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Worldwide data center consumption
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Capacity versus Energy

Capacity (Power) is the maximum electricity flow while Energy is
capacity *used* over time

Ex : the ”toaster challenge” −→ need to generate 700 W of power for
a long enough period
Here 700 W for 3 min −→ 700W × 3/60h = 35Wh
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Capacity versus Energy

Installed capacity is ≈ 100 GW and consummed energy ≈ 400 TWh

100 GW used continuously over 1 year :
100GW × 24h × 365days = 876TWh

−→ average utilization is ≈ 45%
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Power of data centers

100 GW to be compared to a typical nuclear reactor of 1 GW 1

400 TWh to be compared to the French electricity consumption
450 TWh, in 2024

1. For instance, EDF, in France, operates 58 nuclear reactors rated between 0.9 and
1.45 GW.
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Energy of data centers over time

≈ stable in the period 2005-2015 −→ energy efficiency
increase since 2018 −→ traditional services + crypto-currencies (not
represented in figure)
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AI

Machine learning (extracting knowledge from data) is opposed to
symbolic AI (set of rules)

Classical machine learning : SVM, forest tree, kmeans, neural networks
Modern AI

with the advent of deep learning (2010)
lot’s of applications : classification of feelings, automatic translation,
image classification, object detection

... and then came the generative AI with Chatgpt in Nov. 2022
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Current and future share of AI

Current share of AI

”The International Energy Agency (IEA) estimated thatAI systems
accounted for 15% of total data center electricity demand (excluding
cryptocurrency mining) in 2024,” [de Vries 2026]

Future Share

Shift project anticipates AI will be the new kid in the block
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Obtaining info on DC and AI : a complex task

From : Masanet, Eric, Nuoa Lei, and Jonathan Koomey. ”To better
understand AI’s growing energy use, analysts need a data revolution.”
Joule 8.9 (2024) : 2427-2436.
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Obtaining info on DC and AI : a complex task

From : de Vries-Gao, Alex. ”The carbon and water footprints of data
centers and what this could mean for artificial intelligence.” Patterns 7.1
(2026).
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Why focusing on DC ?

Why focusing on DC ?

Data centers are the physical substrate of AI

Characterizing supply (DC) is easier than demand (AI services)
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What does it look like ?

Power supply

Switch gear
(1)

main
grid ;
fossil fuel
power
generator
(2) ;
UPS (3)
with
batteries
(6).

Cooling : (4),(5) and
(7)

IT room : (8)
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Power supply

Case of 112 8th Avenue in New York with 600,000-liter fuel oil tanks
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Availability

(source : https://newsletter.semianalysis.com/p/
datacenter-anatomy-part-1-electrical)
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The Data4 cluster of Marcoussis (France)

420 GWh consumed in 2023
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Where do they live ?

DCs live in clusters :

The unit of measurement is electrical power ⇒ energy availability is a key
factor
(source : telegeography)
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Where do they live ?

Zoom on Asburn, Virginia - the largest concentration of DCs in the world

source : https://cnes.fr/geoimage/
etats-unis-virginie-data-center-alley-1er-pole-mondial-de-centres-de-donnees-coeur-cyberespace-de
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Internet connectivity

International Internet highways ⇒ submarine cables (e.g. Marseille)

National Internet highways

motor highways ≈ Internet highways

https://www.submarinecablemap.com/
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Electricity Grid 101

The electricity distribution network requires a constant balance
between producers and consumers on a minute-by-minute timescale.

The basic rules for grid access

”first come, first served”
the operator has an obligation to provide the access.

It takes long to install a new sub-station (grid access for companies)
⇒ up to several years in France

Hence the temptation to do things differently....
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GRDF in France
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Sometimes, the problem is energy

At the national level, data centers can become major energy
consumers.

The emblematic case of Ireland

G. Urvoy-Keller AI, Infrastructure, Energy 24



Not an energy problem in France

8 TWh ⇒ 1.52% of annual production
Source : Ademe 2026 report ”Prospect for the evolution of data center consumption in

the short, medium and long term 2024 to 2060”
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Sometimes it is power

Marseille : a data center booked 90 MW and the city had to negotiate
7 MW for its electric buses 2

Meta data center : training of the LLama 3.220 model. With ”only”
30 MW of installed power for IT (24,000 H100 GPUs),

Training disturbed the electrical grid

Basically, 0 MW – 30 MW – 0 MW

Solution : At the end of training, launch unnecessary jobs to gradually
reduce power demand

“pytorch-no-powerplant-blowup=1”

2. 20 MW is the power needed for a city of 50 000 inhabitants.
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The Shift model

2030

Global : between 1250 and 1500 TWh

AI : ≈ 500 TWh
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Other models

IEA

4 scenarios (Lift-off, Base, High Efficiency, Headwinds)

between 670 and 1265 TWh in 2030(excluding cryptocurrencies)
(IEA, 2025a)

Schneider

4 scenarios (Abundance, Sustainable AI, Energy Crunch, Limits to
Growth)

AI consumption alone of 510 to 880 TWh in 2030 (Schneider Electric,
2024)
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The Energy Wall

Electricity demand from DC ⇒ increasing pressure on the energy
sector.

Big tech companies desperately seek for low-carbon electricity :

Amazon is exploring the deployment of 0.3 GW of small modular
reactors (SMRs)
Google is conducting a deep geothermal experiment targeting a
capacity of 0.1 GW
Microsoft made a deal to restart Three Mile Island
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The Energy Wall and Fossil Energy

A total of 85 gas-fired power plants are under development worldwide
for data centers (Financial Times, 2025)

First Energy has canceled the planned closure of two coal-fired power
plants, which it now plans to operate until 2035-2040 (Financial
Times, 2024).
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The Energy Wall and Fossil Energy

US plans to rely on gas, China on coal

Renewable energy ⇒ 20 MtCO2e

Fossil fuels ⇒ 500 MtCO2e.
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Maybe not
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Maybe not
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Let us rephrase

Maybe AI can bring some benefits for the society

But is it the case of all types of AI ?

David Rolnick

Rolnick, David, et al. ”Tackling climate change with machine
learning.” ACM Computing Surveys (CSUR) 55.2 (2022) : 1-96.

2186 citations (Google Scholar)
”I’m so tired of this sales pitch : “AI is using a lot of energy but it’s
also helping the climate”. The AI that helps the climate is generally
very different from the AI that uses a lot of energy (e.g. LLMs like
ChatGPT). We can have the former without the latter”
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”AI monolith” thesis

Ketan Joshi is an analyst, writer and communicator specialising in clean energy,

corporate accountability and advocacy.

3

3. Luccioni, Alexandra Sasha et al. ”From efficiency gains to rebound effects : The
problem of jevons’ paradox in AI’s polarized environmental debate.” ACM Facct 2025.
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Methodology

1 Collect a number of statements supporting the AI for Green paradigm
from a set of publicly and recognized sources :

”IA and Energy” report from IEA
Stern, Nicholas, et al. ”Green and intelligent : the role of AI in the
climate transition.” npj Climate Action 4.1 (2025) : 56.
Luers, Amy. ”Net zero needs AI—five actions to realize its promise.”
Nature 644.8078 (2025) : 871-873.
Microsoft sustainability playbook (2023)
Microsoft - Corporate website (2025)
Microsoft - Sustainability report (2025)
Google - Sustainability Report (2025)
‘AI for a planet under pressure’ (2025) - excluded from analysis
Climate Change AI project (2019)
https://www.climatechange.ai/summaries

2 Check both :

the type of AI referenced ;
the type of evidence referenced
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Type of AI
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Evidence
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Results

97% of claims relate to Traditional AI
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Results

”Of 154 climate benefit claims assessed, only 26% cited published academic papers.
36% did not cite any evidence at all.”

Conclusion of K. Joshi

By muddling these two types of AI a into one umbrella term, purported climate solutions
are coupled to extreme pollution and presented as a package deal.

a. Traditional vs generative AI
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Conclusions

Data centers are energy intensive objects

Increasing stress on electricty grid at the local level ⇒ power issue
Increasing stress on electricty grid at the national level ⇒ energy issue

The gen AI moment leads to an energy wall that :

might request a partial return to fossil energy
might compromise the energy transition of other sectors (transport,
food and agriculture, building)

Modern AI is not *only* large scale generative AI
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What I did not have time to cover

The water usage of data centers
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What I did not have time to cover

Why the IT industry is an extractivist industry

The micro-workers behind AI

G. Urvoy-Keller AI, Infrastructure, Energy 46



What I did not have time to cover

Ideologies behind AI
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What I did not have time to cover

AI in the academic (research) domain

AI for Sustainability report from The Stockholm Resilience Centers
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