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High-performance
computing has enabled
amazing discoveries

Including in the fight
against climate change
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Artificial intelligence helps scientists
plants to fight climate change

DeepMind and EMBL release the
most complete database of predicted
3D structures of human proteins

This article is alse available in Deutsch, Francais, Ttaliano and Espaiial,

Partners use AlphaFold, the Al system recognised last
year as a solution to the protein structure prediction
problem, to release more than 350,000 protein structure
predictions including the entire human proteome to the
scientific community.

Explore This Section

4 MIN REAC

Al for Earth: How NASA's Artificial
Intelligence and Open Science
Efforts Combat Climate Change




Not without costs
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Malmodin et al. 2024, “ICT sector electricity consumption and greenhouse gas emissions - 2020 outcome”
https://www.epa.gov/system/files/documents/2024-05/4201f24022.pdf


https://www.epa.gov/system/files/documents/2024-05/420f24022.pdf

2%

To align with the Paris Agreement, the global ICT industry will have to reduce its GHG emissions by 45 per cent from 2020 to 2030.

https://www.itu.int/hub/2023/11/cutting-industry-emissions-and-fighting-the-climate-crisis/



tonnes of COze / year / person

International Panel on Climate Change (IPCC)



Some Al examplestostart . wistral ars Large 2 Mode!

GHG Water Materials

. ' e
<1% <1%

Over an 18 months period, the
impact of training Large 2 is: 1 o Model conception

Download and storage of training data, developers’
laptops embodied impacts and power consumption

Datacenter construction

Building and support equipment manufacturing

20,400 tCO,e -
Hardware embodied impacts

Server manufacturing transportation and end-of-life

INFRASTRUCTURE

281,000 m3 of water consummed

660 kg Sb eq

Model training & inference

Power and water use of servars and support equipmeant

COMPUTING

Network traffic of tokens

Transfer of requests to inference clusters and
responsecs back ta users

Q End-user equipment

Embodied impacts and power consumption

7 ﬁl Downstream ‘enabled’ impacts N/A

Indirect impacts that result from the product's use



https://mistral.ai/news/our-contribution-to-a-global-environmental-standard-for-ai
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the Cloud touches the ground.




Computing is not free.



Computing is not free.

But from a user point of view,
it may look like it.




The environmental impacts of computing

One issue, many angles

Embodied Carbon footprint Computing

Operational Broader environmental impacts Storage



Embodied impacts

Elemental Composition of Nvidia A100 SXM GPU
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S. Falk, N. K. Corréaq, S. Luccioni, L. Biber-Freudenberger, A. van Wynsberghe, (2025).
“From FLOPs to Footprints: The Resource Cost of Artificial Intelligence.”



Embodied impacts

y g e, Baotou, Mongolia

https://www.bbc.co.uk/future/article/20150402-the-worst-place-on-earth



Embodied impacts

Baotou, Mongolia

https://www.bbc.co.uk/future/article/20150402-the-worst-place-on-earth

Children and digital
dumpsites

E-waste exposure and
child health

774N World Health
% Organization




All about carbon?
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Azote for Stockholm Resilience Centre, Stockholm University. Based on Sakschewski and Caesar et al. 2025, Richardson et al. 2023,
Steffen et al. 2015, and Rockstrom et al. 2009.



Operational carbon footprint

Or the cost of running stuff

Carbon footprint = energy used x carbon intensity



Carbon Intensity API

National Energy System Operator (NESO), in partnership with Environmental

Defense Fund Europe, University of Oxford Department of Computer Science

and WWF, have developed the world's first Carbon Intensity forecast with a
regional breakdown.

The Carbon Intensity API uses state-of-the-art Machine Learning and sophisticated power system modelling to forecast
the carbon intensity and generation mix 96+ hours ahead for each region in Great Britain.

Our OpenAPI allows consumers and smart devices to schedule and minimise CO,; emissions at a local level.

Current Carbon Intensity

2-Day Carbon Intensity Forecast

+ Tue S 82 ™153 ¥ 51
- Wed S 8l ™122 Vv 52
— For development purposes only eny DU CNES Dy

Click on interconnectors to see their names
Key: Very High - High - - Low - Very Low

https://carbonintensity.org.uk/



Methods and tools to empower
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http://www.green-algorithms.org
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Green Algorithms

How @reen are your computations?

ME B EEr
Details about your algorithm

o unaarstana how ecch paramerar impaats
vour carbon footprint, check out the formula
bolow ond the methods grticte.

Navirah Kamal Even Matencio Michael Inouye

(:‘ 2.37 kg CO2e + 9.37 kWh
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Do you know the real usage factor of your
GPU?

L. Lannelongue, J. Grealey, M. Inouye, Advanced Science (2021).
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http://calculator.green-algorithms.org

The Green Algonthms calculator, adapted for artificial intelligence
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http://calculator.green-algorithms.org

Green

Algorithms | Just out as pre-release:
Green Algorithms Dashboard

An open source, easy to deploy, reliable and transparent dashboard that
allows users to see energy usage and carbon emissions at user/group/
department level.

www.green-algorithms.org/dashboard

Navirah Kamal Laurent Gil Christina Bremer Matthias Blum Alex Bateman


http://www.green-algorithms.org/dashboard

G [Cen ~{" Green Algorithms Dashboard S

Algorithms
Initiative

» About Green Algorithms Dashboard (2 paness) QQUiVGIenceS of Carbon
v Your activity QMiSSionS

Report for user John Smith

Find out your carbon footprint for the time period selected (see date panel at top).

B cPutime O 1) Carbon footprint 34 New York - San Francisco 34 Paris - London @ Carbon sequestration

3.10 years 96.2 kg 0.169 1.92 8.74 tree-years

User's daily total HPC carbon footprint (O ca rb 0 n {OO*P r’ rnt Daily energy usage
a%g over time enerqgy usage
350 kg
kg

2.50 kg

25 kw over time
20 kW

Total dally carbon footprint (CO2e)

2k 15 kW
150 kg 10 kW |

kg

5 kW

5009

Og 0 kW

05/04 05/08 0512 051" 05/20 05/24 05/28 06/01 06/05 06/00 0813 0617 06/21  06/25 08/29 05/04 OS/08 0512 OSSN O05/20 O0S/24 05/28 06/01 O8/05 O08/00 O08N3 067 O&/Y 06725 06/29
Energy distribution Daily energy usage distribution

CFU, FU, memory

- enerqgy distribution over fime
il i L
oS 05/27 06/02 06/08 06Nn4 6

06/20 06/2

ya
y 4
'}O*GI CFU, 9FU,
memory

energy distribution

= CPUS Value: 255 kW == Memory Value: 107 kW == Other Value: 54.3 kW 05/03 05/09 0sns
== GPUS Value: 0 kW = CPUS == GPUS == Memory == Other

See prototype at: dashboard.green-algorithms.or



http://dashboard.green-algorithms.org

Green
Algorithms
lnitiative

Successful vs Failed Jobs (user John Smith)

Because any resource spent on a job is wasted if the job fails, it is important to test scripts and pipelines on small datasets. The chart below shows the daily success and failure rates of jobs that completed in the time
period selected (see date panel at top).

User's total number of jobs submitted () Cost of user's failed jobs

No. of jobs completed Failed jobs' footprint (kgCO2e) Cost of failed jobs % of failed jobs +

664 {alfed jObS VS 664 18.29 £27 18.37

successtul jobs
User's distribution of failed and successful jobs : User's carbon footprint of Failed vs Successful jobs
4 kg . . .
car bon 'FOO* r ln'/' 0 fm/ed jObs
g 350kg _{_
: over Time
= 3 kg
% 2.50 kg
s 2k
£
g 1.50 kg
S 500¢9
009904 0s/08 osn2 0sné 05/20 05/24 05/28 06/01 086/05 06/09 0&n3 06n7 oe/n 06/25 06/29
== Successful jobs == Failed jobs == Failed jobs Mean: 30 g = Successful jobs Mean: 1.34 kg

See prototype at: dashboard.green-algorithms.or


http://dashboard.green-algorithms.org

Green
Algorithms
lnitiative

v Your department's activity

Carbon footprint for the groups in your department (Dept_3)

Carbon footprint of groups In your department (Dept 3) O

w= Carbon footprimt of group ) == Carbon footprint of group_2

See prototype at:

Carbon footprint of all groups in your department in the time range specified (see date panel at top).

Contribution of groups to the carbon footprint of your department (Dept_3)

Group Carbon footprint (kgCO2e) Cost ¢

o, group_! 207 £305
E 5 kg group_2 83 £123
- 4 kg

st

J 2:0 | ‘ VAV 2 VAY carbon footprint of different groups

kg / \ ’ . .

WI'I' n a depar*meml
OOQSIDC 05/08 0sn2 0516 05/20 05/24 05728 068/ 06/05 06/09 0613 oen? s/ 06/25 06/29

dashboard.green-algorithms.or



http://dashboard.green-algorithms.org

Green
Algorithms
lnitiative

Carbon Intensity API
(UK only)
Real-time CI ( (gCO.,eq/kWh)

Runs every 24 hours using cron exp.

SLURM

Daily usage Logs

Cluster config
Parititions, CPU/ GPU models/
TDP, PUE, etc

Entire process done locally, within the institution

Backend (Python)

1 - GA calculation (per job) CO,
emissions (gCO eq)

« CPU, GPU, memory costs
e Runtime energy draw
* Real-time ClI (UK only)

l

Store Aggregated
Logs

2 - Aggregate results

* Group by user x day
*» Reduce data volume
« Summarise resource totals

>

()

Extract for
visualisation

PostgreSQL

Database

N

>

Grafana dashboard (web)
Multi-level data aggregation across users, groups, departments, and
institutions
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Measuring 1s great.
Does it make any difference?



E-SCOUT: Environmentally Sustainable Computing User Trial

E-SCOUT is a large-scale multi-centre trial to study the effectiveness of carbon
reporting tools in reducing the environmental impacts of scientific computing.

Research Questions: To what extent does carbon tracking incentivise
green computing practices? How can we make sure it does?

Jan van der Scheer



Towards better power models




Cultural change
needs to be front
and centre

We need to change hearts and
minds of researchers on the ground

JEVONS' PARADOX

FUEL EFFICIENCY GAINS TEND TO
INCREDSE., NOT DECREMSE., FUEL VSE

/

THESE NEBEW CBRS DRE <O
EFFIOENT ENERYONE'S

DRINING ENERNWHERE. —
THESE. DAYS.

Sketchplanations

https://sketchplanations.com/jevons-paradox



The ESCS Community

A place for Environmentally Sustainable Computational Science

About the ESCS community

This is still a work-in progress! But you can already find below links to the
main resources so far for the ESCS Community.

Sign up to the newsletter

The easiest way to be kept updated on what is going on in the

ESCS community. We send out a monthly digest of the latest
news and developments in the sustainable computing space.

The online forum

A place to connect, ask question and share resources.

© 2025 The ESCS Community. Powered by Jekyll & Minimal Mistakes.

Community building

ESCS community for Environmentally Sustainable Computational Science

Topics

My pests

My messages
Rev ew

Admin

Irwite

More

ATEC

General

Nows
Resources

QS A

Events

Staff

Jebs/fund ing cppoartJ...
Feedback

Green DiSC
Green DiSC partivpa...
Green Metadata
All categeries
rAGS

getting started
meeting

policy

All Lags

Cenfigure dafaults

My Threads

‘ B GreenDISC » ] tags Latest Unread (1) Top

L=

Open call tc co-design Green DiSC criteria for compute infrastructura providers fg

Drop in 5551005 to answer eny questions about Green DISC! o
Green DiSC Inventory Spreadsheet Template oNe
ws Updated criteria, guidelines, and sutbmissicn form for Brornze! w
re and Grean DISC-like certif catlons a 0

I { ent ] 5
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t , 1 «©

There are no more Green DISC topics. Ready to start a new conversation?

WWW.eSCS-community.org

2

L

& New Topi /a



https://www.escs-community.org/

Calculators are not the goal.



“Digital technologies developed and deployed in pursuit of

net zero must be energy-proportionate —ie they must bring

environmental or societal benefits that outweigh their own
emissions.”

The Royal Society “Digital Technology and the planet”



“Digital technologies developed and deployed
must be energy-proportionate — ie they must bring
environmental or societal benefits that outweigh their own
emissions.”

The Royal Society “Digital Technology and the planet”



T'he solutions we develop, the code we
write, the data centres we build benefit the
least populations who suffer the most from

climate change.



=tDRIVE
B 540 B

NetDRIVE
https://uknetdrive.org/

The Network for sustainable Digital Research Infrastructure Vision and Expertise (NetDRIVE) has
been set up to provide a forum for managers, software engineers, academics and others to
come together to build a common vision for a sustainable future and to incite a transition to
sustainable working practices in the Digital Research Infrastructure communities.

— — ————— e —

| Ambitions

* National and international thought leadership

* Immediate and tangible progress towards net zero

gm@m @ ¢

Core Team

Champions

Network

®
°g®
T

Flexible Fund

* Confidence in our pathway to sustainability |



https://uknetdrive.org/




Green DiSC is a free and open-access certification scheme which
provides a roadmap for research groups and institutions who want
to tackle the environmental impacts of their computing activities.

3

SOFTWARE
SUSTAINABILITY
INSTITUTE

‘GreehDiS@



How does it work?

Several sets of criteria

Central sustainability team Research groups

Research Computing Infrastructure

Compute provider

‘GreehDiS@ ‘



Peer reviews for auditing

Scalable + knowledge exchange + independent audit

Three application
rounds each year:

® mid-March .

® mid-July

® mid-November

Bonus: takes the pressure off the central sustainability team

'GreenDiS@ ‘




GreenDISC
TO)

_Name of the Team

Name of the Organisation
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Looking ahead

Powering SPARKhub's Digital categoris

S P A R |(—- H U B TRAINING & RESOURCES WV CALCULATORS ABOUTUS REGISTER

SPARKHUB

A new open-access
platform for
greening research

Researchers, universities, institutions, and scme health specialties

will find here a standard sector-led approach for their journay towards
environmentally sustainable practices through certification and
good-practice

Green DiS@



Next steps to take part

The easy low-commitment options

Sign up for the newsletter
https://zcmp.eu/mwMp

Follow us on Linkedln and Bluesky
(@green-disc.bsky.social)

IEI [m]
A

Join our next monthly drop in session.

Check the website to learn more.

'GreenDiS@


https://zcmp.eu/mwMp

The ESCS Community

A place for Environmentally Sustainable Computational Science

‘ Join the community and find resources
About the ESCS communlty from other applicants

This is still a work-in progress! But you can already find below links to the

~— ESCS community for Environmentally Sustainable Computational Science Q - ‘!
main resources so far for the ESCS Community.
Topics [l GreenDISC » ] tags Latest Unread (1) Top F & New Topic /al
= My pests
r= Toplc Replles Views Activity
L) My messages
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B General
The easiest way to be kept updated on what is going on in the News & Updated criteriz, guidelines, and susmissicn form for Bronze! 1 0 18 225cp
ESCS community. We send out a monthly digest of the latest po—
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Events

[}
Green DiSC: datz storage - inventory of cata resources , 2
. - 2 S ] <4 JAl

a8

B Jcbs/tunding cpporty...
Green DISC:defining dala slorage scope as a central Leam 0 49 13 Jar
B Feedback
B GreenDiSC i ) . ‘ ) ‘ )
(3] a General information about Power Management and Monitor Brightness 0 0 34 Nov 2024
= ESCS for C ey . T : :
— n B Green CiSC particpa...
:u:st Resources o
o l B Green Metadata o= .
I he o n I I ne fo ru m o i e 10 ¥ About the Green DISC category a 0 64 Jun 2024
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We are grateful to the brilliant
Green DiISC community for
their feedback and
contributions to the scheme!

And the SSI team: Kirsty
Pringle, Denis Barclay, Shoaib
Sufi, Oscar Seip

'GreenDiS@

Anica Araneta
Green DiSC coordinator

Martin Farley

UKRI
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SC4RC: a unique conference bringing together researchers
across disciplines interested in sustainable computational science

First edition at CERN in May 2026,
with ~150 participants

Sustainability Conference for

wSC4RC

Responsible Research Computing

May 4-8, 2026 | Geneva, Switzerland

Register now!

Learn more at www.sc4rc.org
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And the many collaborators in
Cambridge and in other
institutions that have made
this work possible!
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Contact: LL582@cam.ac.uk www.cam-sustainablecomputing.org
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