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2500 SCIENTISTS SAY

What a sad era
when it is easier to
smash an atom
than a prejudice
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Enerqgy is the only
universal currency

One of its many forms must be
transformed into another in order for stars
to shine, planets to rotate, living things to
grow, and civilizations to evolve.

Recognition of this universality was one of

the great achievements of nineteenth -
century science, yet even today there is

little literature that tries to view the world

broadly through the prism of energy.

(Vaclav Smil, 2017)

Energy Power
(mega -watt -hour) (mega -watt)
Energy _is the quantitative Power _ is the amount of
property that is transferred eneray transferr'ed.or
toabodyor toa physical converted  per unittime .

system , recognizable in the Since work is W=F*d, and

performance of work W velocity v is displacement

(i.e. : force F times over tige t (VTd;t)- NB¢ what are physical

displacement d) and in the power P equals torce o )

formof heat and light . times velocity: P = F*v. systems ? e.g. for our planet:

the atmosphere, lithosphere,
hydrosphere, and biosphere

Six forms of “free energy"
mechanical ; thermal; radiant;
chemical; electrical; nuclear

The Metric Horsepower
1 hp = 735.5 watts

AMeet Vaclav Smil, the man who has qui e

ENERGY
CIVILIZATION
P worl d thinks ab oiuAAA® (AmeriguyAssociation

P

for the Advancement of Science) - 21 March 2018 -
ot https://www.science.org/content/article/meet -vaclav_-smil -man -
VACLAV SMIL who -has -quietly -shaped -how -world -thinks -about -energy



https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy
https://www.science.org/content/article/meet-vaclav-smil-man-who-has-quietly-shaped-how-world-thinks-about-energy

est une
\e . 8 -mHvdc huielampacs? d 6

| O ®ner gi e

We are 13.8 billion years old ! .| gl el
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Energy: the driver of universe expansion and of climate change

Net Radiation: Insolation - LW Emission
March Avg. 1985-1989

net radiation (W/m2)

-192.8 -120.5 -483 239 .2 168.4
Data Min = -150.5, Max = 120.7

Heat map (very ancient) of the cosmos

as it appeared only 370,000 years after the Big Bang Earth heat map (very recent)he differce between energy coming in and |
A detailed, all sky picture of the infant Universe created in energy Ieavmg the Earth for March 1989' The_ r(_ad areas ha\_/e a su_rplus °
2012 from nine years of WMAP data.77 billion year old insolation, wh|_Ie the blue areas are runn_lng_a def|C|t_reIat|ve to insolation.

temperature fluctuations in the range oRi200 microkelvin). Factors Affecting Global Temperatures : latitude, altitude, ocean currents, et

oA Ta

Air Temperature
in the lowest few Km (troposphere)

Consensus and scientific uncertainty 2"

/I tAYFGS &a0SLIAOA YR RSYASNAR 2F0Sy YiaNBLINE A QY
to undermine climate science findings. Therefore, when it comes to i Matine Ar Jepersiute N
scientific consensus on global warming, it is important to clarify what :
. . ) Sea Surface Temperature
type of uncertainty exists, and what type does not:
there is strong certainty on the types of impacts that global warming is

causing (or would be likely to cause under a given scenario for emissions),
but less certainty on the exact timing and intensity of these impacts.

Over Land

il Ay e

[foes o

The Global Climate Models (GCM)
are based on the fundamental
laws of conservation of mass,

momentum, and energy. 5

Source https://www.ucsusa.org/global-warming/scienceand-impacts/science/scientists ﬁmean Heat Content

agree-global-warming-happeninghumansprimary-cause#bftoc-1
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Variations climatiques naturelles

Changes in Eccentricity (Orbit Shape)

100,000-year cycles

ESRBIJA | CRNA GORA

Théorie astronomique

des paléoclimats

La théorie de Milutin Milankovitch

*Changes in eccentricity exaggerated so

shape varies between 0.0034 (almost a
perfect circle) to 0.058 (slightly elliptical). cllmate.nasa.gov

UCLouvain

(Serbian mathematician,
astronomer and geophysicist,
1879-1958), élaborée en 1941, rend
compte de l'alternance des cycles
glaciaires et interglaciaires durant
le Quaternaire (derniers 2,6 Ma).

the effect can be seen. Earth's orbit André BERGER (1942 - ..),
paléo -climatologue ,

Changes in Obliquity (Tilt)

41,000-year cycles

climate.nasa.gov

/ . =
Ecce nt“Clty Axial Precession (Wobble)

26,000-year cycles
900SyuNROAGeE:T GKS OKIy3sS
a round orbit to an elliptical one, which
occurs on a2 100,008 S NJ O Ot S 2 KSy
orbit varies between more circular and more
elliptical (i.e. more extreme eccentricity), the
length of the seasons change. (Animation by
NASA/JPiCaltech- public domain)

w Sila Terre n'était soumise qu'a l'attraction
gravitationnelle exercée par le Soleil, son
mouvement obéirait aux lois d&épler: il
serait inchangé au cours du temps.

w Mais, la Lune et les planétes en interaction
gravitationnelle avec la Terre perturbent ce
mouvement : la révolution de la Terre autour
du Soleil n'est pas parfaitement périodique.

w Les parametres orbitaux et I'orientation de la
Terre se voient modifiés.

climate.nasa.gov

Obliquity

Obliquity is the tilt of the Earth on its
orbital axis, which can range from 224 5A
from vertical, and occurs on a roughly
41,000year cycle. The tilt of the Earth
impacts how much insolation is absorbed
by the planet at different latitudes.

N\

Precession

t NEOSaaAazys O2vyzyté Of
Ad GKS avlrtt GFINRIGAZY
axis as it points relative to the fixed stars in the
It Ee® . SOFdzAS 2F LINBC
orbit when the Northern Hemisphere is angled
toward the sun changes over a cycle of
approximately 26,000 years. 6



Three sources of prlmary energ energy mix
(renewables, fossil, f issile Prosy nd cons)

Fossil Fuels Wind Nellolg Hydroelectric

i

Society

Nuclear Fission  Nuclear Fusion

ko % Risks - Waste
%k

Economy Nuclear Ecology

There are three sources of primary energy in the world: renewables, fossil, fissile.

Each source has its strengths and weaknesses . The optimal energy mix in any country
world -wide depends on a number of socio - political as well as scientific -technological
factors, to be discussed with all stakeholders involved. Energy efficiency is of course
crucial in this debate . The ultimate common goal is to build robust, equitable and
socially acceptable energy systems at national and regional level.
1  Mainstream technologies of renewable  type are e.g. wind power, hydropower, solar energy,
geothermal energy and bio energy (the developing world has a number of advantages in access
to some renewable energy sources) - renewable electricity production, however , is sometimes
criticized for being variable or intermittent
1  Fossil fuels contain high percentages of carbon and include coal, petroleum and natural gas -
they are abundantly available (especially in Africa) and used throughout the world to power
everything from cars to lights in the home (easy to set up technologies) but they are considered
as having  severe consequences on the climate.
1  Nuclear (or fissile) energy also has a number of pros and cons i pros are low pollution (no
di scharge of greenhouse gases) and | ow operating costs du
while cons are risk of terrorism activities (including proliferation) and possible health effects on

people and environment in case of extreme accidents




PRIMARY
ENERGY/
RESOURCES

SECONDARY

ENERGY
CARRIERS

Five major segments (primary = > final)

ENERGY VALUE CHAIN

* RENEWABLES
® Solar

* Wind

® Biomass

® Hydro

* FOSSIL FUELS
® Coal

® Crude Oil

* Natural Gas

®* NUCLEAR FUELS
® Uranium

* Resources
extraction and

* POWER
GENERATION

® Conventional Coal
Plant

® Nuclear

* CCGT

* OCGT

® Solar

* Wind

* FUEL PROCESSING
® Qil refineries

* GTL

* CTL

® Electricity
* Heat

® Refined Petroleum
Products

24/7/365

sourcing * REGASIFICATION
Department:
Energy
REPUBLIC OF SOUTH AFRICA

* INDUSTRY

* Steam boilers

® Furnace

* Machinery

* COMMERCE

* Air Conditioning
® Light Bulbs

* HOUSEHOLDS
* Space Heaters
* Refrigerators

* Stoves

* Geysers

* AGRICULTURE
® Irrigation pumps
* TRANSPORT

* Vehicles

® Aircraft

* Rail

—

* INDUSTRIAL
SECTOR

* Process Steam
* Motive Power

* COMMERCIAL
SECTOR

® Electronic
Communication
® Cooling

* RESIDENTIAL
SECTOR

® Space Heat

® Refrigeration

* Cooking

* Hot water

* AGRICULTURAL
SECTOR

® Water supply

* TRANSPORT
SECTOR

—

Energy storage technologies : pumped hydro ; electrochemical
storage (batteries); hydrogen ; thermal storage (molten salt) ;
mechanical storage ; superconducting magnetics
+ demand side management (DSM), etc

&Lerson kms

Republic of
South Africa

N—

APrimary_energy = energy
available in the natural environment
ASecondary energy = energy ready
for transport or transmission
AEinal energy = energy which the
consumer buys or receives
AUseful energy = energy which is an
input in an end -use application.

+ circular economy

and efficiency w.r.t.
resources and energy

G ¢ Eergy Planning Framewortonsiders alenergy carriers all technology optionsand allkey national policy imperativesind proposes
an energy mix and policy recommendations which ensures that the energy sector can help achieve tlieseriast optimal manne®¢ 0

Source pintegrated Energy Plan (IEP) for South Afridaepartment of Mineral Resources and Energy (DMREpvernment Gazette StaatskoerantNo. 40445, 25 November 2016ptimal mix of energy
sources and technologieshttps://www.gov.za/sites/default/files/gcis_document/201611/40445gon1430reduced.pdf
+ PPT presentation associated with IEP and 8 key energy planning objee@2November 2016 https://www.dmre.gov.za/Portals/0/Energy_Website/files/IEP/presentations/IntegrateeEnergyPlan-22-Now
2016.pdfand https://www.gov.za/sites/default/files/gcis_document/201611/40445gon1430reduced.pdf
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Conversion technologies (

two examples ):Gas -fired Power( combined cycle

gas turbine /CCGT/) + Regasification

= VS Spent bot
gases muy bl
wsed to
warm searlny
‘ bsriddings

. . .
Generating electricity

A power station produces clectricity by changing the energy in its fuel
into electrical energy. A gas-fired power station burns gas, converting
its chemical energy into heat. The burning gas expands and tries to

rush out in all directions—it has kinctic energy. It turns the blades of a

turbine, which drives a generator to make clectricity. The hot gas also
turns water into steam, which drives another
turbine and generator. Condensers change the
steam back into water so
that it can be used again.

A\

Air provides |
axygen for
g5 to buern

Air sucked imto birner

Rustumyg air turns
tierbine blades

Generator | Spimntng turbine Hot gases rush Haot pases
produces biades tarn past and spin bodl water
electricnty generator turbime blades into steam

CCGTPlants have basic components the same as the
OCGT plants but the heat associated to the gas
turbine exhaust is used in a heat recovery steam
generator (HRSG) to produce steam that drives a
steam turbine and generates additional electric
power. The CCGT electrical efficiency is expected to
increase from the current 5260% to some 64% by
2020. CCGT plants offer flexible operation.

Reminder : There are two types of géised power
plants, viz. opercycle gas turbine (OCGT) plants and
combinedcycle gas turbine (CCGT) plants.

Source : Gafired Power (IEA 2010)https://iea -etsap.org/E
TechDS/HIGHLIGHTS%20PDHER fired powerGSAD-
gct%201.pdfand Gasto-power projects to watch in Africa
(March 2024} https://energycapitalpower.com/gaspower-
projects-africa-2024/

Cool water
enters boder

)i b

. l o furnace

LNG at -162 AC at Patm)

Steany spins
trbrinee blades

ooled wirter 15 filtered
feaned, and
d wp as necessary

Spiuning turbine Generator
blades turm produces
gereerator electricity

a WA
LN =

v from Courdenser cools
superheated
steam and steam

back imto water

Cooled water
floaws to filter writ

BelgianZeebrugge LNG regasification terminar¢ught online in 1987)

Fluxys: around 200ship operationsduring 2024, five tankswith a storagecapacityof 9 billion

cubic meters hcm) per yearand a regasificatiorcapacityof about 6.6 million bnsper annum
(mtpa). The facility will be able to import lowcarbon hydrogen or derivatives in the future.
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End - use technologies ( two examples ): th e illuminating history of light
+ innovative transpoitatiogt echnologies
Incandescent Halogene Fluo-compact

12-20 Im/W 18-25 ImIW 60-80 Im/W 25-140 Im/W
Tungsten Tungsten , iodine, Tungsten , mercury, rare Gallium__, indium, cerium, yttrium,
gl ass & bromine, glassa&dths, gl ass, pcbppe,siiver,s d@licium , pl ast i

The technological evolution of lighting technology over the last few decades is indisputable in terms of

functionality, but questionable in terms of the necessary metal resources and the-nexyclability of the products.
{2dzNDOS Y G¢KS T2dzNJ OKL £ £ Sy 3 SULiege F019; JulpIrdiipdzieticpliard @ 2inciday-écénamy 8. sl O t L w! w5 X
+ The History of Light https://ec.europa.eu/programmes/erasmusplus/project-result-content/fcc56555

DRI N ‘\"7‘:—: | L7 7)
. Y B \/\ ; L-/‘f’ : s
Six Transportation Technologies to Boom in Future : 1. Lightweight Vehicles / 2. Delivery Drones

(picture) / 3. Bicycle Sharing System / 4. Hyperloop (picture) / 5. Flying Taxis / 6. Autonomous Cars
Source (December 2019https://yourstory.com/mystory/six -future-transportation-technologiesfuture/amp 10
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World Primary Energy Use: explosive growth 1852010

600

mmm Other renewables
350 mmm Nudear
= Hydropower
500 | wem Gas
mmm Oil www
mmm Coal Internet
U mmm Biomass 1L
]
400
Microchip
= 350
8 .
.Ci 300 Nuclear
3 Ielevnsuon energy
250 Vacuum tube /
200 -
Electric
150 motor
e Commercnal
aviation
100 Gasoline
% engine
50
0
1850 1875 1900 1925 1950 1975 2000

Source: AThe Global Energy Assessment: Toward a Sust ai nabomgrehéniwe rintegratdd analysise 6, C
of how to transform energy systems t o mea namdlyhpeoviding affordables safe,.séctre, ganl ed eevinoemegtglly c hal | e
sound energy for all - http://www.iiasa.ac.at/web/home/research/Flagship - Projects/Global -Energy - Assessment/Sustainable.en.html
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Bargedest 7y phenomenon (4 MWh/capyr)
2| © Pakista . . . .
Kenyaj},© Pakistan - HDI increases with th&Cpaintil a certain level,
b Cameroon but further, HDI becomes insensitive to ECP variation.
G O Zimbabwe
| Sudan
o
Coteid'Ivoire
Ethiopia
. @ Mozambique Some 2021 figures (total of 191 countries)
(]
5 Country rank HDI
, Switzerland 1 0.962
o .
Congo, Dem. Rep. Belgium 13 0.937
i DRC 180 0.479
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Electricity consumption per capita [KWh] o

Human Development
Index (HDI)

vs. Electricity Use

' bQa | 5L OdzNIHere weseera highd
correlation between lower energy and lower HDI :
FaYlrff AyONBYSyid 27F
O LJAECpyEorrésponds to a relatively large
increase in HDI.

As energy use increases, we witness what
SO02y2yvyArada ¢2dzZ R OF ff
human development outcomes.

And at higher energy use, there is no statistically

significant dependency: the relationship shows
evidence ofsaturation.

The bestfit curve showsu KA EI K_ KdzY'l

%ﬁ%sté &%Eusl 53 ne‘jatfga-
hr(='14 trici ercapit

Energy consumption is pretty strongly correlated

with achievement of many of the objectives of the
{5D4&d 0KSyO0S 4AlGK ! bQa

But the current proposed indicator for measuring
dzy A @SNEIf 1 00Saa G2 Yz
guesses for the number of people consuming at
least 100 kWhlyr. If you live in a rural area, you hi
GY2RSNYy¢ SySNHe i 2yt
NB Cuba is the only country with a high HDI wher
average consumption is below 2,000 kWh/cap/yr.

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

Source : Todd MossCGD Blog (Centre for Global
Developmentg Sept 24, 2015
https://www.cgdev.org/blog/here%E2%80%9Bstter-
way-sdgscanlightthewayend-poverty

In 1990 the first Human Development Report introduced a new approach for advancing human wellbeing. The human developmeatchpg about
expanding the richness of human life, rather than simply the richness of the economy in which human beings live. It israacipat is focused on people

Iy R

GKSANI 2L NIidzy AGASa

FYR OK2A0Sad az2al

RSOSt 2 ISR GhKdigrik NI RE oSl @RIVISW G1E5 L A

These countries have stable governments, widespread affordable education and healthcare, high life expectancies, and gpowieigul economies.
Source https://hdr.undp.org/about/human -development //latest HDI data irhttps://hdr.undp.org/data -center/human-developmentindex#/indicies/HDI 12
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COP21 - 21st Conference of the Parties to the Unlted Nations Framework

i 11/12/2015)

THE KEY ELEMENTS OF TH E PARIS AGREEMENT
A A text with universal scope, adopted by 195 countries
PARIS 7015
The aim: to keep the increase in global ' The means: Countries must submit
average temperature to well below 2°C [ ' Intended Nationally Determined

and to 1.5°C if possible. Contributions (INDCs) which are
revised upwards every 5 years.
The 1st report is due in 2023,

The objective: to level off Morth-South technology transfer.

gFEE'I"Il"IDI.ISE as BMIissIons as soon The ﬁnan:in q: frDm 20 Eﬂr ri{h

as possible. countries must contribute at least
5100 billion per year. This amount
will be reviewed in 2025.

',
s

The principal: to differentiate

between developed and The new mechanism: loss and
. developing countries. Developed dama ge. Measures ::Im ;'j be tali"ﬁ" to
T=="|  countries must lead the way for avert, minimize and address the
"., —\  reduction of emissions and support concrete effects of climate change,
—_ ik || . . . .
\ ==\ developing countries in in order to help the most vulnerable
implementing this. Other countries countries.
with the ability to do so may also BRI
1 R i

- Entry into force: 2020 if the
. E Agreement is ratified by 55 countries
.| accounting for 55% of global
~ greenhouse gas emissions.

contribute their support on a
voluntary basis to achieve this

\ target.
—

AA $300B a year deal

at UN summit sparks outrage for some
and hope for others

AP news ( Bakou , November 24, 2024)

G“ ALS

climate cash
On average, globally, only 16% of the SDG targets are on track to be achieved
3 by 2030, with the remaining 84% demonstrating limited or a reversal of
progress (Sustainable Development Report 2024 /UN Jun 28, 2024)

13

f o




OLYUSNHZOSNYYSyYyult t1I ySt 2y
2022 Sixth ASSGSSMM@&DW& 2021, February and April 202

PR

ipcc ipcc ipcc

INTERGOVERNMENTAL PANEL on ClimaTe change NTERGOVERNMENTAL PANEL ON Clim3Te chanee INTERGOVERNMENTAL PANEL ON ClimaTe change
Climate Change 2021 Climate Change 2022 Climate Change 2022
The Physical Science Basis Impacts, Adaptation and Vulnerability Mitigation of Climate Change
Summary for Policymakers Summary for Policymakers Summary for Policymakers

U e fe R ofth
orking Graup | contribution t¢ the N 0 e contitxition 1o the T
@ Sixth Assessment Repart of tae @) {3},} 3 ‘R '_ @ a‘aj
ntergavernmental Panel on Cimate Change Er

Intergovernmental Panel on Climate Change wMo UNEP wMo UNEP

Working Group | _Working Group I Working Group Il
8> IR

GCKS t KaaArolf | (3 &1 2yQ @yl Ags by 8k &
(released on 9 August 2021) (refeased on 28 February 2022) (released on 4 April 2022)
The IPCC Working Group | (WGI) aims at The IPCC Working Group Il (WGII) assesses the ~ The IPCC Working Group Il (WG IIl) assesses
assessing thehysical scientific basis of the impacts of climate changerom a worldwide to a options for mitigating climate changeClimate

climate system and climate change regional view of ecosystems and biodiversity, and ~ change mitigation is achieved by limiting or
The scientific topics assessed by WGI include: of humans and their diverse societies, cultures preventing greenhouse gas emissions and by

greenhouse gases and aerosols in the and settlements. It considers theiulnerabilities enhancing activities that remove these gases from
atmosphere; temperature changes in the air, and thecapacities and limits of these natural and the atmosphere. Greenhouse gases can come fro
land and ocean; the hydrological cycle and human systemso adapt to climate change and arange of sources and climate mitigation can be
changing precipitation (rain and snow) thereby reduce climateassociated risks together applied across all sectors and activities.

patterns; extreme weather; glaciers and ice with options for creating a sustainable future for These includeenerqy, transport, buildings,

sheets: oceans and sea level: biogeochemistry all through an equitable andntegrated approach industry, waste managementagriculture, forestry,
and the carbon cycle; and climate sensitivity. to mitigation and adaptation effortsat all scales. and other forms ofland management 14




UN Agenda -2030

Priority
no 1l

1/

DECENT WORK AND
ECONOMIC GROWTH

CLIMATE
ACTION

@

/ Priority
no 13

LIFE
BELOW WATER

1

¢ KS

LINR LJ2 & SR
all of the most criticalsocial economicand environmentalissues of our time.

17

Y SUSTAINABLE
DEVELOPMENT

GOOD HEALTH
AND WELL-BEING

NnNSustai nabl e Devel

LAALS

QUALITY
EDUCATION

oOp mer

GENDER
EQUALITY

CLEAN WATER
AND SANITATION

REDUCED
INEQUALITIES

10

PEACE, JUSTICE
AND STRONG
INSTITUTIONS

PARTNERSHIPS
FOR THE GOALS
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The Sustainable Development Goals Report

&) Natons

MT G{dzadGlrAylofS 5S@St2LYSyi

ONU « 17 objectifs pour transformer notre monde - https://www.un.org/sustainabledevelopment/fr/development-agenda/

and «¢ K S

{dzadt Ayl of$
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https://www.un.org/sustainabledevelopment/fr/development-agenda/
https://www.un.org/sustainabledevelopment/fr/development-agenda/
https://www.un.org/sustainabledevelopment/fr/development-agenda/
https://unstats.un.org/sdgs/report/2024/

Towards the optimal energy mix (renewables, fossil fuels, nuclea

Goal: the energy transition to a low - carbon economy,
while guaranteeing security of supply and competitive prices
+ resource and energy efficiency + sufficiency in a circular economy

The natural laws _ (also known as scientific laws) L"":‘:; dde
- no change during the past 13.8 billion years -
are very different from .
the man -madelaws - change over time ! /

eg.: Necess?ty is law
Ghy LISdzi o NI OSNI f Sa FHRERYN
YIAAd Y2y NBAAAZGSNI I dzE f2Aa Ye
- « Vingt mille lieues sous les mers(1869) de Jules Verne




Table des matiere g,  LEOREr gl 6 S6 0

toute | 6®cono

1 ¢ Introduction ¢ chaine de valeur énergéetigue : convertir les
sources d'énerqgie primaire en une forme d'énergie utilisable

2- QOSYSNBAS a0NHzO0dzNB G2dziS f ¢

les défis pour la chaine de valeur énergétigue
u

2.1- Economie (¢orospérité matérielle»)

2.2- Société (« ne laisser personne de co6té »)

2.3- Environnement («empreinte globale»)

3 ¢ Conclusion transition durable < = > les avantages économiques,
sociaux et environnementaux devraient I'emporter sur les colts totaux
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«[ QSY SNHA S

Jean-Marc
Jancovici

Dormez tranquilles
uapn2 100
et autres . 14 L L
) {e’ “‘i‘u‘f{':g?"m‘ﬁ . M%) La nécessité deomprendre
Economie, croissance, ressources - wrénergle v les relations entre ressources
Yl GdzNBffSas SYSNHA , A G2 dz 5 (i pargefes. Cpergergues
' VAT 4 I'economig a conduit a

Notions physiques reconnaitre I'énergie et les
«[ OSYSNHAS 1JSNY¥Si RS G2dai OKIyISNI I dzii 2 dzZNJ RS @2 dzaMadqfes RIMigTagICyMiNe fanigus
SEIFIOGSYSYi ©%ofoet-AMfQRSNER RSFAYAGAZY P XX _de production a part entiere.
9y LKeaAldsSz fQSYySNHAS RSGSNYAYS €S OKEy3SYSyld ROSiLi RQdzy aeais
OK24S RIya dzy Y2yRS 062dAS:Z RS tQSYySNHAS Said SydaN, . _, 2S8dz R !
Svstémg économigue A A A o C@) i i
{ [ S aeaitsyS sSO2y2YAldzS I SiS O2ycedz aSft2y fQS02y2YAS Ro I G SNNB
facteurs de production, lgravail et le capital. «Le nucléaire arrive

w G2dzdi OS ljdzQ2y GNRAzS Fdz AdZISNYF NDKS LINR @A Sy G RS nEmDanduableraent . g
I faut avoir lacapacité de transformations de ces ressources naturefles O Qtéwili Cettetransformation dans le debat »
est opérée pour 1 par nous et pour 200 par nos esclaves énergétiques.

Peut-on imaginer une économie
débarrassée des énergies fossiles ?

w dagftal est égalemente fruit des ressources naturelles transformées par notre actidité X &
[ 0SO2y2YAS Said dzy 3a83G85YS RS (NI YAaAF2NNIGAZY ljdza S&W: ﬁ;;—&a%g%%ﬁ%&uf%on

ressources naturelles» Sez'.?s ®nergie fossile
Lf & | RSdzE aAsOfSasz tSa NBaazdaNOSa yl (dz2NBf f Sa yQ$WSIeta\t®gﬁrtpnnellasg,a,Z,f,ple‘
| dz22 dZNRQKdzZA S RIya f8a 2a20ASGSa AYyRdAGNASEt Sas S LONBYRENS F1° 6% S‘HENJ
jdzl yGAGS RQSYSNHAS R2y(d 2y RA&LIRZAS LI2dz2NJ FlF ANBE T2y Ol feHehbieSobbkoft S Y I
une alternative crédible ?
TRANSITION ENERGETIGUEY & dzy Y2 Y RS T)\\/AZ tI. ONE)\&“IVOS J}GJE QSEAAGS LI

s.sont

| 722 dZNRQKdA S 2y y§ R2yyS$S LI & adFFA&IYYSyd | dk 3sypaﬁagte$§c,e;i§e;ﬁ A RS  O:
f QSO2y 2({YIA SliddzZlhyNdBA S RQOQSYSNHAS RA&LRYA0fS Ay TFfdzS RA NEU@lwrﬁsYoﬁeyGaulenlﬁeadZNJff

consommation actuel.

{2dzNDS Y ¢ 52N¥NST (NI ylidzat t S& 2dzalj dzQSy deamviarc Sdcovicidzi NB & queilquec OS:de' s duenfiV;aSlzNJ f
/JM‘?/, novembre 2_015 http://www.sfer_1.orq/rqn/crmssance-verte-eX|_ste-|ean_-marc-|_a_nCOV|C| _ _ _ de consommation actuel et. en plus

+ Débat Eco Savoie Moiitlanc, 18 mai 2017 https://groupe -ecomedia.com/jancoviceconomiecroissanceesnergie/ de cela, se débarrasser des énergies
Pour aller plus loin https://jancovici.com/ fossiles, le nucléaire arrive

+ courshttps://jancovici.com/publications-et-co/coursminesparistech2019/coursminesparistech-juin-2019/ immanquablement dans le débat.

eeeeeececce.
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« LO®l ectricit® nbébest pas un bien comme un» autre, cbest Union

Jacques Percebois , Le Monde, 9 septembre 2022 T a ok
A votre avis qguell e est |l a raison majeure qui puisse expliquer | 6®chec du
march® de | 6®nergie dans | 6Union europ®enne ? Il'y a par ailleurs une contradiction interne au libéralisme débridé
de | 6Europe. Les politiques ®nerg®tiques
Il y a un consensus aujourdoéhui pour dire que AQignale tandisgue iy CoprissipnELrongenne seprégecupe
un grand succés. Méme le plus libéraux reconnaissent que le marché seul avant tout doorganiser la concurrence pa
ne peut pas tout. |1l néenvoie pas les bons sig m%{_l(gp;ux,ﬁt_(giqp? les|cqiits de production, étant différents, il est
investissements a long terme. difficile de faire converger les prix au niveau du consommateur.

Fixer | es p rix en fonction du C Qf/‘flbafallé(rr@oir‘sde n%r@életﬁlsdedétgla%rnere

énergie sans se préoccuper du long terme ne particulier, pour planifier des investissements de production
peUtpanonCtionner- La gestion © flux rendu noest pas durabl
des surcapacités pour faire face aux situations exceptionnelles, et
A . . ~ . | h ® 0ali | .
Lo®l ectricit® nbdest pas un bien %c8mme WA "alfr &% °
cOest un servioce publir: Cdéest pourtant | a prime ddassurance qubdi

pour éviter le black -out.

Source : interview de Jacques Percebois  par Le Monde (sept 2022)
https://www.lemonde.fr/economie/article/2022/09/09/I -erreur -
a-ete -d-oublier -que -1-energie -n-est -pas -un -bien -comme -un -
autre_6140855_3234.html

Nous ndavons pas ten
des contraintes de réseaux et

du fait que, par sa nature physique,

| 6®l ectricit® ne se
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Towards a circular economy (Material and Energy Valorisation)

Raw materials

Main phases of a circular economy model
(in support of the EU policy for energy transition)

= > material recycling
+ resource and energy efficiency Residug/
S

lo

Circular
Economy LINEAR ECONOMY
Resource fr—— m

management of other
CIRCULAR ECONOMY

stages of the product
life cycle including the
production and
manufacture phases ‘

Each phase presents opportunities in terms of reducing costs and dependence on natural resources, boosting growth arakjob$,as limiting waste and
harmful emissions to the environment. The phases are interlinked, as materials can be used in a cascading way. The aniniisige the resources escaping
from the circle so that the system functions in an optimal welgU initiatives- https://environment.ec.europa.eu/strateqgy/circulareconomy-action-plan_en

Moving toward a more competitive resource - efficient
economy is an important 21st -century requirement.

Fossil Fuels Hydroelectric

REDUCE RECYCLE RESIDUAL

|
Biofuel Nuclear Fission  Nuclear Fusion
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Renewable
Energy Consumption

World Final Energy
Consumption

Electricity is only one
part of total energy

“New" Renewables ~ 1%
/" Biofuels ~ 1.6%

. A
7~ Geothermal ~ 0.6 \¢

% XS
~_ Hydro~ 18% V

———— Others ~ 6%

¢ decarbonizing
electricity is only one
step towards a low
carbon enerqgy syste

Biomass ~ 6%

Global electricity demand
—— Hydro ~ 88%

OurWorldin Data

to double by 2050
Qa
Share of y
> Electricity from
L g Electricity X by 2050
e T e | Consumption f N, Teneanlves /
. 1 as o
O‘X\C\‘ﬂ ‘ Most of the ener din the f 40 ?
\e' i gy used in the four n
e '| o broad sectors worldvide comes
| o
\ 41.2%
,‘
|
L

from fossil energy (about 80 %).
It has been so over the last 50 years .
National energy use is categorized in most countries wewdle in four broad sectors:
o . . wtransportation (passenger, freight, and pipeling)31 % in the EU
How much TV_Vh of _electrl_C|ty is required for an average E:)Ity wresidential (heating, lighting, and appliances)27 % in the EU &
of 100,000 inhabitants in Western Europe over a year* windustrial users (manufacturing, construction, agriculture, and mining®9 % in the EU
The electricity consumption in Belgium (or in Germany) is about 7,000 kWh ycommercialand public services (e.g. hospitalg)l3 % in the EU
per capita, including everything from individual consumers to large
industries.Thus, an average city of 100,000 would consume roughly 0,7 TWh.

(= > % of total final energy consumption in 2022)
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Challenges of electric power systems (n | aws of ophys

(1) generation/consumption balance ; | (2) path of least resistance

E (1) Why is balance needed between electricity generation and consumption?
Electricity cannot be stored in large guantities and has to be consumed instantly

Y Generation must always equal consumption at any time of day and on any day of the year.

This |aw of physics I's called the oO0generation/ consump

50,50 | 49,50
\ /
51,50 _ _ 48,50

Balance

The balance between consumption and production at any given moment is indicated by the frequency of
the electricity grid.

A The frequency falls below the nominal value of 50 Hz when consumption is greater than production.

A Correspondingly, the frequency exceeds the 50 Hz value, when production is greater than consumption.

The frequency is allowed to fluctuate between 49.9 and 50.1 Hz in normal state.
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Deux principes ae la thermodynamique

| Rayonnement |

Les difféerentes formes de I’énergie...

Rayonnement électromagnétique,

/<>

Photo-
synthése

Explosion

Transformation
Thermoélectrique

Photovoltaique

Effet joule i

Electroluminescence (LED)

... Et ses transformations.

| Electrique |

parlonsenergie.wordpress.com

Barrage/
Eolienne

Cinétique |

L'énergie libre F (« F=U

i TS », appelée aussi énergie de Helmholtz) est, en

thermodynamique, une fonction d'état extensive dont la variation (Delta F) permet
d'obtenir le travail utile susceptible d'étre fourni par un systéme thermodynamique
fermé, a température constante, au cours d'une transformation réversible. F est un
potentiel thermodynamique. L'évolution spontanée a volume constant d'un systéme
thermostaté se fait vers les états qui ont une énergie libre minimale (

wikiversity ).

(1) Premier principe de la
thermodynamique

(conservation de I'énergie totale)
(J R von Mayer, 1842)

« L' énergie totale E d'un systeme
fermé et isolé se conserve _ au cours de
ses transformations thermodynamiques
(cad entre deux ®tats
thermodynamiques) »

Eurgm mewnue

do®

(2) Deuxieme principe de la
thermodynamigue
(augmentation de I'entropie)
(Rudolf Clausius, 1854)

« L Gentropie  d 6 ugystéme isolé
(qui n'échange ni matiére ni énergie
sous quelque forme que ce soit avec
I'extérieur) ne peut pas diminuer
Ell e augmente | ors
irréversible, ou reste constante si la
transformation est réversible »

@' Second Law of Thermodynamics Q

déune

AQ
I — |
Heat Transfer

AS = Entropy = AT—Q




Each stage of the energy chain results in losses (entropy law)

Useful energy is just a fraction of primary energy Our World

Secondary
energy

in Data

Equipment losses:

Most appliances don’'t convert all
energy into their desired output
e.g. light bulbs produce heat.

Transmissions and distribution losses:
Energy can be lost during distribution.
e.g. through an electricity grid.

Transformatio_n Iosses: Transforming raw mqter]als in_to secondary_energy can be very inefficient.
e.g. when burning fossil fuels, around two-thirds of primary energy is lost as heat.

OurWorldinData.org - Research and data to make progress against the world’s largest problems.

Looking at the four stages of the energy chain can help us to identify inefficiencies
A very efficient energy system is one in which primary and useful energy use are very similar.
We are currently far away from such a system. The inefficiency losses are often large.

= A , _ \ LA X - N ; . . A - rid i
{2dNDS Y at NAYFNES &S 02Why brélthele diffekeyftiway of ineAdtringza & F dzt ht‘%‘%rﬁﬁ .

SYSNHe&Ké 0@ {Apriy4y/20%- hiwpk: i@ okidhdata.org/enerqgy -definitions

Licensed under CC-BY by the author Hannah Ritchie.

{2dz2NDS Y GaC2dzNJ 1 Sé Hesea
metrics capture the transformations and losses that
200dzNJ  ONRaa (KS SySNHe@
aga\, by Hannah RitchiéApril 4, 2022
ndata.org/energy -definitions
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Energies de  flux_(vent, soleil):

i ble and non - dispatchable

Donneées de production éoclienne

4.000

2000 JE.

1.000

1Mj2020 1 ), 1 17/1/2020 21M/2020 25M/2020
Intermlttent Renewable Enerqv Sources (RES) Wind Production Forecast Off-Shore ® ‘Wind Production Forecast On-Shore
- Total Wind Production MW
RES specificities, such as production variability
and low  -predictability, zero marginal ~ -cost of Above Figure : Total wind forecast in Belgium in November 2020 (Elia)
generation, and strong site specificity, result in a NB fiContinuously tracking and forecasting wi
set of technical and economic challenges . to operate its grid smoothly around

Source : https://www.elia.be/fr/donnees -de-reseau/donnees -mensuelles/novembre -2020a nd A Wi
power g e n ehtsthivoveli@a.be/en/grid -data/power -generation/wind -power -generation

NB: Day ahead forecasts of generation by a single
wind -farm feature => need for better physical
models and meteorological data mixed with
statistical models (see two Elia Figures : wind and
solar PV power generation forecasts in Nov 2020).

Solar-PV power generation data

NB: Threats to grid stability for large penetration
rates (up to 40%) => need for requirements for
fault -ride through capacity, provision of reactive
power, frequency and voltage control, and
incentives to minimize deviations.

Source: MIT Energy Initiative
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Energies de
dans le temps et

300

stock (charbon , gaz , pétrole , uranium) :
| 6espax>e '

MaEES
rapides

CREES

-238 dans réacteurs

Caractere durable

A r®duire |

250

6i mpact enviro
favoriser | utilisation e
A minimiser les d®chets n

192
200

la charge de leur gestion a long terme.

uranium

150

100 + -

Current Reserves /
Current Rate of Consumption (years)

50

Source: BP and IAEA data

Coal

NB : Using currently known uranium resources, "fast reactors operating in a closed fuel cycle would
thousands
- sustainable

be able to

U 235 2/34

92

238

238.028 91(3)

67

41

50

Accelerator Reactor
+ Subcritical mode (65 -100 MWth)
« Critical mode (~100 MWth)

(800 MeV - 4 mA proton)

provide
- https://www.iaea.org/newscenter/news/fast

Gas Oil

energy for
-reactors _-provide

Uranium

-nuclear -power -thousands

U in Fast
Reactors

wel | as
-years

year s as

Multipurpose Fast R
lexib) H

oy | ¢54(Qiee 0 1
Facility

Lead-Bismuth
coolant

Neutron 23-minute 2.4-day
absorption /N halFlife half-life
u-238 L@ > —

O 2 fission products
and nearly 3 neutrons

released in fission

Poor probability (65%)
of fission rather
than abserption

East reactors : Transforming a fertile nucleus
(Uranium  -238 accounting for more than 95% of the
uranium present in the core of reactors) into a fissile
nucleus  (Plutonium  -239 which may undergo a
fission if it captures a neutron ).

MYRRHA (Multi  -purpose hYbrid Research
Reactor for High -tech Applications) - being
built on the SCK CEN site in Mol - full MYRRHA
facility is expected to be operational in 2038 -
https://www.myrrha.be/ 2 6

U


https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.iaea.org/newscenter/news/fast-reactors-provide-sustainable-nuclear-power-thousands-years
https://www.myrrha.be/

Mix électrique belge 2024 az 12 % de I'année avec de I'électricité bas carbone

- un bel exemple de la complémentarité entrey uc%’aire et renouvelables
“z A\

Iz

Le mix électrique belge pour I'année 2024 VENT
se présente comme sulit :

72% de l'année
avec de |'électricité bas carbone

A ®nergie nucl ®aire : SOLEIL
A ®nergie ®olienne : 1

A ®nergie solaire : 11 BIOGAZ
A biogaz : 3%

A fossile (gaz) et autr g ;%?g','gSEET

17,6% + 7,4% = 25%

IMPORTATIONS

Ensemble, I'énergie nucléaire (42,2%) et
les énergies renouvelables (29,8%) ont
réussi a faire en sorte que 72% de
I'électricité belge soit bas carbone en 2024.

L'énergie nucléaire (29,5 TWh) reste donc

la principale source d'énergie bas carbone
pour la production d'électricité domestigue.

- 2 GW
Shutdown of Doel 3
in September 2022
and of Tihange 2
in January 2023.

Un bel exemple de la complémentarité des
deux sources d'énergie décarbonées !

Echanges _internationaux.

La Belgique est passée d'un statut d'exportateur net (6,4 TWh en

2022) a celui d'importateur net en 2024: 13% de la consommation
d'électricité (soit 10,6 TWh) ont été importés, principalement de la

France (énergie nucléaire) et des Pays -Bas. En devenant importateur
net, vous vous rendez plus dépendant de vos voisins en termes
d'approvisionnement énergétique. L'industrie en particulier regarde

cela avec méfiance : pour elle, la sécurité de I'approvisionnement en
énergie, a un prix abordable, est extrémement importante pour rester

dans notre pays (ou pour s'y installer).

Source : Forum

Nucléaire  belge (27 Janvier 2025)

NUCLEAIRE

Tableau cidessus : Le mix électrique belggD K A ¥ ¥ NB a

MIX ELECTRIQUE BELGE DE L’ANNEE 2024

PRODUCTION D'ELECTRICITE / EMISSIONS DE CO2

42.2% 2%
17.9% 2%
11.9% 3%
3% 6%
25% 87%

« +15%

SOURCES: ELIA & UNECE

RS tQlyyssS
Le mix électrique aurait pu étre encore plus faible en

carbone si nous n'avions pas fermé prématurément

2GW d'énergie nucléaire (Doel 3 et Tihange 2).

Il est impossible de produire 2 GW d'électricité par

d'autres moyens a faible émission de carbone.

H N

Rappelons que le gouvernement fédéral a décidé de
prolonger Tihange 3 et Doel 4 de 10 ans.

Selon les plans actuels, Doel 1 (15 février), Doel 2

(1 décembre) et Tihange 1 (1 octobre) fermeront en
2025, ce qui aura un impact significatif sur la
production nucléaire de notre pays. Pour compenser
cette perte, notre pays construira (au moins) deux
nouvelles centrales a gaz (via le mécanisme CRM, payé
par les contribuables) et dépendra encore plus des
importations des pays voisins (qui représentent déja
13% de notre consommation d'électricité en 2024).

En outre, ces centrales a gaz, avec des émissions de
CO2 40 fois plus élevées par kWh produit, ne sont pas
adaptées pour fonctionner un jour a I'hydrogéne.

Elles continueront donc a maintenir notre dépendance
aux énergies fossiles au moins jusqu'en 2040.
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Mix électrique belge 2024 @2 . un bel exemple d'électricité bas carbone
grace a la complémentarité entre n t renouvelables

\\
Elia Electricity Generation Mix 2024 [TWh;%] Elia Electricity Generation Mix 2023 [TWh;%]

Others 25110%:?1 Others
Biogas — 5.2T'-'|||'h Solar ' o - 2,1TWh
o 7,5% 2,6% 2,7%
2,1TWh % 7,2TWh - '
3,0% 9,5% |
Solar
8,3TWh .
: - On-Shore
11,9% 6,3TWh —
8,2%
Oon-Shore
5,5TWh . _
7,9% oo
-1.8 GW 1
La fermeture en 2025 de
D1, D2 et T1 aura un iT-S
impact ?mportar!t sur la 0. Gas
production nucléaire de —12,3TWh > Gas
17,6% — 19,2
notre pays. 28 %

juny

Tableau cidessus : Le mix électrique belggOKA F FNBa RS f QFyySS Hun

A Les ®changes internationaux plus ®l ev®s que ’%‘E s avec plus de 44,5 TWh

Tendances 2024

échangés. Les importations nettes provenant de la France atteignent 12,6 TWh ; La production nucléaire baisse lentement

avant le phasing -out prévu de 2025
A Avec 23% de capacit®s install ®es suppl ®mentaires, Il e photovol't apque bat de
nombreux records. La production renouvelable en Belgique atteint 29,8% du mix La consommation d' ®lectrici
électrique (28,2% en 2023) ; 80,5 TWh en 2024, ce qui ne représente
gu'une légére augmentation par rapport a
A La production de Gaz est ~ un niveau histori queme 03 (FB&IWh), anneegulagongammaiony d e
production contre 25,2% en 2023 et 26,9% en 2022). La part nucléaire dans le etait historiquement basse.
mix de production électrique est en baisse pour la quatrieme année consécutive ; )
Cependant, nous restons toujours en dessous
A La consommation d'® ectricit® remontdessisdes8@Ement e f€lgcangomealion mgygnne sur 5 ans
TWh (78,9 TWh en 2023) ; (2017 -2021).
A Les prix moyens de |'®lectricit® baissent de 28 %ElCsaorsqyelpirangition énergétifyese ) mai s
restent plus élevés qu'avant la crise du gaz. dirige de plus en plus clairement vers
I'électrification (voitures électriques, pompes
Source : Elia - Communiqué de presse - 2 janvier 2025 - a chaleur, processus industriels).

https://www.elia.be/fr/presse/2025/01/20250102_electricity - mix 28
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Statistiques électricité 20241/2)

A Production d'électricité (TWh)
A Capacité de production (MW)

Production d'électricité nette

en Belgique pour l'année 2@R(73 TWh
Le graphique econtre représente la ventilation en pourcentage,
par type de fuel de la production nette d'électricité en Belgique.
=>{ 2 dZNDS &

Capacité de production
en Belgique en 2024 (30 GW)

=>{ 2dzNDOS& RQSY SNHA S-pilb#able56 % g

Le graphique ecdessous représente la répartition par
technologie de I'ensemble des capacités de production en
Belgique et son évolution durant la période 20@42024.

Installed capacity in Belgium by production technology (MW)
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Total net electricity production in Belgium

by production technology 2024* (72,83 TWh)
0,4%

10,9%
m Thermal, incl. biomass

w Pumped hydro
§ Hydro
Nuclear

Wind
T

n o2

Si vy
TWh
(energy)

0.7% Solar

w Other

Les centrales nucléaires belges

représentaient 40,8 % du mix électrique

belge en 2024, malgré la fermeture définitive

des réacteurs Doel 3 (fin septembre 2022) et
Tihange 2 (fin janvier 2023).

= > un mix électrique a 72% bas carbo

Installed capacity in Belgium
by production technology at 31/12/2024* (30,703 MW)

GW
(power)

~

mBiomass and biogas
Solar
38,1%
Wind

Hydro

= Pumped hydro

Nuclear

u Conventional thermal

Wind

BFossil Fuel Fired Nuclear Hydro Solar MBiomass, biogas @Pumped Hydro Waste



Load factor: percentage of total number of hours per year
when production assets are in operation in Belgium
(equivalent full load hours capacity)

Statistiques électricité 20242/2)

A Facteur de capacité (tad factor »)
A Consommation électrique par secteur [Res

100,0% % 93,8%

Worldwide (2010¢ 2020

capacity factors

by energy source
w bdzOf SI NJ L2

® bl {dzNT f :
w | @RNR St SONR
W 2AYR 3BIWNINE

80,0% R | F
w tK20202ft 0/ A O

60,0%

Source: «  Statistiques électricité -

Production, consommation et capacités 40.0% 38,3% 404%

de production en Belgique», 2024 - ' 28,4%

FEBEG (Fédération Belge des 23,6%

Entreprises Electriques et Gaziéres) - 20,0%

https://www.febeg.be/fr/statistiqu IIIII 8.4%

es/statistiques - electricite I

csinue (T
etfiBel gi an Energy Dat-a Over) Natural Gas Muclear Hydro Wind Onshore Wind Offshore Solar PV

juin 2025 - SPF Economie ,P.M.E.,
Classes moyennes et Energie )
https://economie.fgov.be/fr/publicati Lefacteurdecharget U 20 G A Sy G Sy OFf Odzf Fyid S NILILRNI SyiaNB f QSt
ons/belgian _-energy -data -overview -2 | JNR RdzA S &dzNJ £ YsYS LISNA2RS &A fQ2dziAf RS LINRRAzOGA 2y
6L SAYS Ol LI OA (i-Gebsts nbuls ifustroris @ $aEt&ivdeXth&rge @dprimé en pourcents pour quelques
technologies en Belgique pour les années 2016 a 2@28c(1l effectuéssur base des chiffres de production bruts).

2016 w2017 w2018 =2019 w2020 =2021 2022 w*2023

Final ‘observed’ electricity consumption by sector in Belgium in 2023* (75,60 TWh) Consommation en 2023
50,0% - industrie, services, résidentiel, transport

Al o o Indust En 2023, la consommation d'électricité en Belgique était
o e de 75,60 TWh, en baisger. 4 83,9 TWh en 2021 (forte

) reprise économique mondiale apreés la récession liée a
Jervices la pandémie de Covid9 a partir de 2020).

35.0%

30,0% Residential La consommation calculée est définie comme suit:
Production nette- consommation d'électricité pour le
pompageturbinage - pertes réseaux + importation
exportation. La consommation du secteur énergétique

(raffinerie etc.) est reprise dans cet indicateur.

25,0%
210% Transport

20,0%

mAgriculture/Forestr
15.0% 9 / Y

Le graphigue econtre représente la ventilation de la
consommation d'électricité, en TWh, par segment de
marché (attention chiffres 2023, car les données de

1.9% 2ZN 2024 ne sont pas encore disponibles). 30

10,0% Energy transformation (oil

refineries & cokes ovens)

5.0% 34%

0.0%
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Le tableau de Mendel epev (1869): ¢ Une m
.\

Le tableau de Mendelelev

1

PRINCIPE

2
Be Ceongu en 1869 par le chimiste nasse Dimitri Ivanowitch
. é\‘ L Mendeleiev, le tableau périodique classe tous les Eléments
b chimicques selon leur numeéro atomique et leurs propriétés
Brylium chimicques. Quatre éléments ont &t& identifiés entre 2004
et 2010 et viennent d'é&tre validés par 1'Union internationae

| % de chimie pure et appliquée (IUPAC).

mologies#History
mology-of-elements/

Etymology and history of chemical elements of the periodic table :
/en/List_of chemical element name_ et

and http://innvista.com/science/chemistry/elements/et;

https://wiki2.or!

Elarments syrthéti 54 &0 63 64
Eré;“ﬁ;;yieuem:::?an& : Ce Pr N Pm EU Gd -
ow lors de réactions nuclésires b, —— {7
¢ Eléments rlayant pas
dutilisation 1) AC an ez a3 N o4 pu as Am Cm a7 o8 Cf 1] ES v n] Fm 1 1oz NG 03 Lr
.ﬂ
Nn_l..w:aam élé_mantn = i
amwldés en 2016 Pru - l:.mn

http://www.cea.fr/multimedia/Documents/info
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The Periodic Table of Endangered Elements (EuChems$ 2022)

The 90 natural elements that make up everything
How much is there? Is that enough? Is it sustainable?

The raw materials that
fuel the Green Revolution

Focus Principles

w '4S 2F wSySsl
Ideally, we would use only raw
materials and feedstocks that are
renewable rather than depending
on and depleting finite resources

f }\ 1_ S lj K S d é y ﬁ | 3/.E Serious Rising threat Limited Plentiful |:| Synthetic From Elements
threat in the from availability, Supply conflict used ina
w ~ ~ Ao next 100 years increased use future risk to resources smart phone

w alEAYAIL S wSaz2 supply

Knowing that resources in the

S NIIKOa ONHza i I Read more and play the video game http://bit.ly/euchems-pt
chemists can design products that EuChemS
use abundant ma?erigls and that edition 2 (2021) @191,;] This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND %p“n Pl Frsins

can be easily recycled.

What are Endangered & Critical Elements?

Of the 118 elements that make up everythingF N2 Y (G KS O2YLl2dzyRa Ay | OKSYAadldQar 44 wikHaBestpply G ;
limitations in the coming years. These critical elements include rare earth elements, precious metals, and even some teasemgal to life, like
phosphorus. For some of these 44 elements, the risk is more serious than for othbtg there are 9 elements shown in this tdé for which there is
concern that there is a serious threat to their supply within the next 100 years and a further 7 for which there is a tigiagt due to increased use.

| Rare Elements in Smartphone®ut of the 30 elements, 11 (Lithium, Magnesium, Phosphorus, Tin, Nickel, Copper, Gold, Leadteryndgeodymium
and Antimony) was identified as an element with limited availability, which may cause risks to future supply. The increased 2 elements found
in smartphones (Cobalt and Dysprosium) is identified as a rising threat. The unsustainable usage of 7 elements usedphamar(Carbon,
Yttrium, Gallium, Arsenic, Silver, Indium, Tantalum) will pose a serious risk in the next 100 years. In addition, alléh&g@arbon, Tungsten,
Tantalum, Gold and Tin) that were identified as originating from conflict resources, are also used in smartph®oesce European Chemical Societ:
(EuChemsS) 202:ttps://www.euchems.eu/wp-content/uploads/2022/11/Rare_Elements_Smartphones_PT_PressRelease.pdf
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« Relancer les mines LES RESSOURCES MINIERES EN BELGIQUE
en Belgique,

réve ou cauchemar ? (1/2)

ritical Raw Materials Act
EU Competit

P s A Arsenic
> I Culvre :
® Plomb-Zinc 2
& Plomb
W Zinc
Y Germanium
¥ Phosphate
% Lithium (dans les sédiments)

Critical Raw Materials Act

CRMA
( ) & Lithium (dans l'eau)
EU governments gave a green light e Graphlte
to domestic European mining and 2 Strontium
extraction of critical raw mate_rlal_s A Manganése .
to advance green technologies in iy
the face of social and A Barytine (sulfate de baryum) Vo A £
environmental concerns. Fluorite (fluorure de calcium) . 5 D)
A i A Nickel-Cobalt
(18 Marc 2024 i Platinordes
https://www.euronews.com/green % Antimoine O
/2024/03/18/critical -materials _ - Trés large
mining _-approved -despite -green - Yr Bismuth (O Large -Concess'ons miniéres de charbon
fears ) ® Argent > Moyen Il Concessions minieres de lignite
% TerresRares ~ © Petit
Or o Présence .
Source ; Institut des Sciences Naturelles, Geological Survey of Belgium IPM GRAPHICS
« Relancer les mines en Belgique, réve ou cauchemar ? » Eric Pirard (La Libre Belgique, 20 - 21 septembre 2025)
https://www.lalibre.be/economie/conjoncture/2025/09/19/bouchez -sur_-la-necessite -de -relancer -ce -secteur -

en -belgigue -la-chine -remplit _-nos -ports -et -vide -nos -poches -cest -dramatiqgue  -MZNPOAFCZNH5ZPCIZO3ASWYTKO/
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«Relancer les mines en Belgique,

réve ou cauchemar 2 (2/2)

" On veut des voitures électriques et des
gigafactories de batteries avant d'avoir
sécurisé les matériaux.
La Chine, elle, a fait les choses dans l'ordre.
C'est -a-dire completement l'inverse."

PHILIPPE BIHOUIX VINCENT PERRIOT

RESSOURCES

« LaBel g I que et | UN DEFI POUR LHUMANITE
sont face au défi des matieres

premieres  critigues  »

E\\ SoCIALIssuEs | ODUCTION

~Des ressources omnlpresentes, malils meconnues Gio'ou“cs / ECONOWFS
AQuand on regarde autour de soi, il y a certaines mat Q\ ENERGY /6925
déori gi®gedt al e, comme | e bois ou |le coton, et puis tou @;‘é@ DEPENDENCE +
rappelle le professeur Eric Pi rard, g®ol ogue ~ |1 6Universit® de Li

mouacss L \ HOUSEHOLE®

M®t aux, b®ton, plastiquesé Notre quotidien d®pend | au

sous -sol.iLes m®t aux qui nous permettent de communiquer o LossES
j usgquwbdous 0, r e miil spotessus de matieres miniéres.
La Belgique, bien que petite, posséde un sous -sol tr s diversifi®. ANotre industrialisation so0est
base de nos propres ressources, que ce soit | & nduesommedlabemweaulde | e charbon ou | e
|l i ndustrie du zibncBPirexg! i laes avec | a mondialisation, finous avons un peu ou
n®cessit® dbéaller chercher des -seb8ources dans | e sous
Pourtant, le sous -solbelge 1 eteuropéen i reste flassez m®connuo. La cartographie g®ol ogique ex|i
souvent | imit®e, principal ement en surface. AOn est all ®s sur |l a Lune, dbautr
gué” 300 m tres sous nos pieds, on ne sait pas du tout ce qui se trouveo, reg

L'image est forte : le monde devra extraire plus de métaux de la crolte terrestre dans les 25 prochaines années que ce que

I'humanité a fait depuis I'antiquité. Une estimation a la grosse louche mais partagée par de nombreux experts du secteur.

Mais alors, la Wallonie peut -elle, dans ce concert, redevenir une terre miniére ? Derriére |'idée d'un retour aux pioches et

aux forages se cache un enjeu stratégique : I'acces aux métaux critiqgues indispensables a la transition

énergétique et numérique, alors que les crises géopolitiques et les guerres déstabilisent les
approvisionnements.
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Energy Triangle

« Sustainability »

a N

Life Cgcle Analgsls

nnnnnnnnnnnnnnnnnnnnnnnnnn

| ntegration of
A economic,
A social and
A environmental
aspects in nlif ¢y
| mpact anal ysi so
with distinct space & time horizons

(2) Society

(leaving noone behind )

1 LIFE
INDUSTRY, INNOVATION ONLAND
AND INFRASTRUCTURE

(1) Economy @(3) Environment

(ensuring  prosperity ) (global footprint)

NB - Responsible investing through ESG has been globally driven by the COP21
or the Paris agreement, and the UN 2030 sustainable development goals (2015).
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1 ¢ Introduction ¢ chaine de valeur énergétique : convertir les sources d'énergi
primaire en une forme d'énergie utilisable
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les défis pour la chaine de valeur eénergétique
u

2.1- Economie («@rospérité matérielle»)

2.2 - Société (« ne laisser personne de coté »)

2.3- Environnement (<«empreinte globale»)

3 ¢ Conclusion transition durable < = > les avantages économiques,
sociaux et environnementaux devraient I'emporter sur les colts totaux
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le bien -étre matériel de tous - (approche systémique)

r+- e u n y_’
From (1) primary energy sources to (2) carriers B

and ultimately to (3) energy services

ENERGY VALUE CHAIN

e.g. 20 years

N
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SECONDARY
ENERGY/ ENERGY E":‘;"SE
RESOURCES CARRIERS

e.g. 40 years * RENEWABLES * INDUSTRIAL /
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* Refrigeration

*» Cooking

* Resources * Hot water /
l* AGRICULTURAL

extraction and

sourcing \P SECTOR
~ * Water supply
; l* TRANSPORT
x v SECTOR
+ resource and » Person kms
S energy efficiency

Energy
REPUBLIC OF SOUTH AFRICA in a circular economy

* NUCLEAR FUELS
® Uranium
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Risks - Waste

Full costs including a
external costs regarding
emissions, lanelse,

Economy  Nuclear Ecology

Plantlevel production Grid-level
costs at market prices costs at the

Increasing scope and complexity

climate change, securit
system level | 9¢, y Macro-
Of SUpp y etc. Plant-level System External Sugnamie
; costs costs costs AR
+ raw material throughp political
+ balancing costs i
b X X CD * Scope of LCOE
analysis
L J
Y
* Total social costs in a narrower sense
| J
Y
* Total social costs in a wider sense
Table : Overview of the main cost categories that can be differentiated
LCOE - TOTAL LIFECYCLE COST when determining thetotal social costs of electricity generation
TOTAL LIFETIME ENERGY PRODUCTION {2dz2NDS Y G¢KS {20Al t v Catkdodsing2Diferént TSp@dioNFosishaideEvam&ingS N

CKSANI wSaLISOUABS wSt SO yOSé o8 {F&aOKI {IYlIRAZ 2

expressedin dollars per owati-hours (5/kWh) Energy, Germany (Energies 2017, 10(3), 356)ps:/www.mdpi.com/1996-1073/10/3/356

(*) Balancing costsire the expenses incurred to ensusiesteady balance between electricity supply and demandhe power system,
such asstorage(using batteries, powetto-fuel or pumping water into hydropower damsilemand responsé¢following the preferences
and contribution of consumers and/or prosumers électricity tradingor other flexible generatorghat can adapt to the demand.
Sourcedr H N-L® ! U& p n il K-Enefgy sysieNEnérdyBupply & Transformation / Uses of Energy / Managing Demand &
Emissions) https://www.iea.org/energy -system

Investment N Maintenance LFSCO

Levelized cost  _ cost cost N Cost for (Levelized Full Syste
ici B Costs of Electricit
of electricity Years of Annual energy energy storage y)
X (balancing)

operation output
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