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Information and Communication Technologies (ICT) have significant impacts

[Freitag et al., 2021]

• ∼ 4% of global electricity

consumption in 2020.

• 1.4% of global GHG emissions

in 2020.

• 5% increase in emissions since

2015.

[Malmodin et al., 2023]
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The case of Machine Learning methods

[Sevilla et al., 2022]

• 10 - 15 % of Google’s energy consumption [Patterson et al., 2022]

• Important emissions from energy consumption : 552 tCO2e to train GPT-3 and 38 tCO2e

for BLOOM [Luccioni et al., 2023]
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State of the Art



Carbon Footprint of Machine Learning methods

[Strubell et al., 2019]

Importance of
Deep Learning impacts

[Schwartz et al., 2020]

Need for a ’Green’ AI
[Verdecchia et al., 2023]

Review of Green AI

[Dinarelli et al., 2022]

[Parcollet and Ravanelli, 2021]

evaluate models on efficiency
not only accuracy

Measuring tools
CarbonTracker [Anthony et al., 2020]

CodeCarbon [Schmidt et al., 2022]

Experiment-Impact-Tracker [Henderson et al., 2020]

Estimation tools
Green Algorithms [Lannelongue et al., 2021]

ML CO2 Impact [Lacoste et al., 2019]

Surveys
[Bannour et al., 2021]

[Jay et al., 2023]
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Life Cycle Assessment for Machine Learning methods

Standards
ISO standards 14040 and 14044

The reference handbook Life Cycle Assessment (LCA):

[European Commission et al., 2010]

Attributional
vs.

Consequential
LCA

1

Adapting LCA to ML
[Ligozat et al., 2021]

Carbon footprint of Bloom
[Luccioni et al., 2023]

Importance of
Inference phase

[Luccioni et al., 2023]

[Wu et al., 2022]

Importance of
Embodied emissions

[Luccioni et al., 2023]

[Gupta et al., 2022]

[Wu et al., 2022]

LCA of Dell servers:
[Thinkstep, 2019]

[Sphera, 2021]

Environmental
performance
of datacenters

[Gröger et al., 2021]

[Schödwell et al., 2018]

Simplified LCA of servers
[Boavizta, 2021]

1
source: Weidema BP: Market Information in Life Cycle Assessment, Environmental Project no. 863. Copenhagen: Danish Environmental Protection Agency, (2003)

4/20



Defining and implementing an

estimation tool for the

environmental impacts of

computation



An estimation tool that evaluates the environmental impacts of a computation

• ”What are the impacts of running program X on the hardware Y during Z hours”
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Life cycle phases of hardware

RawMaterial
Extraction

Manufacturing

Transport

Usage

End of Life
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Each phase has different impacts

Natural resources

Pollution (Emissions in soil, water, air)
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Tools for the evaluation of the environmental impacts of computation

Outil

Life cycle phase considered Multiple

impacts

considered

Estimates

consumption
GPU support

Ext. Man. Tra.
Uti.

EoL.
Infra. Dyn.

Green Algorithms ✗ ✗ ✗ ✓ ✓ ✗ ✗ ✓ ✓

ML CO2 Impact ✗ ✗ ✗ ✗ ✓ ✗ ✗ ✓ ✓

CarbonTracker ✗ ✗ ✗ ✓ ✓ ✗ ✗ ✗ ✓

CodeCarbon ✗ ✗ ✗ ✓ ✓ ✗ ✗ ✗ ✓

Boavizta ✓ ✓ ✗ ✗ ✗ ✗ ✓ - ✗

Evaluated impacts

• Abiotic resources Depletion Potential (ADP), measured in kgSbeq [van Oers et al.,

2020, Bruijn et al., 2002]

• Primary Energy (PE), measured in MJ [Frischknecht et al., 2015]

• Global Warming Potential (GWP), measured in gCO2eq [Forster et al., 2023]
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Outil
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Boavizta ✓ ✓ ✗ ✗ ✗ ✗ ✓ - ✗

Evaluated impacts

• ADP, measured in kgSbeq [van Oers et al., 2020, Bruijn et al., 2002]

• PE, measured in MJ [Frischknecht et al., 2015]

• GWP, measured in gCO2eq [Forster et al., 2023]
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A tool for Machine Learning life Cycle Assessment (MLCA)

ADP GWP PE
Human

toxicity

Water

Consumption
· · ·

Extraction ✓ ✓ ✓ ✗ ✗ ✗

Manufacturing ✓ ✓ ✓ ✗ ✗ ✗

Transport ✗ ✗ ✗ ✗ ✗ ✗

Usage ✓ ✓ ✓ ✗ ✗ ✗

End of Life ✗ ✗ ✗ ✗ ✗ ✗

Modeling graphics

card

Manufacturing

impacts attribution

Infrastructure

consumption

Putting impacts in

perspective
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Modeling the manufacturing impacts of Graphics Cards

Bottom Up approach (Machine = graphics card + CPU + memory + motherboard + storage

+ PSU + casing)

Graphics card = GPU + Memory + Base

• GPU modeled by die size

• memory modeled by memory size

• base impacts computed from [Loubet et al., 2023]

Graphics cardimpact = diesize ∗ dieimpact
per−cm2 +memorysize ∗memoryimpactperGB + baseimpact

where impact ∈ {ADP, PE, GWP}.

Example
NVIDIA A100 SMX4 80GB

GWP: 330 kgCO2 eq PE: 3900 MJ ADP: 0.027 kgSb eq
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Manufacturing impacts Attribution

• linear attribution

• [Luccioni et al., 2023] on the Jean Zay cluster

embodiedimpact = manufacturingimpact

hours usage

total available hours

impact ∈ {ADP, PE, GWP}
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Energy consumption (dynamic & infrastructure)

Dynamic energy consumption modeling based on the Thermal Design Power (TDP) as

in [Lannelongue et al., 2021]

Edynamic = hours usage ∗
∑

p∈{CPU,GPU}

(np ∗ up ∗ TDPp) + memorysize ∗ PperGB

From dynamic to total consumption

E = Edynamic ∗ dynamic ratio ∗ 1E − 3

dynamic ratio =
TOTAL

Production
≃ TOTAL∑

j∈Jobs(Edynamic)j
≃ 1.834

Tests on Jean Zay [Luccioni et al., 2023]

Energyimpact = E ∗ impactper kWh
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Putting impacts in perspective

Need for a global perspective [Rasoldier et al., 2022], [Hauschild, 2015]

”Stratégie Nationale Bas Carbone”a

2 tCO2 e/person/year

ahttps://indicateurs-snbc.

developpement-durable.gouv.fr/

empreinte-carbone-des-francais-a27.html

a

Planetary boundaries [Sala et al., 2020]

• PBGWP = 985 kgCO2 e/person/year

• PBADP = 3.17E-02 kgSbeq/person/year

aCredit: ”Azote for Stockholm Resilience Centre,

based on analysis in Persson et al 2022 and Steffen et

al 2015”.
13/20
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Putting impacts in perspective

Need for a global perspective [Rasoldier et al., 2022], [Hauschild, 2015]

http://calculator.green-algorithms.org/
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Putting impacts in perspective

Need for a global perspective [Rasoldier et al., 2022], [Hauschild, 2015]

http://calculator.green-algorithms.org/

training BLOOM

• GWP: 59tCO2 eq

• annual emissions of 59 person (PBGWP)

• annual emissions of 29 person (SNBC)

• ADP: 1.2 kgSb eq

• annual resource extraction of 38

person (PBADP)

• PE: 9800000 MJ

13/20
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Case studies on impacts

measurement



Evaluating the quality and the usability of MLCA in diverse situations

• Evaluation of the usage modeling, reproducing results from:

• Impacts of Named Entity Recognition: [Bannour et al., 2021]

• Survey of existing tools [Jay et al., 2023]

• Impacts of Spoken Language Understanding: [Dinarelli et al., 2022]

• Impacts of Transformers: [Cattan et al., 2022]

• Impacts of Natural Language Processing (NLP): [Strubell et al., 2019]

• Evaluation of hardware manufacturing, reproducing LCA results from Dell:

• Thinkstep for DELL on the R740 server [Thinkstep, 2019]

• Sphera for Dell on the R6515, R7515, R7525 servers [Sphera, 2021]

• Evaluation of the whole tool: reproducing results from [Luccioni et al., 2023]
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Use phase: Replicating results from [Jay et al., 2023]

Difference between real TDP of the GPU and the TDP used in Green Algorithms

EP LU MG

0

20

40

60

CPU Benchmarks

V
a
lu
e
(k
J)

EP LU MG

0

100

200

300

400

GPU Benchmarks

V
a
lu
e
(k
J)

Value Real (orange ), Value Match (blue ), Expected (Green Algorithms) (purple )

15/20



Manufacturing: Sphera for Dell on the R6515 & R6525 servers [Sphera, 2021]
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Evaluation of the whole tool: reproducing results from [Luccioni et al., 2023]
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Toward a domain wide

evaluation: the state of Natural

Language Processing in the

French healthcare system



Interviews for understanding the current state of ICT in French healthcare

Objectives

• Overview of ICT in healthcare, the needed infrastructures and probable evolution

• Understanding the state of reflexion of the professionals on the sustainability of ICT in

healthcare

Focused on AI use in clinical data warehouses (Entrepôts de Données de Santé (EDS))

Protocol

• Series of semi-structured interviews [DiCicco-Bloom and Crabtree, 2006]

• 9 persons contacted, 7 positive responses, one decline and one pending.
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Overview of ICT in healthcare, conclusions

1. ICT are ubiquitous within French healthcare (healthcare organisation, clinical practice,

public health research).

2. The new availability of clinical data warehouses places the system at a turning point

towards new deployment/uses of ICT in healthcare.

3. Still the beginning of the reflection on the sustainability of the ICT in health.
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Conclusion



Conclusion

Contributions

• An estimation tool named MLCA evaluating multiple impacts and taking into account

different phases of the life cycle

• An evaluation of the usability and quality of this tool

• An overview of ICT usage in the French Healthcare system

Future Work

• LCA of a Graphics card used in computing facilities

• Integration of End-of-Life considerations

• Applying results of the interviews for an evaluation of the impacts of ICT use in healthcare

• Interface à la Green Algorithms
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Appendix



ICT in Healthcare

Digitalization of Hospitals

[Jannot et al., 2017]

[Haute Autorité de

Santé,H.A.S., 2022]

Development

ofClinical
DataWare-
houses

New NLP tools

[Yu et al., 2022]

[Selvan et al., 2022]

Carbon footprint of ML for Health
Ethics of ML for Health

[CCNE and CNPEN, 2022]

Importance of local context
[Beede et al., 2020]Impacts in other countries

Potential benefits

negative impacts



Interview protocol

Presentation and description of the objectives of the interview then:

1. What is your job and background?

2. What are the digital tools you use in your work or know are being used in health?

3. What infrastructure exists or is needed to support this/these usages?

4. What is the reflection on the environmental impacts induced by this/these usages?

5. What is the reflection on the ethics of using the ICT in health?



Participants of the study

Name Background
Hospital

staff

NLP

researcher

Governmental

agency staff

Management

of an EDS
City

Christel Gerardin CS & MD ✓ ✓ ✗ ✗ Paris

Antoine Neuraz CS & MD ✓ ✓ ✗ ✗ Paris

Bastien Rance CS ✓ ✓ ✗ ✗ Paris

Romain Bey CS ✓ ✓ ✗ ✓ Paris

Stéfan Darmoni CS & MD ✓ ✓ ✗ ✓ Rouen

Nathalie Baudinière MBA ✗ ✗ ✓ ✗ Paris

Brigite Seroussi CS & MD ✓ ✓ ✓ ✗ Paris

CS = informatique, MD = médecine

MBA = Ingénieure et management



Interviews summary, Usages & Infrastructure

Usages

• Development of the Entrepôt de Données de Santé (EDS)

• EDS for research, care and direction

• Mostly new tools for automation

Infrastructure

• System duplication

• Computing power

• A turning point in infrastructure development



Interviews summary, Environmental policies

Environmental policies

• Little to no policies known by the researchers

• Carbon footprint of the hospitals IT systems: 190,000 tCO2e [Baudinière et al., 2021]

• Existing policies: eco-score

Ethics

• Importance of privacy

• Rupture of the patient-clinician relationship

• Question of responsibility

• Question of medical training

• Risks of cyber-attacks and digital dependency
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Luccioni, S., Léval, M., Bogroff, A., de Lavoreille, H., Laskaris, N., Connell, L., Wang, Z.,

Saboni, A., Catovic, A., Blank, D., Stechly, M., alencon, JPW, Books, M., Swadik, S., M.,

H., Coutarel, M., Pollard, M., McCarthy, C., Husom, E. J., Vicente, F., and Tae, J.

(2022).

mlco2/codecarbon: v2.1.4.



References xii

Schödwell, B., Zarnekow, R., Liu, R., Gröger, J., and Wilkens, M. (2018).
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