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ICT
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Digital and AI services 
run on the physical 

ICT infrastructure …
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… which requires energy 
to build and to operate
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Current trend in 
semiconductor production
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Data source: corporate sustainability and financial reports.

Illustration from Interface, « Semiconductor Emission Explorer » data brief

+38%

Major foundries
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Data source: corporate environmental sustainability reports. 
Note: Amazon stopped reporting elec. in 2023.

Trend in hyperscale datacenters
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Microsoft

Global datacenter consumption [IEA, 2026] : 
▪ 485 TWh evaluated in 2025 (2% electricity)
▪ 833-1008 TWh predicted in 2030
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Ok, but AI can help 
mitigating climate change, right ?
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Avoided GHG emissions 

D. Bol

• The historical claims for ICT:

▪ The 10:1 ratio [GSMA, The enablement effect]
One tonne of CO2e emitted by the mobile sector 
would avoid 10 tonnes of CO2e in other sectors.

▪ The 20% GHG reduction [GeSI, SMARTer2030] 
Digitalization could reduce emissions
in other sectors by up to 20% by 2030.

• Limitations of these studies:

– Potential economic bias of the authors

– Lack of transparency on the hypotheses 

– Extrapolation of test cases to different contexts

– Limited scope:
only positive “enabling” impacts are studied

[A. Rasoldier, et al., « How realistic are claims 
about the benefits of using digital technologies 
for GHG emissions mitigation? », in LIMITS, 2022]
[G. Roussilhe, et al., « A long road ahead: 
a review of the state of knowledge of the 
environmental effects of digitization », in Current 
Opinions in Environmental Sustainability, 2023]

FRDO-CFDD



7

“LES” framework for the analysis of ICT 
environmental 
impacts

D. Bol

Lorentz HiltyTechnology

Application

Socio-
technical 
system

Digital / AI
as part of the problem

(Not applicable)

Digital / AI
as part of the solution

1. Direct 
life-cycle
impacts

2. Indirect 
« enabling »
impacts

Production

Utilization

End of life

Life
cycle 
of 
ICTs

Substitution

OptimizationInduction

Obsolescence

Disclaimers:
- It neglects the indirect 
impacts of production 
& end-of-life stages
- The problem/solution
normative positioning 
is too restrictive

L. Hilty & B. Aebischer (ed.), « ICT for Sustainability: An Emerging Research Field » (Chap. 1), in ICT Innovations for Sustainability, Springer, 2015]
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Induction effect example – « AI for brown »

D. Bol

Direct Indirect
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[Alpine, et al., « AI-driven productivity gains enable 
more CO₂ emissions than they avoid in a global 

energy–economy model », in npj Climate Action, 2026]
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“LES” framework for the analysis of ICT 
environmental 
impacts

Lorentz HiltyTechnology

Application

Socio-
technical 
system

Digital / AI
as part of the problem

(Not applicable)

Digital / AI
as part of the solution

1. Direct 
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3. High-order
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Accurate accounting is possible 
but only at the micro scale

(i.e. local level, on a per service basis)

Direct impacts 
must go down 
continuously

Disclaimers:
- It neglects the indirect 
impacts of production
& end-of-life stages
- The problem/solution
normative positioning 
is too restrictive

L. Hilty & B. Aebischer (ed.), « ICT for Sustainability: An Emerging Research Field » (Chap. 1), in ICT Innovations for Sustainability, Springer, 2015]
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Acceleration 
of environmental 

destruction

Optimal management 
of resources 

and of externalities
Speculative
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Ok, but GPU chips and AI models
become more efficient over time, right ?

FRDO-CFDDD. Bol

Source: NVIDIA
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Outcome for AI computing
at Google

Source: Google Environmental Report 2024, 
https://www.gstatic.com/gumdrop/sustainability/google-2024-environmental-report.pdf

Ef
fi

ci
en

cy
im

p
ro

ve
m

en
t

C
lim

at
e

im
p

ac
t 

in
cr

ea
se

FRDO-CFDD

><

https://www.gstatic.com/gumdrop/sustainability/google-2024-environmental-report.pdf
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Rebound effect

• Several mechanisms can 
produce a rebound effect

• First mechanism observed:
« Jevon’s Paradox », 
(The Coal Question, 1865)

D. Bol FRDO-CFDD
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Ok, but we can supply datacenters 
with renewable electricity, right ?

FRDO-CFDDD. Bol

Source: Google Environmental Report 2024 
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• Datacenter operators 
target carbon neutrality 
by sourcing electricity 
from renewables sources 
for their operation

• Renewable energy purchase
→ Theory: valid decarbonization strategy on an ideal energy market 

(full transparency, full competition, no physical limits)
→ Worst case: pre-emption of renewable capacity (REC = accounting trick)

• Risks of burden shift to other sectors

Risks of burden shift

D. Bol

https://www.apple.com/newsroom/2020/07/apple-commits-to-be-
100-percent-carbon-neutral-for-its-supply-chain-and-products-by-2030/

[Bjørn et al., “Renewable energy certificates threaten the integrity of corporate science-based targets”, 2022]

FRDO-CFDD
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Renewable electricity capacity 
subject a local usage conflict 
with the electrification of :
▪ Transportation
▪ Residential heating
▪ Industries
→ Most of the recent additional
electricity for datacenters worldwide 
comes from fossil fuels (gas)
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Ok but we can use AI 
to decarbonize jobs, right ?
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Results for writing one consistent page of text 

Use of an AI 
service (training 

+ inference)

Human work 
(3 hours)

FRDO-CFDD

Adapted from [B. Tomlinson et al., « The carbon emissions of writing and illustrating 
are lower for AI than for humans », in Nature Scientific Reports, 2024]
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Interpretation and uptake

D. Bol

[B. Tomlinson et al.,
« The carbon emissions 
of writing and illustrating 
are lower for AI than 
for humans », in Nature 
Scientific Reports, 2024]

Sam Altman, CEO of OpenAI, Feb 2026:
“People talk about how much energy
it takes to train an AI model – but it
also takes a lot of energy to train a
human. It takes about 20 years of life –
and all the food you consume during
that time – before you become smart”.

Source: 
The Guardian, 
Feb. 23, 2026.

FRDO-CFDD
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Critiques

D. Bol

• The argument of substitutability 
is ethically shocking 
and could lead to decisions 
from bad (layoff) to dystopian 
(kill the replaced human).
What is the error in the paper 
that leads to this ?

• Inappropriate allocation of the average human footprint for the time spent at work: 

– a human employee replaced by an AI does not stop living 
(subsistence emissions do not disappear)

– other human occupations also have GHG emissions

• Neglect rebound effects: 
the demand for writing an illustration increases because of AI

FRDO-CFDD
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Ok, but AI is good 
for the « economy », right ?

FRDO-CFDDD. Bol



21

Extending the “LES” framework to local societal impacts
of GenAI 
datacenters

D. Bol
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Ok, but AI provides everyone
with an easy access

to essential knowledge, right ?

FRDO-CFDDD. Bol
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Extending the “LES” framework to local societal impacts
of GenAI 
datacenters

D. Bol
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Source: 
RTBF, 

Dec. 30, 
2025.
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Extending the “LES” framework to local societal impacts
of GenAI 
datacenters

D. Bol

Lorentz Hilty
Datacenter 

infrastructure

GenAI 
services

Socio-technical 
system

GenAI
as part of the problem

GenAI
as part of the solution

1. Direct 
life-cycle
impacts

2. Indirect 
« enabling »
impacts

3. High-order
« structural »
impacts

Preemption 
of electricity, land 

and water resources

Indirect job creationIndirect job destruction 

Indirect tax revenues

Better education & healthcare

Cognitive augmentation

Leisure society

Loss of autonomy

Loss of control

Loss of sovereignty

Malicious usages

Malfunction

FRDO-CFDD

Direct job creation

Direct tax revenues

Waste heat valorizationWe cannot restrict 
our attention 

to a single aspect 
of the GenAI disruption
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Which world do we want with AI ?

D. Bol

Teacher 
creates a 

homework

Students
do the 

hoemwork

Teacher 
evaluates the 

homework

Source: 
P. Geluck
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