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TERATEC Energy and Computing: A Mutually Beneficial Duo
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Source: LLNL

Energy is compute-intensive Compute is energy-intensive
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https://www.llnl.gov/article/44441/simulation-grid-transmission-distribution
https://www.iaea.org/topics/nuclear-power-reactors/nuclear-reactor-simulators-for-education-and-training/micro-physics-nuclear-reactor-simulator
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TERATEC Al and Energy: A Mutually Beneficial Duo

Estimated impact of Al adoption
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» Al benefits on CO2 emissions through efficiency gains in industry, transportation, and consumption
is larger than its associated emissions
« It depends however on the use of solutions benefiting from efficiency gains
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https://www.iea.org/reports/energy-and-ai
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TERATEC Energy for Al: Where are we going?
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« Strong gains on compute efficiency offset by significant rebound
effect (model size, usage)

« Generative Al is a game changer
« Estimates vary considerably but all show energy demand

growth accounting for a large part to the overall DC energy
demand growth
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https://epoch.ai/data/notable-ai-models
https://www.iea.org/reports/energy-and-ai
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TERATEC Energy for Compute: Main Stakes

Manufacturing

Operation

Source: EI

© COMPOINT Stéphane - CAPA -TotalEnergies

Carbon Footprint DC Supply Security Cost of Energy:

- Low Carbon Generation - Grid Connection - Reduce Consumption

- Carbon Capture & - BTM Generation - Secure Supply Price
Compensation - Flexibility

More integration effort needed
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https://www.iea.org/reports/energy-and-ai
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TERATEC Carbon Footprint: Location Matters for Grid Power
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Source: Green Algorithm Calculator

Grid power emissions intensity varies according to energy mix

For a same algorithm, emissions can vary up to 10-100x depending on location



https://calculator.green-algorithms.org/
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TERATEC Carbon Footprint: Low Carbon Dedicated Generation
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Fossil-based is today the quickest way to develop new capacity (note: tension on gas turbines and transformers)

Renewables also quick to develop but intermittent — still needs coupling with fossil or battery storage

Low-carbon dispatchable:

* Nuclear, CCS much longer (CCS early stage so cost still high)

« Geothermal only interesting in select areas (high geothermal gradient)
« Hydro already near max capacity in many markets
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https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_annex-iii.pdf
https://www.iea.org/reports/energy-and-ai
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TERATEC Carbon Footprint vs Cost
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Costwise most competitive option at scale (short-term):
- Europe: Renewables (onshore)

- USA: Gas (cheap fuel), Solar PV

- China: Coal, Onshore Wind

Longer term (2035+): Nuclear and Dispatchable Low Carbon will become more competitive (scale effect
for renewables esp. In China, US: Tax credits on renewables, CCS and nuclear)

DTy "Rt E YY" YTSTYT " SLY


https://www.iea.org/reports/energy-and-ai
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TERATEC

Supply Security: Connection to Grid
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Lead time for connection becoming more and more critical

2 4 6 8
Grid Connection Time (years)

Various strategies according to DC developers’ priorities, local policies and access to land
DC developers: multiple applications, BTM generation, flexibility
TSO: pre-connected (former) industrial sites (e.g. 35 sites in France — EDF AMI) — but some will still require
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Source: EIA, press

adaptation + accelerated procedures
- Energy producers: dedicated generation offers
- Regulators: TSO mandate to study all applications (e.g. France, Texas), tariffs regulation
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https://www.iea.org/reports/energy-and-ai
https://www.iea.org/reports/energy-and-ai
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TERATEC Supply Security: BTM Generation and Flexibility

Goal: accelerate connections by relaxing grid constraints

Battery storage Behind-the-meter Cooling storage Temporal/Geographic
generation Load management

» Transient energy to » Genset or turbine, (for cooling systems only) * Move workload to off-

enable safe shut-down depending on usage « Failsafe for backup peak of lesser CO2-

of genset start-up * Back-up or peak- systems intensive times or to
* More significant storage demand offset « Cold storage to reduce other DC

to offset peak-demand « Can run on biogas/HVO peak-demand

periods (+perform grid to reduce carbon

services) footprint



https://saft.com/fr/secteurs-de-marche/energie/data-centers
https://saft.com/fr/secteurs-de-marche/energie/data-centers
https://saft.com/fr/secteurs-de-marche/energie/data-centers

Forum

TERATEC Cost of Energy: Secure Pricing
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http://www.energyprices.eu/
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TERATEC Cost of Energy of HPC: A Race for Efficiency

D Share of energy use
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Make data centers more energy-efficient (lower Wh per usage) Note: typical values vary

from a datacenter to

Low-power processors Energy-efficient algos another
Efficient memory/storage Specialized models

Innovative cooling

Heat reuse
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TERATEC Example in TotalEnergies’ Pangea HPC

A decade of innovations to make our HPC more energy efficient
1,2
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Pangea 1 Pangea 1+2 Pangea 2+3 Pangea 3+4

Pangea 1&2 (2013, 2016) Pangea 3 (2019) Pangea 4 (2023) Software (started 2024)

Ice inertia cooling backup & Hybrid CPU-GPU architecture Hybrid cloud/on-prem CPU Coalition for Sustainable Al
peak-shaving (up to 4h) (2 main codes ported on GPU) Cold plate cooling (32°C) (Paris Al summit 2025)

Cold Plate Cooling (15°C) Cold Plate Cooling (25°C) Code energetic profiling

Heat reuse on campus (2015) Li-ion backup battery DCIM: power vs use (R&D servers)
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TERATEC Conclusion: Sustainability of Al, Compute

Al shows promises for progress but also decarbonation, but faces different types of
challenges

Several elements are ‘easy’ to control by DC developer & operator
- Power efficiency, BTM capacity, Low-carbon PPAs
Can be deployed today by DC developer and operator

Other elements are difficult to control and strongly depend on location
- Grid carbon footprint, supply lead times
Need for energy ecosystem integration (DC-grid-producer)

Some others still early stage:
- Carbon Capture and Storage, Nuclear (Small Modular Reactors)
Early stage, needs more developments and cost efficiency

Efficiency trends: Significant focus on hardware (not over), software more recent, usage education still nascent
— The most certain way to access affordable compute
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TERATEC Disclaimer and Copyright Reservation

Definition - TotalEnergies / Company

The entities in which TotalEnergies SE directly or indirectly holds an interest are separate and independent legal entities. The
terms "TotalEnergies”, "TotalEnergies company" and "Company" used in this document are used to refer

to TotalEnergies SE and its affiliates included in the scope of consolidation. Similarly, the terms "we", "us", "our
may also be used to refer to these entities or their employees. It cannot be inferred from the use of these expressions
that TotalEnergies SE or any of its affiliates is involved in the business or management of any other company of the

TotalEnergies company.

Disclaimer

This presentation may include forward-looking statement within the meaning of the Private Securities Litigation Reform Act of
1995 with respect to the financial condition, results of operations, business, strategy and plans of TotalEnergies that are subject
to risk factors and uncertainties caused by changes in, without limitation, technological development and innovation, supply
sources, legal framework, market conditions, political or economic events.

TotalEnergies does not assume any obligation to update publicly any forward-looking statement, whether as a result of new
information, future events or otherwise. Further information on factors which could affect the company’s financial results is
provided in documents filed by TotalEnergies with the French Autorité des Marchés Financiers and the US Securities and
Exchange Commission.

Accordingly, no reliance may be placed on the accuracy or correctness of any such statements.

Copyright

All rights are reserved and all material in this presentation may not be reproduced without the express written permission of
TotalEnergies.

DTy "Rt E YY" YTSTYT " SLY



	Section par défaut
	Diapositive 1
	Diapositive 2
	Diapositive 3
	Diapositive 4
	Diapositive 5
	Diapositive 6
	Diapositive 7
	Diapositive 8
	Diapositive 9
	Diapositive 10
	Diapositive 11
	Diapositive 12
	Diapositive 13
	Diapositive 14
	Diapositive 15


