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Outline

« Where are we heading to: UN Sustainable goals

« What parameters are important for a Collider?

 Energy

« CO,

« Use of Land

« Responsible procurement...

« Can we compare different colliders based on sustainability?

e Conclusions
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Management Objectives 2021-2025
Commitment to SDGs

‘One of the Management’s top objectives for the next
five-year period is to increase CERN’s impact on

17

Bl

society, thereby boosting the Organization’s visibility N
and consolidating the support of governments and ~\E§,\,
the general public’. %}ﬁ'
‘Across all these areas of activity, CERN will continue to ' \ \\\g:g%;;%
ensure that their impact also contributes to advancing . §§§'.§?{,

the Sustainable Development Goals (SDG), adopted by
all United Nations Member States in 2015. Collaboration
with CERN’s Member and Associate Member States, with
International organisations and other partners will be CERN'S wain objectives
enhanced to identify and pursue further synergies in for the period 2021-2025

support of the SDGs, building on CERN values,
competencies and technologies’. @
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THE GLOBAL GOALS

For Sustainable Development

Sustainable Development Goals @
The basics

“"

On 25 September 2015, the United Nations General
Assembly unanimously adopted Resolution 70/1,
Transforming our World: the 2030 Agenda for
Sustainable Development, laying out 17 Sustainable
Development Goals, aimed at mobilising global efforts to
end poverty, foster peace, safeguard the rights and
dignity of all people, and protect the planet.

The Goals are inter-related and all countries have
agreed to try to meet all of them by 2030.

The Goals serve to coordinate actions by UN agencies,
non-governmental groups, businesses and any other
entities working on a specific Goal.

Yearly meetings are organised to present the actions
undertaken and the progress made.
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« Each Goal is broken down into defined and
specific targets (169 in total) that propose
concrete paths to reach each Goal; the targets
are all complementary strategies to fulfil
their respective Goal.
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« Each target has then its own indicators,
which are the variables that can be measured
and assessed to report on the progress made.
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UN Report on SDGs 2023

LICONCERNING PICTURE [1[; 5« .2 SIGNIFICANT STRIDES IN SDG DATA AND MONITORING
SDG PROGRESS AT THE MIDPOINT:

100%
@ ON TRACK / lszl.lvlltI -
61% 1 MILLION
MODERATELY OR SEVERELY OFF TRACK
@ STAGNATION OR REGRESSION 1000 ﬁ

BASED ON AN ASSESSMENT OF SDG TARGETS WITH TREND DATA. 2018 2021

,'I Iﬂ]‘lﬂlﬂl‘»{’m DATA RECORDS IN SOG GLOBAL DATABASE

MIND THE GAP FOR BETTER DATA °

NATIONAL STATISTICAL DFFICES SATISFIED WITH THEIR CODRDINATION ROLE COUNTRIES WITH >60% FUNDING GAP IN THEIR STATISTICAL PROGRAMME

@-ﬁ@ @ M O @

HIGH-INCOME LOW- AND LOWER-MIDDLE INCOME - HIGH-INCOME LOW- AND LDWER-MIDDLE |NCOME

n Sounding the alarm

https://unstats.un.org/sdqgs/report/2023/The-Sustainable-Development-Goals-Report-2023.pdf
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BREAKTHROUGH

Buildings sector

THE BREAKTHROUGH
AGENDA REPORT 2023

A vision and milestones for the sector’s transition are set out in the UN Climate Action
Pathway and 2030 Breakthroughs, which require the sector to halve its emissions by 2030
(relative to 2021), with 100% of new buildings having net zero operating emissions by 2030,
and widespread deep renovations of existing assets well underway. Embodied carbon must
be reduced by at least 40%, with leading projects achieving at least 50% reductions.

Accelerating Sector Transitions Through
Stronger International Collaboration

Breakthrough Agenda report 2023

o
[@Q  CeRENA ol

& s )
R

R. Losito | Sustainability in future Colliders | ALEGRO WOrkshop 2024


https://iea.blob.core.windows.net/assets/d7e6b848-6e96-4c27-846e-07bd3aef5654/THEBREAKTHROUGHAGENDAREPORT2023.pdf

In order to control you need to measure...

 CERN publishes since 2017 environmental
reports based on the GRI (Global Reporting
Initiative) standards

~ 1‘ Y))) '])) m}k

* Itincludes detailed information about Energy
and water supply and effluents management,
direct and indirect CO, emissions, radiological
Impact (emissions and waste), conventional
waste, Noise.

Environment

)= ol
MePOrl

« Measuring allows to establish objectives and
allocate funds...

2019 - 2020

&
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Intearnal stakeholdars Extarnal stakeholdars

- CERM Directors - Haost State participants in mastings held undear
- Heads of CERN Departmants the tripartite agreament on radiation protection

and radiation safety

- Host Stats participants in mastings held undear
the tripartite committes for the environmant (CTE)

- CERM Council president and delegates
iMember Stats reprasentatives)

-  Representatives of the user community and

- - Rapresontatives of soms local communitios with
of tha Staff Association pre

a strong CERN prazance

- Projsct leaders of potential future ressarch ) . . it
iy cturas at CERN Represantatives of local environmental associations

- Represantatives of Host State madia

- Parsonnel rezponsible for communications pre

and othar aspects of external relations

STAKEHOLDERS INTERWIEWED FOR THE MATERIALITY ASSESSMENT UPDATE

Iznising radiation Energy consumption
Matural resources and biodiversity Gresnhouse gas amiss

Hazardous substances
Material=s

Significance for
axtarmal

Computer optimization and networking Mobility

Soil health and excavation Prevention of environmental accidents
Mon-ionising radiation Science and sducation for the snvironment
Water consumption and sffluent quality
Moize

Land usa and land=scape change
Environmental impact of procuremeant

Air quality

MEDILIEA
CERN MATERIALITY MATRIX 2022 Significance for CERN
The topict identified a2 Daing of Iower SigNicance to al Shkehoklers are NCt COMPranNanTiehy
coversd in s rport but dre Subject to manitoring by CERM.




ENERGY

The Laboratory is committed to limiting rises

in electricity consumption to 5% up to the end
of Run 3 compared to the 2018 baseline year,
which corresponds to a maximum target of 1314
GWh, while delivering significantly increased
performance of its facilities. It is also committed
to increasing enargy reusa.

In 2021 and 2022, CERN consumed 991 GWh
and 1215 GWh of electricity respectively.

In addition, the Organization consumed 67 GWh
(240 TJ) and 51 GWh (184 TJ) of energy generated
from fossil fuels in the two years respectively.

®+ WASTE +©®
69% recycled

CERN's aim has been to increase its recycling rate
for non-hazardous waste. The recycling rate rose
from 56% in 2018 to 89% in 2022.

In 2021 and 2022 respectively, CERN disposed

of 5111 tonnes and 8812 tonnes of non-hazardous
waste, and of 1544 tonnes and 1285 tonnes of
hazardous waste, including 307 and 519 tonnes
of radioactive waste.

I~ | "ERN Eaviraarmant Benasd

@+ EMISSIONS *®
184 173 C0e

CERN's objective is to red direct emissions
by 28% by the end of Run 3 compared to the 2018
baseline year, which corresponds to a maximum
target of 138 300 tCO,e.

The scope 1 emissions in 2021 and 2022 were
123 174 and 184 173 tonnes of GO, equivalent
(tCO, &) respectivaly.

The total amount of scope 2 greenhouse gas
emissions due to CERN's electricity consumption
was 56 382 and 63 161 tCO,e in 2021 and 2022
respectively.

Total scope 3 emissions arising from business travel,
personnel commuting, catering, waste treatment and
water purification amounted to 7813 and 8856 tCO.e
in 2021 and 2022 respectively.

Scope 3 emissions arising from procurement,
which are reported for the first time, amounted to
98 030 tCO,e and 104 974 tCO,e in 2021 and 2022
respectively.

NOISE

CERN is committed to restricting noise at its site
perimeters to 70 dBA during the day and 60 dBA
at night.

Ower this reporting period, CERN implemented
measures to improve its noise management, including
the installation of an online real-time monitoring
system at Point 2 of the LHC and Point 4 of the SPS.
Average noise levels measured on the boundaries of
CERN's sites are typically around 50 dBA during the
day and 45 dBA at night.

WATER
AND EFFLUENTS

The Laboratory is committed to keeping the
increase in its water consumption below 5% up

to the end of Run 3 compared to the 2018 baseline
year, which corresponds to a maximum target of
3651 ML, despite a growing demand for water
cooling at the upgraded facilities.

In 2021 and 2022, CERN used 2661 and
3234 megalitres of water respectively.

IN BRIEF
2021-2022

@ » BIODIVERSITY » @
18 species of
orchids

Inventories of flora and fauna were conducted in
2022. A further two species of orchid were identified,
bringing the total on the CERN sites to 18, as well as
62 species of Lepidoptera and 32 species

of Orthoptera.

RADIATION
< 0.01 mSv

The European annual dose limit for public exposure
to artificial sources is 1 mSv. CERN is committed
to keeping its contribution to no more than 0.3 mSy
per year.

The actual dose received by any member of the
public living near the Laboratory was less than
0.01 mSv in the reporting period, which is more
than 100 times lower than the average annual dose
received from medical exposure per person in
Switzerland.

This reporting pericd saw the completion of the second
long shutdown and the restart of the accelerator complax
(Run 3} with a view to reaching the new coliision energy
of 13.6 TeV at the Lange Hadron Coliider (LHC). In some
domains environmental indicators may be wery different
during shutdown years compared to operation years, sothey
are shown for both years to highlight this, where relevant.
2022 indicators are prominently shown for those domains
where pricrity objectives have been defined, namely Energy,
Emissions and Water and Effluents.

KNOWLEDGE
TRANSFER

In 2022, CERN launched the Innovation Programme
on Environmental Applications (CIPEA), which spans
four focus areas where CERN's know-how can be of
use, namely renewable and low-carbon energy; clean
transportation and future mobility; climate change
and pellution control; and sustainability and green
SCience.

Eight projects were selected for implementation
with the financial support of external partners
or the CERN Knowledge Transfer fund.

@+ IONISING +*®

H=-M37 T




UN Climate Roadmap (Paris Agreements)
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UN Climate Roadmap (Paris Agreements)

By 2050, we are required to
become Net-Zero

 Reduce as much as possible
emission

« Absorb/Compensate what
remains
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Global
GHG

Emissions
(tCO,e)

CERN decarbonisation seminar. 24 November 2023

ARUP

To limit global warming to 1.5°C (relative to 1900), the
estimated remaining carbon budget from the beginning of
2020 iS < 300 billion t htips.www.ipee.chireport/ar6/wel/downloads/report/IPCC_AR6_WGI_SPM final pdf

International
35 billion t transport
Oceania
Asia (excl. China
and India)
30 hillion t
25 billion t
China
20 hillion t
15 billion t India
Africa
South America
- North America
10 billion t (excl. USA)
United States
5biliont g A

European Union

(27)
Europe (excl.
0t EU-27)

1750 1800 1850 1900 1950 2021

Data source: Global Carbon Budget (2022) OurWorldInData.org/co2-and-greenhouse-gas-emissions | CC BY
9

ARUP Seminar: https://indico.cern.ch/event/1334547/

20 March 2024
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Where are the main drivers
of CO2 emissions?

Environment Report 21-22

« Contribution n. 1: LHC experiments
* FCC Detectors will not use those gases
» Other projects as well
« WP dedicated in the Detector R&D Roadmap

e Contribution n 2:

* Raw materials
« Services (transport etc...)

 Publishing Scope 3 emissions is a step
forward towards its optimization, but requires
a real cultural change.

e Our suppliers are often not ready, need to work with
them to ensure transition at affordable cost...

200000

Scope 1
180000

Scope 2
160000

® Scope 3
140000

120000

tCO,e

100000 5
80000

60000 g

105 843
113 930

40000

156 382
63 161

20000

0
2021 2022

CERN’S TOTAL SCOPE 1,2 AND 3 EMISSIONS 2021-2022
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file:///C:/Users/losito/Downloads/156-165-PB%20(3).pdf

Scope l

Detectors and cooling circuits
CANNOT use GHG gases
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SCOPE 3 emissions detall by class
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buiding and onths CERAMN  and raw frequency snd magrets wacte Tempersiurs
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protection
EMISSIONS BY PROCUREMENT FAMILY 20212023 aquipmant
“Chhar® inclutes: office Suppies, furniturs, rancpart, nandling and venicles; cemtralized expansas and codes for internal ute; particks and
photon detectors; heatth, safety and ervironment: optics and photonics.
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Contents LCA approach

Life Cycle Assessment

Context

A Life Cycle Assessment (LCA) systematically
assesses the environmental impact of a product or
asset throughout 1ts life cycle. The purpose of this
LCA is to inform a baseline indication of the
environmental impact of the underground construction
of CLIC and ILC, and to identify opportunities where
reductions in environmental impact can be made to
help inform decision makers and future design
optimisation.

The life cycle 1s broken down into life cycle modules,

as outlined n BS EN 17472:2022.

A LCA can be completed for different parts of the life
cycle, most common bemng A1-A3 Al-AS5 and A-C
modules.

The scope of this LCA 15 A1-AS5, which includes the
raw maternial extraction to construction activities on
site. AS 15 split into ASa and ASw, construction
activities and material wasted on site, respectively.

This final report evaluates A1-AS for the three
proposed linear colliders as highlighted mn section 1.1

A1-A5 assessment

Benchmarking

BS EN 17472:2022

Before use stage

[AC-AS]

Sensitivities & reduction opportunities

Use stage
[B1-B8]

End of life stage
[C1-C4]

Conclusions

Al Preliminary studies B1 Use ci Decons_tfuctmn!
Demaolition
__________________ B2 Maintenance
A1 Raw material supply C2 Transport for Disposal
B3 Repair
C3 Waste Processing for
A2 Transport B4 Replacement recovery
BS Refurbishment
AJ Manufacture C4 Disposal

Ad Transport to works
site

Ab (ASa & ABw)
Construction process

B6 Operational Energy
Uze

B7 Operational Water
Lise

Scope of LCA

B& User utilisation of
infrastructure

ARUP

Benefits and
Loads beyond
the system
boundary
(O]

Reuse
Recycling

Benefits and
loads of
additional

infrastructure
functions




LifeCycle Assessment: CLIC & ILC

66kV Cables \
6.6kV Cables 3

~

~
-~ e v ) - - Lcw Supo!y_-_ ~ /LPOS
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- : Retam ety LW o CRYOMODULE
F 9“ : = { a~oe

kYot~ AN = CHW SR~
X i ; i
- b——-o——c:—' 1 I ¢ O

- : u:”lér ) = j
“"'_':_ - s 10 ] \* . KLYSTRON Transport Vehicle
CLIC Drive beam, 5.6m dia. CLIC Klystron, 10m dia. ILC, 9.5m span
Geneva Geneva Tohoku Region, Japan
Energies: 380GeV, 1.5TeV, 3TeV. Energies: 380GeV Energies: 250GeV
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LifeCycle Assessment: CLIC & ILC

AT-AS GWP (TCO.e)
600,000t UN Breakthrough Outcomes for 2030

n
[
[
[}
=

For the bult environment sector, the UM breakthrough

¥, 400.000t outcomes for 2030 detail that 100% of projects due to be
300 000t completed 1n 2030 or after are net zero carbon 1n
operation, with at least 40% less embodied carbon
200,000t ——
compared to current practice. This has been set to make
100,000t S sure the sector 1s on track for 100% projects to be net
o zero carbon across the whole lite cyele by 2050
CLIC Drive CLIC LC 9.5m
Beam K hystron span . . .
5.6m dia 10m dia https://climatechampions.unfccc.int/system/breakthroughs/

 We need to consider how to get to net zero carbon operation and 40% less impacting
construction for our future projects....
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https://climatechampions.unfccc.int/system/breakthroughs/

Concrete

« We will need concrete for any new project CEMBUREAU

 Production of concrete is inherently
producing CO,

« From Limestone (CaCO,), through Cementing

calcination (heating at 1450°C): the European
+ CaCo,»Ca0 + CO, Green Deal

REACHING CLIMATE NEUTRALITY ALONG THE CEMENT
AND CONCRETE VALUE CHAINBY 2050

« For all projects, already today (and even o
more in 2050) the impact of construction of
new accelerators will overcome the impact
of their operation because of concrete!
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CEMBUREAU 2030 roadmap

CO, reductions along the cement value chain (5Cs: clinker, cement, concrete, construction, re-carbonation)

Concrete: Is there hope?

-116

2017 emissions

1990 emissions

783
 The cement Industry in Europe is trying to

move towards a more sustainable future.

* In 2024 a new plant in Norway will start ey
producing cement with low CO2 emissions

« We don’t know which quantities they can CEMBUREAU 2050 roadmap
produce, how much it will cost, and how fast
competitors will react. -51

e 5C - Construction
€O, capturein Carbonation

buit environment -51 —116

@ 2017 emissions
« 6 more plants in Europe are on the way to be ‘|l"

Concrete mix '
1990 emissions "

completed. S
783

kg CO,/t of cement

CO, reductions along the cement value chain (5Cs: clinker, cement, concrete, construction, re-carbonation)

-160

5C - Clinker

-117

S
By 2030, we might have a decent probability o | E
%

. Decarbonated raw materials -27
Bi 71

to purchasing low CO2 cement

<
N
s

« At what price?
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Context for future
projects: Energy

(SDG7: Affordable and Clean Energy)




CERN OUR]ER Reporting on international
high-energy physics

Physicsv Technology~ | Community~v Infocus Magazine

POLICY | OPINION

Less, better, recover —

25 May 2022

1/2/2024 R. Losito, ATS-DO, Chamonix 2024




BETTER:

« CERN s the first Laboratory 1SO 50001
certified.

 Certification implies the establishment
of improvement goals, and of
continuous monitoring.

 The process is not limited to the experts
on the field: the line and top
management have to be continuously
Informed of the status of the KPIs and
take action.

« The Energy Management Panel
(standard and Enlarged) are the bodies
used to manage and control Electricity
Consumption.

29 August 2023

ISO 50001 certification

ENERGY
hlicc i MANAGEMENT

N° 2023/103380.1 Page 1/1

NOR Certification certifie que le systéme de managemen n place
AFNOR Certification certifies that the management system .'mp emen ed by:

Organisation européenne pour la Recherche nucléaire (CERN)
European Organization for Nuclear Research (CERN)

pour les activités suivantes :
for the following activities:

RECHERCHE FONDAMENTALE EN PHYSIQUE DES PARTICULES.
FUNDAMENTAL RESEARCH IN PARTICLE PHYSICS.

a été évalué et juge au. i pal
hasbeenassessed nd four crro mee e requ Jremem‘s of:

ISO 50001 : 2018

ot st déployé sur les sites suivants :
and is develof ped n the following locations:
Adresse N° SIREN
Esplanade des Particul - GEl
01, route de Saint-Genis FR-01280 PREVESSINMOENS 445403488
(L'ensemble de ivités d reprise sur les sites donnés est couvert par la certification)
m: scope cation covers all activities carried out on the above-mentioned lacations)
(¢

o conmcat e valabio 3 COMpLer o (2WEoMOour)

cemtficate s vaiid from (year/montday) 2023-02-02 e

—

st o
J I NIZRI
Certificati

2026-02-01

ecteur Gén on
Manag ing /rec nranFNOR Certification

Presenter | Presentation Title

23




Area needed to generate 1.3 TWhly

(no contingency, no distribution, no storage...)

Collongesemdly, $, Pension/Au poil A 3 L Y. A
433 ‘ ’ I Hotel'Sejoursi& Affaires
= . D724 B
‘," Saint:Genis;RouillyPOUILLY

W

Fort|'EcIGse) &

MUCELLE

Chevrier

Blue Marti—ni—AvuIIy @

4/ Moun:Roget
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Electricity in FRANCE for CERN

« The management of PPA contracts will be

. . complex
PPA implementation at CERN
i conea Lm « The mix of sources (Solar, Wind Onshore and
et oo N offshore, Nuclear) shall have to be carefully
considered to ensure our constant baselod is
I affordable and cost effective
Batoncing senvices
* Also, we will have to assure the flexibility we
I — \ have now, or reconsider the lifecycle of the
e " Prysical ¢ 25 accelerators (e.g. day/night,
— — summer/winter...)
{ }m( ) —— L «  We will most probably need storage onsite,
| | need to hope in breakthroughs, or help/invest
— R —— in R&D

Courtesy of N. Bellegarde
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ISO 50001 Action plan

I

Cooling and ventilation consolidation projects 6 GWhl/year
75 consolidation projects for buildings 10 GWh/year
Science Gateway 200+ MWh/year
Optimisation of Cryo operations mode 25 GWhlyear
Heat recovery projects
Meyrin and Prévessin 30+GWhlyear
Ferney-Voltaire 20 GWhlyear (for the neighbors)

24 January 2023 N. Bellegarde, LHC Chamonix Workshop

Update on energy contract & ISO 50001 certification



Electricity in FRANCE Today

& 18 France < Production Consumption
2023
- N Country Zone
[l Datais aggregated 0.06% estimated  \V/
93% 28% \
Carbon Intensity Low-carbon Renewable
gCO.eq/kWh
Electricity Consumption Carbon Emissions

Total electricity consumption by source |~2 0.06% estimated

Display data from the past 2023

Hourly Daily Monthly O Yearly

Carbon intensity (gco.eq/kwh)

I
0 300 600 900 1200 1500

4 “

L 4

| | | | | 1 |
2017 2018 2019 2020 2021 2022 2023 v
™
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Electr|C|ty In FRANCE in 2050

ENERATION MIX SCENARIOS - Several Scenarios possible, including or not Nuclear.

« Source: RTE

 Which option will become reality is not only a political choice:

Nuclear is phased out in 2050:
the decommissioning of existing
nuclear reactors is accelerated
and the rate of development of

« Technology breakthroughs are necessary to use renewables
* Increase efficiency of sources

e, 20 aw

£} 26 GW

solar, wind and marine energies
is pushed to the maximum.

Very robust development of
distributed renewable generation

Development of environmentally-friendly energy storage technologies

across the country driven in large
part by solar. This development
implies strong mobilisation

on the part of local actors

and governments.

B 206w

7l 216w

« ...but also political...
»  Acceptance from local communities to have sources in their backyard

Very robust development of all
renewable technologies, driven
notably by the instaliation of large
onshore and offshore wind farms.
Focus on economic optimisation and
the technologies and geographic
areas with the highest efficiency

to allow economies of scale.

fi 20 6w : L . . . .
& 136w «  Simplification of authorisation procedures with reduction of time needed to

implement new plants
* Doing all that in respect of the environment...

Launch of & programme to build
new nuclear reactors, developed

in pairs on existing sites every

five years starting in 2035.

Robust development of renewables
to offset the decommissioning of
second-generation nuclear plants.

fg,ucw
i * The rate of installation of new renewable plants needs to increase dramatically
wrt today...

Launch of a programme calling

for the faster development of new
reactors (& pair every three years)
from 2035 with a gradual ramp-up.
Renewable energy development
continues but at a slower pace
than in scenarios N1 and M.

-
B
%
E
e
%
&
&

s |+ Net-zero Impact in 2050; ~15+25 gCO,eq/kWh
+ ~30+50 KT CO,lyear for a 2 TWH/year class of collider: small but not zero

i A * Important to optimize the design, develop technologies such as High Efficiency
Klystrons, HTS for magnets, A15 for SCREF...

The generation mix is evenly split
between renewables and nuclear
in 2050. This implies keeping
e:usllng nuclesr f)ower plants

n service for as long as passible
and proactively developing &
diversified mix of new nuciear
(EPR 2 + SMR).

R. Losito | Sustainability in future Colliders | ALEGRO WOrkshop 2024
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https://assets.rte-france.com/prod/public/2022-01/Energy%20pathways%202050_Key%20results.pdf

Running on renewables and when electricity Is cheap

Two studies in 2017:

Supply the annual electricity demand of the CLIC-380 by installing local wind and PV
generators (this could be e.g. achieved by 330 MW-peak PV and 220 MW-peak wind
generators) at a cost of slightly more than 10% of the CLIC 380 GeV cost.

» Study done for 200 MW, in reality only ~110 MW are needed

+  Self-sufficiency during all times can not be reached but 54% of the time CLIC could run
independently from public electricity supply with the portfolio simulated.

« Can one run an accelerator as CLIC in a mode where one turn “on” and “off” depending
prices (fluctuating with weather, demand, availability etc) ?

» Specify transition times (relatively fast for a LC) and the annual luminosity goal
« Significant savings — but the largest saving is the obvious one, not running in the winter.

 Flexibility to adjust the power demand is expected to become increasingly important and
in demand by energy companies.

More information (link)

/| Number:
Main states: 10, 20 etc.

3
a2 w1 2 s
Transition states: XY
(from X to Y)
Sals 3 LPR LPR -3 S&is 581y LPR LPR -5 S&lu
3
s

T ¥ T e.g. 12: from 10 to 20
2 s i

Figure 1-1: Schematic representation of the finite state machine

Energy

Pool

Clearing is key to erase consumption peaks

(Regenerative) Power availability varies
Linear accelerators have no stored beam -> ideal for flexible operation

Study by Fraunhofer institute considered running
on renewables and patrticipating in demand side flexibility

Courtesy S. Stapnes
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https://edms.cern.ch/ui/#!master/navigator/document?D:100259949:100259949:subDocs
https://commons.wikimedia.org/wiki/File:Baltra_Island_-_Wind_Turbines.jpg
https://creativecommons.org/licenses/by-sa/4.0/
https://indico.esrf.fr/event/2/contributions/94/

Technology: HTS

International
UON Collider
Collaboration

Target & Capture Solenoids for the Muon Collider

E, =2.9GJ EM=1GJ

Top= 4.2 K Top = 10...20 K
US-MAP M_,is = 200 tons Mcoils = 110 tons IMCC
Proposal Mshield = 300 tons Mshield = 196 tons Proposal
(<2016) P=12 MW P=1MW (2023)
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Superconductivity: RF

Objectives for WP9
Innovative superconducting cavities

To improve performance and reduce cost of SRF acceleration systems

WP9: Innovative Superconducting _ Small community | )
Thln Film Coated CaVitieS + We built together a global strategy to be able to produce Superconducting RF (SRF) cavities

coated with a superconducting film. Not only IFAST, (informal) WW collaboration

+ Itincludes pursuing the optimisation and the industrialisation:

« Substrates preparation (Nb, Cu), e.g. PEP, metallographic polishing
« Pre-and posttreatment (laser)
« The production of seamless coppercavities

Oleg B. Malyshev (UKRI) / Claire Antoine (CEA) - The optimization deposition techniques: MS, PVD, ALD... to get Nb, NbN, Nb,Sn, V,Si... thick films
i (um) and/or SIS Multilayers (nm)
WP9 coordinators =)

INEN * Produce and RF test prototypes of SRF cavities at 6 & 1.3 GHz Easier to handle, fabricate,
L/ dissect to provide fast feedback

@: AST PICCOLL. * Produce accelerator type 1.3 GHz cavities (feasibility assessment).

& Science and @FAST
Technology
Facilities Counc

secd funding fromthe £

QLB Malyshey | WP2 | Znd LFAST Annual meeting | 18-21 April 2023 5
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High Efficiency Klystrons
(I. Syratchev)

State of the art. Commercial MBK (low perveance) tubes with high efficiency.

After 8 decades of development the klystron
technology was considered to be saturated. The
experimental results from hundred’s of different
devices have shown that higher efficiency is
associated with lower perveance. Accounting for
technological and cost reasons (uK>0.2), the 75%
efficiency was predicted to be the utmost limit.

VIBK TH1803
«8 10 beams ! o
21 MW Klystron efficiency vs. perveance
1.0 GHz ) 85
- - A 10 MW, Toshiba, E3763
@ 10 MW, CPL, VKIL-8301
810 W 20 MW, Toshiba, E37503
TH1BO3: T_M#{10 pis) Frr {10Mz) @ 20 MW, Thales, TH-1803
s
73.5% .
ms ,; 75
<
b | T
| o2
e =
i . T
*
23.04.2017 B
"
RF measurements with 65
= :

directional coupler.

i “y
[ 1a) :
u n o 4] 1 w u " »n n u
PN e
! 0 02 04 0.6 0.8 1 12
_ E» - uK (pA/VIZ)

7" Low Emittance Rings Workshop, CERN, January 2018 I. Syratchev, CERN




Permanent Magnets

Shepherd et al, IEEE Trans Appl SC, vol. 22, no. 3, p4004204 (2012)

ZEPTO Q1: High Strength Shepnerder/,IPAczo131_+ﬂ,@_4§

» High gradient: 60 T/m

» Can reduce to 15 T/m by moving PMs up to 64 mm

» Tuning using variable gap in magnetic circuit
* Magnetic force: 16.4 kN per side

+ Pulling PMs parallel to magnetic axis - large forces
* Some unwanted magnetic centre movement

(100 pm) due to ferromagnetic rails
* 4 NdFeB blocks, each 18 x 100 x 230 mm
Gradient 15-60 T/m

Max gradient

Min gradient
w + Polegap 27.2 mm .
- Field quality +0.1% % ;
Fixed , over 23 mm ?l: ,,,;”1\, i |
ixed field guality ~ + Length230mm 2 %o
g6 R s
g 4 ¢ stretched wire -+ “\‘\‘ >
2 ® rotating coil : : ;
v 0 10 20 30 a0 60
stroke [mm] 2

d « Adjustable Permanent Magnets « Nanobeams, 1-3 Feb 2021 - 16
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Rare earths for permanent magnets: blessing
or curse?

Although permanent magnets can significantly reduce the energy consumption of accelerators, their use of
rare earths requires best practices, as discussed by experts at the latest . FAST workshop.

13 APRIL,2023 | By Denise Volker (DESY), Andrea Klumpp (DESY) & Mike Seidel (PSI/EPFL)
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RECOVER

Comment réchauffer un quartier en
refroidissant le LHC

L’eau chaude issue du systéeme de refroidissement du LHC au point 8 va étre récupérée
pour chauffer un nouveau quartier de la commune avoisinante de Ferney-Voltaire

23 JUILLET,2019 | ParAnais Schaeffer

"
3
'&’lllllllllllltlllllllllllllllIlll.lllll»l}‘..-l'l_I}‘.ll-J"’
4» \g P8 CERN
\.
Des sondes géothermiques implantées dans le sol sous le nouveau quartier (les 9 « grappes » rouges sur I'image) permettent de stocker de la chaleur. uvelle Zone d amenagement concerté l,ZACJ actuellement en construction a Femey-Vo(tawe_ En rouge, le réseau de réc uperatlon de

chaleur quireliera le point 8 a ce nouveau quartier (Image : Territoire d'Innovation)

29 August 2023
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Establishing a Working Group on
“Sustainability Assessment of Accelerators”

* We have been commissioned by LDG Chair to draft a charge for a new working group that will
develop guidelines and a minimum set of key indicators pertaining to the methodology and scope
of the reporting of sustainability aspects for future HEP projects

* This group will effectively define to all new infrastructure proposals what they should quantify and
report upon so that fair comparisons can be made between these proposals

* Having clear and common indicators will ensure that projects are not accused of cherry picking
only their most favourable sustainability numbers

Open Meeting of the European Laboratory Directors
Group

J. Clarcke (STFC), B. Heinemann (DESY & U.
Freiburg), M. Seidl (PSI)

Jul 10-11, 2023
INEN - Frascati National Laboratories

Europe/Rome timezaone



Can we compare different colliders based on
sustainability?

A sustainable accelerator needs to minimize its impact on the Environment and on the
available resources, while maximizing the value returned to society

Need to compare not only what is consumed, but also what is produced!
« Scientific case
« Training of people

* Innovation potential

While it is “easy” to evaluate the resources consumed, evaluating the advantages
looks more subjective...

Therefore, scientific approaches are developed to assess the socio-economic impact
of Scientific Projects:

20 March 2024 R. Losito | Sustainability in future Colliders | ALEGRO WOrkshop 2024




M. Florio, G. Catalano, FCC week 2022:

TO SUM UP

* Economists have convinced governments that investing in science is the best option
for long term sustainable economic growth

* But governments still need to be convinced project by project that funding of a
specific project will have a positive socio-economic impact

* This is why microeconomic analysis (for example CBA) and other evaluation methods
are increasingly applied to science

* Socio-economic impact studies increasingly required by international and national
institutions to fund large scale research infrastructures

* The scientific case comes first, the socio-economic impact case second, along with
technical, environmental, legal, political considerations: winning the game on the
different dimensions of decision making

20 March 2024 R. Losito | Sustainability in future Colliders | ALEGRO WOrkshop 2024




M. Florio, G. Catalano, FCC week 2022:

May 31, 2022/ FCC Week 2022 Massimo Florio (University of Milan)

EUROPEAN STRATEGY FORUM ON RESEARCH INFRASTRUCTURES

ESFRI engages in well-defined roadmapping processes with
publicly available rules and procedures. Socio-economic
impact has become one of important considerations in the
road-mapping process that identifies European investment
priorities in Research Infrastructures, as it has been formally a

considered as one of the evaluation criteria since ESFRI NEW PROPOSAL SUBMISSION
Roadmap 2016 mamnrmum Lumuvgﬁ%mm o mwv‘.‘lu'v.r.tm

l‘ EXECUTIVE BOARD

GUIDELINES ON COST ESTIMATION
OF RESEARCH INFRASTRUCTURES

SEPTEMEER
201

NATIONAL
DEMUNES

INTERACTION CHECK
WITH MIRIU.L KEY
ESFRI numnun REQUIREMENTS

PLENARY FORUM

?-é)-O-C.)I
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CONCLUSIONS

« Building and operating a CO,-free Accelerator is not easy

« Assumptions to get to “net-zero” in 2050 imply large uncertainties, since several technologies
will need to be developed at paces that we don’t see today

« Large Laboratories need to undergo a profound change of culture:

* Less, better, Recover
« Training to Lifecycle assessment must become common practice

« Alarge contribution to the CO2 footprint across the lifetime of a new collider will come from its
construction:

« Mainly from Concrete: CO2 free production are starting to appear, but costs will probably be much higher...

« Socioeconomic Impact assessment will be a must (and is anyway required by ESFRI...)
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