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“I need to make my code faster”
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“I need to make my code faster”
Because I want results ASAP

Attribution link Attribution link Attribution link

https://www.flaticon.com/free-icons/higgs-boson
https://www.flaticon.com/free-icons/fast
https://www.flaticon.com/free-icons/histogram
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“I need to make my code faster”
Because I’m running on a time/latency-constrained environment Because I want results ASAP

Attribution link Attribution link Attribution link
CERN-2022-02

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
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“I need to make my code faster”
Because I’m running on a time/latency-constrained environment Because I want results ASAP

Attribution link Attribution link Attribution link
CERN-2022-02

Because it’s more energy efficient
Constant power consumption 

as a function of event complexity

At first order (left: CPU case),  
energy consumption  

is proportional to runtime
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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
https://indico.cern.ch/event/1484669/timetable/#7-julia-sustainability-and-eff
https://indico.cern.ch/event/1484669/timetable/#7-julia-sustainability-and-eff
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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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Resource awareness: energy (and resource) costs of present/future 
computing aren’t always visible to us, but they matter because
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Resource awareness: energy (and resource) costs of present/future 
computing aren’t always visible to us, but they matter because

(1) We don’t want to be caught by surprise
If/when we don’t have the resources to operate in the same way as we do now 

e.g. labs/funding agencies impose restrictions on scarce resources 
(Plus, who doesn’t want to do more physics with the same resources?)
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“Sustainability: meeting the needs of the present without compromising the ability of 
future generations to meet their own needs” (UN Brundtland Commission) 

Resource awareness: energy (and resource) costs of present/future 
computing aren’t always visible to us, but they matter because

(1) We don’t want to be caught by surprise

(2) Our work must be sustainable (HECAP+, ECR)

If/when we don’t have the resources to operate in the same way as we do now 
e.g. labs/funding agencies impose restrictions on scarce resources 

(Plus, who doesn’t want to do more physics with the same resources?)

http://www.un-documents.net/our-common-future.pdf
https://indico.cern.ch/event/1439855/contributions/6461665/attachments/3046045/5382030/ESUPP_SustainabilityInput_fixed.pdf
https://indico.cern.ch/event/1439855/contributions/6461451/attachments/3045820/5381738/ECR%20Input%20to%20the%20ESPPU%20-%20Fifty-five%20recommendations%20for%20the%20future%20of%20our%20field_hyperlinksFixed.pdf
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“Sustainability: meeting the needs of the present without compromising the ability of 
future generations to meet their own needs” (UN Brundtland Commission) 

Resource awareness: energy (and resource) costs of present/future 
computing aren’t always visible to us, but they matter because

(1) We don’t want to be caught by surprise
If/when we don’t have the resources to operate in the same way as we do now 

e.g. labs/funding agencies impose restrictions on scarce resources 
(Plus, who doesn’t want to do more physics with the same resources?)

(2) Our work must be sustainable (HECAP+, ECR)
Jevon’s paradox 

may not apply, see also 
arXiv:2411.03473v3

http://www.un-documents.net/our-common-future.pdf
https://indico.cern.ch/event/1439855/contributions/6461665/attachments/3046045/5382030/ESUPP_SustainabilityInput_fixed.pdf
https://indico.cern.ch/event/1439855/contributions/6461451/attachments/3045820/5381738/ECR%20Input%20to%20the%20ESPPU%20-%20Fifty-five%20recommendations%20for%20the%20future%20of%20our%20field_hyperlinksFixed.pdf
https://www.sciencedirect.com/science/article/pii/S0301421508007428#aep-section-id22
https://www.sciencedirect.com/science/article/pii/S0301421508007428#aep-section-id22
https://www.sciencedirect.com/science/article/pii/S0301421508007428#aep-section-id22
https://arxiv.org/abs/2411.03473v3
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Some (non-exhaustive) thoughts on resource/
energy-aware compute directions in the next slides 

 
Also remember:  

new technologies could also surprise us!

But also: 
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We assume distributed computing will be the standard 
for future colliders as well…

Not always possible or  
under our control!

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
https://indico.cern.ch/event/1450885/contributions/mine
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Improving common software can amplify gains
…including across different JENA Research Infrastructures

Faster, (human-)sustainable languages 
could change future landscape

Sustainable software optimises use of human resources, see also E. Rodriguez’s talk

Data from 
LHCC-2022-005, 

ATLAS HL-LHC with 
“aggressive” R&D 
(includes GPU/ML)  

In green: percentage of used CPU resources involving common software 
(event generators, detector simulation w/Geant 4)

ATLAS HL-LHC

LHCb Run-3

“Sustainable software: software that will continue to be available in the future,  
on new platforms, meeting new needs” (Dan Katz’s blog)

5x

Current performance of AdePT (offloading G4 EM showers to GPU)
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Data from 
arXiv:2307.10823

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-005/
https://doi.org/10.59350/naakc-7h373
https://indico.cern.ch/event/1484669/contributions/6456374/attachments/3061445/5413660/SDiederichs_AdePT_HSFWLCG_workshop_2025.pdf
https://indico.cern.ch/event/1484669/timetable/#7-julia-sustainability-and-eff
https://indico.cern.ch/event/1484669/timetable/#7-julia-sustainability-and-eff
https://arxiv.org/abs/2307.10823
https://arxiv.org/abs/2307.10823
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Data and storage
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The energy/carbon cost of storage is not negligible 
→ if unchanged, future experiments will need  

computing models / sites that take this into account  
 

In particular for high-pile-up machines where large amounts of simulated events are needed to match statistical precision of data

AOD: o(PB) or less
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For FCC-hh: 
Total storage including MC: o(ZB) 
Trigger challenge for a sample detector: 
• 250 TB/s for calorimeters and muons 
• 2 PB/s for tracking

DELL, Lifecycle analysis of r7515 server

https://dl.acm.org/doi/10.1145/3630614.3630616 


Example plot from arXiv:2506.14365, NEW!


DELL r7515 rack server 
Contribution to Global 

Warming Potential 
(GWP100)

https://arxiv.org/pdf/2111.10094
https://indico.cern.ch/event/1440389/contributions/6364301/attachments/3025173/5339080/FCC-Computing-Challenges-OpenLabTechWorkshop-4Mar2025.pdf
https://www.delltechnologies.com/asset/en-us/products/servers/technical-support/full-lca-of-dell-severs-r6515-r7515-r6525-r7525.pdf
https://dl.acm.org/doi/10.1145/3630614.3630616
https://arxiv.org/pdf/2506.14365
https://en.wikipedia.org/wiki/Global_warming_potential
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Impact of AI workflows? Near and far (fetched) future…

Estimation of GPU power 
consumption / optimisation already 

needed and in progress for (HL-)LHC

WLCG EPPSU submission


(Related: heterogeneous workflows)
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Example: modelling the training of LLMs on different devices

https://arxiv.org/abs/2209.10481

So far, limited to inference...future scaling?

ML application: Outlier detection
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Neuromorphic

Quantum

https://indico.cern.ch/event/1439855/contributions/6460871/attachments/3045660/5381453/WLCG%20input%20to%20ESPP%202025%20.pdf
https://arxiv.org/abs/2504.06307
https://www.nature.com/articles/s41586-024-08253-8
https://www.nature.com/articles/s43588-023-00459-6
https://en.wikipedia.org/wiki/Betteridge's_law_of_headlines#:~:text=In%20the%20field%20of%20particle,question%20will%20be%20%22no%22.
https://arxiv.org/pdf/2209.05469
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• Measure:  
• Software: many tools on the market, we can start practicing already  

[GreenAlgorithms, CodeCarbon, Scaphandre, a short review…] 
• Sites: ongoing work by WLCG + LHC experiments (& others)[December/May workshop] 
• Lifecycle / embodied: can collaborate with other fields (and encourage vendors to publish numbers) 

• Model (important for extrapolations):  
• Software: see e.g. work in ECO:DIGIT for comprehensive modelling 
• Lifecycle / embodied: see recent work in [arXiv:2506.14365]  

• Prepare to improve: 
• Include energy/resource-awareness considerations from the onset of computing models 

• Or make it part of a strategy, like WLCG strategy 2024-2027  
• Encourage transparency and publication of estimates (requires good accounting) 
• To discuss further: WLCG sustainability forum in the works, kick-off before summer break

What should we be doing to improve resource/energy-awareness 
starting from HL-LHC and all the way to next generation colliders?

Thank you for your attention!

https://www.green-algorithms.org/
https://codecarbon.io
https://github.com/hubblo-org/scaphandre
https://www.green-algorithms.org/assets/publications/2023_Comment_NRPM.pdf
https://indico.cern.ch/event/1450885/overview
https://indico.cern.ch/event/1484669/timetable/#b-613148-plenary-environmental
https://ecodigit.de/en/home
https://arxiv.org/abs/2506.14365
https://zenodo.org/records/12623280
https://indico.cern.ch/event/1484669/contributions/6480468/attachments/3064247/5419745/250509_ENV-Plenary-Summary.pptx-2.pdf

