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« Tout problème bien posé est à moitié résolu » 
Henri Bergson (Paris, 1859 ς1941)

ϥL ǿŀƴǘ ȅƻǳ ǘƻ ǇŀƴƛŎΩ
GT -16 April 2019 

άFear is always preferable
 to affection in subjects in 
ŜŦŦŜŎǘƛǾŜƭȅ ŎƻƴǘǊƻƭƭƛƴƎ ǘƘŜƳέ 
ƛƴ άtǊƛƴŎŜέ aŀŎƘƛŀǾŜƭƭƛ όмрмоύ

What a sad era 
when it is easier to 

smash an atom 
than a prejudice.
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L'énergie est littéralement partout !

                      (dans ƭΩŜǎǇŀŎŜ et dans le temps)

MWh                 MW
Power

(mega - watt) 

Power  is the amount of 
energy  transferred or 

converted per unit time . 
Since work is W=F*d, and 
velocity v is displacement 

over time t (v=d/t), 
power P equals force 

times velocity: P = F*v.

Energy  
(mega - watt - hour)

Energy  is the quantitative 
property that is transferred 

to a body or to a physical 
system , recognizable in the 

performance of work  W
(i.e. : force F times 

displacement d) and in the 
form of heat  and light .

Energy 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)

ñMeet Vaclav Smil, the man who has quietly shaped how the 
world thinks about energyò ï AAAS (American Association 
for the Advancement of Science) -  21 March 2018 -
https://www.science.org/content/article/meet - vaclav - smil - man -
who - has - quietly - shaped - how - world - thinks - about - energy   

Six forms of "free energy" 

mechanical ; thermal; radiant; 

chemical; electrical; nuclear

NB ς what are physical 
systems ? e.g. for our planet: 
the atmosphere, lithosphere, 
hydrosphere, and biosphere
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çLôhistoire de lô®nergie est une des plus anciennes de 
lôUnivers (il y a 13.8 milliards dôann®es) - avec quel impact ? 

» 

3

2
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ÅWe are 13.8 billion years old !     
Origins - All matter in the universe was formed in one 

explosive event 13.8 billion years ago ï the Big Bang.  

In the first moments after the Big Bang, conditions 

became just right to give rise to the building blocks of 

matter ïthe quarks and electrons of which we are all 

made. A few millionths of a second later, quarks 

aggregated to produce protons and neutrons .  

https://home.cern/science/physics/early -universe

https://home.cern/science/physics/early-universe
https://home.cern/science/physics/early-universe
https://home.cern/science/physics/early-universe
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Energy: the driver of universe expansion and of climate change         
The global picture : cosmos at Big Bang (- 13.8 billion years) and earth heat map (recent)

Heat map (very ancient) of the cosmos 
as it appeared only 370,000 years after the Big Bang. 

A detailed, all sky picture of the infant Universe created in 
2012 from nine years of WMAP data (13.77 billion year old 
temperature fluctuations in the range of Ñ 200 microkelvin). 

Earth heat map (very recent). The difference between energy coming in and 
energy leaving the Earth for March 1985-1989. The red areas have a surplus of 
insolation, while the blue areas are running a deficit relative to insolation. 
Factors Affecting Global Temperatures : latitude, altitude, ocean currents, etc. 

Consensus and scientific uncertainty
/ƭƛƳŀǘŜ ǎŎŜǇǘƛŎǎ ŀƴŘ ŘŜƴƛŜǊǎ ƻŦǘŜƴ ƳƛǎǊŜǇǊŜǎŜƴǘ άǎŎƛŜƴǘƛŦƛŎ ǳƴŎŜǊǘŀƛƴǘȅέ 
to undermine climate science findings. Therefore, when it comes to 
scientific consensus on global warming, it is important to clarify what 
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. 

Source : https://www.ucsusa.org/global-warming/science-and-impacts/science/scientists-
agree-global-warming-happening-humans-primary-cause#bf-toc-1  

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

momentum, and energy.
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ω Si la Terre n'était soumise qu'à l'attraction 
gravitationnelle exercée par le Soleil, son 
mouvement obéirait aux lois de Képler: il 
serait inchangé au cours du temps. 

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

ω Les paramètres orbitaux et l'orientation de la 
Terre se voient modifiés. 

Eccentricity
9ŎŎŜƴǘǊƛŎƛǘȅΣ ǘƘŜ ŎƘŀƴƎŜ ƻŦ 9ŀǊǘƘΩǎ ƻǊōƛǘ ŦǊƻƳ 
a round orbit to an elliptical one, which 
occurs on a 100,000-ȅŜŀǊ ŎȅŎƭŜΦ ²ƘŜƴ 9ŀǊǘƘΩǎ 
orbit varies between more circular and more 
elliptical (i.e. more extreme eccentricity), the 
length of the seasons change. (Animation by 
NASA/JPL-Caltech - public domain)

Obliquity
Obliquity is the tilt of the Earth on its 
orbital axis, which can range from 22-24.5Á 
from vertical, and occurs on a roughly 
41,000-year cycle. The tilt of the Earth 
impacts how much insolation is absorbed 
by the planet at different latitudes.

Precession
tǊŜŎŜǎǎƛƻƴΣ ŎƻƳƳƻƴƭȅ ŎŀƭƭŜŘ άǿƻōōƭŜΣέ ōŜŎŀǳǎŜ ƛǘ 
ƛǎ ǘƘŜ ǎƳŀƭƭ ǾŀǊƛŀǘƛƻƴ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ 9ŀǊǘƘΩǎ 
axis as it points relative to the fixed stars in the 
ƎŀƭŀȄȅΦ .ŜŎŀǳǎŜ ƻŦ ǇǊŜŎŜǎǎƛƻƴΣ ǘƘŜ Ǉƻƛƴǘ ƛƴ 9ŀǊǘƘΩǎ 
orbit when the Northern Hemisphere is angled 
toward the sun changes over a cycle of 
approximately 26,000 years.

Variations climatiques naturelles (Milankoviĺ : p®riodes de 100, 41 et 26 ka )

Théorie astronomique 

des paléoclimats

La théorie de Milutin Milankovitch 

(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).

André BERGER (1942 - ..), 

paléo -climatologue , 

UCLouvain
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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.

¶ 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 .  

¶ 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. 

¶ Nuclear  (or fissile) energy also has a number of pros and cons ï pros are low pollution (no 
discharge of greenhouse gases) and low operating costs during the  up to 60 yearsô normal life, 
while  cons are risk of terrorism activities (including proliferation) and possible health effects on 
people and environment in case of extreme accidents . 

Three sources of primary energy : energy mix  
(renewables, fossil, fissile : pros and cons)
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Republic of 
South Africa

ωά¢ƘŜ 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 mannerΦέ όL9!ύ

Source : άIntegrated Energy Plan (IEP) for South Africa - Department of Mineral Resources and Energy (DMRE) ς Government Gazette / Staatskoerant No. 40445, 25 November 2016 - optimal mix of energy 
sources and technologies - https://www.gov.za/sites/default/files/gcis_document/201611/40445gon1430reduced.pdf  

+ PPT presentation associated with IEP and 8 key energy planning objectives - 22 November 2016 - https://www.dmre.gov.za/Portals/0/Energy_Website/files/IEP/presentations/Integrated-Energy-Plan-22-Nov-
2016.pdfand https://www.gov.za/sites/default/files/gcis_document/201611/40445gon1430reduced.pdf

24/7/365

Five major segments (primary = > final)

Å Primary  energy = energy 

available in the natural environment

Å Secondary  energy = energy ready 

for transport or transmission

Å Final  energy = energy which the 

consumer buys or receives

Å Useful  energy = energy which is an 

input in an end -use application.

Energy storage technologies : pumped hydro ; electrochemical 

storage (batteries); hydrogen ; thermal storage (molten salt) ; 

mechanical storage ; superconducting magnetics

+ demand side management (DSM), etc

+ circular economy 
and efficiency w.r.t.  

resources and energy
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Conversion technologies ( two examples ) : Gas - fired Power ( combined  cycle 
gas turbine /CCGT/) + Regasification plant ( LNG at - 162 ÁC at Patm)

CCGT plants 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 52ς60% to some 64% by 
2020. CCGT plants offer flexible operation. 

Reminder : There are two types of gas-fired power 
plants, viz. open-cycle gas turbine (OCGT) plants and 
combined-cycle gas turbine (CCGT) plants. 

Source : Gas-fired Power (IEA 2010) - https://iea -etsap.org/E-
TechDS/HIGHLIGHTS%20PDF/E02-gas_fired_power-GS-AD-
gct%201.pdf  and Gas-to-power projects to watch in Africa 
(March 2024) - https://energycapitalpower.com/gas-power-
projects-africa-2024/

BelgianZeebrugge LNG regasification terminal (brought online in 1987)
Fluxys: around 200 shipoperationsduring 2024, five tanks with a storagecapacityof 9 billion 
cubic meters (bcm) per yearand a regasification capacityof about 6.6  million tonsper annum

(mtpa). The facility will be able to import low-carbon hydrogen or derivatives in the future.
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End - use technologies ( two examples ) : th e illuminating history of light 
+ innovative transportation t echnologies  

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 2019) : https://yourstory.com/mystory/six -future-transportation-technologies-future/amp 

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 non-recyclability of the products.

{ƻǳǊŎŜ Υ ά¢ƘŜ ŦƻǳǊ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ŀ ŎƛǊŎǳƭŀǊ ŜŎƻƴƻƳȅέΣ 9ǊƛŎ tLw!w5Σ ULiège, 2019, July 3rd - https://ericpirard.be/circular -economy-1.html  
+ The History of Light - https://ec.europa.eu/programmes/erasmus-plus/project-result-content/fcc56555 

Tungsten , 

    glass é 

Tungsten , iodine, 

 bromine, glass é

Tungsten , mercury, rare 

earths, glass, plastics é.

Gallium , indium, cerium, yttrium, 

copper, silver, silicium , plastics é
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https://ericpirard.be/circular-economy-1.html
https://ec.europa.eu/programmes/erasmus-plus/project-result-content/fcc56555
https://ec.europa.eu/programmes/erasmus-plus/project-result-content/fcc56555
https://ec.europa.eu/programmes/erasmus-plus/project-result-content/fcc56555
https://ec.europa.eu/programmes/erasmus-plus/project-result-content/fcc56555
https://ec.europa.eu/programmes/erasmus-plus/project-result-content/fcc56555
https://ec.europa.eu/programmes/erasmus-plus/project-result-content/fcc56555
https://ec.europa.eu/programmes/erasmus-plus/project-result-content/fcc56555
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World Primary Energy Use: explosive growth 1850 ς 2010

Source: ñThe Global Energy Assessment: Toward a Sustainable Energy Futureò, Options Magazine, Summer 2012 - A comprehensive, integrated analysis 

of how to transform energy systems to meet the worldôs multiple energy challengesðnamely, providing affordable, safe, secure, an d environmentally 

sound energy for all - http://www.iiasa.ac.at/web/home/research/Flagship - Projects/Global - Energy - Assessment/Sustainable.en.html

http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/Sustainable.en.html
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/Sustainable.en.html
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/Sustainable.en.html
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/Sustainable.en.html
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/Sustainable.en.html
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/Sustainable.en.html
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/Sustainable.en.html
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¦bΩǎ I5L ŎǳǊǾŜ нлмн όƎǊŀǇƘύ - Here we see a high 
correlation between lower energy and lower HDI : 
ŀ ǎƳŀƭƭ ƛƴŎǊŜƳŜƴǘ ƻŦ άŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ǇŜǊ 
ŎŀǇƛǘŀέ όECpc) corresponds to a relatively large 
increase in HDI. 

As energy use increases, we witness what 
ŜŎƻƴƻƳƛǎǘǎ ǿƻǳƭŘ Ŏŀƭƭ άŘƛƳƛƴƛǎƘƛƴƎ ǊŜǘǳǊƴǎέ ƛƴ 
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 άƘƛƎƘ ƘǳƳŀƴ 
ŘŜǾŜƭƻǇƳŜƴǘέ όI5L ŀōƻǾŜ Υ лΦуύ 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 
{5Dǎ όƘŜƴŎŜ ǿƛǘƘ ¦bΩǎ I5LύΦ 

But the current proposed indicator for measuring 
ǳƴƛǾŜǊǎŀƭ ŀŎŎŜǎǎ ǘƻ ƳƻŘŜǊƴ ŜƴŜǊƎȅ ƛǎ ǘƘŜ L9!Ωǎ ōŜǎǘ 
guesses for the number of people consuming at 
least 100 kWh/yr. If you live in a rural area, you hit 
άƳƻŘŜǊƴέ ŜƴŜǊƎȅ ŀǘ ƻƴƭȅ рл ƪ²ƘκȅǊΦ
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 ς Sept 24, 2015 - 
https://www.cgdev.org/blog/here%E2%80%99s-better-
way-sdgs-can-lighttheway-end-poverty 

ά{ŀǘǳǊŀǘƛƻƴέ ƻǊ άǇƭŀǘŜŀǳέ 
phenomenon (4 MWh/cap/yr)

 - HDI increases with the ECpc until a certain level, 
but further, HDI becomes insensitive to ECP variation. 

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 
ŀƴŘ ǘƘŜƛǊ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ ŎƘƻƛŎŜǎΦ aƻǎǘ ŘŜǾŜƭƻǇŜŘ ŎƻǳƴǘǊƛŜǎ ƘŀǾŜ ŀƴ I5L ǎŎƻǊŜ ƻŦ лΦу ƻǊ ŀōƻǾŜΣ ƭŀƴŘƛƴƎ ǘƘŜƳ ƛƴ ǘƘŜ άǾŜǊȅ Ƙƛgh ƘǳƳŀƴ ŘŜǾŜƭƻǇƳŜƴǘέ ǘƛŜǊΦ 
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 

Country rank HDI

Switzerland 1 0.962

Belgium 13 0.937

DRC 180 0.479

Some 2021 figures  (total of 191 countries)

Human Development 
Index (HDI) 

vs. Electricity Use

https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://www.cgdev.org/blog/here%E2%80%99s-better-way-sdgs-can-lighttheway-end-poverty
https://hdr.undp.org/about/human-development%20/%20latest%20/
https://hdr.undp.org/about/human-development%20/%20latest%20/
https://hdr.undp.org/about/human-development%20/%20latest%20/
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
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COP21 -  21st Conference of the Parties to the United Nations Framework 
Convention on Climate Change (Le Bourget, Paris, 30/11 ï 11/12/2015)

On average, globally, only 16% of the SDG targets are on track to be achieved 
by 2030, with the remaining 84% demonstrating limited or a reversal of 

progress (Sustainable Development Report 2024 /UN Jun 28, 2024)

ñA $300B a year deal for climate cash 
at UN summit sparks outrage for some 

and hope for othersò 
AP news ( Bakou , November 24, 2024)
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Working Group I 
ά¢ƘŜ tƘȅǎƛŎŀƭ {ŎƛŜƴŎŜ .ŀǎƛǎέ 

(released on 9 August 2021)
The IPCC Working Group I (WGI) aims at 
assessing the physical scientific basis of the 
climate system and climate change.
The scientific topics assessed by WGI include: 
greenhouse gases and aerosols in the 
atmosphere; temperature changes in the air, 
land and ocean; the hydrological cycle and 
changing precipitation (rain and snow) 
patterns; extreme weather; glaciers and ice 
sheets; oceans and sea level; biogeochemistry 
and the carbon cycle; and climate sensitivity.

Working Group III 
άaƛǘƛƎŀǘƛƻƴ ƻŦ /ƭƛƳŀǘŜ /ƘŀƴƎŜέ 

(released on 4 April 2022)
The IPCC Working Group III (WG III) assesses 
options for mitigating climate change. Climate 
change mitigation is achieved by limiting or 
preventing greenhouse gas emissions and by 
enhancing activities that remove these gases from 
the atmosphere. Greenhouse gases can come from 
a range of sources and climate mitigation can be 
applied across all sectors and activities. 
These include energy, transport, buildings, 
industry, waste management, agriculture, forestry, 
and other forms of land management.

άLƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜέ όLt//ύ  

     2022 Sixth Assessment Report (August 2021, February and April 2022)

Working Group II 
άLƳǇŀŎǘǎΣ !ŘŀǇǘŀǘƛƻƴ ŀƴŘ ±ǳƭƴŜǊŀōƛƭƛǘȅέ

(released on 28 February 2022)
The IPCC Working Group II (WGII) assesses the 
impacts of climate change, from a world-wide to a 
regional view of ecosystems and biodiversity, and 
of humans and their diverse societies, cultures 
and settlements. It considers their vulnerabilities 
and the capacities and limits of these natural and 
human systems to adapt to climate change and 
thereby reduce climate-associated risks together 
with options for creating a sustainable future for 
all through an equitable and integrated approach 
to mitigation and adaptation efforts at all scales.
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ONU: « 17 objectifs pour transformer notre monde» - https://www.un.org/sustainabledevelopment/fr/development-agenda/

and «¢ƘŜ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ wŜǇƻǊǘ нлнпέ - https://unstats.un.org/sdgs/report/2024/   

UN Agenda -2030 : 17 ñSustainable Development Goalsò (Sept 2015)

Priority 

no 1

Priority 

no 13

 

¢ƘŜ ǇǊƻǇƻǎŜŘ мт ά{ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ ŦƻǊ ǇŜƻǇƭŜ ŀƴŘ ǇƭŀƴŜǘέ Ŏǳǘ ŀŎǊƻǎǎ 
all of the most critical social, economic and environmental issues of our time.

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/
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Towards the optimal energy mix (renewables, fossil fuels, nuclear)

The natural laws (also known as scientific laws)  
-  no change during the past 13.8 billion years -

 are very different from 
the man - made laws -  change over time !

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 
--------------------------------------------

ωάhƴ ǇŜǳǘ ōǊŀǾŜǊ ƭŜǎ ƭƻƛǎ ƘǳƳŀƛƴŜǎ Σ                     

Ƴŀƛǎ ƴƻƴ ǊŞǎƛǎǘŜǊ ŀǳȄ ƭƻƛǎ ƴŀǘǳǊŜƭƭŜǎέ                      
- « Vingt mille lieues sous les mers» (1869) de Jules Verne

e.g. : Necessity is law 
(in Anglo-American law)
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2.2 - Société (« ne laisser personne de côté »)
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« Lô®nergie structure 
toute lô®conomie è
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Durabilité
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«[ΩŞƴŜǊƎƛŜ ǎǘǊǳŎǘǳǊŜ ǘƻǳǘŜ ƭΩŞŎƻƴƻƳƛŜ» (J M Jancovici, 2015) 

La nécessité de comprendre
les relations entre ressources 
naturelles, énergétiques, et 

l'économie, a conduit à 
reconnaître l'énergie et les 

matières premières comme facteur 
de production à part entière.

Économie, croissance, ressources 
ƴŀǘǳǊŜƭƭŜǎΣ ŞƴŜǊƎƛŜΧ Ŝǘ ǎƛ ǘƻǳǘ Şǘŀƛǘ ƭƛŞ Κ

Notions physiques
« [ΩŞƴŜǊƎƛŜ ǇŜǊƳŜǘ ŘŜ ǘƻǳǘ ŎƘŀƴƎŜǊ ŀǳǘƻǳǊ ŘŜ Ǿƻǳǎ Ŝǘ ŘŜ ǘǊŀƴǎŦƻǊƳŜǊ ƭŜ ƳƻƴŘŜ Ł ǾƻǘǊŜ ƎǳƛǎŜΦ /ΩŜǎǘ ǘǊŝǎ 
ŜȄŀŎǘŜƳŜƴǘ ŎŜƭŀΣ ƭΩŞƴŜǊƎƛŜ », propose-t-ƛƭ ŎƻƳƳŜ ŘŞŦƛƴƛǘƛƻƴΦ ΧΧΦΦ 
9ƴ ǇƘȅǎƛǉǳŜΣ ƭΩŞƴŜǊƎƛŜ ŘŞǘŜǊƳƛƴŜ ƭŜ ŎƘŀƴƎŜƳŜƴǘ ŘΩŞǘŀǘ ŘΩǳƴ ǎȅǎǘŝƳŜΣ ŀǳǘǊŜƳŜƴǘ ŘƛǘΣ Řŝǎ ƭƻǊǎ ǉǳŜ ǉǳŜƭǉǳŜ 
ŎƘƻǎŜ Řŀƴǎ ǳƴ ƳƻƴŘŜ ōƻǳƎŜΣ ŘŜ ƭΩŞƴŜǊƎƛŜ Ŝǎǘ ŜƴǘǊŞŜ Ŝƴ ƧŜǳΣ ǇŀǊ ŘŞŦƛƴƛǘƛƻƴΦ

Système économique
ζ [Ŝ ǎȅǎǘŝƳŜ ŞŎƻƴƻƳƛǉǳŜ ŀ ŞǘŞ Ŏƻƴœǳ ǎŜƭƻƴ ƭΩŞŎƻƴƻƳƛŜ ŘŜ ƭŀ ǘŜǊǊŜ ǇƭŀǘŜΣ Ł ǎŀǾƻƛǊ ǉǳΩƛƭ ƴΩȅ ŀ ǉǳŜ ŘŜǳȄ 
facteurs de production, le travail et le capital. 

ω ǘƻǳǘ ŎŜ ǉǳΩƻƴ ǘǊƻǳǾŜ ŀǳ ǎǳǇŜǊƳŀǊŎƘŞ ǇǊƻǾƛŜƴǘ ŘŜ ǊŜǎǎƻǳǊŎŜǎ ƴŀǘǳǊŜƭƭŜǎ ǘǊŀƴǎŦƻǊƳŞŜǎ ǇŀǊ ƴƻǘǊŜ ŀŎǘƛǾƛǘŞΦ 
Il faut avoir la capacité de transformations de ces ressources naturellesΥ ŎΩŜǎǘ ƭŜ travail. Cette transformation 
est opérée pour 1 par nous et pour 200 par nos esclaves énergétiques. 

ω ƭŜ capitalest également le fruit des ressources naturelles transformées par notre activitéΦ ΧΦ 
[ΩŞŎƻƴƻƳƛŜ Ŝǎǘ ǳƴ ǎȅǎǘŝƳŜ ŘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǉǳƛ Ŝǎǘ ōƻǊƴŞ ǇŀǊ ƭŜ ǇǊŜƳƛŜǊ ŘŜ ǎŜǎ ŦŀŎǘŜǳǊǎ ƭƛƳƛǘŀƴǘǎ Υ ƭŜǎ 
ressources naturelles. »
Lƭ ȅ ŀ ŘŜǳȄ ǎƛŝŎƭŜǎΣ ƭŜǎ ǊŜǎǎƻǳǊŎŜǎ ƴŀǘǳǊŜƭƭŜǎ ƴΩŞǘŀƛŜƴǘ ŀōǎƻƭǳƳŜƴǘ Ǉŀǎ ǳƴ ŦŀŎǘŜǳǊ ƭƛƳƛǘŀƴǘ ΧΦ 
!ǳƧƻǳǊŘΩƘǳƛΣ Řŀƴǎ ƭŜǎ ǎƻŎƛŞǘŞǎ ƛƴŘǳǎǘǊƛŜƭƭŜǎΣ ƭŜ ǇǊŜƳƛŜǊ ŦŀŎǘŜǳǊ ǉǳƛ ǇƛƭƻǘŜ ƭΩŀŎǘƛǾƛǘŞ ŞŎƻƴƻƳƛǉǳŜΣ ŎΩŜǎǘ ƭŀ 
ǉǳŀƴǘƛǘŞ ŘΩŞƴŜǊƎƛŜ Řƻƴǘ ƻƴ ŘƛǎǇƻǎŜ ǇƻǳǊ ŦŀƛǊŜ ŦƻƴŎǘƛƻƴƴŜǊ ƭŜǎ ƳŀŎƘƛƴŜǎΦ   ΧΧΦΦ

TRANSITION ENERGETIQUE. 5ŀƴǎ ǳƴ ƳƻƴŘŜ ŦƛƴƛΣ ƭŀ ŎǊƻƛǎǎŀƴŎŜ ƛƴŦƛƴƛŜ ƴΩŜȄƛǎǘŜ Ǉŀǎ. 
!ǳƧƻǳǊŘΩƘǳƛΣ ƻƴ ƴŜ ŘƻƴƴŜ Ǉŀǎ ǎǳŦŦƛǎŀƳƳŜƴǘ ŀǳȄ ƎŜƴǎ ƭŜǎ ŎƭŞǎ ŘŜ ŎƻƳǇǊŞƘŜƴǎƛƻƴ ǎǳǊ ƭŜ ǊƾƭŜ ŘŜ ƭΩŞƴŜǊƎƛŜ Řŀƴǎ 
ƭΩŞŎƻƴƻƳƛŜΦ hǊΣ ƭŀ ǉǳŀƴǘƛǘŞ ŘΩŞƴŜǊƎƛŜ ŘƛǎǇƻƴƛōƭŜ ƛƴŦƭǳŜ ŘƛǊŜŎǘŜƳŜƴǘ ǎǳǊ ƭΩŞŎƻƴƻƳƛŜ. »

{ƻǳǊŎŜ Υ ζ 5ƻǊƳŜȊ ǘǊŀƴǉǳƛƭƭŜǎ ƧǳǎǉǳΩŜƴ нмлл Ŝǘ ŀǳǘǊŜǎ ƳŀƭŜƴǘŜƴŘǳǎ ǎǳǊ ƭŜ ŎƭƛƳŀǘ Ŝǘ ƭΩŞƴŜǊƎƛŜ ηΣ Jean-Marc Jancovici 
/JMJ/, novembre 2015 - http://www.sfen.org/rgn/croissance-verte-existe-jean-marc-jancovici
+ Débat Eco Savoie Mont-Blanc, 18 mai 2017 - https://groupe -ecomedia.com/jancovici-economie-croissance-energie/
Pour aller plus loin : https://jancovici.com/
+ cours https://jancovici.com/publications-et-co/cours-mines-paristech-2019/cours-mines-paris-tech-juin-2019/

« Le nucléaire arrive 

immanquablement 

dans le débat »

Peut-on imaginer une économie 

débarrassée des énergies fossiles ?

JMJ : Oui, cela a été le cas pendant 

des millénaires . Tant quôon ®tait 

sans ®nergie fossile, le PIB dôun 

pays était proportionnel à sa 

population. ééééééé.

Les renouvelables sont -elles 

une alternative crédible ?

JMJ : Elles sont une alternative 

parfaitement crédible si on ne 

souhaite pas conserver le niveau de 

consommation actuel. é... 

Mais, si on souhaite conserver 

quelque chose de proche du niveau 

de consommation actuel et, en plus 

de cela, se débarrasser des énergies 

fossiles, le nucléaire arrive 

immanquablement dans le débat.

éééééééé.
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Le march® de lô®nergie dans lôUnion europ®enne : qu'en penser ?

« Lô®lectricit® nôest pas un bien comme un autre, côest un service public » 
Jacques Percebois , Le Monde, 9 septembre 2022

A votre avis, quelle est la raison majeure qui puisse expliquer lô®chec du 
march® de lô®nergie dans lôUnion europ®enne ?

Il y a un consensus aujourdôhui pour dire que cette approche nôa pas ®t® 
un grand succès. Même le plus libéraux reconnaissent que le marché seul 
ne peut pas tout. Il nôenvoie pas les bons signaux pour les 
investissements à long terme. 

Fixer les prix en fonction du co¾t variable dôune 
énergie sans se préoccuper du long terme ne 
peut pas fonctionner.

Lô®lectricit® nôest pas un bien comme un autre, 
côest un service public. 

Nous nôavons pas tenu compte 
des contraintes de réseaux et 
du fait que, par sa nature physique, 
lô®lectricit® ne se stocke pas. 

Il y a par ailleurs une contradiction interne au libéralisme débridé 
de lôEurope. Les politiques ®nerg®tiques sont une pr®rogative 
nationale, tandis que la Commission Européenne se préoccupe 
avant tout dôorganiser la concurrence par le march®. Les choix 
nationaux, et donc les coûts de production, étant différents, il est 
difficile de faire converger les prix au niveau du consommateur.

= > Il va falloir moins de marché et plus de régulation, en 
particulier, pour planifier des investissements de production . 

La gestion ¨ flux rendu nôest pas durable. Dans lô®lectricit®, il faut 
des surcapacités pour faire face aux situations exceptionnelles, et 
le march® nôaime pas cela. 

Côest pourtant la prime dôassurance quôil faut accepter de payer 
pour éviter le black - out.

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

ζ [ΩŞƭŜŎǘǊƛŎƛǘŞ ƴΩŜǎǘ Ǉŀǎ ǳƴ ōƛŜƴ ŎƻƳƳŜ 
ǳƴ ŀǳǘǊŜΣ ŎΩŜǎǘ ǳƴ ǎŜǊǾƛŎŜ ǇǳōƭƛŎ η 

Jacques Percebois, 
Le Monde, 9 septembre 2022
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Main phases of a circular economy model
 (in support of the EU policy for energy transition)

= > material recycling 
+ resource and energy efficiency

Each phase presents opportunities in terms of reducing costs and dependence on natural resources, boosting growth and jobs,  as well as limiting waste and 
harmful emissions to the environment. The phases are interlinked, as materials can be used in a cascading way. The aim is to minimise the resources escaping 
from the circle so that the system functions in an optimal way. EU initiatives - https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en 

Towards a circular economy (Material and Energy Valorisation)

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

https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en
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Electricity is only one part of total energy
About 20 % of the world's energy is consumed in the form of electricity (IEA) 

Electricity is only one 
part of total energy 

ς decarbonizing 
electricity is only one 
step towards a low-

carbon energy system

National energy use is categorized in most countries world-wide in four broad sectors: 
   ω transportation (passenger, freight, and pipeline) ς 31 % in the EU 
   ω residential (heating, lighting, and appliances) ς 27 % in the EU
   ω industrial users (manufacturing, construction, agriculture, and mining) ς 29 % in the EU
   ω commercial and public services (e.g. hospitals) ς 13 % in the EU 
 (= > % of total final energy consumption in 2022)

by 2050

?

Global electricity demand 
to double by 2050 
όL9!Ωǎ ²ƻǊƭŘ 9ƴŜǊƎȅ 

Outlook 2024)

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

It has been so over the last 50 years .

How much TWh of electricity is required for an average city 
of 100,000 inhabitants in Western Europe over a year? 

The electricity consumption in Belgium (or in Germany) is about 7,000 kWh 
per capita, including everything from individual consumers to large 
industries. Thus, an average city of 100,000 would consume roughly 0,7 TWh.



Research and 
Innovation

22

Challenges of electric power systems (ñ laws of physicsò)

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

(1) Why is balance needed between electricity  generation and consumption?

Electricity cannot be stored in large quantities and has to be consumed instantly  

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

This law of physics is called the ógeneration/consumption balanceô.

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

the electricity grid. 

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

Å 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 de la thermodynamique: 
(1) conservation de l'énergie totale et (2) augmentation de l'entropie 

L'énergie libre F (« F = U ïTS », 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'être fourni par un système thermodynamique 

fermé, à température constante, au cours d'une transformation réversible. F est un 

potentiel thermodynamique. L'évolution spontanée à volume constant d'un système 

thermostaté se fait vers les états qui ont une énergie libre minimale ( wikiversity ). 

(2) Deuxième principe de la 
thermodynamique

(augmentation de l'entropie)
(Rudolf Clausius, 1854)

« Lô entropie dôun système isolé 
(qui n'échange ni matière ni énergie 
sous quelque forme que ce soit avec 

l'extérieur) ne peut pas diminuer . 
Elle augmente lors dôune transformation 

irréversible, ou reste constante si la 
transformation est réversible »

(1) Premier principe de la 
thermodynamique

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

« L' énergie totale E d'un système 
fermé et isolé se conserve au cours de 

ses transformations thermodynamiques 
( çàd entre deux ®tats dô®quilibres 

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

{ƻǳǊŎŜ Υ άCƻǳǊ ƪŜȅ ǿŀȅǎ ƻŦ ƳŜŀǎǳǊƛƴƎ ŜƴŜǊƎȅ - these 

metrics capture the transformations and losses that 

ƻŎŎǳǊ ŀŎǊƻǎǎ ǘƘŜ ŜƴŜǊƎȅ ŎƘŀƛƴέ                                            

- Our World in Data, by Hannah Ritchie - April 4, 2022 -

https://ourworldindata.org/energy-definitions 

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.

{ƻǳǊŎŜ Υ άtǊƛƳŀǊȅΣ ǎŜŎƻƴŘŀǊȅΣ ŦƛƴŀƭΣ ŀƴŘ ǳǎŜŦǳƭ ŜƴŜǊƎȅΥ Why are there different ways of measuring 
ŜƴŜǊƎȅΚέ ōȅ IŀƴƴŀƘ wƛǘŎƘƛŜ - April 4, 2022 - https://ourworldindata.org/energy-definitions

https://ourworldindata.org/energy-definitions
https://ourworldindata.org/energy-definitions
https://ourworldindata.org/energy-definitions
https://ourworldindata.org/energy-definitions
https://ourworldindata.org/energy-definitions
https://ourworldindata.org/energy-definitions
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Energies de flux (vent, soleil):
many renewable energy sources are intermittent , unpredictable and non - dispatchable

Intermittent Renewable Energy Sources (RES)
 
RES specificities, such as production variability 
and low - predictability, zero marginal - cost of 
generation, and strong site specificity, result in a 
set of technical and economic challenges .

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).

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

Above Figure : Total wind forecast in Belgium in November 2020 (Elia) 
NB ñContinuously tracking and forecasting wind power generation enables Elia

 to operate its grid smoothly around the clock.ò

Source : https://www.elia.be/fr/donnees -de-reseau/donnees -mensuelles/novembre -2020 and ñWind 

power generationò - https://www.elia.be/en/grid -data/power -generation/wind -power -generation  

https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/fr/donnees-de-reseau/donnees-mensuelles/novembre-2020
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
https://www.elia.be/en/grid-data/power-generation/wind-power-generation
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Energies de stock  ( charbon , gaz , pétrole , uranium) : réserves  limitées  
dans le temps et lôespace < = >  uranium - 238 dans réacteurs  rapides

NB : Using currently known uranium resources, "fast reactors operating in a closed fuel cycle would 
be able to provide energy for thousands of years as well as easing concerns about wasteò (IAEA)

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

Caractère durable :

Å r®duire lôimpact environnemental et 
favoriser lôutilisation efficace des ressources,

Å minimiser les d®chets nucl®aires et r®duire 
la charge de leur gestion à long terme.

Fast 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/  
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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/
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Tableau ci-dessus : Le mix électrique belge ςŎƘƛŦŦǊŜǎ ŘŜ ƭΩŀƴƴŞŜ нлнп όǎƻǳǊŎŜǎ Υ 9[L! ϧ ¦b9/9ύ

Mix électrique belge 2024 (1/2) : 72 % de l'année avec de l'électricité bas carbone
- un bel exemple de la complémentarité entre nucléaire et renouvelables

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

Le mix électrique belge pour l'année 2024 
se présente comme suit :

Å ®nergie nucl®aire : 42,2%
Å ®nergie ®olienne : 17,9%
Å ®nergie solaire : 11,9%
Å biogaz : 3%
Å fossile (gaz) et autres:  

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

Ensemble, l'énergie nucléaire (42,2%) et 
les énergies renouvelables (29,8%) ont 

réussi à faire en sorte que 72% de 
l'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 domestique.

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) à 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 l'approvisionnement en 
énergie, à un prix abordable, est extrêmement importante pour rester 
dans notre pays (ou pour s'y installer).

Le mix électrique aurait pu être 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 à faible émission de carbone. 

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 à gaz (via le mécanisme CRM, payé 
par les contribuables) et dépendra encore plus des 
importations des pays voisins (qui représentent déjà 
13% de notre consommation d'électricité en 2024). 
En outre, ces centrales à gaz, avec des émissions de 
CO2 40 fois plus élevées par kWh produit, ne sont pas 
adaptées pour fonctionner un jour à l'hydrogène. 
Elles continueront donc à maintenir notre dépendance 
aux énergies fossiles au moins jusqu'en 2040.

- 2 GW
Shutdown of Doel 3 

in September 2022 

and of Tihange  2 

in January 2023.

Source : Forum Nucléaire  belge  (27 Janvier 2025) 

https://www.forumnucleaire.be/actus/mix - electrique - belge -

2024 - lenergie - nucleaire - reste - la - principale - source - delectricite  

https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
https://www.forumnucleaire.be/actus/mix-electrique-belge-2024-lenergie-nucleaire-reste-la-principale-source-delectricite
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Tableau ci-dessus : Le mix électrique belge ςŎƘƛŦŦǊŜǎ ŘŜ ƭΩŀƴƴŞŜ нлно Ŝǘ нлнп όǎƻǳǊŎŜǎ Υ 9[L!ύ

Mix électrique belge 2024 (2/2) : un bel exemple d'électricité bas carbone
grâce à la complémentarité entre nucléaire et renouvelables

Tendances 2024

Å Les ®changes internationaux plus ®lev®s que jamais avec plus de 44,5 TWh 
échangés. Les importations nettes provenant de la France atteignent 12,6 TWh ;

Å Avec 23% de capacit®s install®es suppl®mentaires, le photovoltaµque bat de 
nombreux records. La production renouvelable en Belgique atteint 29,8% du mix 
électrique (28,2% en 2023) ;

Å La production de Gaz est ¨ un niveau historiquement bas (17,6 % du mix de 
production contre 25,2% en 2023 et 26,9% en 2022). La part nucléaire dans le 
mix de production électrique est en baisse pour la quatrième année consécutive ;

Å La consommation d'®lectricit® remonte lentement et repasse au- dessus des 80,5 
TWh (78,9 TWh en 2023) ;

Å Les prix moyens de l'®lectricit® baissent de 28 % (par rapport ¨ 2023) mais 
restent plus élevés qu'avant la crise du gaz.

La production nucléaire baisse lentement 
avant le phasing - out prévu de 2025 

La consommation d'®lectricit® sô®l¯ve ¨ 
80,5 TWh en 2024, ce qui ne représente 
qu'une légère augmentation par rapport à 
2023 (78,9 TWh), année où la consommation 
était historiquement basse. 

Cependant, nous restons toujours en dessous 
de la consommation moyenne sur 5 ans 
(2017 - 2021). 

Et ce, alors que la transition énergétique se 
dirige de plus en plus clairement vers 
l'électrification (voitures électriques, pompes 
à chaleur, processus industriels).

- 1.8 GW
La fermeture en 2025 de 

D1, D2 et T1 aura un 

impact important sur la 

production nucléaire de 

notre pays.

Source : Elia -  Communiqué de presse  -  2 janvier  2025 -

https://www.elia.be/fr/presse/2025/01/20250102_electricity - mix

https://www.elia.be/fr/presse/2025/01/20250102_electricity-mix
https://www.elia.be/fr/presse/2025/01/20250102_electricity-mix
https://www.elia.be/fr/presse/2025/01/20250102_electricity-mix
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Production d'électricité nette
en Belgique pour l'année 2024 (73 TWh) 

Le graphique ci-contre représente la ventilation en pourcentage, 
par type de fuel de la production nette d'électricité en Belgique.
=> {ƻǳǊŎŜǎ ŘΩŞƴŜǊƎƛŜ ǇƛƭƻǘŀōƭŜǎ тл ҈ Ŝǘ ƴƻƴ-pilotables 30 %

Statistiques électricité 2024 (1/2)

ÅProduction d'électricité (TWh) 
ÅCapacité de production (MW) 

Capacité de production 
en Belgique en 2024 (30 GW)

=> {ƻǳǊŎŜǎ ŘΩŞƴŜǊƎƛŜ ǇƛƭƻǘŀōƭŜǎ пп ҈ Ŝǘ ƴƻƴ-pilotables 56 %

Le graphique ci-dessous représente la répartition par 
technologie de l'ensemble des capacités de production en 
Belgique et son évolution durant la période 2004 ς2024.

TWh
(energy)

  

                     
GW

(power)

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 à 72% bas carbone
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Le facteur de charge ǎϥƻōǘƛŜƴǘ Ŝƴ ŎŀƭŎǳƭŀƴǘ ƭŜ ǊŀǇǇƻǊǘ ŜƴǘǊŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞ ŜŦŦŜŎǘƛǾŜƳŜƴǘ ǇǊƻŘǳƛǘŜ Ŝǘ ŎŜƭƭŜ ǉǳƛ ŀǳǊŀƛǘ ŞǘŞ 
ǇǊƻŘǳƛǘŜ ǎǳǊ ƭŀ ƳşƳŜ ǇŞǊƛƻŘŜ ǎƛ ƭΩƻǳǘƛƭ ŘŜ ǇǊƻŘǳŎǘƛƻƴ ŀƴŀƭȅǎŞ ŀǾŀƛǘ ŦƻƴŎǘƛƻƴƴŞ ŎƻƴǘƛƴǳŜƭƭŜƳŜƴǘ Ł ǎŀ ŎŀǇŀŎƛǘŞ ƴƻƳƛƴŀƭŜ 
όǇƭŜƛƴŜ ŎŀǇŀŎƛǘŞύΦ 5ŀƴǎ ƭΩŜȄŜƳǇƭŜ Ŏƛ-dessus nous illustrons le facteur de charge exprimé en pourcents pour quelques 
technologies en Belgique pour les années 2016 à 2023 (calcul effectuéssur base des chiffres de production bruts). 

Consommation en 2023 
- industrie, services, résidentiel, transport  

En 2023, la consommation d'électricité en Belgique était 
de 75,60 TWh, en baisse p.r. à 83,9 TWh en 2021 (forte 
reprise économique mondiale après la récession liée à 
la pandémie de Covid-19 à partir de 2020).

La consommation calculée est définie comme suit: 
Production nette - consommation d'électricité pour le 
pompage-turbinage  - pertes réseaux + importation -
exportation. La consommation du secteur énergétique 
(raffinerie etc.) est reprise dans cet indicateur. 

Le graphique ci-contre représente la ventilation de la 
consommation d'électricité, en TWh, par segment de 
marché (attention chiffres 2023, car les données de 
2024 ne sont pas encore disponibles).

Source: « Statistiques électricité -

Production, consommation et capacités 

de production en Belgique», 2024 -

FEBEG (Fédération Belge des 

Entreprises Électriques et Gazières) -

https://www.febeg.be/fr/statistiqu

es/statistiques - electricite           

et ñBelgian Energy Data Overviewò -  

juin  2025 -  SPF Economie , P.M.E., 

Classes moyennes  et Energie -

https://economie.fgov.be/fr/publicati

ons/belgian - energy - data - overview - 2

Statistiques électricité 2024 (2/2)

ÅFacteur de capacité («load factor »)
ÅConsommation électrique par secteur

Worldwide (2010 ς 2020) 
capacity factors 
by energy source
ω bǳŎƭŜŀǊ ǇƻǿŜǊ уу ҈
ω bŀǘǳǊŀƭ Ǝŀǎ рл ҈ 
ω IȅŘǊƻŜƭŜŎǘǊƛŎƛǘȅ пп ҈ 
ω ²ƛƴŘ ŦŀǊƳǎ нл-35 % 
ω tƘƻǘƻǾƻƭǘŀƛŎ ǎƻƭŀǊ мн ҈

https://www.febeg.be/fr/statistiques/statistiques-electricite
https://www.febeg.be/fr/statistiques/statistiques-electricite
https://www.febeg.be/fr/statistiques/statistiques-electricite
https://www.febeg.be/fr/statistiques/statistiques-electricite
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
https://economie.fgov.be/fr/publications/belgian-energy-data-overview-2
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http://www.cea.fr/multimedia/Documents/infographies/posters/defis -du-cea-211-infographie-tableau-de-mendeleiev.pdf 

Le tableau de Mendeleµev (1869): ç Une merveille de lôesprit humain»  
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http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
http://www.cea.fr/multimedia/Documents/infographies/posters/defis-du-cea-211-infographie-tableau-de-mendeleiev.pdf
https://wiki2.org/en/List_of_chemical_element_name_etymologies#History
http://innvista.com/science/chemistry/elements/etymology-of-elements/
http://innvista.com/science/chemistry/elements/etymology-of-elements/
http://innvista.com/science/chemistry/elements/etymology-of-elements/
http://innvista.com/science/chemistry/elements/etymology-of-elements/
http://innvista.com/science/chemistry/elements/etymology-of-elements/
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The Periodic Table of Endangered Elements (EuChemS 2022)

What are Endangered & Critical Elements? 
Of the 118 elements that make up everythingτŦǊƻƳ ǘƘŜ ŎƻƳǇƻǳƴŘǎ ƛƴ ŀ ŎƘŜƳƛǎǘΩǎ ŀǊǎŜƴŀƭ ǘƻ ŎƻƴǎǳƳŜǊ ǇǊƻŘǳŎǘǎ ƻƴ ǘƘŜ ǎƘŜƭŦτ44 will face supply 
limitations in the coming years. These critical elements include rare earth elements, precious metals, and even some that are essential to life, like 
phosphorus. For some of these 44 elements, the risk is more serious than for others ς but there are 9 elements shown in this table 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 rising threat due to increased use. 

Rare Elements in Smartphones - Out of the 30 elements, 11 (Lithium, Magnesium, Phosphorus, Tin, Nickel, Copper, Gold, Lead, Tungsten, Neodymium 
and Antimony) was identified as an element with limited availability, which may cause risks to future supply.  The increased use of 2 elements found 
in smartphones (Cobalt and Dysprosium) is identified as a rising threat.   The unsustainable usage of 7 elements used in smartphones (Carbon, 
Yttrium, Gallium, Arsenic, Silver, Indium, Tantalum) will pose a serious risk in the next 100 years.  In addition, all 5 elements (Carbon, Tungsten, 
Tantalum, Gold and Tin) that were identified as originating from conflict resources, are also used in smartphones. Source : European Chemical Society 
(EuChemS) 2022 - https://www.euchems.eu/wp-content/uploads/2022/11/Rare_Elements_Smartphones_PT_PressRelease.pdf  

The raw materials that 
fuel the Green Revolution

Focus Principles

ω ¦ǎŜ ƻŦ wŜƴŜǿŀōƭŜ CŜŜŘǎǘƻŎƪǎ
Ideally, we would use only raw 

materials and feedstocks that are 
renewable rather than depending 
on and depleting finite resources 
ƭƛƪŜ ǘƘŜ άŜƴŘŀƴƎŜǊŜŘ ŜƭŜƳŜƴǘǎΦέ

ω aŀȄƛƳƛȊŜ wŜǎƻǳǊŎŜ 9ŦŦƛŎƛŜƴŎȅ
Knowing that resources in the 
ŜŀǊǘƘΩǎ ŎǊǳǎǘ ŀǊŜ ƭƛƳƛǘŜŘΣ ƎǊŜŜƴ 

chemists can design products that 
use abundant materials and that 

can be easily recycled.

https://www.euchems.eu/wp-content/uploads/2022/11/Rare_Elements_Smartphones_PT_PressRelease.pdf
https://www.euchems.eu/wp-content/uploads/2022/11/Rare_Elements_Smartphones_PT_PressRelease.pdf
https://www.euchems.eu/wp-content/uploads/2022/11/Rare_Elements_Smartphones_PT_PressRelease.pdf
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« Relancer les mines 

en Belgique, 

rêve ou cauchemar ?» (1/2)

« Relancer les mines en Belgique, rêve 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 - belgique - la - chine - remplit - nos - ports - et - vide - nos - poches - cest - dramatique - MZNPQAFCZNH5ZPCIZQ3ASWYTKQ/

Critical Raw Materials Act 
(CRMA)

EU governments gave a green light 
to domestic European mining and 

extraction of critical raw materials 
to advance green technologies in 

the face of social and 
environmental concerns. 

(18 March 2024 ï
https://www.euronews.com/green
/2024/03/18/critical - materials -
mining - approved - despite - green -

fears )

https://www.lalibre.be/economie/conjoncture/2025/09/19/bouchez-sur-la-necessite-de-relancer-ce-secteur-en-belgique-la-chine-remplit-nos-ports-et-vide-nos-poches-cest-dramatique-MZNPQAFCZNH5ZPCIZQ3ASWYTKQ/
https://www.lalibre.be/economie/conjoncture/2025/09/19/bouchez-sur-la-necessite-de-relancer-ce-secteur-en-belgique-la-chine-remplit-nos-ports-et-vide-nos-poches-cest-dramatique-MZNPQAFCZNH5ZPCIZQ3ASWYTKQ/
https://www.lalibre.be/economie/conjoncture/2025/09/19/bouchez-sur-la-necessite-de-relancer-ce-secteur-en-belgique-la-chine-remplit-nos-ports-et-vide-nos-poches-cest-dramatique-MZNPQAFCZNH5ZPCIZQ3ASWYTKQ/
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« La Belgique et lôEurope 
sont face au défi des matières 

premières critiques »

" Des ressources omniprésentes, mais méconnues
ñQuand on regarde autour de soi, il y a certaines mati¯res dôorigine animale, comme la laine, 
dôorigine v®g®tale, comme le bois ou le coton, et puis tout le reste, côest dôorigine min®raleò, 
rappelle le professeur Eric Pirard, g®ologue ¨ lôUniversit® de Li¯ge. 

M®taux, b®ton, plastiquesé Notre quotidien d®pend largement de ces ressources extraites du
sous - sol . ñLes m®taux qui nous permettent de communiquer ou qui môont permis dôarriver 
jusquô¨ vousò, remarque- t - il, sont issus de matières minières.

La Belgique, bien que petite, possède un sous -sol tr¯s diversifi®. ñNotre industrialisation sôest construite sur la 
base de nos propres ressources, que ce soit le fer dôabord, le charbon ou le zinc ïnous sommes le berceau de 
lôindustrie du zincò, explique Eric Pirard. Mais avec la mondialisation, ñnous avons un peu oubli® cette 
n®cessit® dôaller chercher des ressources dans le sous-solò.

Pourtant, le sous - sol belge ïet européen ïreste ñassez m®connuò. La cartographie g®ologique existante est 
souvent limit®e, principalement en surface. ñOn est all®s sur la Lune, dôautres pr®tendent aller sur Marsé Alors 
quô¨ 300 m¯tres sous nos pieds, on ne sait pas du tout ce qui se trouveò, regrette le professeur." 

L'image est forte : le monde devra extraire plus de métaux de la croûte terrestre dans les 25 prochaines années que ce que 
l'humanité a fait depuis l'antiquité. Une estimation à la grosse louche mais partagée par de nombreux experts du secteur.

Mais alors, la Wallonie peut - elle, dans ce concert, redevenir une terre minière ? Derrière l'idée d'un retour aux pioches et 

aux forages se cache un enjeu stratégique : l'accès aux métaux critiques indispensables à la transition 
énergétique et numérique, alors que les crises géopolitiques et les guerres déstabilisent les 
approvisionnements.

" 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 - à- dire complètement l'inverse." 

« Relancer les mines en Belgique, 

rêve ou cauchemar ?» (2/2)
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(1) Economy
( ensuring prosperity )

(2) Society
( leaving no one behind )

(3) Environment
(global footprint)

Energy Triangle 
« Sustainability »

1

2

3

I ntegration  of 
Å economic, 
Å social and 

Å environmental 
aspects in ñlife cycle 
impact analysisò (LCA)

with distinct space & time horizons 

Sustainability

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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e.g. 20 years

e.g. 40 years

e.g. 60 years

(approche systémique)

1

+ resource and 
energy efficiency 

in a circular economy

Primary energy

From (1) primary energy sources to (2) carriers  
and ultimately to (3) energy services

1 32

A simple feedback control loop

2.1 Economie (prospérité pour améliorer 

le bien -être matériel de tous)

https://en.wikipedia.org/wiki/File:Simple_feedback_control_loop2.svg
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« Le p®trole est ¨ la base dô¨ peu pr¯s tout ce qui nous entoure é»

ά[Ŝ aƻƴŘŜ ǎŀƴǎ ŦƛƴΣ ƳƛǊŀŎƭŜ ŞƴŜǊƎŞǘƛǉǳŜ Ŝǘ ŘŞǊƛǾŜ ŎƭƛƳŀǘƛǉǳŜέ - Jean-Marc Jancovici
(Auteur) et Christophe Blain (Illustrations) - Dargaud, octobre 2021 (197 pages)

{ƻǳǊŎŜ Υ άIƻǿ ǘƻ wŀǇƛŘƭȅ wŜŘǳŎŜ 

Cƻǎǎƛƭ CǳŜƭ ¦ǎŜ Κέ - (Environmental, 

Social and Governance /ESG/)               

- Global Just Transition project -    

May 17, 2023 - https://fpif.org/how -

to-rapidly-reduce-fossil-fuel-use/ 
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Plant-level production 
costs at market prices

Grid-level 
costs at the 
system level

Full costs including all 
external costs regarding 
emissions, land-use, 
climate change, security 
of supply etc.

Full Costof Electricity Provision (go beyond levelized cost of energy (LCOE))

1

Table : Overview of the main cost categories that can be differentiated 
when determining the total social costs of electricity generation  

{ƻǳǊŎŜ Υ ά¢ƘŜ {ƻŎƛŀƭ /ƻǎǘǎ ƻŦ 9ƭŜŎǘǊƛŎƛǘȅ DŜƴŜǊŀǘƛƻƴτCategorising Different Types of Costs and Evaluating 
¢ƘŜƛǊ wŜǎǇŜŎǘƛǾŜ wŜƭŜǾŀƴŎŜέ ōȅ {ŀǎŎƘŀ {ŀƳŀŘƛΣ ²ǳǇǇŜǊǘŀƭ LƴǎǘƛǘǳǘŜ ŦƻǊ /ƭƛƳŀǘŜΣ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 
Energy, Germany (Energies 2017, 10(3), 356) - https://www.mdpi.com/1996-1073/10/3/356 

A simple feedback control loop

+ raw material throughput
+ balancing costs (*)

Ҍ ΧΧΦ

(*) Balancing costs are the expenses incurred to ensure a steady balance between electricity supply and demand in the power system, 
such as storage (using batteries, power-to-fuel or pumping water into hydropower dams), demand response (following the preferences 
and contribution of consumers and/or prosumers !), electricity trading or other flexible generators that can adapt to the demand. 
Source : άнлнп - L9!ϥǎ рлǘƘ !ƴƴƛǾŜǊǎŀǊȅέ - Energy system (Energy Supply & Transformation / Uses of Energy / Managing Demand & 
Emissions) - https://www.iea.org/energy -system 

LFSCOE 

(Levelized Full System 
Costs of Electricity)

https://www.mdpi.com/1996-1073/10/3/356
https://www.mdpi.com/1996-1073/10/3/356
https://www.mdpi.com/1996-1073/10/3/356
https://en.wikipedia.org/wiki/File:Simple_feedback_control_loop2.svg
https://www.iea.org/energy-system
https://www.iea.org/energy-system
https://www.iea.org/energy-system



