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DATA CENTERS :

POUR TOUTE L'ELECTRICITE DU
MONDE ?

F ranc k P RAM OTTO N Repenti du Numérique

Expert Numérique au Shift Project
Mandaté a TAFNOR/CEN-CENELEC
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HE WHO\CONT_

CONTROLS i I{NIVERSE
‘5 Dune 1984 - David Lvnch
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The order grants broad authority to the attorney general to sue states and overturn laws that do
not support the “United States’ global A.l. dominance,” putting dozens of A.l. safety and consumer

Wi
i

poagail DPisain

protection laws at risk


https://www.whitehouse.gov/presidential-actions/2025/12/eliminating-state-law-obstruction-of-national-artificial-intelligence-policy/

éﬁ[& LI-II%E:J%EE 2550 TWh sont nécessaires au

fonctionnement de la France, pour soutenir
les modes de vie des Francais et ’économie
nationale. Ce total représente I'exposition
de la France a des risques énergétiques
de différentes natures: approvisionnement
oy en énergies fossiles, dépendance industrielle,
Consommer 19 % tensions géopolitiques...

C'est:

Services 9 %

Se déplacer 24 %

Seloger 37% R plus d’énergie que
celle produite sur
le territoire francais

Se nourrir 11 %
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« IL CONVIENT D'’ANALYSER LA PROPORTION ENTRE LES

ET LES APPORTES
PAR L'IA GENERATIVE (VERSUS LES MODELES D’IA CLASSIQUES,
PAR EXEMPLE), ET D’ALERTER SUR SES EFFETS, DE PLUS EN PLUS

DOCUMENTES ET

« M

Sept 2025




1. LES ENJEUX LIES A L’ACCES

A L’ ENERGIE (3/3)

RISQUES CONCURRENTIELS

Possibilité pour les acteurs les
plus importants de securiser
des approvisionnements
d'énergie dans des conditions
avantageuses

Passibilité pour les fournisseurs
d'énergie dans le cadre par exemple
de la conclusion de contrats CAPN
par EDF d"adopter des
comportements anticoncurrentiels
tels que la discrimination, le refus
d'approvisionnement ou le
verrouillage du marche des
consommateurs grands industriels
au détriment des concurrents

Autorité
de la concurrence
pi=———————2

Dec 2025

Possibilité pour les grands acteurs
du numeérigue de devenir, méme
occasionnellement, offreurs sur

les marchés de l'énergie, surtout a
Vetranger




JANCOVICI - BLAIN

= LE

MONDE .
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~FIN,
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Matthieu Auzannsau
Diracteur

Jean-Mare Jancowvici
il . Frésident
DARGAUD |



LA DOUBLE CONTRAINTE CARBONE

On the downstream
side, climate change
commits us to reducing
our emissions of
greenhouse gases to
reduce its intensity

—— 1- ENERGY

On the upstream side, the
constraint is our stock of
energy : the unavoidable
contraction of the fossil
supply requires
anticipating it, therefore
reducing oil and gas
consumption before it
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Es-tu certain que nous sommes
sur le bon chemin ?
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Thelma et Louise - Ridley Scott 1991
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Thelma et Louise - Ridley Scott 1991
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ENERGIE - DANS LE MONDE D'AVANT A AUJOURD'HUI

Global pnnmn energy Lunt.ulnplmn by source

Pritnary energy’ is based on the substitution method” and measured in terawatt-hours’

200 000 TWh

2024

in terawatt-hours

Other renewables 2,476 TWh uclear De 80%
B Modern biofuels 1,367 TWh

Solar 5,151 TWh

B Wind 6,124 TWh e Fossiles &

B Hydropower 10,861 TWh i
B Nuclear 6,872 TWh - ' COZ

B Natural gas 41,278 TWh

M oil 55,292 TWh o | % vers 0 en

M coal 45,851 TWh

Traditional biomass 11,111 TWh | o 2050...

Total 186,383 TWh
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https://understand-energy.stanford.edu/
news/understand-climate-change

Changes in Global Surface Temperature Relative to 1850-1900

1.25
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https://understand-energy.stanford.edu/
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Policies & action
+2.5-2.9°C

Pledges & targets

2030 Ambition Gap +2.1°C
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1.5°C Consistent

1990 2000 2010 2020 2030 2040 2050




TRAJECTOIRE DE SORTIE DES ENERGIES FOSSILES (ACCORD PARIS)

m Consommation d’énergie finale en France et dans la SNBC

0 [ r - r
9TWh (2%) : Datacenters d’énergie consommeée

Datacenters 50 TWh ?

d'énergie consommeée

nR hors

EnR hors
. electricite,
Electricite* dechets,
259% chaleur

déchets,
haleur

Electricité*
Iénergies 55%

fossiles

Gaz
decarbone

dont hydrogene
produit a partir
d’électricite

* Consommation finale d’électricite (hors pertes, hors consommation issue du secteur de |'énergie et hors consommation pour la production d’hydrogéne)
Consommation intérieure d’électricité dans la trajectoire de référence de RTE = 645 TWh




ENERGIE - ELECTRICITE - SOUVERAINETE ET DECARBONATION

Les grands dimensionnants de I'augmentation de la demande électrique

. MOBILITE
* MOBILITE ELECTRIQUE
« HYDROGENE (AVIATION, FRET LOURD)
* FERROVIAIRE

. BATIMENT
* CHAUFFAGE, EAU CHAUDE
* CUISINE

. INDUSTRIE
* HYDROGENE (ENGRAIS, ACIER)
* INDUSTRIE ELECTRIQUE, ACIER ELECTRIQUE

@ NUMERIQUE
* DATA CENTERS & NOUVEAUX RESEAUX
NOUVEAUX USAGES NUMERIQUES

The Shift Project

QUe//

e
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DATA CENTERS - LES BONS ELEVES DE L'EFFICACITE

Berkeley Lab - 2016 - United 6 2010 Energy
180 | states Data Center Energy 0\ Efficiency
— Usage Report 'L
‘E-' 160 [...] there are additional energy = === Current Trends
E | efficiency strategies and
< 140 technologies that could —
S significantly reduce data center ——prove
s 120 electricity use below the Management
3 approximately 73 billion kwWh .
. : = = = = Hyperscale Shift
E.. Ll demand projected in 2020 YPEIsE |
‘g an [...] representing a 45% reduction
E - - === N + HS
-] -
a—— *‘ - -
2 60 O P
: PRtk - = = = Best Practi
E 40 - est Practices

20 RappOrt 2016 - US BL — e BP + HS

2005 2010 2015




DATA CENTERS - LES BONS ELEVES DE L'EFFICACITE

Q&’f THE SHIFT Industry average PUE holds steady

~~ PROJECT




DATA CENTERS - LES BONS ELEVES DE L'EFFICACITE

o\l THE SHIFT
& = PROJECT ¢ > Google Cloud Platform Blog
Continuous PUE Impi

Average PUE for all data centers

11-10 L] L] L] : | L] L]
2008 2009 2010 2011 2012 2013 2014

B Trailing twelve-maonth (TTM) FUE B Quarterly PUE




EFFICACITE, OPTIMISATION ET EFFET REBOND
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Population

Carbon intensity of energy

The Shift Project



DATACENTERS : CAP SUR LA REUTILISATION
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On déplore un tout petit rien
Un incident, une bétise...




EFFICACITE, OPTIMISATION ET EFFET REBOND

41, THESHIFT BB
SNV pRoJECT IS

Population

Carbon intensity of energy

The Shift Project



EFFICACITE, OPTIMISATION ET EFFET REBOND

43’/‘ THE SHIFT Workload g Jir . kWh g CO5e
User Workload Jir kWh

— PROJECT CO,e = Users X

—

Travaux de D. Bol, Acceleration  gq

Pirson, Dekimpe t J,
UCL 2021 t IS
_ B

I
' Slowdown

.

Ui

-~
O
O
3
D
<

2
L

Population
Power usage

fectiveness [kWh/] IT]

[JlT,r’wnrklnad]

Carbon footprint
[Internet users]
[workload/user]
IT energy intensity
Carbon intensity
[kgCOze/kWh]

omputation affluence

The Shift Project
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Google’s Electricity Use (MI\Wh)

40,000,000

30,000,000

Centrales
e CE S

20,000,000

Total Electricity e

Consumption

— Data Center Electricity

Consumption

0
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

10,000,000

IMAGE CREDITS:TIM DE CHANT/TECHCRUNCH
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« LA DYNAMIQUE: GAINS D'EFFICACITE ENERGETIQUE INSUFFISANTS

Training compute (FLOP)

Gemini Ultra

&
PalM __HHGF’T-JI -e
B

AlphaGo Zero g GPT-Hcg D> Compute

/’ = demand
AlphaGo Master ' growth:

4.5x every
year

Chip
AlexNet efficiency
~ growth:
2x every
two years
(Moore’s
law)

| \
2010 2012 2014 2016 2018 2020 2022 2024

Publication date Optimistic




LA DYNAMIQUE: GAINS D'EFFICACITE ENERGETIQUE INSUFFISANTS

US data centre electricity demand projections from different sources, 2010-2030

. 700
: 600
500
400 b
300
200

100

bl e L Ly

D ¥ T T T T
2010 2012 2014

T

2016 2018 2020 2022 2024 2026 2028 2030

EPRI (2024) Goldman Sachs (2024) EPRI (2024) - historical
m BCG (2023) Shehabi et al. (2016; 2018) McKinsey (2023) (estimated)

IEA (2024) Semianalysis (2024) Masanet et al. (2020)




éﬁr& -ILI-II?%SEI(I; E‘Wﬂ BERKELEY LAB

12 % 2028 / 2024 United States Data Center Energy

15 % 2030 Usage Report

6.7-12.0%

Arman Shehabi, Sarah J. Smith,
Alex Hubbard, Alex Newkirk, Nuoa
Lei, Md Abu Bakar Siddik, Billie
Holecek, Jonathan Koomey, Eric
Masanet, and Dale Sartor

I
o
o

Total Data Center Electricity
Consumption (TWh)
LJ
o
L

1.9% of US Total

€——————————— Historical ———————————> | <~ Future Scenario Range —> https://eta-publications.Ibl.gov/sites/

0 - _ i -united-
5014 2016 2018 2020 2022 5024 2026 5028 default/files/2024-12/Ibnl-2024-united
_ states-data-center-energy-usage-report.pdf




DATA CENTERS - EN ROUTE POUR LA NEUTRALITE ?
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Internal forecasts that Microsoft
made in 2025, which were obtained

Microsoft's Emissions
Artificial intelligence is putting the tech giant's climate goals in peril

» Climate plan (simulated) @ Actual
20M metric tons of carbon dioxide equivalent

2020 21 22 23 24 ‘25 ‘26 27 '28 29

Source: Microsoft (Scope 1, 2 and 3 "management criteria” data)
Note: Green dots represent linear decline to carbon negative goal.

by The New York Times, show the company expected its annual water needs for roughly 100 data center complexes
worldwide to more than triple this decade to 28 billion liters in 2030. That compares with 7.9 billion liters in 2020 and 10.4 billion liters

in 2024.

The Shift Project

57



DATA CENTERS - CONFLITS D'USAGES & ENJEUX SOCIETAUX

TEGH / U5 & WORLD

The electricity demands of data centers
are making it harder to build new homes
in London

/ Developers reportedly face a
potential ban on new houses until
2035

' "| | fﬁ' .','" - .;5;;& | ! g - b By JAMES VINCENT

. \l\ 'éf ﬁﬂ! JI' h MLI:'% ; / A7 Jul 28, 2022, 12,55 PM GMT-2 | [ € Comments / 0 New




DATACENTERS - TOUJOURS PLUS

US data center demand is forecast
to grow by some 10 percent a year
until 2030.

Data center power consumption, by

providers f&nterprises,‘ gigawatts !Estirnated datat {;entrrﬂ electricity consumption and its share in total electricity demand
in selected regions in 2022 and 2026

35
30

o5 +9.6%
+11.9%

CAGR
- +13.0% 8 -
0 . . Y j
United States  European China Denmark Iredand
Lnion
: I I I l m2022 | 2026 # Share in total demand (right axis)
& !

2014 2020

Mc Kinsey 2023 | | _

center economy
The Shift Project




DATA CENTERS - VOUS PRENDRE BIEN UN PEU D'IA GENERATIVE ?

41, THE SHIFT
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Figure 1.17 > Indicative inference electricity consumption across different
model types for text generation tasks in experimental conditions

Very small LM Small LM Medium-sized LM Large Large reasoning
MokE model
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https://iea.blob.core.windows.net/assets/601eaec9-ba91-4623-819b-4ded331ec9e8/EnergyandAI.pdf#page=45
https://iea.blob.core.windows.net/assets/601eaec9-ba91-4623-819b-4ded331ec9e8/EnergyandAI.pdf#page=45
https://iea.blob.core.windows.net/assets/601eaec9-ba91-4623-819b-4ded331ec9e8/EnergyandAI.pdf#page=45
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Euronext Data Centre dal Ll €| - :

A green Data Centre with state-of-the-art Colocation
and Connectivity services

{ | | _ :
The Aruba data centre meets the highest quality standards (Rating 4 certification),
provides the maximum level of safety and resilience, and is 100% powered by renewal')!e e
enabling to minimise the environmental impact of Euronext and all market participants' * ®

Apr 2023 - Aruba acquires two hydroelectric power plants in
Bergamo, Italy, with a total capacity of 2MW. S .
Company now owns seven hydroelectric plants totaling 9.2MW g, .

ol
e,
.
- :

Using our own hydroelectric plants and photovoltaic installations, we
roduce a substantial amount of renewable energy which we feed into
he National Grid”.
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PRIX SPOT PRODUCTEUR ELECTRICITE - 22/09/2025 %°

18 000

:

16 000

02:00 14:00

Valume 19487.3 MWh 2 Prix -0.01 €/ MWh




ENERGIE EN FRANCE - LA FIN DES EQUILIBRES ?

¥, THE SHIFT
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France's Negative Power Prices Are Rising To New Records
Number of hourly negative power prices, cumulative year to date

/ 2025 2024 / 2023

400 hours
2024 total e —————
300
200
¥ & 100
I i
0

-l
1 ] [ I | | | | ] |

Jan Feb Ma Apr May Jun  Jul Aug Sep Oct Nov Dec

Source: EPEX Bloomberg
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Negative Electricity Prices Will Increase Tenfold in the Years to Come
Cumulative hours of negative wholesale power prices, forecasts for UK

I I ] I | I ] I I

Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Source: Modo Energy

1.000 hours
2027

750

200
2025

2024

2023

Mov Dec

Bloomberg




ZOOM SUR LA FIXATION DU PRIX DE L'ELECTRICITE
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sV tesarr DATA CENTERS - MEGA BASSINES
MEME COMBAT ?

a s ] .
. 3 .} Credits : DELPHINE LEFEBVRE / HANS LUCAS / HANS LUCAS VIA AFP
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LE MUR DE L'ENERGIE

HEADER BLOCK

PROJECT “STARGATE”
PROPONENT M]CROSOFF / OPENAI

DESCRIPTION DISTHIBUTED NETWORK OF DATA CENTER CAMPUSES — NEXT GENERATION Al INFRASTRUCTURE.
BODY

REQUIREMENT QUANTI UNIT
ELECTRICAL POWER GIGAWATTS
| EQUIVALENCIES
[
SUB-ROW 1 ‘ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ TEN NUCLEAR POWER PLANTS.
ﬁﬁ@ﬁﬂ@@ﬁﬁ%@m&@ﬁ@ﬁf AT ATATATATATATA]
SUB-ROW 2 AT A AT b Y VA ATy ARG RRAAARIARAREEEE | 26,000,000 HOMES.
MMM@@@M@@M@MG&%M ATA AR I’ﬁﬁ}@@ﬂﬁ@ﬂ}
{‘ﬁ"t
SUB-ROW 3 ONE MID-SIZED COUNTRY.
5/
FOOTER BLOCK
FEASIBILITY ASSESSMENT

ANSWER LINE




LE MUR DE L'ENERGIE Reactors Under Construction — Year by Year

Total Capacity (in GW)

2405 Show Design Capacity Reglon
Mornh America
220 Western Europe
World Nuclear Industry report i | i
1951-2026 Latin America
B Afiica
i Bl Middie East
1a0 -
140 =
North America

120
100 -

a0 —

Projected
Startups
60
Western Europe
40 - Asia
204 Central & Eastern Europe
D"' : f #_ . e e——— ‘“.T_
1950 1960 1970 1580 1990 2000 2010 2020 2030
il 'Y il ] A T

Winiscale T Hermvabwl Berhn Wal a1 Fukishuna



NUMERIQUE - LES GRANDS DETERMINANTS

Berkeley Lab : Queued Up: 2025 Edition

Capacity (GW)

Entire U.S. Installed Capacity vs. Active Queues

2010 , 2024
2500
2,200
(zag
ToAnbar 0
20004
Solar
| 500
1000- 972
- m‘E
5001 s 452 Hydra
..

Installed

Queues

Installed

Cueues



NUMERIQUE - LES GRANDS DETERMINANTS

Global annual additions of gas power capacity projected to
surge in 2026

Annual gas power capacity additions by year and status, in gigawatts (GW)

M Operating I Construction Ml Pre-construction Ml Announced

+180 GW Projected =
+150 GW

Global Energy

Monitor AR Lae

Jan 2026

+90 GW

+60 GW

+30 GW

l I I | -.
|
3 ]

2020 2027 2022 2023 2024 2025 2026 2027 2028 2029 2030

+0 GW

Source: Global Energy Monltor, Global Ol and Gas Plant Tracker, H2 2025
In construction includes 37.2 GW of projects with no start year, spread evenly over 2026-2030; projects & W% Eﬂf_‘;;‘

announced gr in pre-construction with planned operating year of 2025 and no recent updates are ¥ * Monitor


https://globalenergymonitor.org/report/betting-big-on-data-centers-u-s-now-leads-world-for-new-gas-power-development/

US 2024 : 55 mois de delais de raccordement au réseau

| Duration Analyzed: ! Interconnection Request (IR) [ ."l Interconnection Agreement (1A} }
L I1 = 80 T
|
I
70+
m— Median
25-75th percentile
60
)
=
=
S
«.E., 50 1
(-
8
P 404
T
&
2 30+
=
[
204
104
D - T T T i T T T T T T T T T T T LB =T T 1 T
L w [~ o0 o o ™ 0 L) <t L w I~ o o = ™ o L4 <
Q o - - - T = — i I ™ T = I = o ol od O ol
3 o = e o o o o [ o ol L o o = o o o o k]
o od Cd od 0o od o &N LAY od od o od 4| o o od ol od ol

In-Service Year



MICHIGAN STARGATE - INVESTIR - BLUFFER - SE DECOUVRIR ?

DECEMBRE 2025 - ACCORD 1.4 GW DE CONNEXION AU RESEAU ELECT.

ENGAGEMENT CONTRACTUEL DE 19 ANS (vs 5 ans)
TAKE OR PAY DE 80 %

TERMINATION CLAUSE : 10 a 15 Ans d'indemnites
GRILLE DE FLEXIBILITE : 24 Mois de préavis

1er Client sur la liste de coupure

1.4 GW de Réserve de Puissance en Stockage Rapide.

Dec 2025 Commission Exhibit


https://mi-psc.my.site.com/sfc/servlet.shepherd/version/download/068cs00001XbIDsAAN

DATA CENTERS IA - DU LOURD

Combien de Tesla Packs pour une nuit de
fonctionnement a la puissance 1GW




DATA CENTERS IA - DU LOURD

Combien de Tesla Packs pour une nuit de
fonctionnement a la puissance 1GW




DATA CENTERS IA - DU LOURD

QUEL POIDS de Tesla Packs pour une nuit de
fonctionnement a la puissance de 1GW(T) ?

| 800 000 |

L3




DATA CENTERS IA - DU LOURD

QUEL POIDS de Tesla Packs pour une nuit de
< fonctionnement a la puissance de 1IGW(T) ?

| 800 000 |

L3




LA COURSE A L'ELECTRICITE FOSSILE

IRLANDE2026

100% gas, off-grid Data Center in Ireland goes live

« OFF GRID DATA CENTER »

Al Magazine - 12/03/2026

1MOMW Al Data Center

Dublin
-
+ I ; l "/u
Ireland Emissions Increase Projections Boris
569,572 tCO._e Gamazaychikov
2 - 03/2026



https://aimagazine.com/news/dublin-microgrid-data-centre-addresses-ai-demand
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Rounders - 1998




ET SI ON FAISAIT MIEUX
SANS AJOUTER TOUJOURS
PLUS DE RESSOURCES IT ?
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ANTICIPER CHOCS
MOBILISATION
ECO-SYSTEME /
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\ SUSTAINABILITY

QUESTIONNEMENT SUIVI
YR 2 GOUVERNANCE FINANCIER ET
MOBILISATION KPI RSE
INTERNE \ /
FORMATION TRANSPARENCE

@ ET EXIGENCE
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ERP - PRIORISER NE PAS
LES SERVICES SURDIMENSIONNER
SERVEURS
FLEXIBILISER STRATEGIE LIMITER LA
DISPONIBILITE v COMPUTE DUPLICATION
DES SERVICES
ON -> AVAIL \
CARBON CHOISIR LE CO2
AWARE @ MIX
WORKLOAD
SHIFTING /

SHAVING
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DEDUPLICATION

LIMITER LES ESPACES
ALLOUES

STRATEGIE BALANCER
) STORAGE USAGES
DATA/RESEAU/
\ COMPUTE
STOCKAGE CHOISIR VOTRE
OFFLINE @ CO2 MIX
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Thank You

Your Questions ?

Franck.Pramotton@Etik.Com
Q.
®
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