubes
@huminium . Des barres de
| Cadrmrnr, que vous apercevez

°ﬂ
eKr

oiectiine FISSION

Hergé, 1953

Si I'on utilise I'interaction nucléaire (forte), la quantité de matiére
pour produire 1 kWh dépend du type de réaction utilisée : fission ou fusion.

Cest inowi. ..
H Cest formidable!... {

e Fission (4 générations de réacteurs nucléaires 1950 — 2050 dans le monde)
* 1 kWh de chaleur est dégagé par la fission de 10 mg d’uranium naturel (0.7 % d’U235).
* Ce chiffre peut étre divisé par un facteur cent dans un surgénérateur en récupérant
I’énergie de fission du Pu produit par capture de neutrons par I’'U238.

NUCLEAR

£ A
T\ v

Nlest -ce pas 2. Meis verez

Cost fabuleur,.Cost
par ici, le coup d'cer/ est K

hllucinart... Cest..

... Rerversaret!. Voili prohsblemert
Je ot que vous cherchrez,

encore plus impressionnant.. & n’est-ce pas, capitaine .. R , . . mass loss
Crst Jonashipiel : e Fusion Deutérium-Tritium (comme E =mc? o 43
= Ve S ; )
Sa | @\@ dans les réacteurs ITER et DEMO) 4 2> ENERGY
NS .
, s * Dans ce cas, un mg de combustible RELEASED

; 77
O suffit pour produire 1 kWh.

H + H —— He + .n

FUSIO

@ NB : The strong and weak nuclear forces were discovered by physicists in the 20th century when they finally probed into the core of the
atom. In 1933, Enrico Fermi proposed the first theory of the weak interaction, known as Fermi's interaction (responsible for the radioactive
decay, specifically the beta decay neutrino interaction). In the 1970’s, a strong attractive force was postulated to explain how the atomic
nucleus was bound despite the protons' mutual electromagnetic repulsion. This hypothesized force was called the strong nuclear force. 36




Evolution énergétique (z/7): sources bas-carbone (XXle siecle)

“Humanity has experienced three major energy
transitions and is now struggling to kick off a fourth”

Humanity has experienced three major energy transitions and is now struggling to kick off a fourth.

* Now, the world faces its fourth energy transition: a move to energy sources that do not emit carbon dioxide,

(including a return to relying on the sun's current energy flows), instead of those trapped millions of years ago
in deposits of coal, oil, and natural gas.

The fourth transition is unlike the first three, however. Historically, Vaclav Smil (1943 - ) notes, humans have
typically traded relatively weak, unwieldy energy sources for those that pack a more concentrated punch.

e The wood he cut to heat his boyhood home, for example, took a lot of land area to grow, and a single log produced
relatively little energy when burned. Wood and other biomass fuels have relatively low “power density,” Smil says.

¢ In contrast, the coal and oil that heated his later dwellings have higher power densities, because they produce
more energy per gram and are extracted from relatively compact deposits.

® But now, the world is seeking to climb back down the power density ladder, from highly concentrated
fossil fuels to more dispersed renewable sources, such as biofuel crops, solar parks, and wind farms.

(2018 - Smil notes that nuclear power ..... is the exception walking down the density ladder: it is dense in power....)
( https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy )

‘ Fundamental Forces

Strong %%aﬁf_m:wn q ;‘w-f

Electro.‘(*) @ s“gh :

gt Rt Rappel : Si I'on utilise la
Weak\xﬁ?‘@ 10° gravitation, il faut

-y (:%) = & 10 tonnes de matiere => 1 kWh
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Princess Elisabeth Island,
world’s first artificial energy Island

(will occupy an area of approximately 5 hectares above the waterline)

https://www.offshorewind.biz/2022/10/03/belgium-aims-to-build-worlds-
first-artificial-energy-island-video/

Belgian transmission system operator (TSO) Elia has presented draft plans for
what the company says ”"will be the world’s first artificial energy island.”

The future 3.5 GW

Princess Elisabeth wind zone.
Reminder -load factor of wind

DEME and Jan De Nul have launched joint venture TM EDISON to build the aifsluane (212 - 2Ly ) 20zl
world’s first energy island for Elia Group in the Belgian North Sea. = 35 %
The energy island will also be the first building block of an integrated

European offshore electricity grid that will connect various countries together. Development of an e|ectricity gnd at sea

https://www.elia.be/en/infrastructure-and-projects/infrastructure- 4‘@_’,
projects/princess-elisabeth-island elia The future 3.5GW Princess Elisabeth Island is an extension of the electricity

Elia Group grid in the North Sea. It connects wind farms from the sea to the mainland

According to the Marine Spatial Plan 2020-2026, the Princess Elisabeth zone and creates new connections with neighbouring countries. It will also
covers 281 square km and is located 45 km from the Belgian coast and ten km connect to UK and Denmark via additional interconnectors in the Nautilus
further out to sea than the already developed offshore wind farms. If (UK) and TritonLink (Denmark) projects.

developed to full capacity, the Princess Elisabeth zone will increase Belgium’s

operating offshore wind capacity from the current 2.26 GW to 5.76 GW. The construction of the foundations of Princess Elisabeth Island will begin in
boosts-offshore-wind-zone-nods-to-energy-island/) installation can begin of the high-voltage infrastructure needed to bring

electricity from Belgium’s future offshore wind zone to shore. Elia aims to
ensure all wind farms are fully connected to the mainland by 2030.

Premiére zone
d'énergie éolienne offshore
CAPACITE INSTALLEE : 2.3 GW

Zone Princesse Elisabeth
ILE ENERGETIQUE AVEC

CAPACITE EOLIENNE
JUSQU'A 3,5GW

=> A project that will benefit from the European Recovery Fund

The energy island uses the European Recovery Fund, which is intended to
provide the Belgian economy with additional incentives through future-
oriented initiatives. Investing in infrastructure is investing in economic
growth that strengthens the socio-economic prosperity of our country.

<

The “Green Power Plant of Europe” (18 May 2022, Danish town of Esbjerg)
The North Sea countries (Germany, Denmark, Netherlands and Belgium) sign
€135 billion offshore wind pact: a cooperation agreement on offshore wind
development and green hydrogen. They will target at least 65 GW by 2030 and
; @ ErEm 150 GW by 2050 - https://www.euractiv.com/section/energy/news/germany-
coonce Eriaes denmark-netherlands-and-belgium-sign-e135-billion-offshore-wind-pact/ 38
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Fission energy : several millions times as potent as chemical energy

O electron

<107%cm (fission : 200 million eV per nucleus

Nucleus binding energy per nucleon Z /Y :
as a function of the mass number @ PLabon compared to a few eV for burning coal)

nucleus

~\ le
F'E atom~10°cm e 13,
= ~10""cm

 yield from C%D

' nuclear fission

The "iron group”
of isotopes are the
most tightly bound.

La fission nucléaire de I'uranium s'accompagne
de I'émission de neutrons (en général deux ou

58 ) trois) et d'un dégagement d'énergie tres
5] 26 Fe Elements heavier important (= 200 MeV par atome fissionné,
56 than iron can yield donc beaucoup plus que celui des réactions

chimiques, de I'ordre de I'eV par atome ou

ener nuclear
9y I:ry molécule réagissant).

26" have 8.8 MeV

Binding energy per nuclear
particle (nucleon) in MeV
b

per nucleon fission. ;
yield from binding energy. : The induced fission of the U-235 isotope
nuclear fusion ' releases an average of 200 MeV per atom, or 80
: million kilojoules per gram of U-235.
: Source : “Nuclear Fission and Nuclear Fusion” Purdue univ.
2 : https://chemed.chem.purdue.edu/genchem/topicreview/bp/c
i Average mass : h23/fiSSiOI”I.QhQ
+ of fission fragments o295 !
B » is about 118. U:
[ I | ; On a per mass, or per nucleon basis, fusion

Illl_lllllll:llll
1|_']|'_') 150 Eﬂﬂ wins hands-down: one gram of deuterium

results in 10**12 Joules of energy.
Fission gives a comparatively small 80 10**9
joules per gram of U-235.
So fusion is over ten times as potent.

Mass Number, A

The Strong Force (it holds the nucleus together)
This force is responsible for binding of nuclei. It is the dominant one in reactions and decays of most of the
fundamental particles. This force is so strong that it binds and stabilize the protons of similar charges within a nucleus.
However, it is very short range. No such force will be felt beyond the order of 1 fm (femtometer or 1015 m).
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How the IAEA Contributes to the Sus}air{able Development Goals (2015)

ATOMS FORPEACE AND DEVELOPMENT

How thelAEASUPPOTrts the Sustainable Development Goals

1 CUMASE 1 PARTAERSHIPS
ALTION s CLEM WTH mm FOR THE GOALS
AU SAMTATION

g e & @

lll

”)6

f'{é]‘k-j
{;_W

L

< 60 Years
I A E A Atoms for Peace and Development

Activités de ’AIEA en Technologie nucléaire : Energie d’origine nucléaire ; Cycle du

combustible nucléaire et gestion des déchets ; Création de capacités et connaissances
nucléaires pour un développement énergétique durable ; Sciences nucléaires ; Alimentation
et agriculture ; Santé humaine ; Ressources en eau ; Environnement ; Production de radio-
isotopes et technologie des rayonnements (voir rapports annuels de I’AIEA)

Reminder : The IAEA was created in 1957 — just after Euratom Treaty — and is located in Vienna .

The IAEA is an autonomous international organization within the United Nations system.
It partners with more than a dozen UN organizations, thereby helping extend the reach of its services. Q ﬁ

LE BULLETIN DE L’AIEA (Agence internationale de I’énergie atomique) est produit par le Bureau de I'information
et de la communication ( https://www.iaea.org/fr/publications/magazines/bulletin )

Sources: “Atoms for Peace & Development” or “How the IAEA Will Contribute to the Sustainable Development Goals”, 25 September 2015 by Nicole Jawerth and Miklos Gaspar,
IAEA Office of Public Information and Communication - IAEA website: https://www.iaea.org/newscenter/news/how-iaea-will-contribute-sustainable-development-goals
and “Atoms for Peace & Development”, a special edition of the IAEA Bulletin on peaceful uses of nuclear technology (IAEA Bulletin, Vol. 56/1, March 2015, 40 pages)
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Les energies de la prehistoire a nos jours (renouvelables, fossiles, nucléaire)

_— l
Biomass

Oil
Natural Gas

Nudl
® Hydrogen

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Animal

° i ' e o S : N . . . . , . . . "
A{nmal ﬁ;]{A\‘.f{A\[)(B]{q(,])[j[ A la fin du XVllle siécle, a la veille de la révolution industrielle, la quasi-totalité des
* Biomass besoins d'énergie de I'humanité était encore assurée par des énergies renouvelables.
=> XVIII century
e Coal Dans un essai d'évaluation de la répartition des consommations par source d'énergie,
. Fernand Braudel estime a plus de 50 % la part de la traction animale,
* Oil environ 25 % celle du bois, 10 a 15 % celle des moulins a eau,
e Natural Gas 5 % celle de la force humaine et entre 3 et 5 % celle de |'énergie éolienne.
[ ]
Nuclear Source : « Civilisation matérielle, économie et capitalisme — xve et xviiie siecles » — 1979
L4 Hydrogen « Tome 1 - Les Structures du quotidien » - Fernand Braudel, historien, 1902 — 1985
=> XX| century «le pape de la nouvelle histoire» embrassant toutes les disciplines de I'hnomme.
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Mutual shaping of technical change and society (Carlota Perez, 2002) 1/
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Graph - A comprehensive account of how materials - energy — information have shaped society throughout history

British-Venezuelan researcher, lecturer and international consultant, Carlota Perez studies the mutual shaping of
technical change and society and the lessons provided by the history of technological revolutions for economic
growth and development.

She is Honorary Professor at the Institute for Innovation and Public Purpose (IIPP) at University College London,
UK and at SPRU, the Science Policy Research Unit at the University of Sussex, UK; Adjunct Professor of Technology
and Socio-Economic Development at the Ragnar Nurkse School of Innovation and Governance at TalTech, Estonia.

Her long career has spanned civil service, consultancy, academic research and teaching, beginning in the 1970s
with an investigation into the structural causes of the energy crisis in her home country of Venezuela -
https://carlotaperez.org/about and https://www.weforum.org/agenda/authors/carlota-perez

. .

—

Carlota Perez
- "Technological Revolutions
and Financial Capital” -
February 2003 - Edward Elgar
Publishing Ltd - 224 pages
(original edition 2002)
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Mutual shaping of technical change/angl society (Carlota Perez, 2002) 2/
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FIVE TECHNOLOGICAL REVOLUTIONS IN 240 YEARS

1771 The ‘Industrial Revolution’ (machines, factories and canals)

1829  Age of Steam, Coal, Iron and Railways

1875  Age of Steel and Heavy Engineering (electrical, chemical, civil, naval)
1908 Age of the Automobile, Oil, Plastics and Mass Production

1971 Age of Information Technology and Telecommunications

EACH BRINGS A TECHNO-ECONOMIC AND SOCIO-INSTITUTIONAL SHIFT
with new directions for innovation and a potential leap in productivity

“As a reliable and carbon-free source of electricity that is available 24 hours a
day, seven days a week, nuclear energy has an important role
C%D in powering the current industrial revolution”
in “Nuclear in the fourth industrial revolution” - 04 March 2021

https://www.world-nuclear-news.org/Articles/Viewpoint-Nuclear-in-the-fourth-industrial-revolut

>

“As to the question of what comes next, obvious contenders are :

e Climate/Energy — the implications of limitless energy by
unlocking nuclear fission and fusion are vast — and

o Life Sciences — genetic engineering will change the world and
humanity many times over.

Both of these areas seem nascent, but are on the precipice of
boundless innovation because cataclysmic events accelerate the
pace of progress.

The climate crisis is catalyzing investment in clean tech and
energy creation and distribution, and the global pandemic has
shown the world the importance of mRNA and all of the biological
science that goes along with it.”

Source : About Books — “Technological Revolutions in the Exponential Age” -
May 03 2022 - Ride It to the Sky - a book summary -
https://jaredhecht.com/2022/05/03/technological-revolutions-in-the-

exponential-age/
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Positron-emission tomography (PET)
(interaction fondamentale no 4/4 :

Radioactive Decay - Positron Production

+ Phosphorus-30 and fluorine-18 are
two artificial radioisotopes that
undergo decay that produces
positrons

18 18 +
o F>50+B

PISi +
+ As aresult of the radioactive decay of
fluorine-18, a positron is emitted from
the nucleus

Explanation - because there are too
many protons in the nucleus for it to be
stable, one of the protons decays,
producing a positron and a neutron
which remains in the nucleus

The weak interaction finds practical application in the radioactive elements
used in medicine and technology, which are in general beta-radioactive,
and in the beta-decay of a carbon isotope into nitrogen, which is the basis
for the carbon-14 method for dating of organic archaeological remains.

The weak nuclear force acts inside of individual nucleons, which
means that it is even shorter ranged than the strong force.

The radioactive beta-minus decay is due to the weak
interaction, which transforms a neutron into a proton, an
electron, and an electron antineutrino (Figure left).

The second type of beta decay is less common than the first. It
is the radioactive beta-minus decay. Certain nuclides decay by
the emission of a positive electron. This is antielectron or
positron decay. The emitted positron eventually finds an
electron to annihilate, characteristically producing gammas in
opposite directions (Figure right).
https://phys.libretexts.orq/Bookshelves/College Physics/ -
Book: College Physics 1e (OpenStax) - 31: Radioactivity and
Nuclear Physics (UC Davis)updated 2022)

electron from the nucleus and

a fundamental physical

elementary particles
that is responsible for

Above Figure. A model of beta-minus
decay, showing the ejection of an

specific transformation of a neutron.
beta-minus decay = > neutron loss
beta-plus decay => proton loss

mediated by the weak force
nucléaire faible)

Radiocarbon
Formation & Decay

weak interaction,

force between

certain decay
processes

Organism
living
‘ =

\
100%"—//"_0
XC decay curve

clock \
to zero O\O*\O\O\
. Q

4

=3

Organism

50%-{

25%-{

e
set

Activity of Organism (% of initial activity)

0 1 2 3 4 5 & 8
Time (half lives) - each is 5730 vears

(14)C undergoes B-decay to (14)N with a half-life of 5730 years.
Over a lifetime, around 50 billion (14)C decays occur within human DNA.

The valley of stability

the neutron side of
the valley is poorly
understood - scientists

aren't sure where the \

dripline lies

nuclel with excess
nucleons move
down the valley
towards stability

the

6+ decay
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Du feu a I’atome : I’énergie au

coaur de I’histoire humaine

1 - Introduction : I'énergie, moteur essentiel du développement humain
- quelques principes généraux et concepts de base

2 - L’ histoire de I’'homme a été substantiellement marquée par I’'évolution des sources
d’ « énergie libre » qu’il a su ou pu utiliser

3 - Conclusion : I'énergie, moteur du progres
ou épuisement de nos ressources ?

vers un nouveau pacte entre I'économie, la société et I'’environnement

Société
Satisfaire les besoins en
santé, éducation, habitat,
emploi, prévention

de l'exclusion, équité,

Economie
Créer des richesses et

améborer les conditions
de vie maténelles

intergénérationelle DURAB
viable

Environnement

équitable

* Responsibility for the information and views set out in l
this CRAOM conference course lies entirely with the author.

* Reproduction of the texts of this CRAOM conference
course is authorised provided the source is acknowledged.

Préserver la diversité des
espéces et les ressources
naturelles et énergétiques




Energy Triangle:
three constraints

a N

Life Cycle Analgsw

a e - environmen t] ccccccccc I sssss
Chaine de valeur de I'énergie

- trois contraintes principales :
1 - économie réelle
2 - acceptabilité sociale
3 - impératifs environnementaux

+ "Sobriété” ? = “"Energy sufficiency”
(deliberate and structured reduction of
the overall need for energy-using services)

@ (2) Society
(“'leaving no one behind”)

+ resource and energy efficiency
in a circular economy

ENERGY
MIX :

three
constraints

(3) Ecology

1) Econom
(1) y (global footprint)

(material prosperity)

with distinct space & time horizons (e.g. economic goals are local & urgent)
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Energy Consensus Closer

Than We Think ?

Answer : not sure
"one of the root causes: we CANNOT haveitall!'"

( Minimal costs )
( Stable prices )
( Competition )
( No nuclear ) %

C Security of supply )

( Low CO2 )

QEnergy indep&ndence)

Q\Inthing in my hack'_n,rar{D

“Nous n’avons pas encore pris la mesure de la « contradiction douloureuse »
entre des prix de I’énergie trop élevés sur le plan social et trop bas sur le plan environnemental. ...
Alors, a quel tarif payer vraiment I’énergie ? La tension entre liberté individuelle et collective sera I’enjeu éthique le plus important du XXle siécle.”
Etienne Klein (physicien — philosophe) : “Nous sommes pris dans une forme de servitude énergétique” - 17 novembre 2021
- https://www.philomag.com/articles/etienne-klein-nous-sommes-pris-dans-une-forme-de-servitude-energetigue

Source : The Boston Consulting Group -

KBVE/SRBE Studiedag «Welke energietransitie?», « Il faut sortir de la guerre de religion sur le nucléaire », Frangois de Rugy, ministre FR de la transition écologique et solidaire
Palais des Académies, Brussels, May 8th, 2014 LE MONDE | 10.09.2018 - https://www.rtl.fr/actu/politique/francois-de-rugy-veut-sortir-de-la-guerre-de-religion-sur-le-nucleaire-7794739111



https://www.philomag.com/articles/etienne-klein-nous-sommes-pris-dans-une-forme-de-servitude-energetique
https://www.rtl.fr/actu/politique/francois-de-rugy-veut-sortir-de-la-guerre-de-religion-sur-le-nucleaire-7794739111

“We need all
energy sources”

* ¥ x
*
.
* *
* oy x

Euratom

TAEA  swms for Peace ana

IPCC concluded that renewables alone are most
probably not going to be enough and fast enough
to avert the climate crisis, so we’re going to
need both renewables and nuclear (Figure below).
(IPCC Fifth Assessment Report 2014 :
https://www.ipcc.ch/site/assets/uploads/2018/02/ipc
c_wg3_ar5 _summary-for-policymakers.pdf )

. We need all the energies !

Biomass

L

Nuclear

In supplying society with energy, a balance must be struck
between competitiveness, security of supply, and the environment.

No single energy source is optimal from all dimensions.

Understanding the pros and cons of each primary energy source
(renewables, fossil, nuclear) can help us make a more informed
decision about our own energy use. = > science for policy.

“"We need all energy sources”

« Tout probleme bien posé est a moitié résolu » Henri Bergson 48
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