CERN Accelerates SuUSTAINABILITY!

R. Losito, CERN
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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
society, thereby boosting the Organization’s visibility
and consolidating the support of governments and
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‘Across all these areas of activity, CERN will continue to \ \\\k:f;g‘.z:,dﬁg
ensure that their impact also contributes to advancing . %ité"f,

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’. @

Charlotte Lindberg Warakaulle | CERN and the SDGs
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Sustainable Development Goals &) £ meumuos
The basics

(({ 41/‘
«  On 25 September 2015, the United Nations General me . . . .

Assembly unanimously adopted Resolution 70/1, g mawonws W g memmono i 1 e
Transforming our World: the 2030 Agenda for . .

Sustainable Development, laying out 17 Sustainable
CLIMATE 4 5 LIFE 1 PEACE, JUSTICE PARTNERSHIPS
AGTION BELOW WATER ON LAND fn'fe,”rﬁ{."ﬁgﬁs LACHTITEE  SSTAINABLE
DEVEITOPMENT
il &= ! GOALS

Development Goals, aimed at mobilising global efforts to
end poverty, foster peace, safeguard the rights and

» Each Goal is broken down into defined and
specific targets (169 in total) that propose

dignity of all people, and protect the planet.

e 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, concrete paths to reach each Goal; the targets
non-governmental groups, businesses and any other are all complementary strategies to fulfil
entities working on a specific Goal. their respective Goal.

* Yearly meetings are organised to present the actions » Each target has then its own indicators,
undertaken and the progress made. which are the variables that can be measured

and assessed to report on the progress made.

Charlotte Lindberg Warakaulle | CERN and the SDGs




Mapping
CERN contribution to the Goals

SDG 3 - HEALTH
CERN helps to develop
technologies that
contribute to better
healthcare for all, such
as medical imaging and
hadron therapy.

SDG 4 - EDUCATION
Education is one of
CERN'’s core missions.
We offer high quality
programmes that inspire
thousands of students,
teachers and young
researchers each year.

Diversity is a core value
for CERN. Our diversity

policy aims at leveraging

the added value that
comes from bringing
together people of
different nationalities,
genders, professions

e 2017 initial mapping => 5 Goals identified for priority
» 2021 updated mapping => 2 further Goals added —
SDG5 and SDG7 => to align with Management Objectives

SDG 7 - ENERGY
CERN develops
strategies to minimise
the increase of energy
consumed by the
installations, increase
energy efficiency and
implement energy
recovery.

CERN inventions are
brought to industry
through knowledge
transfer, to have a
positive impact on
society and innovation.

SDG 16 & 17 -
INTERNATIONAL

COOPERATION
CERN is a successful
model for international
collaboration. CERN

gathers researchers from

all over the world,
contributing to human

and ages. knowledge and peace, for

the benefit of all.

CERN's Yoar of Environmental Awareness
CERN’s MAIN ENVIRONMENTAL OBJECTIVES

SESAME

This new synchrotron light source in
Jordan started operation in 2017. It
is a unique collaboration between
eight Middle East members,
modelled on CERN'’s governance
structure.

BEAMLINE FOR SCHOOLS
COMPETITION

Students from the two winning
teams spend a week at CERN to
carry out their experiment using a
CERN accelerator.

HEATING LOCAL HOUSING
Heat recovered from CERN's
accelerator cooling systems to

THERAPY

Accelerators provide particle
beams for more targeted cancer
treatment.

Exploring the universe requires
new technologies and ingenious
heat a new residential area in the engineering to build the machines
town of Ferney-Voltaire, benefiting that explore physics at a new

up to 8000 people. frontier.

First ever targets-based strategy to
boost the nationality and gender
diversity within the Staff and
Fellows population.

Charlotte Lindberg Warakaulle | CERN and the SDGs




European Strategy

=~

Environmental and
societal impact

A. The energy efficiency of present and future accelerators, and of computing
facilities, is and should remain an area requiring constant attention. Travel also

represents an environmental challenge, due to the international nature of the field.
The environmental impact of particle physics activities should continue to
be carefully studied and minimised. A detailed plan for the minimisation of
environmental impact and for the saving and re-use of energy should be part

of the approval process for any major project. Alternatives to travel should be
_ explored and encouraged. -




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
INFEN - Frascati National Laboratories

Europe/Rome timezaone



Panels/Activities at CERN with direct impact on
SDGs

Mainly campus- International
Organisations

Mainly accelerator-related CERN-wide

CERN
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29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




e Sustainable Accelerators Panel

« R. Losito, chair
« E. Metral, Deputy chair

« M. Bernardini, Scientific Secretary

e Liaise with future accelerator projects to develop full lifecycle sustainability as a key
consideration at the project inception phase.
o This should include high-level energy management scenarios.
o Consider the issue of waste management along the lifecycle at future accelerators;
also consider end-of-life dismantling.
o Identify and quantify the potential of energy efficient accelerator technology for use
in present and future accelerators.
o Evaluate the potential impact of accelerator design and novel accelerator concepts
in present and future machines and initiate studies where appropriate.
o Explore the use of sustainable materials and components in accelerator construction

and evaluate the impact of adhering to international standards in sustainable
procurement.

23 March 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




e Sustainable Accelerators Panel

e Applications
o Identify innovative accelerator technology with the potential for use in such
applications as power/energy distribution and energy storage.
o Where appropriate, support exchange with external partners to leverage use of in-
house technology in a sustainability context.
e Disseminate
o Collate and publicize CERN’s efforts in the sustainable accelerator technology domain;
publicize CERN’s efforts and track developments at sustainability related conferences
and workshops.

23 March 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




e Sustainable Accelerators Panel

e Collaborate
o Monitor and support exchange with partners engaged in alternative forms of energy
generation (e.g. ITER, MYRRHA).
o Explore and exploit where appropriate links into external programmes such as
Horizon.
e Overall, act as forum and focal point for the diverse efforts in accelerator sustainability at
CERN and provide a contact point for interaction with external partners.

The work of the panel is parallel with the ongoing efforts of EMP and Energy Coordination, close
communication should be ensured by membership. Given the domains of interest indicated above,
the panel is ATS centric and reports to the ATS director.

23 March 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




Panels/Activities at CERN with direct impact on

SDGs

International

Mainly accelerator-related CERN-wide Mainly campus- atio
related Organisations
Sustainable : : CERN
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R. Losito, Sustainability and future accelerators, challenge or opportunity?
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CERN Environmental Protection Steering Board

 Main body for prioritization and
implementation of environmental Protection of natural resources lonising radiation

objectives ) /

Prevention of

« Created in 2017, involves members of the Y s JORR
ED, line management and units for y

Air protection

management of energy and environmental
footprint.

« Steers projects for about 40 MCHF Non-jonising rediation Sster protection

* Retention basins and new STEP to control effluents

« Cooling towers upgrades

* Dismissal of oil-based transformers E \
nergy management O

* Replacement of GHG in detectors  \

Environment@CERN
™
\j.},\

Q
|

Soil protection

&zardous substances

 Coordinates the editing of the CERN ‘
Environmental report Environmental noise

* Inventory of Scope 1, 2, 3 emissions, biodiversity,
Noise & waste managements.... Waste menagement .~

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




In order to control you need to measure...

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

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

« Measuring allows to establish objectives and E’;}(QL;”“W
allocate funds...

&

23 March 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




CO2 Emissions, Scope 1 (Direct) and 2 (Indirect)

—  The future is bright!!!

— ] « Scope 1 emissions dominate CERN’s emissions
160000 * Most of them due to (now) obsolete design of
s0000 detectors

20000  Difficult to eliminate in near future in LHC, but

experiments have promised to reduce by at least
100000 T
] ~30% with LS3.
20000 .
] * Repair leaks
GO000 # LHC sxperiments - Particle detection .
LHC sxperiments - Detector cooling ® Change fIUIdS
_ i 1=

Other experiments -
* Heating (20 - o2 * Massive use of CO, as coolant
20000 Orthiar
# Hactricity consumption (EDF)
[]

o Eloccty consunpton 40521 « For the next generation of colliders, this
line will (almost) not be there anymore!!!

L]

CERN SCOPE 1 AND SCOPE 2 EMISSIONS FOR 2017-2020 BY CATEGORY.

Other includes air conditioning, elecirical insulation, emergency generators and CERN vehicle fleet fuel consumption. Emission factors for electricity: ° S CO p e 3 e m ISS I O n S are | eSS th an 5% .

EDF Bitan des émissions de GES 2002-2020 for EDOF and Bitan Carbone® V8 for Hungary.

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




R&D on Detector technologies

A common issue for many gas based detectors is the need of eco-friendly gas mixtures. In the context
of CERN's environmental policy, the CERN Environmental Protection Steering Board (CEPS) is following
up on the environmental impact of gas based detection systems. New eco-friendly gas mixtures or novel
solutions for the gas system and in the detector need to be investigated: a few critical examples to be
replaced are SFs, C2H2F4 for RPCs or CF4 mainly for timing GEMs [1].

CERN-OPEN-2018-006

Strategic R&D
Programme on
Technologies for
Future Experiments

CERN

Experimental Physics Department

December 2018

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




Panels/Activities at CERN with direct impact on
SDGs

Mainly accelerator-related CERN-wide Mainly campus- Intern_atlo_nal
related Organisations
] : : ¥ CERN
: Sustainable - - . : "o
H  Accelerator Pi nel - H  Procurement Gr. Village 4 Contribution to
5 = E CIPEA : the goals
- Present : Present Present . Present
. Long-term . o H Medium-term : Medium-term L i Medium-term
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R. Losito, Sustainability and future accelerators, challenge or opportunity?

29 August 2023




SDG 7: Affordable and clean Energy

« CERN is managing its electrical consumption responsibly since at least 10 years, well before
the establishment of the SDGs.

 Recently issued an Energy* policy with three pillars:

« LESS: Reduce consumption (consolidation & operation)

* Precise Forecasting & Measurement
 BETTER :

« Raising awareness

« RECOVER : Waste energy

*Energy is not only electricity...

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




Energy consumption at CERN

= New: Addition of liquid nitrogen as an energy source (following certification audit)

- 7.3 GWh/year when cooling down the LHC, 3.1 GWh/year otherwise

=  Consolidated figures

Répartition de la consommation énergétique du CERN
Année 2022 - Total: 1,267 TWh

Azote liquide;
0,24%

\r'g

Consommation énergétique du CERN sur la période 2015 a 2022
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Gaz; 3,56%

Carburants; 0,29%

Consommation énergétique [MWh]

mElectricité mGaz mCarburants Azote liquide

\Electricité; 95,91%

7 June 2023 EnEMP #3 — Energy consumption and performance

indicators — Update




LESS: Improved efficiency, recent cases

Facility upgrades: East Area Renovation New equipment
(done during recent LS2) (Cryogenic Refrigerators for HL-LHC)
Compressor station LHC 18 kW @ 4.5 K helium cryoplants

of LHC 18 kw@ 4.5 K helium refrigerator 33 kW @ 50 Kto 75 K, 23 kW @ 4.6 K to 20 K, 41 g/s liquefaction
3 Diameter: 4m

4.2MW input power e 20m
Weigth: 100 tons

T y 600 Input/Output signals

‘‘‘‘‘

: A set of requirements (performance,
Powering energy:

From 11 GWhlyear to around 0.6 GWh/year technology) to a.llow industry to provide the
(> 90% reduction) optimum for a given scenario:

Warning: Optimisation of a system (powering, cooling) makes Adjudication: CAPEX + OPEX (10 years)
sense only when considering collective effects on users !!!

12-Oct-2022 S. Claudet | Energy Management at CERN, an overview




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

20




BETTER: Energy performance plan (2022-2026)

CONTENTS

Main technical document together with the
« energy review » including the:

» Retained perimeter

» Energy baseline

» Summary of actions carried out in the past
» Energy performance indicators

» Objectives and targets for the next 5 years
» Action plan for the next 5 years

» Benchmark against other research institutes

Definition of 8 Significant Energy Uses (SEUs)

» Energy use accounting for substantial energy
consumption and/or offering considerable

potential for energy performance improvement

24 January 2023
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Significance of

Average p—
Use sector or use Energy consumption 2015— — /consungly tion in
2018 (GWh) P
LHC Electricity 657 GWh 55%
SPS Electricity 324 GWh 27%
PS complex Electricity 125 GWh 10%
Data centres (Meyrin and ALICE .. "
and LHCb experiments) Electricity 32 GWh \ 3% J
Meyrin buildings Electricity 35 GWh 3%
Prévessin buildings Electricity 16 GWh 1%
Meyrin heating Gas 52 GWh LHV 82%
Prévessin heating Gas 11 GWh LHV 18%

N. Bellegarde, LHC Chamonix Workshop

Update on energy contract & ISO 50001 certification

95%



BETTER: Forecasts & measures

CERN Energy Forecast tool 2nd version, integrated in Web-Energy tool to combine
Machine Schedule
mode/date/machine
] forecasts & measures Counting structure : geographical overview
e =
i ‘
Consumer Schedule " W | o kS p—
mede/date/consumer
Load data Daily Consumption !abfa )
I moqalconsxﬁ; /K datsiconsumen M = 249 energy counters (@ 18KV and 3.3kV levels)
e f'}:m N : someineg, Pl £ ; i 116 end-consumers, organized in a 5-stages counting tree
T
e CERN 2017 Measures: global accuracy better than 1% !

= —Model output
w Sentto Energy
w —Contractor

= model = communication and
modelisation delays

120

100

Ty

80

60

Bonus for accuracy: 12/12 => 120 k€ !!!

14% 15% 11% 9% 9% 7%
20 bonus | | bonus bonus | | bonus bonus | | bonus | | bonus bonus bonus | | bonus bonus bonus
£ L Ll L L L)
4 k€ 4 k€ 6 k€ B kE 12 k€ 12 k€ 12 k€ 19 k€ 12 k€ 12 k€ 10 k€ 6 k€
0
01/01/2017 01/02/2017 01/03/2017 01/04/2017 01,/05/2017 01,/06/2017 01,/07/2017 1,/08/ /09 01/10/2017 01/11/2017

12-Oct-2022 S. Claudet | Energy Management at CERN, an overview



https://energy.cern.ch/

BETTER: Forecasts &

awalreness

* In order to raise awareness, already
since years the line management (group
leaders, equipment owners) receive a
“virtual” invoice for the equipment under

their responsibility

« [tis virtual in the sense that groups are
not charged with the mentioned cost, but
gives them a sense of the impact of their
work, and the possibility to follow up

along the years.

29 August 2023

R. Losito, Sustainability and

&

User LHC Cooling

This invoice is being sent to **:
olivier crespo-lopez@cern.ch

serge.deleval@cern.ch

Year 2017

Date of issue  19-Jan-18
Invoice # LHCCool_2017-1
EDMs# 1886026

Technical contact:
Bruno MOUCHE, EN-EL

bruno.mouche@cern.ch

Your electricity consumption in 2017: 61.3 GWh
Your share of CERN's total consumption: 5.4 %
Your virtual invoice for 2017: 2.52 M€

(energy + transmission)

Figures are extracted from the WebEnergy application, with daily prices applied according to CERN's energy and transmission

NB: energy counters are located on the high voltage netweork, which means that it is not possible to achieve perfect granularity in
the counting structure. Some compromises have therefore been made when defining the boundaries between consumers. The
counting structure is public and available on the WebEnergy application. For any queries, clarifications or information, please don't

hesitate to contact us, or consult the application.

** please feel free to contact us to update this list.

LHCCool_2017-1(1/2)




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

R. Losito, Sustainability and future accelerators, challenge or opportunity?




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



Will we have renewables
on site?

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




Area needed to generate 1.3 TWhly

(no contingency, no distribution, no storage...)
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29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




WIND AND SOLAR GENERATION IN EUROPE
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Source: international Energy Agency
O'Connor (2023) Supergrid - Supersolution
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Reinforcing the European Grid

Celtic
Interconnector

>

m Batch 0
Batch 1
= Batch 2
® Qutside of batches

Bolstering of
France-switzerland

(

Transpyrenean
projects

Lonny-Achéne-
Gramme

Savoie-
Pié@mont

French Transmission Ten Year network development plan - 2019 edition

@ ESSRI 29.09.2022

Batch 0
3 GW
TIFA2
ElecLink
Savoie-Piémont

w5 GW
Biscay Gulf
Avelin/Mastaing-
Avelgem-Horta
PST Aubange
Vigy-Uchtelfangen
Muhlbach-Eichstetten

Batch 2
r5 GW

Lonny-Aché&ne-
Gramme

Celtic Interconnector

2 France-Great
Britain projects

Bolstering of
France-Switzerland

Outside of batches
1 France-Greal
Britain project
Transpyrenesan
projects

15 GW in 2015

30 GW in 2035
o Power Exchange |

Capacities doubled by
2035

o 39 GW of Capacities by
2050




How can we procure CO, free energy?

« We already do!!!

« 80% of our energy comes from French Nuclear, the rest is purchased on the market through
EDF and reflects the standard mix of French energy.

 The EU is establishing a new policy that aims at encouraging the investment in renewables,
targeting at the same time stability for the producer and for the customer through 2
mechanisms:

 Power Purchase Agreements : between producers and large consumers, long (>15 years) contracts at
fixed or indexed price with limiting mechanisms

 Two-way Contracts for Difference: Between providers and public entities, used to stabilise the price for
both the consumers and the providers limiting losses for the providers but also unjustified gains.

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




PPA implementation at CERN

Main contract
« 3+1+1 years

- BVFM (flexibility) ) (iERN

» Calendar baseload ~ 000 2
90%, less” = ,

~ 10%, more?

Aggregator contract
« Balancing services
 1to 3 years

PPA-PV contract #1 PPA-PV contract #2
* Physical « as » Physical « as
produced » produced »
« 15years * 15 years

Other PPA contracts
* To be further studied

r 7 June 2023 N. Bellegarde - ENEMP #3 — General update



How can we procure CO2 “free” energy?

https://app.electricitymaps.com/map

24 h (15 August) 12 months

Aug 15, 2023, 3:00 PM
July 2023

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?



https://app.electricitymaps.com/map

Running on renewables and when electricity Is cheap

Two studies in 2017:

Legend
*  Supply the annual electricity demand of the CLIC-380 by installing local wind and PV B Trarehion states
generators (this could be e.g. achieved by 330 MW-peak PV and 220 MW-peak wind S
generators) at a cost of slightly more than 10% of the CLIC 380 GeV cost.
«Study dane for 200 MWA/_in reality anly =110 M/ are needed Mai s 10, 0t
Self-sufficiency during all times can not be reached but 54% of the time CLIC could run H H F&H Fh ‘m’
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) ?
) alia uice darirtual iarninosity gyual Figure 1-1: Schematic representation of the inkte state machine
« 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)
Energy
el 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
C. Gaunand, B. Remenyi: Introduction to Demand Side Flexibility
C\E/R'—\W ESSRI Workshop 2022 https://indico.esrf.fr/event/2/contributions/94/ 33



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/

LifeCycle mindset




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




An example: CLIC & ILC tunnels LCA

« At the beginning of 2023, CLIC & ILC decided
to go through an LCA exercise for the tunnels
(no accelerator component or detector, no
technical infrastructure...).

« The exercise was based on the specific
instruction coming from the standard
BS EN 17472:2022 which provides a specific
calculation methodology for civil engineering
construction works aaal

About ecoinvent

e Performed with software SimaPro 9.4.0.2 with

Ecoinvent 3.8 database.

. _ _ ecoinvent is a not-for-profit association based in
* Itsimportant to underline again that the results do not Zurich, Switzerland, dedicated to the availability of

intend to give a real, precise number, but rather to high-quality data for sustainability assessments
compare among different projects and different phases worldwide.
of the project...

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




(N Fce FCC Week 2023 / 6"June 2023 Luisa ULRICI- CERN Grant agreement No 951754

1 . ®"
Mining the Future p—
the
« Publication of the competition on 1st May 2021 = FUTURE?®
= COMPETITION
* First phase ended in October 2021: 12 proposals, 4 selected by
the international jury (9 members)

. Proposed applications focus on different phases of the excavated
material treatment and reuse.

« Type of participants: Key players in excavation projects as well as
new startup and research institutes

« Second phase: 4 selected are progressing with the feasibility study
to bring the proposal to at least TRL4* . Submission by end of
June 2022.

« Final event with announcement of the winner: 27 September 2022.

*TRL: Technology readiness level. Level 4. Technology validated in laboratory



o FCC FCC Week 2023 / 6"June 2023

Luisa ULRICI - CERN

Grant agreement No 951754

A "locally innovative” approach

Courtesy of J. Gutleber

The priority for FCC is to propose a large-scale
re-use of excavated materials including carbon
capture potentials (follow up of Mining the Future®,
which was seen by the EC as an excellent
initiative).

The aim is to re-use the material locally as much as
possible, keeping transport nuisances low and
providing fertile soil for agriculture and re-
forestation.

Work is ongoing since December 2022 to etablish
the framework for a real-scale demonstration of
the innovative solutions.



Luisa ULRICI - CERN Grant agreement No 951754

Next steps

Proposals need to be

« demonstrated at real scale level

» developed jointly with the host state
technical public administration services
(e.g. DT, DDT, DREAL) and local actors

 validated and accepted by the host state
authorities accompanying CERN.

Phases:

 ldentification of demonstration land plots

« Definition of type of culture (crops, trees, etc.) and
parameters to be monitored

« Study of tolerance to pollution

Access paths:
— | Connected soil sensors 5 m wide

'o" = —
Connected cameras | trial cells: Iy 1

Observation
molasse molasse window

| Existing substrate/

Open Sky Laboratory: 20 test field cells, 55 x 50 m = 2’750 m?
Irrigation system

Courtesy of J. Gutleber



O FCC FCC Week 2023 / 6"June 2023 Luisa ULRICI - CERN Grant agreement No 951754

Regional opportunities
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The collected data will be used to:
» build a preliminary cost analysis for the excavation material reuse and disposal.
« develop scenarios for a LCA study for the potential construction of railroad connections.



xample: Renaturalisation of the river “Aire” In
eneva




Our force: New technologies,
new approaches

(Incomplete collection of ongoing actions...)
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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




Superconductivity: High Field Magnets

100000 | Development of robust and
cost-efficient processes
10000 |—-H€
= Robust Nb;Sn
E
-
= 1000
&
§ 100 HL-LHC QXF\&/ 1
> HL-LHC 11T |
E 10 Y
©
o /..
[ ¢ Ultimate Nbs;Sn ,
1 Fresca2 ) Exploration of
MDPCT1 el HTS new concepts
0.1 and technolggies
High Field Magnets 5 10 15 20 25

Bore field (T)
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HTS Is the future?

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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Panels/Activities at CERN with direct impact on
SDGs

Mainly accelerator-related CERN-wide Mainly campus- Intern_atlo_nal

related Organisations
' ¥ CERN :
ACCSeLlISEZ::g?glzneI Enlarged EMP = " i (:ontribution to E
: - : the goals :
- Present Present :
. - ) . Present . .
Long-term MeZirSrSrirt]érm MeZirS;e-?érm . Medium-term i = E—— Medium-term .
. o %, Long-term %, o e, X
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CIPEA — CERN Innovation Programme on
Environmental Applications

Transverse programme started in 2022 on the initiative of the
Knowledge Transfer Group to foster Environmental Applications
based on CERN technologies with potential global impact

- High Level Strategy ( ‘

CERN Innovation Programme

on Environmental Applications | ¢ FROMCERN >
| TECHNOLOGY

¢NVIRONMEY .

- Call for Ideas 2022 CIPEA

TO SOCIETY

- Poles of Competence CERN)Y KT |
\ Knowledge Transfer
< / Accelerating innovation
@) :” » ~\§O CERN Innovation Programme on Environmental Applications — Enrico Chesta 48
- g mon | e Famec




CIPEA - High Level Strategy

CLEAN TRANSPORTATION AND
/-\ FUTURE MOBILITY
Production % Aviation
Transformation &/ Shipping
Distribution Rail
Storage Automotive
CERN KNOWHOW
Superconductivity
High Field Magnets
High Vacuum
Cryogenics
Materials
Artificial Intelligence
Advanced Sensors
Rad-Tol Systems
Thermal Control
Radioprotection
SUSTAINABILITY AND CLIMATE CHANGE AND
GREEN SCIENCE POLLUTION CONTROL
Power Management Monitoring
Heat Management Modelling
Industrial Processes Mitigation

Knewledge Transfer

CERN Innovation Programme on Environmental Applications — Enrico Chesta




CIPEA - Flagship Projects under Implementatlon

CLEAN TRANSPORTATION
AND FUTURE MOBILITY

CLIMATE CHANGE AND
POLLUTION CONTROL

SUSTAINABILITY AND
GREEN SCIENCE

Agreement with GTT to support
the design of large cryostats for | 67'7'
the maritime transportation of
liquid hydrogen

Technology for a Sustainable World

Partnership with Airbus to assess «,
SC power distribution options for @

future electric/hybrid airplanes
using liquid hydrogen AIRBUS

Collaboration with ESA Phi-lab to
develop Al algorithms to analyse

Earth Observation space images
for climate monitoring

Project with ABB to improve
energy efficiency of CERN cooling
and ventilation with smart sensors
and digital twins

AL HR HD
FAIpw

S

~_—~

CIPEA | it

CERN Innovation Programme on Environmental Applications — Enrico Chesta 50



Conclusions

D)
. Sustainability is a complex problem, that ‘ Drive discovery and creation of knowledge

requires an holistic approach _ _ _
_ _ _ ‘ Driver of innovation
» Solid and attractive physics case \

‘ Integration of research communities
« Optimisation through technologies, materials, \

recycling waste.... ‘ Strong links to industry

» Visible return to society (Education, training....)

« Capability to communicate to general public

‘ Outreach and education
/4
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