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Computing in a nutshell

Hardware

Software

Infra-
structure

In this contribution we will focus on 
environmental sustainability

”Classical” 
sustainability 

(e.g. FAIR 
where 

R=Reusable, 
requires 

training…)



3

  Why care about sustainability in computing?

● The immediate hit to the economy from a single brutal summer of heat, drought and 
flooding amounted to 0.26% of the EU’s economic output in 2024 (1/10 of European 
spending on science)

● Costs are expected to rise to €126bn by 2029.

→ Need to take steps to reduce our footprint in line with Paris expectations

As 

● Climate change is real: 
Extreme weather 
events have become 
more frequent

● Paris agreement is 
legally binding → 
Will require changes to 
accomplish NetZero

https://www.theguardi
an.com/world/2025/se
p/15/europes-summer
-of-extreme-weather-c
aused-43bn-of-short-t
erm-losses-analysis-fi
nds

https://www.theguardian.com/world/2025/sep/15/europes-summer-of-extreme-weather-caused-43bn-of-short-term-losses-analysis-finds
https://www.theguardian.com/world/2025/sep/15/europes-summer-of-extreme-weather-caused-43bn-of-short-term-losses-analysis-finds
https://www.theguardian.com/world/2025/sep/15/europes-summer-of-extreme-weather-caused-43bn-of-short-term-losses-analysis-finds
https://www.theguardian.com/world/2025/sep/15/europes-summer-of-extreme-weather-caused-43bn-of-short-term-losses-analysis-finds
https://www.theguardian.com/world/2025/sep/15/europes-summer-of-extreme-weather-caused-43bn-of-short-term-losses-analysis-finds
https://www.theguardian.com/world/2025/sep/15/europes-summer-of-extreme-weather-caused-43bn-of-short-term-losses-analysis-finds
https://www.theguardian.com/world/2025/sep/15/europes-summer-of-extreme-weather-caused-43bn-of-short-term-losses-analysis-finds
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The energy gap
As 

50% reduction until 
2030 to stay below 
1.5oC
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The energy gap
As 

Options:

1) Expand CO2-free energies 
→ factor ~12 in 7 years required;

2) Increase energy efficiency
→ factor ~2 in 7 years
e.g. Electrification of engines (factor 
 3-5 vs. combustion engine)
e.g. LEDs for lighting (factor 10 vs. light bulb)

3) Save energy 
→ factor ~2 in 7 years
e.g.Less travel: online conferences, holidays nearby
e.g. Fewer consumer items, more repair options
e.g. Energy priority for essential things
 

Slide/Argument by  Michael Düren, Univ. Giessen
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What does this mean for computing?

Options:

1) Expand CO2-free energies (factor 12)
Renewable power for computing: processors and cooling;
Consider district heating and site selection;
Job scheduling according to energy availability (might not always be possible); ...

2) Increase energy efficiency (factor 2)
Optimised processors (clocks, GPUs),
architecture, cooling system, 
software, in the future: quantum/neuromorphic computing?, ...

3) Save energy (factor 2)
Prioritise research questions
Optimise debugging, statistics and precision;
Modular and reusable software;
Modular and repairable hardware, reduce purchases;

Slide/Argument by  Michael Düren, Univ. Giessen
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Can’t we just use green energy and not do anything?
As 

UK Electricity Spot Prices (GBP/MWh)

       2015       2017       2019      2021       2023

600

500

400

300

200

100
Prices still higher than pre-2022

● Electricity prices are volatile
 

● EU projections from 2016 predict 
about 25% rise of prices 
(consumer)
→ Cut 25% of the physics?
 

● And it’s not just electricity prices but 
also hardware

● Costs of computing infrastructure evaluation 2032 (with 2021 as index) 
 

● Installed hardware based on computational requirements (15-20% increase/yr), 
Unit costs (10-20% decrease/yr), 5 years of lifetime 
→ Costs could rise between 0.5 – 5.5 (best vs. worst case scenario) 
 

● Electricity costs (based on average) consider inflation, power efficiency (30% 
decrease → no improvement), high prices+high inflation versus both dropping
→ Costs could rise ranging by 1.6 – 3 – 7 (based on mid capacity) Chris Brew (RAL)

The short answer is NO 
(slide also in backup)



From energy awareness to resource awareness

https://www.iso.org/standard/37456.html, but also https://arxiv.org/abs/2506.14365 from our community
Icons: https://fontawesome.com

Relative importance depends on how “green”
the electrical grid will be

Adapted from Nicolas Labra Cataldo [paper WIP]

https://www.iso.org/standard/37456.html
https://arxiv.org/abs/2506.14365
https://fontawesome.com/
https://easychair.org/smart-program/6thCESUST2025/2025-06-17.html#talk:282615
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  Sustainability in HECAP+ and Computing
● Sustainability has become a big topic at the past few CHEP conferences

with activities triggered by the 2022 energy crisis
 

● eg. focus of large project funded in German community (https://erumdatahub.de/)
https://indico.desy.de/event/37480/
https://indico.desy.de/event/47133/

   (project for digital transformation)

● UKRI funding as well: Net Zero scoping Project, NetDRIVE 
 

● It’s not a new topic: https://indico.esrf.fr/event/2/ 
Sixth Workshop on Energy for Sustainable Science 
at Research Infrastructures 
 

● Recent reflection document on sustainability in 
High Energy Physics, Cosmology and Astroparticle Physics
+ Hadron and Nuclear Physics (Computing only a small part
of this document)
 

 

https://sustainable-hec
ap-plus.github.io/

I would have loved to come – but did not manage time wise and 
unfortunately none of the other people suggested could.

https://erumdatahub.de/
https://indico.desy.de/event/37480/
https://indico.desy.de/event/47133/
https://zenodo.org/records/8199984
https://eng.ox.ac.uk/netdrive/
https://indico.esrf.fr/event/2/
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Hardware
As 

● Manufacturing 50% - 80% of a devices CO2e footprint (server vs. laptop)
→ Infrastructure to keep, reuse, recycle, repair! Extend use lifecycle
→ staff extensive, on the level of single institution
→ on larger scale (clusters): potentially complicated to organise (especially when 
moving old hardware to a different cluster)
 

● Use of certified products (e.g. TCO certification, though that probably already 
covers most of hardware)
 

● ‘Energy proportionality’ is important: 
energy consumption should be proportional to computing performance over the full 
range of applications → idle hardware consumes power as well
 

● → tests needed to find optimum usage, depending on architecture 

● Potential in reducing clock frequency ~about same amount of HEP work at 94-98% 

 

https://doi.org/10.22323/1.210.0018

Rodney Walker: 
https://indico.desy.de/event/37480/contributions/140510/attachments/82246/108365/Meinerzhagern_compOps(2).pdf
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Infrastructure
As 

● Well managed, centralized systems key to address challenges

→ Optimized PUE (=Power Usage effectiveness → Total Power/Energy used by IT)

→ Current best centres: 1.05-1.2 mainly due to heat recovery from cooling system 
for heating (HECAP+ examples: GSI green cude 1.07, CERN data centre: 1.5 (1.1 
planned), Swiss National supercomputing (1.2 at 25% full load)

→ world average ~1.55, WLCG assumed ~1.5

→ Note: You can get below 1 (e.g. district heating, heat usage), water may be trade-off 

 
● Centralization here helps, in particular to run hardware optimized for specific 

(HEP) applications
 
→ (HTC versus HCP which can make local resources difficult to use) 
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Infrastructure
As 

● Usage of carbon-free energy paramount

→ “Own” production (requires investment into solar + potentially storage)

→ Regulation of load according to prices (“Follow the money” – R.W.), prices can 
be negative, but requires special tariff that can be used → well maintained data 
centres reacting to production and other grid loads, can help balance grid

 

Production above consumption 

Lancium Computing centre
https://indico.desy.de/event/37480/contributions/138296/attachments/82407/108618/2023-05-30%20Concrete%20Action.pdf
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Software
As 

increase in energy consumption per
second could counteract the benefits of reduced runtime. Another aspect 
to

● HECAP+ Code relies on libraries and public codes, general frameworks and 
software infrastructure provided by experts in the experiments. 
 

● Strict requirements posed by the computing environment. 
 

● Impact directly measureable e.g. cosmological analyses → using Likelihood 
Inference Neural Network Accelerator (LINNA) for efficiency could save $300,000 in 
energy costs and around 2,200 tCO2 in first-year for Rubin Observatory’s Legacy 
Survey of Space and Time (LSST) analyses (https://dx.doi.org/10.1088/1475-7516/2023/01/016)

● Dedicated efforts can have a huge impact!
 

● Need sustained effort, continued recognition and dedicated and well-trained person 
power
→ need to use leverage with experiments, mechanisms to allow more people to 
make a career of these efforts within the field

 J. Rybizki https://indico.desy.de/event/31731/



There are incentives to make software/AI more environmentally sustainable

What does it mean for “AI software” in HEP?

https://neurips.cc/public/guides/PaperChecklist

Also, we all want our AI papers to be presented at NeurIPS

Generally, faster software/AI == fewer resources needed to run it

I’m running on a time/latency-constrained environment I want results ASAP

Attribution link Attribution link Attribution link

CERN-2022-02

https://neurips.cc/public/guides/PaperChecklist
https://www.flaticon.com/free-icons/higgs-boson
https://www.flaticon.com/free-icons/fast
https://www.flaticon.com/free-icons/histogram
https://cds.cern.ch/record/2842569?ln=en


How to get there, in principle? [by Dave Britton] 

Note: new technologies 
can also surprise us!
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https://indico.cern.ch/event/1450885/timetable/#47-introduction-to-the-worksho
https://indico.cern.ch/event/1450885/contributions/mine
https://indico.cern.ch/event/1450885/contributions/mine


Risks (from the UKRI Net Zero scoping report)

AI is consuming 
a lot of resources 

Let’s put 
(funding/moral/…) 
caps on resource- 

consuming 
AI for HEP

https://doi.org/10.5281/zenodo.8199984


How to get there, in practice? Start measuring
we’re physicists after all

For links, see tableRosie Schiffmann, UofM internship 2025, Zenodo link

AI-specific calculator, separating training/inference

https://airtable.com/appPP9aUWiXLmnphM/shrvgcJSonX8RHRCD/tblq5KoGBCyihyo5s/viw6zNIV94kT4Qp5c
https://zenodo.org/records/16780717
https://calculator.green-algorithms.org/ai


How to get there, in practice? Start applying patterns
physicists like symmetries

Not all of them are usable/feasible for us, but it’s a start

https://patterns.greensoftware.foundation/catalog/ai/ 

https://patterns.greensoftware.foundation/catalog/ai/


Sofia Vallecorsa (CERN)

Many research directions (from EuCAIF WG3 kick-off)

https://indico.cern.ch/event/1547268/


Where to learn / discuss / collaborate further? 
EuCAIF Working Group 3 - FAIR & Sustainable AI [indico] 
[CERN egroups: EUCAIF-wg-FAIRSUSTAINABLE]

WLCG Environmental Sustainability Forum 
First meeting: 1/10/2025 (save the date, agenda will appear here)
Coordinators: David Britton, Caterina Doglioni, Markus Schulz

UK’s Software Sustainability Institute (search for “green software” for resources and 
activities), in synergy with EVERSE EU project [environmental sustainability page WIP] and the HEP 
Software Foundation, with E. Rodrigues (Liverpool) as chair of the Core Steering Group

Environmentally Sustainable Computer Science Forum 
hosted by Loïc Lannelongue at Cambridge

The NetDRIVE project annual meeting in Durham next week (seems like it’s still 
possible to join the hybrid part of the event)

ASCEND initiative - see afternoon slides, if interested in joining a “task force” for 
writing about environmental sustainability of software and AI in HEP in the next few 
weeks, contact us (Caterina and Kristin) 

https://indico.cern.ch/category/18397/
https://indico.cern.ch/event/1586481/
https://www.software.ac.uk/
https://everse.software/RSQKit/
https://everse.software/RSQKit/improving_environmental_sustainability
https://hepsoftwarefoundation.org/
https://hepsoftwarefoundation.org/
https://forum.escs-community.org/
https://eng.ox.ac.uk/netdrive/
https://engagementhub.ukri.org/ukri-infrastructure/ascend-process/
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Some conclusions
As 

● We (as a community) have made big progress and substantial improvements
(considering the constraints potentially as much as e.g. google/amazon)

 
● But is it enough to achieve 50% overall reduction of CO2e?

 
● 3 handles: 

Green energy → factor of 12 
Energy efficiency → factor of 2
Energy saving  → factor of 2
 

● Will need a hard look and many, many sacrifices (not only in the computing 
sector)
 

● Will require a concerted effort and dedicated funding
→ but as a community we are certainly better placed than other fields of science 
(which are/will also come under scrutiny)
 Need framework with benchmarks and goals and 

Ability to shape (institutional/funding) constraints to allow achieving goals 

Climate benchmarks that need to be met
(→restricted physics exploitation scenarios, what can we sacrifice?)
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Some questions
As 

● Infrastructure:
● → Further centralize?  

→ Possibility for own power generation? (→saves money, but are those eligible costs?)
→ tools for power management, using negative tariffs, “follow the money”
→ Support for small local cluster → easy to handle tools to allow this for small sites?
 

● Hardware:
● → Keep old hardware to run as backup / addition at high-energy production times
● → How to manage old hardware (distribution to other sites possible?) 

→ study interplay hardware/software 
→ High-performance versus High-throughput (HPC versus HTC)

● Software:
● → Needs dedicated efforts with possibility to retain people

→ ability to make this a career
→ ability for the end user to monitor
→ training, training, training

Reminder: Paris agreement is in principle legally binding 
→ pressure on us / our savings might need to be increased 
→ gives us negotiating power if we have a clear plan and strategy with 
demonstrable impacts and realistically achievable objectives in line with 1.5°C

(said during the talk, but not in 
the original presentation slides 
shown):

Do we need contingency plans 
on restricting physics/research?



Backup
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Can’t we just use green energy and not do anything?
As 

UK Electricity Spot Prices (GBP/MWh)

       2015       2017       2019      2021       2023

600
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100
Prices still higher than pre-2022

● Electricity prices are volatile
 

● EU projections from 2016 predict 
about 25% rise of prices 
(consumer)
→ Cut 25% of the physics?
 

● And it’s not just electricity prices but 
also hardware

● Costs of computing infrastructure evaluation 2032 (with 2021 as index) 
 

● Installed hardware based on computational requirements (15-20% increase/yr), 
Unit costs (10-20% decrease/yr), 5 years of lifetime 
→ Costs could rise between 0.5 – 5.5 (best vs. worst case scenario) 
 

● Electricity costs (based on average) consider inflation, power efficiency (30% 
decrease → no improvement), high prices+high inflation versus both dropping
→ Costs could rise ranging by 1.6 – 3 – 7 (based on mid capacity) Chris Brew (RAL)



● A chance to give our views on challenges/needs in terms of UK Digital 
Research Infrastructures on the following topics:

ASCEND process [link]
A Statement of Community Engagement and Needs for Digital Research Infrastructure (ASCEND) 

The whitepaper from 
EuCAIF WP4 and from 
last year’s meeting 
include these topics 

https://engagementhub.ukri.org/ukri-infrastructure/ascend-process/
https://arxiv.org/abs/2503.14192
https://cds.cern.ch/record/2927605


● A chance to advise the UKRI Digital Research Infrastructure (DRI) 
Programme team and the UKRI Digital Research Infrastructure Committee 
(DRIC) with insight that include HEP expertise on a regular or ad-hoc basis

STRIKE group [link]
UKRI Digital Research Infrastructure Pool: Supporting Technical Review, Insight, Knowledge and Evaluation

https://www.ukri.org/who-we-are/work-for-us/join-an-advisory-committee-panel-or-network/ukri-digital-research-infrastructure-pool-strike-member-vacancies/


27

  Weather or Climate? And is it “natural”?
● Whilst extreme weather events have a finite probability and therefore “just” can 

happen, this finite probability is strongly influenced by climate conditions 
● → studied in extreme event attribution / attribution science→ new field of study in meteorology and 

climate science using statistical methods and concepts not completely foreign to particle physicists. 
● → https://en.wikipedia.org/wiki/Extreme_event_attribution

 
● Using the framework of attribution science, 

the current level of climate change is 
fully attributed attributed to human activity

As 

https://en.wikipedia.org/wiki/Attribution_of_recent_climate_change

● Climate sets the probability 
(like a cross-section) 

● Weather is a single event (like 
a collision) drawn from that 
cross-section


