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Context

m Growing awareness of sustainability issues in HEP
m Large facilities — large impacts from construction, accelerator and detector
operation and cooling, electricity
m Also computing, travel, procurements, etc.
m Topics for today
m CERN'’s environmental report
m Future Circual Collider (FCC) and other future projects
m Update of the European Strategy for Particle Physics (ESPPU)
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CERN'’s environmental report

https://environmentreports.web.cern.ch/environment-report-2023-2024/
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https://environmentreports.web.cern.ch/environment-report-2023-2024/

Electricity

m Peak consumption ~ 200 MW
m Increased efficiency for LHC operation
m Heat recovery

m New computing centre (PUE =~ 1.1) will
provide heating to CERN buildings (2027)

m Heat from cooling towers: Ferney-Voltaire
(since 2024, ~ 20 GWh/y), Meyrin (2027)
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Greenhouse gas emissions
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Detector operation and cooling

W C2H2F4(1430) M SF6(22800) M CF4 (7390)

m Main sources: e il

m Gaseous detectors (mostly Resistive Plate
Chambers for muon detection): R134A

(C2H4F4 — GWP 1430), SFg (GWP 22800)

m Detector Cooling: C3H8 (GWP 8830), CGF14 ® ATLAS CMS ALCE LHGb

(GWP 9300) —

m Mitigation: fix leaks, gas recovery, replacement
with other gases (CO, where possible)
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Computing: example of ATLAS

2505.08530

m User responsibility: CO2eq as part of the job report
m Independent of the site to avoid stressing “greener” computing sites
m Discussion of many more aspects within the experiment

m Site construction and operation (e.g. adjustment to the availability of renewable
energy)

m Choice between CPU technologies, accelerators (GPU, FPGA)
m Impact of unused data, data replication

T T T
G 00f ATHAS
Estimated Carbon Footprint for the Task
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Category gco2
Succeeded 0.06 gCO2
Failed 0gCO2
Cancelled 0gCco2
Total 0.06 gCO2

More details on estimation:
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footprint.htmi
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https://arxiv.org/pdf/2505.08530

Future projects
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FCC

m One of the projects beyond LHC
m 91 km tunnel

m FCC-ee first (electron-positron), then FCC-hh
(proton-proton)

HL-LHC

Feasibility Study Project approvalby oo arts o Operation of FCC-ee  Operation of FCC-hh
(geology, R&D on acelertor, CERN Council onge

. administrative. "
proceduros with the Host Stats,

foasibilty, otc)
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https://fcc-faisabilite.eu
https://cds.cern.ch/record/2935019/files/CERN-FCC-ACC-2025-0008.pdf

cea

Life-cycle assessment

Electricity for
accelerator
operatiod

e Pour minimiser limpact des infrastructures, il faut inclure les contraintes
environnementales le plus tét possible dans le processus
e Anticiper les leviers de mitigation et de compensation:
o Optimisation du génie civil et des matériaux
Approvisionnement responsable
Optimisation des fournisseurs d'énergie, récupération de chaleur
Investissements dans des R&D pour des technologies + vertueuses

O O o o

| Meed ) Optioneering ) Design ) Delivery ) Operation ) Revisitneed )
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https://agenda.ciemat.es/event/4431/contributions/5065/attachments/4215/6720/ESSRI_LDG-SAWG_A.pdf

Life-cycle assessment

Total Life Cycle Impact
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https://arxiv.org/pdf/2504.01235

Sustainability for FCC

m Land use minimised (down to around 40 ha for 8 surface sites)
m Civil engineering and concrete
m Power and efficiency (e.g. RF klystron technology)

A1-A5 Tunnels GWP (tCO,e)
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2030 Construction baseline scenario CEMIIVA (50% GGBS) 225mm thk precast segmental lining 2030 projected electricity mix
(CEMI & 80% recycled steel) repiacement (75mm reduction)
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Comparing different projects

m Need to agree on common methodology and indicators to compare different projects
m LCA, GHG emissions, mitigation and compensation measures...
m Sustainability WGs from ECFA (European Committee for Future Accelerators), LDG
(Laboratory Directors Group)
m Report available
m See also the accelerator R&D roadmap
== Construction @ Research and Land and forest consumed Scientific knowledge
By || Somora B erayspion =S Euatonan Trsinng mpact
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m Newly created jobs

Newly created / reinforced public
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Increased life expectancy
(medical procedures / devices)
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https://ldg.web.cern.ch/working-groups/sustainability-assessment-of-accelerators
https://ldg.web.cern.ch/working-groups/sustainability-assessment-of-accelerators
https://arxiv.org/pdf/2504.01235
https://cds.cern.ch/record/2800190/files/146-138-PB.pdf
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Context w

ESPPU Open Symposium

m Ongoing process: update of the European Strategy for Particle Physics
m Major deliverable: preferred option for the next collider at CERN
m Discussions at all levels (labs, countries)
m e.g. French symposium in January 2025, including sustainable development

nd ’ X Deadline for the
ouncil appointment of the Deadline for the Open submission of final
members of the PPG and submission of main Symposium satlonsl iigut in advence Submission of the draft
decision on the venue for the input from the of the ESG Strategy strategy document to
Open Symposium community (Venise, IT) Drafting Session the Council
End September 2024 31 March 2025 23-27 June 2025 14 November 2025 End January 2026
December 2024 26 May 2025 End September 2025 1-5 December 2025 March and June 2026
CD“”C"‘ de(;‘s';;g” the Deadline for the Submission of the ESG Strategy Discussion of the draft strategy
‘é?:aﬂeegoyrDrzmng subimission of addional “Briefing Book to Drafting document by the Council and
Seosion national input in the ESG sl spelaling of fSio Seungy

i advance of the Open
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https://indico.in2p3.fr/event/34662
https://indico.in2p3.fr/event/34662/contributions/149527/
https://agenda.infn.it/event/44943/timetable

Discussions

m Environmental considerations are put forward in general
m Physics reach is the key objective, but the environmental (and financial) costs are
substantial
m Discussions at the French symposium

m Optimise science vs CHF/EUR vs CO,

m Strategy for going beyond words: invest in detector R&D, importance of efficiency
in computing, accelerator technology.

m “Science first” vs “environmental budget first” in the context of social acceptability
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Recommendations
ESPPU: 2026 update

m FCC-ee is the preferred option for the next CERN flagship collider project (a descoped
FCC-ee is the preferred alternative)

m Sustainability

m For every new proposed project, a detailed Life Cycle Assessment should be
carried out at each stage from concept, design and implementation to quantify and
minimise environmental impact.

m The particle physics community should continue and intensify its efforts to develop
and adopt sustainable solutions.

m An effective balance between in-person and online meetings should be
considered, in order to mitigate the environmental impact of travel.
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https://cds.cern.ch/record/2950671
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