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Sustainability assessment of future accelerators

The Laboratory Directors Group is the Advisory Committees set up
by the CERN management to supervise the development of the
roadmap for the accelerator R&D

In November 2023 the LDG took the decision to establish a working
group for the assessment of the sustainability of future accelerators

The WG mandate is the development of guidelines and a minimum
set of key indicators pertaining to methodology and scope of
reports on sustainability in future HEP projects






Working Group’s Mandate

» Definition of key indicators to be reported, such as peak luminosity or
integrated luminosity per year, lifetime - and performance specific
energy consumption, lifetime- and specific Global Warming Potential
including the contribution of construction. These figures should be
supplemented by margins of uncertainty and possibly an assessment
of the potential for improvement

» Definition of methodology and assumptions to be applied for
transparent determination of the key figures across proposals. The
maturity of a proposal should be determined, for example adopting a
classification scheme such as Early Concept Phase, CDR, TDR or TRL
levels

» Identification of other high level environmental impacts that could be

relevant for all or specific collider proposals
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Further Suggestions

Best practices determining the GWP for large infrastructure would be considered

The working group may comment on other aspects if deemed appropriate, for example:

 Treatment of future carbon intensity of electricity and materials:
what scenarios should be assumed?

 Assessing the potential for dynamic operation of the various facilities,
l.e. the ability to adapt to a fluctuating energy supply in a grid fed by
renewables. This may include standby mode power consumption, recovery

time to full luminosity and fraction of integrated luminosity per year preserved
In @ dynamic operation scenario.

 Treatment of regional vs global parameters: How to treat differences
e.g. in carbon intensity between different host countries?

- Carbon intensity / lifecycle inventory (LCI) studies of materials specific to the
accelerator projects: high-purity niobium, permanent magnet alloys etc.

- How to interface with open-source LCI databases and LCA tools to potentially
ease/automate the assessment for future research infrastructures

- How the recommendations for colliders can be extended to other scientific
endeavours related to HEP

- How HEP labs represented in the LDG can share/build up expertise jointly
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Update of Particle Physics Strategy in Europe

A draft of the recommendations from the
WG is expected by end 2024

On time for an input document to the
ESPPU due by March 2025

Subjects focused on for the ESPPU
iInputs incrementally enlarged

Dear Colleagues,

On 21 March 2024, the CERN Council decided to launch the process for updating the
European Strategy for Particle Physics.

| am pleased to announce that the deadline for submitting written input has been set
for 31 March 2025, with a view to concluding the European Strategy update process
in June 2026.

The process will be managed by the Strategy Secretariat, which the Council will
establish in June 2024, and more information, together with the call for input, will be
issued by the Secretariat in due course.

In the meantime, the input that was submitted for the 2020 Strategy update can be
consulted at the following link:
https://indico.cern.ch/event/765096/contributions/.

Kind regards,

Eliezer Rabinovici
President of CERN Council
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Work organization

1) Inputs from the Initiatives on
Sustainability and from the projects for
future accelerators

2) Topics to focus on

3) Discussion and Report Elaboration



https:/lwww.esfri.eu/
sites/default/files/

https://data.europa.eu/
doi/10.2777/76269

ESFRI_SCRIPTA_SINGLE
_PAGE_19102017_0.pdf




Sustainability Assessment

Sustainability matters are in relation with Environment, Society
and Governance

WG focus is on the assessment of sustainability of the
infrastructures for Environment and Climate Change

J. Gutleber
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Carbon Footprint and Green House Gas emissions

httns://enerav.ec.europna.eu/tobics/renewable-enerav/enablina-framework-

Energy

Reduction of energy consumption
Optimized designs for energy saving
Novel technologies

Increase of renewables share

Civil Engineering

Concrete

Specific Materials
Manufacturing

Re-use
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https://indico.cern.ch/event/1326603/timetable/#20240215.detailed

https://indico.cern.ch/event/1326603/timetable/#20240215.detailed

https://wsfa2023.huhep.org/



— Compact accelerator -> high gradients, high field magnets
— Energy efficient -> low losses
— Effective -> small beam sizes to maximize luminosities

— High-efficiency cavities and klystrons
— Permanent magnets, HTS magnets



Green House Gases Emissions

According to the 2015 Paris Agreement carbon emissions have to be halved by 2030.

Emissions are categorised into scope 1, 2, and 3

Scope 1
DIRECT
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INDIRECT

Scope 3
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https://ecochain.com/blog/scope-1-emissions-explained/
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Decarbonisation and Large HEP RI

CERN publishes
environmental reports
following standards of Global
Reporting Initiative since
2017

CERN has developed a
strategy for energy sourcing
and monitoring obtaining the
ISO50001 certification for
energy management

Scope 1 Direct Emissions:
@LHC are dominated by
gas mixtures used by
particle detectors and
detector cooling

Scope 2 Emissions (Energy
Consumption): location-
based methodology provides
emission factors depending
On energy sources in use

Reference: CERN Environment Report 2021-22
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Decarbonisation

Evaluation of shadow
carbon price

Various measures to
abate carbon emissions
are considered and their
cost evaluated

Uncertainty from the
evaluation methodology
that considers different
scenarios

EIB Group Climate Bank Roadmap 2021-2025

https://www.eib.org/en/publications/the-eib-group-climate-bank-roadmap
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H. Pantelidou



Power Purchase
Agreements:

https://edms.cern.ch/document/2065162/1



FCC-ee future: has warm magnets but a
large SRF system with stable power
required for cryogenics:

- Large oscillations among operational
modes makes it difficult to manage the
excess energy with the legal framework
of today.

- Energy required in stand-by ~25% of
energy during beam operation.






Full ARUP report:
https://edms.cern.ch/document/2917948/1




https://ourworldindata.org/grapher/carbon-intensity-electricity

IEA (2022), World Energy Outlook 2022, IEA, Paris https://www.iea.org/

reports/world-energy-outlook-2022,
License: CC BY 4.0 (report); CC BY NC SA 4.0 (Annex A)



https://www.iea.org/reports/world-energy-outlook-2022
https://www.iea.org/reports/world-energy-outlook-2022

|. Syratchev @
WSFA2023

https://indico.cern.ch/event/1138197/
contributions/4821294/attachments/

2474897/4246880/
HE_WS 2022 Syratchev.pdf

achieved

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

1101548/contributions/4635959

High
efficiency:
24MW,
CLIC
TS MBK

L-band klystron
CLIC (1 GHz),

ILC (1.3 GHz)
CW-FCC (600 MHz)



C. Antoine talk @IPAC2023 arXiv: 2203.09718



Ben Shepherd



Conclusions

Goal of the WG is to propose a motivated list of key parameters for the
sustainability assessment of future accelerators

Inputs from different kinds of sustainability panels related to medium and
large RI for fundamental physics are being considered

Environmental sustainability is the focus

The evaluation is quite complex:
assessment criteria deserve to be

- properly tuned to the maturity of the project and

- differently developed for Researchers (our community), Management, and
Society

The WG aims to elaborate a proposal for the LDG on time to be submitted to
the ESPPU in March 2025
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