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‘iy WLCG Environmental Sustai@ility Wx'kshop

Aim of This Contribution

@ Review the WLCG community initiatives to reduce
the computing environmental impact
— Involve LHC experiments and WLCG computing sites

— To measure, monitor and reduce the environmental footprint
of large-scale scientific computing

® Report based on recent community-wide workshops

— WLCG Workshops, HEPiX Workshop, CHEP,
Sustainable HEP, ATLAS publication

AES . Arxiv link s

The environmental impact, carbon emissions and

— Apologies for omissions due to necessary selection inabilty of computing i the ATLAS

experiment

‘The ATLAS Collaboration
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https://indico.global/event/4745/timetable/#20250514.detailed
https://indico.global/event/4745/timetable/#20250514.detailed
https://indico.cern.ch/event/1484669/
https://indico.cern.ch/event/1484669/timetable/#day-2025-05-08
https://indico.cern.ch/event/1477299/
https://indico.cern.ch/event/1477299/
https://indico.cern.ch/event/1450885/timetable/
https://indico.cern.ch/event/1450885/timetable/
https://arxiv.org/pdf/2505.08530
https://arxiv.org/pdf/2505.08530

Environmental Sustainability in Computing

Data centres in 2024 accounted for 1.5%

of global electricity consumption

(International Energy Agency)
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— US (45%), China (25%), Europe (15%)
— Rise of Al creates ever bigger demand

» Questioned the reliability of
current measurements

D. Giordano (CERN)

Workshop sul Calcolo nell'l.N.F.N.
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Data center emissions probably 662%
higher than big tech claims. Can it keep
up the ruse?

Source link
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Al'is poised to drive 160% increase in data center
power demand
May 14,2024
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https://www.iea.org/reports/energy-and-ai/executive-summary
https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-networks
https://www.weforum.org/stories/2025/01/6-ways-data-centres-can-cut-emissions/
https://www.goldmansachs.com/insights/articles/AI-poised-to-drive-160-increase-in-power-demand
https://www.theguardian.com/technology/2024/sep/15/data-center-gas-emissions-tech
https://www.theguardian.com/technology/2024/sep/15/data-center-gas-emissions-tech

The 3 Scopes of Greenhouse Gas Protocol

® Greenhouse Gas (GHG) Protocol Corporate

— Launched in 1998, to develop internationally accepted
greenhouse gas (GHG) accounting and reporting SR Ate RSO SN R HECE RE S

INDIRECT , R
EMISSIONS FROM A
PURCHASED ENERGY i EMISSIONS

PURCHASE OF
ELECTRICITY, HEAT

* including refrigerants, chemicals, and gasses il

— Scope 1: Direct emissions

%
w;«

— Scope 2: Indirect emissions from purchased electricity A

— Scope 3: Other indirect emissions

SCOPE 2

= CompUting iS Concerned by Wikimedia Carbon_Accounting_Scopes (CC)
— Scope 2: Operation of data centres

— Scope 3: Embedded carbon for acquired hardware and building
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https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-revised.pdf
https://upload.wikimedia.org/wikipedia/commons/5/5b/Carbon_Accounting_Scopes.png
https://commons.wikimedia.org/wiki/File:Carbon_Accounting_Scopes.png#filelinks

Sustainability Beyond Energy Consumption

) . . High priority — Horizon 2030
& CERN biennial environment reports

— 1SO 50001 Certified since Feb 2023 —

While the number of collisions will be multiplied by a factor of 5to 7.5 duing RUN4 (2030-
2033) with respect to the nominal LHC design, CERN commits to limiting its electricity

consumption to 1.5 TWh/y — This equates to an increase of 14%, compared to 2025 objective

®+ EMISSIONS @ Direct CO,e emissions are linked to CERN’s core operations. CERN'’s objective is to reduce
High Priority objectives for Horizon 2030

them by 50% vs bas:line 2018

WATER Despite a growing demand for cooling water, CERN will strive to keep the water
— Reducing CO,e emissions by 50%

AND EFFLUENTS consumption below 3600 ML
» Mostly (78%) from fluorinated gases for
detectors and cooling

— Improve efficiency of electrical power usage

Benoit Delille, CERN and the Environment Town Hall

3 high priority objectives out of 9

CERN and the Environment Town Hall

* Reminder: main source nuclear power plants in France

— CERN Data Centres: ~5% of CERN'’s energy consumption and < 2.2% of CERN’s CO»e
» Averaged over periods w/ LHC on/off
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https://hse.cern/environment-report
https://hse.cern/content/energy-management
https://indico.cern.ch/event/1450885/contributions/6251301/attachments/2984942/5257475/Sustainability-CERN-IT-TO.pdf
https://indico.cern.ch/event/1450885/contributions/6251301/attachments/2984942/5257475/Sustainability-CERN-IT-TO.pdf
https://indico.cern.ch/event/1450885/contributions/6251301/attachments/2984942/5257475/Sustainability-CERN-IT-TO.pdf
https://indico.cern.ch/event/1456577/contributions/6143887/attachments/2963533/5213042/EnvironmentTownHall_081124_Presentation_Introduction.pdf

WLCG Computing is x5 CERN Computing

& WLCG: over 170 sites in 42 countries
— 4/5 of the computing power outside CERN
— Carbon emissions per kWh at WLCG sites are generally higher than in France
— Average Data Centre PUE ~1.45

- https.//app.electricitymaps.com
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EPJ Web of Conferences 295, 04001 (2024) hitps://doi.org/10.1051/cpjeon /202429504001
CHEP 2023

Preliminary Assessment
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— lgnore site-specific cases, extrapolate CERN
experience

— Focuses on the energy needs for CPUs
— Based on ATLAS and CMS computing needs

& Assessment:
— Pessimistic: x2 higher than in Run-2

— Optimistic: 10% higher than in Run-2

D. Giordano (CERN) Workshop sul Calcolo nell'l.N.F.N.

507" ATLASPreliminary ' =

" Y Presented at CHEP 2023

(+10% +20% capaciyyear) 4

A holistic study of the WLCG energy needs for
the LHC scientific program

David Britton', Simone Campana®", and Bernd Panzer-Stradel®

| University of Glasgow, Glasgow G12 8QQ, United Kingdom
2 CERN, Esplanade des Particules 1, 1211 Geneva 23, Switzerland
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Figure 4. The “Energy” markers show the estimated average CPU energy needs in WLCG for the
ATLAS and CMS experiments. The two scenarios, “optimistic” and “pessimistic” highlight the
potential impact of the current R&D program. The scale those markers refer to is the one on the
right Y-axis of the plot. The “Energy/Lumi” markers show the ratio between the energy needs as
above and the integrated luminosity expected for a given run. The scale those markers refer to is
the one on the left Y-axis.
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https://doi.org/10.1051/epjconf/202429504001

WLCG Environmental Sustainability

® Environmental sustainability is one of the
11 strategic area identified for the future of WLCG ST wonsasccorsocss - Zenodo link

—— o iy

Published July 2, 2024 | Version v1 [ & open |

— [ENV-1] WLCG to agree on metrics and provide a framework

to collect information related to energy efficiency. WLCG Strategy 20242027

Campana, Simone (Project leader)'

Show affiliations.

. . The Worldwide LHC Computing Grid (WLCG) is the global infrastructure developed and operated over the last two
h decades that provides the computing infrastructure for the processing and analysis of data from the LHC
— [ENV-2] WLCG to facilitate the use of more energy-efficient e o e e e e
experiments1, with a thin management |ayer. The success of WLCG has r 'ovation, leadership,
h d h H bl d d 1 th d H f -th collaboration, agility, and the cenfidence of the community and funders to the endeavour. The
ar Wa re W ere pOSS I e, epe n I n g O n e re a I n eSS O e future br new challenges in terms of scale, technology, funding, susta ity, and the growth of other related

communities. Within this context, WLCG must develop a strategy to enact over the next four years to prepare for

expe ri m e nt SOftWa re a n d t he CO m mo n | i b ra ries ) :!;-\E_:Si;\?ndl that will bring a step change in the amount and complexity of the data that will need to be

Files

WLCG strategy 2023 - FINAL.pdf

— [ENV-3] WLCG to develop and promote a sustainability plan < man > - “+
to improve energy efficiency and reduce carbon footprint, S———
covering software, computing models, facilities, and hardware o
technology and lifecycle.

Environmental sustainabillty is a strategic area of priority for many of the WLCG federations and
funding agencies. WLCG started a process lo estimate the energy consumption needed by the
puting for the LHC A study was produced in 2023 and presented at

18
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https://zenodo.org/records/12623280

Areas of Work

Set of coherent actions
needed involving
— Data Centres conception /

GridPP Towards NetZero Computing

UK Computing for Particle Physics

renovation
— Hardware lifecycle ‘ o Lave
Reduce [ e Y
— Electricity usage patterns il Lo —
Lifetime
— Improve computing s
practices Pattem some of H05F e Zf;y;;\ o
— Software Development i 7 aagid o |
i Mmorving m This Talk Source link

Benchmark Measure Life-Cycle Carbon Carbon Carbon
Hardware Power Use Assessment Inventory Model Allocation

Measure + Model + Monitor > Moderate
David Britton, University of Glasgow HEPIX Nov 2024 Slide 2o0f26
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https://indico.cern.ch/event/1450798/contributions/6174915/
https://indico.cern.ch/event/1450798/contributions/6174915/

Data Centres,
Hardware,
Monitoring, ...
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® Most modern building for HPC

The Quest for Low PUE oot Cantord gy

® 2.4MW capacity

® New DCs , modernization of cooling systems SPUET oo
<10% heat reuse during winter y
offer better PUEs ety

= Cold water cooling

— Leverage new technologies, less energy needed for cooling ® PUE ~1.3 with compression cooling

u PUE <<1.3 with cooling provided by local powerplant
® Local combined power/heat/cooling plant (BHKW)

° Warmer alr, warm Water, adlabatIC a|r COO|Iﬂg, |ake Water ® Produces cold water from own waste heat
cooling (CSCS), server water cooling, :

11.12.2024 Andreas Petzold

Alps

— Heat reuse during winter

= Alpsis an HPE Cray EX supercomputer

E Exa m p |eS Of P U ES = Multi-phase installation, started in 2020

Some specs

— KIT (<1.1), CSCS (~ 1.2), CERN ("*DC~1.17 vs ©DC~1.5), mmeme

256/512GB RAM
* 144x nVIDIAA100 GPU nodes

ALICE container farm (winter: 1.05, summer: 1.16),

24x AMD Mi250x GPU nodes

LHCDb container farm (~1.06) ] SRS i

= 100% liquid cooled (to the chips

themselves)

& New efficient DCs can mitigate emissions in regions E—— il
with high CO,e/kWh

— In few years amortise the cost of building embedded carbon

Cm
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https://indico.cern.ch/event/1477299/contributions/6404069/
https://cds.cern.ch/record/2920423/files/2412.13755.pdf
https://indico.cern.ch/event/1484669/contributions/6508414/attachments/3063479/5418019/Environmental%20impact%20of%20computing%20in%20LHCb.pdf
https://indico.cern.ch/event/1450885/contributions/6251253/attachments/2984924/5256991/KIT-WLCG-Sustainability-WS-20241211.pdf
https://indico.cern.ch/event/1450885/contributions/6251253/attachments/2984924/5256991/KIT-WLCG-Sustainability-WS-20241211.pdf
https://indico.cern.ch/event/1477299/contributions/6427678/attachments/3041355/5372617/20250331%20-%20HEPiX%20-%20CSCS%20Site%20Report.pdf

. HPC2N, fixed size
Hardware Lifecycle
& Embedded CO, is also g 100
significant z o —:
— Extend lifetime, donate, recycle s o —
(send back to vendors) g 0 PVA
il A mOdel for Computing the 123456 7 8 910111213 14 1516 17 18 19 20
total lifecycle emissions for
Compute nOdeS ' BNL, fixed size
— Simulates different replacement a0

scenarios o000 /
— Parameters: Real-world data 6000 — —3
from oo S
» data centers 0 / — 20
* electricity CO,e/kWh, 1000

» vendor server information

kg CO2e accumulated

3 45 6 7 8 9101112 1314151617 1819 20

0
M. Wadenstein
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https://codeberg.org/wimvanderbauwhede/low-carbon-computing/src/branch/master/LCA-model-equations
https://indico.cern.ch/event/1450885/contributions/6252610/attachments/2983174/5259248/20241212-lca.pdf

Adapting to Energy Price Variability

Grid Summer Power Savings

Accounting Correction (rough & ready)

Modulating usage according to external factors like —

* Nodes HS23 benchmarked with ondemand schedulers...
4h cheating WLCG?? &=

peak electricity costs o

Accounting “Fix"

- Often Correlated With higher C02 emiSSionS * Benchmarking the boxes with min. freq. Caps &

* Rough overall correction for frequency cap periods

- Calculate weighted HS23 average for each node
- Handwaving: “Seasonal HS23" per Node: 18:00

@ DESY to reduce the clock frequency at peak hours . “mms
(switching these off/on not feasible under current it
— Governor from Performance to Powersave e s ety st
— Open question: how to account for less performance Watts befure and after dralnag

J Flix HEPIX 2025

e//\/ere ? PIC farm drainage simulations for 20232024 (at 1 hou
d d 10
. e s qumulm ely §howrs 20
\ st = Since natural draining occurs
\ rlllﬂ'ﬂ reduction s observed in power 220 randornly across :Dmpute nodes, a
| e walil . significant reduction in power
power - san value consumption is not expected

immediately after draining
------ begins

E PI C to d rai n Serve rS %N ‘. ‘ .. Noticeable reductions are likely

£ . e only when node occupations fall
\
B, AN below the hyper-threading (HT)

— Without preemptible jobs or proper queues’ settings .
drainage can be very long - By ——————

= about half the power compared to
— Software checkpoint needed to avoid waste of processing =+« %

when they are fully loaded with jobs

Cm
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https://indico.cern.ch/event/1484669/contributions/6501109/attachments/3060684/5417610/DESY_EnergySavings.pdf
https://indico.cern.ch/event/1484669/contributions/6501109/attachments/3060684/5417610/DESY_EnergySavings.pdf
https://indico.cern.ch/event/1484669/contributions/6501109/attachments/3060684/5417610/DESY_EnergySavings.pdf
https://indico.cern.ch/event/1477299/contributions/6367012/

Hardware Selection: CPUs e i s

E- Slml// (G/aSqOWblEPScore/Watt vs. HEPScore/UnitCost

Cost quote: Example2025

& For CPUs <=> ARM vs x86 CPU

— GridPP has pioneered detailed study of energy and Pl e | Fr—
performance of different CPU models & arch. il

& Enabling factors: T // e eeteey AN
— Code porting on ARM by experiments : /,//-\,

— Support for ARM in HEPScore23 ’

HEPScore/Watt

20 25
HEPScore/UnitCost

Altra Q80 === AMD Milano (c) == 2*AMD Rome === 2*AMD Milan === Altra Max
+ nVIDIA Grace =e2*Altra Q80 -=- Ampere One == 2°AMD Bergamo =~ 2*AMD Turin

& Recent ARM and AMD CPUs are competing
for the significative improvements in energy efficiency and comparable HS23

— Frequency tuning can change the figures of merit

® Need a collaborative effort to collect more data

CERN
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https://indico.cern.ch/event/1484669/contributions/6480491/attachments/3063177/5417261/PoWaC_WLCG_eSimili_final.pdf
https://indico.cern.ch/event/1484669/contributions/6480491/attachments/3063177/5417261/PoWaC_WLCG_eSimili_final.pdf
https://indico.cern.ch/event/1484669/contributions/6480491/attachments/3063177/5417261/PoWaC_WLCG_eSimili_final.pdf

Data Collection: Goals and Approaches

possible)
— Include the storage and network contribution, a widely understudied area

— The goal is not to penalize sites lacking immediate sustainability options, but to
track and encourage progress (link)

— Site-provided average estimates
 Useful for baseline assessments, but not suitable for detailed optimization
— Automated collection of job-level measurements

 Enables higher resolution data, forming the basis for accurate projections and
digital twin modelling

CERN
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https://indico.cern.ch/event/1450885/attachments/3003697/5293988/WLCG%20Sustainability%20Summary.pdf

Dynamic Power Accounting

& End-to-end proof of concept at ScotGrid Glasgow
— Use IPMI power usage, cores/job, duration to attribute energy consumption to individual VOs

& HEPIX Benchmarking WG
— Instantaneous power consumption readings available on worker nodes and read by grid jobs
* Pilot: 4 sites (AGLT2, DESY, Glasgow, Fribourg)

DESY-HH
= 1200
. H H = &
— Future: pilot jobs should send data to - - R
2 1100 m AMD EPYC 7443 24-Core B!
itAari ; @ B et eced J
Central monltorlng a nd aCCOU ntlng 1000F ¥ AMD EPYC 7772 24.Core 550 8 ]
u ::;ol(R) Xeon(R) Platinum 8480CL
900F§ o —* X 3
foad 700F s 1
memory puamce x ..., (.; g@“‘s"»«‘ﬁ o®
powss? [ ] sooF Preliminary Results o® o ]
[ ] ""?“ 2= ..'.‘
5001 % e e @) 00 @ >
x e 1
400F e %®
WN Batch Sistem 3085 ‘ 0.5 1.0 15 2.0 25
ARDWARE Natalia Szczepanek, D.G. (CERN) Load/Physical Core
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https://indico.cern.ch/event/1484669/contributions/6480491/attachments/3063177/5417261/PoWaC_WLCG_eSimili_final.pdf
https://indico.cern.ch/event/1484669/contributions/6480491/attachments/3063177/5417261/PoWaC_WLCG_eSimili_final.pdf
https://indico.cern.ch/event/1484669/contributions/6499544/attachments/3063181/5417266/WLCG_Workshop-Enhancing_Job_Monitoring_with_Power_Consumption-20250508.pdf

Experiments:
Computing Policies
Software Improvements

D. Giordano (CERN) Workshop sul Calcolo nell'l.N.F.N. 27/05/2025




Experiments: Computing Policies

AWBIeNess o waiker (LMU Munich) | &

& Track and report job carbon footprint e Users and production coords see gCO2 per | = Toees
. job/task/campaign e |
— Increase awareness for user jobs o shows component from faled obs - =
) ] e Estimate based on: ~ .
— Measure cost of production campaigns o configurable per site cpu core power =
= should include PUE, e.g. cooling o
m  mostly left at default 10W/core (highish) L

— Measure the waste from failed or inefficient jobs > time dependant gCO2/kW of regional elctriciy

m 2 years of hourly data in OpenSearch
m ignore local renewables, e.g. PV on roof
e Report global average of running jobs
o users should not force jobs to clean sites

& Data storage strategies affect differently
Embedded Carbon: SSDs dirty secret

C a rb O n fOOtp rl nt e 5yr emissions factor 2 higher for

Part Production - Dell R7515 SSD

- Embedded CarbOn Of SSD > HDD > Ta pe ainboard inat ey WV P 100 years [kg CO2e] ° ;f;yéassur;‘es;(e)p!zulpfe;pentofboth
1% Packaging __ PSU Chassis Fans o now has 10yr lifetime
1 “ ” . Rdcarg ® A% _J% ax o electricity 430g/kWh is high
— Reduce data on disk (“data carousel” from tape); e Hybrid WNs an option?
Riser Card(s) o small SSD for random io

o large HDD for volume
Table 1: Emissions of SSD and HDD.

archive unused data; reproduction “on-demand”

— Plan background tasks during low carbon intensity
time periods

M.Wadenstein https://indico.desy.de/event/48727/

Energy | OPEX | CAPEX | Totah

(KWh) || cO2e (Kg) || CO2e (Kg) || CO2e (KY)
Exp. Life | Syr | 10yr || Syr | 10yr || Syr| 10yr || Syr | 10yr
HDD (1TB) || 183.9(367.9(/79.6| 159 || 20 | 40 |(99.6] 199
SSD (ITB) || 56.9 | 113.8|(24.6(49.2 || 160| 320 [ 184 |369.2

Storage ||

27/05/2025
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https://indico.cern.ch/event/1484669/contributions/6480492/attachments/3063099/5417090/SustainATLAS(1).pdf

Experiment: Software Improvements

& This is the area with the highest potential for Examples of software improvements
improvement — measured in factors, not just r—w
pe rCentageS. = e &5 m}m 535:2%%%?&:& cost of GPU based
— The same pressure driving HL-LHC computing optimization -6

applies here.

Examples of software improvements

(why we need to fund experiment software)

— Focus first on the largest CPU consumers: (event generation,
simulation, reconstruction)

2020-2023: The ATLAS MC-Full(Sim)
software has been progressively
improved by almost

a factor of 2x in speed.

@ Two lines of action: improving software on CPU,
porting to GPU (next slide)

& Some examples of speedup improvements:
— MadGraph: between X3 and X 70

— Generators: LHAPDE and SHERPA x 10

— ATLAS MC Full Simulation: x 2

CE/RW
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https://indico.cern.ch/event/1338689/contributions/6015964/attachments/2952926/5191730/20241023-MG5aMConGPU-CHEP-AV-v011.pdf
https://indico.cern.ch/event/1338689/contributions/6015964/attachments/2952926/5191730/20241023-MG5aMConGPU-CHEP-AV-v011.pdf
https://arxiv.org/pdf/2209.00843
https://indico.cern.ch/event/1484669/contributions/6480493/attachments/3063321/5417588/250508_ENV-Plenary-Intro.pptx.pdf
https://indico.cern.ch/event/1484669/contributions/6480493/attachments/3063321/5417588/250508_ENV-Plenary-Intro.pptx.pdf
https://indico.cern.ch/event/1484669/contributions/6480493/attachments/3063321/5417588/250508_ENV-Plenary-Intro.pptx.pdf

GPUs: Increase Throughput and Efficiency

Significant gain in throughput and energy efficiency across multiple initiatives

)

SZA

SUMMARY & CONCLUSIONS  Ronchetti - Sustainable HEP

Since 2010 ALICE uses GPU computing to optimize capital and operational costs

Run 1 -2010 Run 2 - 2015 Run 3 - 2022/26 Run 4 - 2030/32
64 * NVIDIA GTX 480 180 * AMD S9000 2800 * AMD MI50/MI100 NEW GENERATION
Online TPC tracking Online tracking + compression  Online and Offline tracking + compression

" -

how well can GPU usage scale? || il

i A

* ideal test case CMS Preliminary
S s 4000 ev/s
consider only the fraction of the HLT that has been

ported to alpaka
can run on CPUs (x86, ARM)

13.6 TeV

e  +20% data rate 3223 evis

(new detectors; 2 4 G”U
e  Higher link |oa(;s can run almost entirely on GPUs 3000 evis 2765.evls ®
from readout * baseline 3GPUs
e KeepsamelT Z 2230 evis
infrastructure performance of a CPU-only setup ¥ o
2 x AMD EPYC “Bergamo” 9754 processors g 2000¢vs 1691 evis
. £ )
Total CPU GPUto CPU  Equivalent Total Total dual * scaling s 1GPU
GPU Nodes Total GPUs
"Rome" cores factor CPU cores cores CPU-only nodes| 1198 evis
add 1x, 2x, 3x, 4x NVIDIA L4 GPUs o
MI 50 280 2240 17920 80 o Subtract the baseline 1000 evis 110 GPUs
MI100 70 560 6720
350 * results each GPU baseline
" Iy f dh lted i - *  throughput:  Neus x|512.3 ev/s|+[1196.5 ev/s o
- evis
e InRun 3, using a CPU only farm would have resu ted in X2 energy con‘sump‘tlon * powerdraw: New x|162.1 W |+|1043.8 W O I T A T
e InRun 4 a new generation, more efficient GPU farm and IB network will be in place A. Booci CHEP2024 S
pLICE federico.ronchetti@cern.ch - Sustainable HEP, May 12-15 2025 ' October 21, 2024 A.Bocci - Experience with the alpaka performance portability library in the CMS software 18/22

® ALICE EPN: ® CMS HLT.
More than 2000 64-core servers would be GPU beneficial
needed for non-GPU online processing for all indicators
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https://indico.global/event/4745/contributions/125378/attachments/58597/112726/Sustainable-HEP-2025-FR-FINAL.pdf
https://indico.global/event/4745/contributions/125378/attachments/58597/112726/Sustainable-HEP-2025-FR-FINAL.pdf
https://indico.global/event/4745/contributions/125378/attachments/58597/112726/Sustainable-HEP-2025-FR-FINAL.pdf
https://indico.cern.ch/event/1338689/contributions/6010019/attachments/2951626/5188646/A.%20Bocci%20-%20Experience%20with%20the%20alpaka%20performance%20portability%20library%20in%20the%20CMS%20software.pdf

GPU Adoption is Not a Free Lunch

& Higher performance and energy efficiency is achievable with heterogeneous
hardware
— But optimization and tuning are complex
— Significant effort is needed for developing, porting, optimizing algorithms
— Define a common metric to translates the SW improvements into energy & carbon impact
» Energy use and CO, emissions per processed (or simulated) physics workload

& Facilitating the Adoption of Heterogeneous Architectures
— Sites should support by providing the platforms needed (development, integration and validation)
— Monitor the market trend evolution (GPU FP32/64 vs lower precision)

— Training developers is crucial
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Other Initiatives: RF2.0

&8 |nteresting work in the context of Research Facility 2.0 (RF2.0)
— A Horizon Europe funded project

— Introduce novel solutions for sustainable and energy efficient research infrastructures
(accelerators, data centres, etc)

...... Digital Twin of the DESY Data Centre

of job scheduling, HW config., & scorors @iy

—
energy consumption to evaluate - ity cestogat e EECEmT e
their effectiveness SR - Gy _

...... _ . T funicing © installation Date ~ ~» ——

E Req u I reS rea | ISt IC I n p Ut d a ta * Mainly aimed at o Estimate Energ?/I::l:uO::used pertime

simulating data-centre -
— Performance/Power per HW conf. T e i i el o e ok o
— Job modelling + Aim mae topen e smm/'

— Energy strategies

~ D. Spiteri — Sustainable HEP
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https://rf20.eu/
https://indico.global/event/4745/contributions/125403/attachments/58586/112684/SUSHEP14052025.pdf
https://indico.global/event/4745/contributions/125403/attachments/58586/112684/SUSHEP14052025.pdf
https://indico.global/event/4745/contributions/125403/attachments/58586/112684/SUSHEP14052025.pdf

Other initiatives: GreenDIGIT, UMRI

@ GreenDIGIT T

uch as:
* What was the CO, emission caused because of jobs by USER A/ by Community B / everyone in March 20257
B i i while izi

Source link

Reduce environmental impact of European Researc-—~ "2 CTE T
Infrastructures B == -
el -==

« Among the participants: EGIl; CNR (coordinates the T .
SoBigData RI for social mining and Big Data) g

— Education and support initiatives
— Supply technical tools for both providers and researchers

Benchmark Software: Herwig S ource /lf? k 'l_'ll-
generator P—

» Herwig 7.3: multi-purpose HEP event
e Benchmark representing typical software used by
...... LHC experiments MC generation sizable part

& University of Manchester Research Institute (UMRI) - o o

Phase space integration: single-thre:
E eration: multi-threaded

PU m p_ P ri m e SC h e me . L:;:LSEEEE Drell-Yan process at ne.xt-ta-leading i m
. . ‘“ i,
— Benchmark HW, SW profiling, lifecycle assessment >“““< oy
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https://indico.cern.ch/event/1484669/contributions/6499548/attachments/3063175/5417258/GreenDIGIT%20update%20to%20WLCG-HSF%20workshop%20May%202025.pdf
https://indico.cern.ch/event/1484669/contributions/6456379/attachments/3063421/5417813/green_software_in_hep_wlcg_20250508.pdf
https://indico.cern.ch/event/1484669/contributions/6456379/attachments/3063421/5417813/green_software_in_hep_wlcg_20250508.pdf
https://indico.cern.ch/event/1484669/contributions/6456379/attachments/3063421/5417813/green_software_in_hep_wlcg_20250508.pdf
https://indico.cern.ch/event/1484669/contributions/6456379/attachments/3063421/5417813/green_software_in_hep_wlcg_20250508.pdf
https://indico.cern.ch/event/1484669/contributions/6499548/attachments/3063175/5417258/GreenDIGIT%20update%20to%20WLCG-HSF%20workshop%20May%202025.pdf

Conclusions

environmental sustainability

— Multiple initiatives are underway, addressing:
data centres, hardware, monitoring, and software development

& |n the current wave of urgency and momentum, there is also a risk of
duplication
— Maximizing the impact of ongoing efforts is essential

— Provide information, opportunities, and incentives to help collaborators
— Express interest by email |cg.office@cern.ch
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