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EAJADE Workshop on Sustainability on Future Accelerators (WSFA2023)

MORIOKA, JAPAN, SEPTEMBER 25-27, 2023
Aiina Center, the same venue as LCWS2016, hosted by lwate University

Forecast and data management

Green ILC - ILC Energy
Center (Arthi%jc View)

o storage

50 participants;
half by Zoom

96

https://wsfa2023.huhep.org/ ; https://indico.desy.de/event/39980/

Four blocks (not limited to future Higgs Factores and to Linear Colliders):

A |. Large-Scale Research Facilities & Sustainability / Life Cycle Assessment(LCA)
A Il. Sustainable Accelerator Technologies

A Ill. Europe-Horizon and National Sustainability-Supporting Programmes

A IV. Green ILC and Local Industries



Visit to Geothermal Power Plant in Hachimantai-city

A Novel (small) production
plant (7.5 MW power
generation capacity) A
local electricity to power
15000 homes

3 production wells (300 C @
* 2 km depth, 150C @ surface;
: 10% eff. depents on T, P)

Only 20 such plants are
needed to power ILC



|. Large-Scale Research Facilities & Sustainability / LCA

Objective Assessment of Sustainability Aspects
of New Large Infrastructures
(B. Heinemann)

Experience from ESS on Green Facilities The ISIS1| Neuron & Muon Source
el An Introduction
(A. Sunesson)

Hannah Wakeling
John Adams Institute for Accelerator Science,

University of Oxford
EAJ)
26th

A Life Cycle Assessment of the CLIC and ILC
Linear Collider Feasibility Studies AL

Experiences from ESS on Green Facilities

(S. Evans)
. Anders Sunesson
The ISIS-Il Neutron And Muon Source Life s CERN Accelerates SUSTAINABILITY!
Cycle Assessment: An Introduction M s fowrors, . LR
(H. Wakeling) S G R. Losito, CERN

September 26, 2023

26 September 2023
EAJADE Workshop on Sustainability in Future Accelerators (WSFA2023)

The HEImholtz Linear ACcelerator HELIAC
(W Barth) C\&'_\'\ A sustainable strategy for the Cool Copper Collider
; ;_/

Martin Breidenbach?, Brendon Bullard?, Emilio!NanniT, Dimitris Ntounis'.2, Caterina Vernieri'2
1) SLAC National Accelerator Laboratory, 2) Stanford University ™ + ...

EAJADE Workshopien Sustainability in Future; lerators ( ) P~

CERN Accelerates Sustainability (R. Losito) _ _
Optimisation of the FCC Power Consumption 'E'f"t‘:al';f\if't"dde'fs o, LR iy ¥
and Next Steps for Sustainability Studies (J.-P. —

Steinar Stapnes

Burn et) EAJADE WPs: Mot 2792023 FUTURE {ERGY
CIRCULAR
A Sustainability Roadmap for C3: B. Bullard COLLIDER

A Sustainability Outlook for CLIC / ILC
(S. Stapnes)



European LDG WG: Sustainability Assessment of New
Large Infrastructures

European LDGwor Ki ng group on nSustainabi | I t)
will define and identify:

A Peak / instantaneous lifetime- and performance specific (per luminosity) energy consumption
A Lifetime and specific Global Warming Potential (GWP) including construction
A Include margins of uncertainty and possibly an assessment of the potential for improvement

A The maturity of a proposal should be determined, for example early concept phase, CDR, TDR or
TRL levels

Co-Chairs: Caterina Bloise (LNF Frascati), Maksym Titov (CEA Saclay)
A Panel now being assembled, will become active in 2024



European LDG WG: Sustainability Assessment of New
Large Infrastructures

A Other (more technical) objectives:

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

A Assessing the potential for dynamic operation of the various facilities, i.e. the ability
to adapt to a fluctuating energy supply

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

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

A Use of open-source LCI databases and Lifecycle Assessment (LCA) tools to ease/
automate the assessment for future research infrastructures

A Extending the recommendations for colliders to other scientific endeavours related
to HEP How HEP labs can share/build up expertise jointly

A Connects directly to R&D work on sustainable technologies

A To be carried out in close conjunction with ICFA sustainability panel



Sustainable Construction: Proactivity

A Operation costs dominated by energy (and personnel)

Reducing power use, and costs of power, will be crucial A huge uncertainty in how the
energy market, prices and price variations will be in ~2040 (ILC), ~2050 (CERN projects)

Carbon footprint related to energy source, relatively low already for CERN (helped by
nuclear power), expected to become significantly lower towards 2050 when future
accelerators are foreseen to become operational (in Europe, US and Japan).

Align to future energy markets, green and more renewables, make sure we can be
flexible customer and deal with grid stability/quality

Ot her consumables (gas, |iquids, travel s,
justified (and estimated)

A For carbon the construction impact might be (more) significant (also rare earths etc)
than operational footprint

Construction: CE, materials, processing and assembly T not easy to calculate, very likely
a/the dominating carbon source

Mar kets will push for reduced c & rccdngiraction i r e
costs likely to increase

Many other factors than a carbon life cycle assessment, rare earths, toxicity, acidity ..

Environmental studies, integration in local environment/power grids, very important
(CERN generally, Green ILC)

A Decommissioning i how do we estimate impacts ?



Sustainable Construction: Life-Cycle Assessment (LCA)

: ARUP
Inherent tension

between invest Full ARUP report is now available and public:
: https://fedms.cern.ch/document/2917948/1
and operation P

requires a
guantitative
approach:

Life Cycle Assessment

Lifecycle
Assessment

S. Evans @ WSFA2023

System boundaries

Before use stage Use stage End of life stage Benefits and
[AC-AS, [B1-B8] [C1-C4] Loads beyond
the system

C1 Deconstruction/ boundary
Demolition )]

Use

Life Cycle Assessment

Comparative environmental footprint for future linear colliders CLIC and

B2 Maintenance
C2 Transport for

A1 Raw material supply Disposal

Reuse

B3 Repair Recycling

C3 Waste Processing for

Materials A2 Transport recovery

Benefits and
loads of
additional
C4 Disposal infrastructure
functions

B4 Replacement

The International Workshop on Sustainability in Future Accelerators 2023 e —
A3 Manufacture

B6 Operational Energy
Transport & Al Transzion to works
construction

ARUP: *Suzanne Evans, *Jin Sasaki, Ben Castle, Yung Loo, Heleni Pantelidou, Marin Tanaka activities A5 Construction process

B7 Operational Water

@
[= [= =
I @
@ @

CERN: John Osborne, Steinar Stapnes, Benno List, Liam Bromiley
KEK: Nobuhiro Terunuma, Akira Yamamoto, Tomoyuki Sanuki Infrastructure

B8 User utilisation of

. ) BS EN 17472:2022
(*presenters: suzanne.evans@arup.com, jin.sasaki@arup.com)



Sustainable Construction: First LCA Studies for ILC/CLIC

Ref: 1ISO 14040:2006
Linear Collider Options

1. CLIC Drive Beam

5.6m internal dia. Geneva.
(380GeV, 1.5TeV, 3TeV)

2. CLIC Klystron

10m internal dia. Geneva.
(380GeV)

Reference: CLIC Drive Beam tunnel cross section, 2018

System Sub-8)
LIC Drive Beam & Klystron
Tunnels

m | Components

Main accelerator tunnel and turnarounds
Primary Lining
Permanent Lining
Invert/shielding wall

Primary Lining A1-A3
Permanent Lining

BDS, UTRC, UTRA, BC2, DBD, service cavern, IR

cavern, detector and service hall
Primary Lining
Permanent Lining

Tunnels

Main accelerator tunnel, loop sections at both ends,

damping ring tunnel, access tunnels, BDS beam

tunnels, widening sections, reversal pits, peripheral

tunnels, RTML tunnels, AT-DR and AT-DH tunnels
Primary Lining
Permanent Lining
Invert/shielding wall

Main (18m dia. 70m depth) and utility (10m dia. 70m
depth)
Primary Lining
Permanent Lining
Access Hall S/E/M Dome, HE Dome, Detector Hall
Primary Lining
Permanent Lining

Reference: CLIC Klystron tunnel cross section, 2018

Materials

Transport of
materials to site

Material wasted in
construction

Transport of
disposal materials
off site

Construction
process

Electricity mix

2021/2022

Full ARUP report:

3.ILC

Arched 9.5m span. Japan.

(250GeV)

Reference: Tohoku ILC Civil Engineering Plan, 2020

2030 Baseline assumptions

LCA Modules

CLIC Drive Beam

Conc

Concrete: Local by road (50km)
Steel: European by road (1500km)

Concrete insitu: 5%

Precast concrete: 1%

Steel reinforcement: 5%

Concrete and steel recycling: 30km 4

Concrete and steel landfill: 30km by
Spoil: 20km by road
Assumed that 90% of EoL construction ma|

Tunnel Boring Machine (TBM)

Fossil: 12%
Non-fossil: 88%

ARUP

LCA starting
point:
Determine the

embodied and

construction

environmental

impact of

tunnel, caverns

and shafts

ethodology
CA follows the ISO 14040/44 methodology.

https://edms.cern.ch/document/2917948/1 (N Y pr N et !

apro 9.4.0.2 which uses Ecoinvent 3.8 database. The
ReCiPe Midpoint (H) 2016 method has been used to
estimate the environmental impacts across 18 impact
categories — see table to the right.

Data for the CLIC and ILC LCA has been gathered from
CERN and KEK respectively through drawings and
reports, which feeds directly into the Life Cycle
Inventory (LCI).

Data quality

Simapro 9.4.0.2 uses Ecoinvent 3.8 database, released in
September 2021. Ecoinvent is widely recognised as the
largest and most consistent LCI database. Ecoinvent
validates the LCI data through ecoEditor software.
Ecoinvent reviews the data through manual inspection
from at least 3 experts prior to the storage of data in

Ecoinvent database (Data quality guideline for the

ecoinvent database version 3, 2013).

ReCiPe Midpoint (H) 2016 Impact Categories
Midpoint Impact Categories | Abbr. [ Unit |

Global warming GWP kg CO, eq

Stratospheric ozone depletion ODP kg CFC-11 eq
kBg Co-60 eq
kg PM2.5 eq

lonizing radiation IRP

Fine particulate matter formation PMFP

Ozone formation, Human health HOFP kg NOx eq

Ozone formation, Terrestrial

EOFP
ecosystems

kg NOx eq

Terrestrial acidification TAP kg SO, eq

Freshwater eutrophication FEP kgPeq

Marine eutrophication MEP

TETP
FETP
METP

kg N eq

kg 1,4-DCB
kg 1,4-DCB
kg 1,4-DCB
kg 1,4-DCB
kg 1,4-DCB

m2a crop eq

Terrestrial ecotoxicity
Freshwater ecotoxicity
Marine ecotoxicity

Human carcinogenic toxicity HTPc
Humgn non-carcinogenic HTPne
toxicity

Land use LOP

Mineral resource scarcity SOP kg Cu eq

Fossil resource scarcity FFP kg oil eq
WCP m?3

Reference: ReCiPe Midpoint (H) 2016

Water consumption




Sustainable Construction: First LCA Studies for ILC/CLIC

Many caveats, first of all this is a very first indication of the scale:

+ many more components in tunnel (also infrastructure), injectors, shafts, detectors, construction, spoils, etc &

+ upgrades and decommissioning, this is not only an initial important contribution

- Improvement and optimisations (e.g. less and/or better concrete mixes, support structures, steel in tunnels)

- responsible purchasing (understanding the impact of supply chain, costs and potential for changes i will be
essential for future projects i CERN implementation information from E. Cennini)

Consideration of low carbon concrete technologies in ARUP

replacement of Portland cement.

Replace the shielding wall in CLIC and ILC with concrete Full ARUP repo rt.

casing and earthworks fill, repurposed from tunnel excavation. htt pSs: /[ledms.cern.ch/document/2917948/1
Reduce the precast concrete segmental lining thickness for CLIC

Drive Beam and Klystron. Innovations in design could reduce Recomm-

this further.
Consideration of projected 2030 electricity mix at the time of CLIC Drive Beam 380GeV

construction and how this transition can be influenced. Tunnels reduction opportunities

. . . 41% ible A1-A5 GWP reducti
Consideration of steel fibre alternatives such as plant fibres and ¢ possibie reduetion

A1-A5 Tunnels GWP (tCO,e)
recycled rubber tyre steel fibres. 100,000t ’

94,580t
90,000t

It is recommended that the LCA is updated at key design and
development milestones going forward.

-20%

80,000t
-19,124t
70,000t

NeXt Step, ‘3 50,000t
LCA of CO2 ::::::
footprint related
to accelerator

ot

eq ul p me nt % Con enari 5mm ining 2030 projected electricity mix

If we have energy available at 12.5 g CO,/kWh = 12.5 kton CO,/TWh (not unlikely in 2050):
- 20km accelerator construction ~ 20 years of operation.
- 1 km accelerator construction ~ 1 TWh annual electricity (annual LC operation 0.6 TWh)



Life-Cycle Assessment for ISIS-II Neutron & Muon Source

What is being done regarding ISIS-1l and sustainability?

« Within STFC we have been developing a draft of high level sustainability guidelines for large
accelerator facilities.

* Amethodology has been developed for performing a particle accelerator life cycle assessment.

The ISlS_“ Neutron & Muon Source A1 « A comparison of warm and superconducting (SC) LINAC at ISIS-II.
Llfe Cycle Assessment: = Afull life cycle assessment of ISIS-II, starting with analysis of the pre-injector and LINAC to

180 MeV.
An Introduction

Hannah Wakeling ISIS-11 project phase 1.2b plan

John Adams Institute for Accelerator Science,
University of Oxford

« Construction of a small FFA test ring on the
end of the Front End Test Stand (FETS) at
RAL in order to explore the beam dyna= \
EAJADE Workshop on Sustainability in Future Accelerators (WSFA2023) of h\gh \e\’e
26th September 2023 a dra

ilities
: - isa \erator facl
OXFORD W\thm STFGC, th elines for r \arge acce oW Toptiion

argets and a muon target.

ta\nab ‘ ty « Production of an optimal concept design with

credible initial cost estimates.

Construction CO,e impact

Transportation of chalk mound:
89 tCO,e (V430m) OF 208 (V455,) tCOLe
ISIS Neutron and

Access and service tunnels and buildings: Operation Muon Source S e
5459 tCO,e (concrete structure)

; Hetinsas Cumulative CO2 emissions for the FETS(Front End
Supporting buildings: ; : :
Ssgg(stegl frame)g+ 785 (concrete base) + 2 (ch Drift Tube (SDT) including SDT electromagnet powe ) )
= 4287 tCO,e Life Cycle Assessment Conclusion (so far!)

Tunnel & shielding: e ; - Taking note that these are initial results, with further development needed:
6310 tCO,e (concrete structure and shielding) } F]ZT; ikl\(\)nh : } ?)f;q“;\r(l;?] ‘\ 5113:2[ even with highly optimistic UK 2050 power mix forecasts,
: — : concrete and steel construction impacts (16 ktCO,e) do not outweigh
the full lifetime electrical operation impacts (34 ktCOZe).
| FETS [tCO, ] | DT [tCO. ] | SDT
l 23753 3820 | 6 « This is solely through examining the GWP. Other impacts are being examined but the
. a investigation needs further development.

Investigation of decommission is ongoing.
Eg Science and @ wwwisis.stfc.ac.uk 33.8 ktCO2¢
Technology

Facilitios Council — « LCA software has further benefits,
X

O) @isisneutronmuon

ISIS Neutron and - and is the current focus of this analysis.

Muon Source i) uk.linkedin.com/showcasefisis-neutron-and-muon-¢
Science and
Technology
Facilities Council

ISIS Neutron and
Muon Source

ronmuon

’ Wakel I n g @ WS FA2023 ISIS Neutror:.ac:‘c;"cmc“

Muon Source (i) uk linked




Sustarnaniiiy gtdre Linear Colliders (ILC/CLIC, C3)

A sustainable strategy for the Cool Copper Collider

B. Bullard @
Martin Breidenbach!, Bren ; Collider pr0jeCt inputs y WSFA2023
1) SLAC National Accelerator Laboratory,
+ ARUP analysis indicates 80% of construction ~ S. Evans Aprip
NVABDI RIS PSR EIREIIIVATRE  emissions arise from materials (A1-A3), " °“°f:;z§::::“‘ Operatlons emissions

September 27,2023 remaining from material transport and — . ; ;
. Solar and wind are established technologies, By 2040, 8 hours of energy use for C3 at 150
construction process ‘“‘“’%q

the question is how to store it? MW is < 1% of grid capacity

617 5%

* More thorough than Snowmass report - rely on it

for irouts for other Hi ot arel billion kilowatthours Energy outlook March 16 2023 Reference Case
Or Inputs for other HIggs factory parameters:

g

Reference case, 2022 Reference case, 2050 LoW Zero-Carbon 12-hour Pumped-tydro Storage
Technology Cost case, 2050 10-hour Battery Storage

8-hour Battery Storage

6-hour Battery Storage

4-hour Battery Storage

2-hour Battery Storage

B

* Approximate global warming potential (GWP) for

400

tunnels ~6 tn/m for CLIC/ILC, apply for circular sorge

i TOIAIAS GNP 27000 ¢ 300 stand-alone storage

l ad | y \ h NATIONAL collider concepts o o
e == T—— ACCELERATOR — 200 vbeid solar F
g hnv LABORATORY Project Main tunnel length (km) GWP (kton COze) o0 thzd

| Maintumnel _.Other _ +A4-A5 g anbies

90.6 0 W

8

Storage Capacity (GW)
g2 8

]

578 751 939 natural gas and ol

peakers
100 638 829 1040 o5 wuchenr 2020 2025 2030 2035 2040 2045 2050

13.3 97.6 227 270 1 12 241 NREL Storage Futures Study
1.5 73.4 125 Hour of the day

8.0 133 146

o

With access to renewables (e.g. dedicated solar/wind farms),
we can leverage the grid to smooth energy load curve

— any facility can have access to 20 gCO2e/kWh energy with their own solution (e.g. Green ILC)
3

A sustainable strategy for the Cool Copy

Power optimization High Eff. Klystrons SRF
¥ Boaenics L-band, X-band (for applications / Surface treatment, higher gradient,
scans to find collaborators and test-stands improve QO, avoid electropolishing,

pocicol WY remove bulk niobium

change acc. Magretic crout
structure Localcit ek
designs and Catheds coramis -

Linear colliders
Sustainability studies for LCs o8

. 1051 32 33 34 35 36 37 38 39 4 41 i il
Life Cycle Assessments . PP Y |
The designs of CLIC, including key performance avegioe | o £, G gL '.;,:é.
parameters as accelerating gradients, pulse lengths, \f {-  fouswmrue
bunch-charges and luminosities, have been DU e J SramanTs
optimised for cost and power Sewmm colloctor s P O Cavty
Steinar Stapnes o

Material

Power [MW]

Permanent magnets
EAJADE WP4: Morioka 27.9.2023 1.5 TeV CLIC power

E.g. ZEPTO project
CERN/STFC

. N Heat recovery Nanobeams
Figure 3: Overview of possible design of PM dipole for where possible reducing beam sizes

ILC danmping ring.

i Increasing lumi




Nature Editorial: May 2023

Communication @ IPAC2023 with S. Reichert, Editor at Nature Physics, responsible for
accelerator physics content

Nat. Phys. 19, 761 (2023).
https://doi.org/10.1038/s41567-023-02117-0

In the design of large-scale facilities,
performance is weighted against cost. Factoring
in sustainability parameters, such as CO2
emission from energy use or the embodied CO2,
increases the level of complexity and changes
the optimization. For the proposed Compact
Linear Collider and the International Linear
Collider, a life cycle assessment (LCA)
estimated the environmental footprint. Such

assessments provide the accelerator
community with quidelines for the planning of
more sustainable large-scale projects.




