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Evolution of the energy consumption of the Al sector

2025 Al consumption : 100 TWh

Al ELECTRICITY SCENARIOS - ELECTRICITY USE TWh

SUSTAINABLE Al LIMITSTO GROWTH  ——ABUNDANCE WITHOUT BOUNDARIES ENERGY CRUNCH

Scenario 2030 2035

[Scenarie ]
Source : Artificial Intelligence and
Electricity, A System Dynamics
Approach, Schneider Electric
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https://www.se.com/ww/en/insights/sustainability/sustainability-research-institute/artificial-intelligence-electricity-system-dynamics-approach/
https://www.se.com/ww/en/insights/sustainability/sustainability-research-institute/artificial-intelligence-electricity-system-dynamics-approach/
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Evolution of Al specialized hardware impacts

Evolution of the manufacturing environmental impact of NVIDIA Workstations, Morand et al. [2024]
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Evolution of the number of graphics cards used for training ML models, Morand et al. [2024]
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What is Agentic-Al 7

Definition

Agentic Al includes the class of autonomous Al systems that undertake
to finish a set of complex tasks that span over long periods of time
without human supervision. Acharya et al. [2025]
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Inspired from empathy-technologies.com
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https://empathy-technologies.com/what-is-agentic-ai-the-complete-guide/

Case study : Software development Agentic-Al workflows

Agentic pipeline : GitHub Issue solving
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Research question

What is the relationship between the characteristics of Agentic-Al
deployment and its estimated environmental impact ?
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Experimental settings

Number of users considered

1, 10, 50, 100

Considered Github Issues

MarMuL

ApD

@ A python code that add two variable (a + b) @ A python code that multiply two matrices (AB)

@ Error : the code use wrong indices for the
multiplication (C[i][j]+ = A[K][i] X B[j][k] instead
of C[i]ljl+ = Ali][k] x BIK][j])

Low level of detail in the issue

@ Error : The code use a wrong name for a variable
(c instead of b)

@ High level of detail in the issue Py

Computing resources : Grid’5000 HPC nodes

Node Nb GPUs GPU Memory TDP @ Gemma3 12B

Hydra 1 H100 | 96 GB 700W

Chuc 7 AT00 | 160 GB | 1000W O @z 102

Grouille | 2 A100 | 80 GB 500W @ Gemma3 27B
@ Qwen3 30B
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Estimating the environmental impact of Agentic-Al

inference process

Method, Berthelot et al. [2024]

| = a(;pu(t) x Fepu + Ci,GPU X EGMg x PUE

Manufacture Usage

@ Cj gpy : electricity consumption of performing the inference i on the
hardware GPU in kwH.

@ EGMj, : electricity grid mix impact in geographic area g.
@ PUE : power usage effectiveness of the hardware used.
@ acpy(t) : time-based allocation of the hardware GPU during t time units.

@ Fgpy : manufacture footprint of the hardware GPU in kg CO2 eq, Falk
et al. [2025].
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Results : Interpretation models

Quality of User Satisfaction (QoUS) scores

QoUS = 10 X Rsyccess X Rresponse time

. 1 if £t <60
response time — 1 .
Triogn(Z) if t > 60

Environmental scores

10 if | < Ipase
10 x o if | > fpase

index —

where :

Ipase = 1 minute of streaming with a resolution of 720p impacts —0.69 g CO> eq (GWP), 3.7L eq (WU) and
0.11mg Sb eq (ADPe).

A GWP index of 2 over 10 means that the corresponding agentic system emits 5X more CO> than 1 minute of
streaming in 720p

Source : https://base-empreinte.ademe.fr/
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https://base-empreinte.ademe.fr/

Results : Impacts analysis

Users
QoUs

Quality of User S, action (QoUS) scores

QoUS =10 x RSuccess X Rresponse time

1 if t < 60
R, time = 2 if t > 60

1+iog10 (e )

Environmental scores

. 10 i1 < Ipase
bl = I .
index = 10 x lbase if 1 >l

Number of users
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Results : Impacts analysis

Users Models
QoUS Qous

ADPe_ldx| \ GWP_ldx ADPe_ldx WP_ldx

WU_ldx WU_ldx
— 1 — 50 —— gemma3:12b qwen3:14b
— 10 — 100 —— gemma3:27b —— qwen3:30b
Hardware Task Complexity
Qous Qous
ADPe_ldx GWP_ldx ADPe_ldx GWP_ldx
WU_ldx WU_ldx
—— 2xA100 —— H100
—— 4xA100 —— Addition —— MatMul
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Further works

SOcloud Project

@ Sober and Open cloud infrastructures

@ Going beyond efficiency

@ Providing sobriety evaluation metrics - Cloud Al workloads
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Appendix : Manufacturing impact estimation

Manufacturing impact estimation model , Falk et al. [2

FePu = Fheatsink T Fchip toa (1)
BGAPSUETDP ::sudie area
TDP di BASE
Fheatsink = > earea e s (2

GPUjic area SPYdensity GPU

+ mem size
BASE ;. BASE . BASE
die area ‘density

mem size BASE
Fehip = 2 X Flim
(3
BASE BASE BASE
— (R F Frotal — (F:hip + Fheatsink) "
@ = (Fheatsink + Fehip) X FBASE | [BASE )
chip heatsink
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Appendix : Issues Description

(a) GitHub Issue: Incorrect addition result (ADD) (b) GitHub Issue: Incorrect MatMul Multiplication Result (MAT-
Title: Incorrect addition result MuL
# Bug: Incorrect MatMul Multiplication Result
Description:
The function add() returns an incorrect ## Description
result. The function ‘multiply_matrices‘' in app.py
Instead of adding a + c, the code still produces
uses b. incorrect numerical results for valid input
matrices.
Expected behavior:
The function should return a + c.
Example: Code to fix
Input: a=2, c=3
output: 5 def multiply matrices (A, B):
m = len(A)
p = len(B[0])
C = [[0] * p for _ in range(m)]
Code to Fix
for i in range (m):
int add(int a, int c) { for j in range (p):
return a + b; // BUG: b should be c total = 0

} for k in range(len(B)):
total += A[k][i] * B[j][k]
C[i] [J] = total
return C
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