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Sustainability = be within planetary boundaries

Katherine Richardson et al., 
Earth beyond six of nine planetary 
boundaries.Sci. 
Adv.9,eadh2458(2023).DOI:
10.1126/sciadv.adh2458

Climate change
used as 
a convenient proxy
from now on...

Sustainable development: 
"Development that meets the needs of the 
present without compromising the ability 
of future generations to meet their own needs"
Brundtland Report (1987) for UN

6 (over 9) limits overrun
→ not sustainable

https://doi.org/10.1126/sciadv.adh2458
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Life Cycle Assessment/Analysis 

LCA very useful to reduce env. footprint 
of project during R&D

Estimate impacts in terms of C, water consumption, ozone, …
For the different stages of a project
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Life Cycle Assessment/Analysis 

Identified as a key component of future R&D
Examples:

CERN course: 
https://lms.cern.ch/ekp/servlet/ekp?PX=N&TEACHREVIEW=N&CID=EKP000044552&TX=FORMAT1&LANGUAGE_TAG=en&DECORATEPAGE=N

IN2P3 one-week training

https://lms.cern.ch/ekp/servlet/ekp?PX=N&TEACHREVIEW=N&CID=EKP000044552&TX=FORMAT1&LANGUAGE_TAG=en&DECORATEPAGE=N
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From CLIC&ILC Life Cycle Assessment (LCA)You are here

The key plot
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What are the main ingredients for a collider ? 

Environnemental footprint = tunnel
+ accelerator construction
+ accelerator operation
+ detector construction
+ detector operation
+ computing
+ collaboration life

x Nexperiments
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What are the main ingredients for a collider ? 

Environnemental footprint = tunnel
+ accelerator construction
+ accelerator operation
+ detector construction
+ detector operation
+ computing
+ collaboration life

Today: 35tCO2eq/year/LHC physicist when LHC is running
(not accounting for travels, WLCG, ...)

x Nexperiments
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Tunnel (@LO)
Main parameters:

length, profile : amount of concrete and steel

90km

11-50km

33km

10km
Ø:≈6m CCC

8km 
T=80K



Sustainability for future colliders 9

Tunnel (LO) + everything related to it (NLO)
Ex: ILC
- CEMI concrete
- 80% recycled steel

From https://arxiv.org/abs/2307.04084 
FCC&CEPC: rough estimates from CLIC LCA!

+60%

+170%
+70%
+10%

A4-A5: transport + 
construction process

https://arxiv.org/abs/2307.04084
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Tunnel @NLO
Main parameters:

length, profile : amount of concrete and steel, technology
Klystron isolation, number of shafts, caverns

90km

11-50km

CCC
8km 

T=80K

Isolate the beams
from klystron’s

heat and 
electromagnetic noise
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Tunnel @NLO

FCC LifeCycleAnalysis: 
”improving” concrete and steel types:

Possible k-factor of 0.5

But need to check ...
- the scaling up with industry
- the cost
- the timescale
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Toward a 0-net CO2 emission tunnel ?

Industry is elaborating cement free concrete

- Cement fully replaced by steel slag
- CO2 captured from a plant 
- CO2 injected into the slag+gravel to produce concrete

→ negative CO2eq concrete ! (but only prefab) 

https://carbicrete.com/specify-carbicrete/ 

Idea submitted to CERN

Needs to certify the concrete 
for tunnel usage
Usual scaling-up issue, 
but would help the civil society

https://carbicrete.com/specify-carbicrete/
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Accelerator construction
Interesting one: muon collider

Save energy
& materials
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Accelerator construction

Construction of accelerator can have impact as large as the operations

https://edms.cern.ch/ui/#!master/navigator/document?D:101764365:101764365:subDocs 

https://edms.cern.ch/ui/#!master/navigator/document?D:101764365:101764365:subDocs
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Accelerator construction

Identifying the key 
contributors allows to :

Work on the design 
to reduce their impact
Initiate discussions 
with suppliers to improve 
their processes

https://edms.cern.ch/ui/#!master/navigator/document?D:101764365:101764365:subDocs 

https://edms.cern.ch/ui/#!master/navigator/document?D:101764365:101764365:subDocs
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Accelerator operations @LO
Will depend accelerator energy/luminosity AND on the electricity mix 
(at the time of running the accelerator)

Presently, very country dependent:

https://app.electricitymaps.com/map/12mo/monthly 

https://app.electricitymaps.com/map/12mo/monthly
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Accelerator operations

From https://arxiv.org/abs/2307.04084 

From J.P Burnet (sept 2024) 

https://agenda.ciemat.es/event/4431/timetable/#20240926.detailed 

To compare with 1.2TWh/year
 of present total CERN consumption

https://arxiv.org/abs/2307.04084
https://agenda.ciemat.es/event/4431/timetable/#20240926.detailed
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Accelerator operation (details) CEPC-TDR p. 965

At CEPC the main contributors are RF power and magnet
Nice to see the ongoing work to improve the efficiencies (see talk by Jie Gao)

https://doi.org/10.1007/s41605-024-00463-y
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Tunnel + accelerator operation (wo/ building accelerator!)

Present estimates give
similar order of magnitude 
between these 2 items
Sum = O(0.5-1.5)MtCo2eq
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Tunnel + accelerator operation (w/ building accelerator!)

Present estimates give
similar order of magnitude 
between these 2 items
Sum = O(0.5-1.5)MtCO2eq

Recent update on linear colliders 
(incl. Building acc.): O(1)MtCO2eq
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Detector construction

No data yet !

Nice example of LCA : 

Radiotelescop array in China

https://arxiv.org/abs/2309.12282 

Optimize the alloy of antenna,
battery/Photovoltaic panel/PCB

No impact on physics !

https://arxiv.org/abs/2309.12282
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Detectors: Power consumption
W. Riegler (sept 2024) https://agenda.ciemat.es/event/4431/contributions/5081/ 

For the LHC, ~5% of the PC  is from the experiments
O(5MW)/experiment, but depend a lot of the deseign !
Same consomption is expected for future accelerators
– Cryogenics is the key !

6MW 2.7MW

ATLAS CMS

https://agenda.ciemat.es/event/4431/contributions/5081/
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Detectors: Direct emissions

Presently, the main contributor of CERN GHG
Cooling, RPC, RICH
HFCs, PFCs and SF6
O(0.2)MtCO2eq/year

Future detectors are expected 
to drastically reduce such usages

Warning: detector complexity may have
strong impact on the cpu/gpu needed for
simulation/reconstruction !

No LCA yet
The sooner the better
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Detectors: Direct emissions

Presently, the main contributor of CERN GHG
Cooling, RPC, RICH
HFCs, PFCs and SF6
O(0.2)MtCO2eq/year

Future detectors are expected 
to drastically reduce such usages

Warning: detector complexity may have
strong impact on the cpu/gpu needed for
simulation/reconstruction !

No LCA yet
The sooner the better

Very nice to see the CEPC ref detector has no RPC!
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Computing
Usually done on World wide grid → strongly depends on the electricity mix

So will assume a lower C-intensity for electricity production in the future…
→ Likely more intermittent 

Some ways to save energy:
Use the heat from datacenter for heating other buildings
Use different chips, with lower consumption (ARM)

Vary the cpu frequency 
– Decrease/increase the frequency when little/a lot of low-C electricity is produced

PUE: energy for datacenter/energy for IT

But most of the gains 
have already be made

Datacenter consumption
may be very significant
(Ireland proactively 
encouraged them)

https://theshiftproject.org/wp-content/uploads/2025/03/Rapport-intermedaire-IA-VF.pdf 

https://theshiftproject.org/wp-content/uploads/2025/03/Rapport-intermedaire-IA-VF.pdf
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Collaboration structure/life

Assuming a world that is on track for its transition…

Amount of fly should have been drastically reduced
Producing enough C-free fuel is challenging (O(25%) of today electricity to replace kerosene with e-fuel)

How can we organize ourself to reduce the distance and the number of flies ?

Example (crazy idea nowadays, but in future…?):
organizing the detector-collaborations by continent

How many collaborations/detectors do we really need ?

It would be interesting to have an estimate of this item ? Bigger than acc.?

Back to the envelop calculation:
9k physicists x 14years x 2t/fly x 2 flies/year = 0.5MtCO2

Geneva-NY Geneva-Beijin: 2.5t
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Summary

CO2eq footprint = tunnel
+ accelerator construction
+ accelerator operation
+ detector construction
+ detector operation
+ computing
+ collaboration life


 ?? Need LCA !

Gaz ? Cryogenics ? 
Electricity source ?

O(0.5-1.5)MtCo2eq

 O(0.5)Mt ?

0.25-0.5Mt for linear
Likely more for circular

Not official plot (France target)

??

No detector included for FCCee
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Biodiversity
Reduce the impact during construction
example at GANIL in France, with Semi-permeable barriers around the site:

Plan constructions that are biodiversity friendly
Isolated areas for technical building can be 
biodiversity refuges
Avoid barrier, create corridors btw/ sites
Can be implemented without large extra-costs

©J. Faivre
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National communities inputs for ESPPU

(...)

Ukrainian:

Spanish:
Polish:

German:

(...)

French: (...)

Serbian:

(Apologies if I missed one!)
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Conclusions
Humanity is facing huge challenges

Most of European communities wants the HEP to be exemplary.

How could HEP be part of the solution ?
- innovations (tech, but also social ?)
- biodiversity harvest ?

LCA is a crucial tool, to evaluate & to plan how to reduce the impacts 
Research field on its own

Not official plot
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Backup
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Climate change & society – in 1 slide

- The longer we wait to reduce our CO2 emissions, 
the more carbon capture (CC) technology will be needed

- Neutrality needed by ~2050

- CC techs are not yet ready or are expensive

- Carbon budget (to stay <2°C, with 50% chance) : 200GtCO2eq (starting from early 2023)  
Forster et al., 2024, Earth System Science Data

IPCC, Special Report: Global Warming of 1.5 ºC, 2018
https://www.ipcc.ch/sr15/chapter/spm/ 

=2t/person

https://www.ipcc.ch/sr15/chapter/spm/
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Is limiting the temperature increase to 1.5°C still possible?, G. Peters
https://journals.sagepub.com/doi/full/10.1177/29768659241293218 

https://journals.sagepub.com/doi/full/10.1177/29768659241293218
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Tunnel @NLO

From https://arxiv.org/abs/2307.04084 
FCC&CEPC: rough estimates 
from CLIC LCA!

NLO corrections… 
from possible improvements 

(ex CLIC Drive beam):

https://arxiv.org/abs/2307.04084
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Inputs
CERN environment report 2019-2020
https://hse.cern/environment-report-2019-2020 

CERN Annual Personnel Statistics
https://cds.cern.ch/collection/CERN%20Annual%20Personnel%20Statistics 

Run 2 Long shutdown 2 (LS2)

Scope 3 Scopes  1&2
dominés par 
LHC

https://hse.cern/environment-report-2019-2020
https://cds.cern.ch/collection/CERN%20Annual%20Personnel%20Statistics
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Tunnel @NLO
Main parameters:

length, profile : amount of concrete and steel, technology

90km

33km

10km
Ø:≈6m CCC

8km 
T=80K

Blast and drill
TBM



Sustainability for future colliders 39

Accelerator operations
Example of other developments on going, likely for after CEPC/FCCee:

https://agenda.ciemat.es/event/4431/contributions/5058/ 

https://agenda.ciemat.es/event/4431/contributions/5058/
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How do we decide whether a collider is “sustainable” ?

Estimations with best estimates 
and unknowns...

FCC Feasibility Study Report Vol 3 : Civil Engineering, Implementation and Sustainability
 https://cds.cern.ch/record/2928194 

Economic formula to actualize the benefits/costs:

SDR: Social Discount Rate
- debate on the right value:
(0 means future generations 
are equally important as present one)

- set it to 2.8%

https://cds.cern.ch/record/2928194
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How do we decide whether a collider is “sustainable” ?

Cost due to C-emission for
tunnel construction
and operations
w/ 4 interaction points
(no detector, nor computing,
nor collaboration life)

: Effect of SDR

>0 :FCC feasibility study concludes
     it is worth to make it



Sustainability for future colliders 42

Construction du LHC
Pas clair comment amortir

Tunnel déjà existant (accélérateur LEP)
Temps d’amortissement ?
Prise en compte des upgrades ?

Ordre de grandeur

→ Pas pris en compte
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