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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 Iwate University

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

50 participants;

half by Zoom

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

Å I. Large-Scale Research Facilities & Sustainability / Life Cycle Assessment(LCA)

Å II. Sustainable Accelerator Technologies

Å III. Europe-Horizon and National Sustainability-Supporting Programmes

Å IV. Green ILC and Local Industries

Green ILC - ILC Energy

Center (Arthistic View)



Visit to Geothermal Power Plant in Hachimantai-city

Å Novel (small) production 

plant (7.5 MW power 

generation capacity) Ą

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



I. Large-Scale Research Facilities & Sustainability / LCA

V Objective Assessment of Sustainability Aspects 

of New Large Infrastructures 

(B. Heinemann)

V Experience from ESS on Green Facilities

(A. Sunesson)

V A Life Cycle Assessment of the CLIC and ILC 

Linear Collider Feasibility Studies

(S. Evans)

V The ISIS-II Neutron And Muon Source Life 

Cycle Assessment: An Introduction

(H. Wakeling)

V The HElmholtz LInear ACcelerator HELIAC 

(W. Barth)

V CERN Accelerates Sustainability (R. Losito)

V Optimisation of the FCC Power Consumption 

and Next Steps for Sustainability Studies (J.-P. 

Burnet)

V A Sustainability Roadmap for C3: B. Bullard

V A Sustainability Outlook for CLIC / ILC

(S. Stapnes)



European LDG working group on ñSustainability assessment of acceleratorsò 

will define and identify: 

Å Key indicators to be reported 
Ą Peak / instantaneous lifetime- and performance specific (per luminosity) energy consumption  

Ą Lifetime and specific Global Warming Potential (GWP) including construction 

Ą Include margins of uncertainty and possibly an assessment of the potential for improvement

Å Methodology and assumptions allowing a transparent and objective 

determination and comparison of these metrics across the proposals. 
Ą The maturity of a proposal should be determined, for example early concept phase, CDR, TDR or 

TRL levels 

Å Other high level environmental impacts that may be relevant for all or 

specific collider proposals. 

Å Application to accelerators of European best practices for defining GWP 

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

European LDG WG: Sustainability Assessment of New 

Large Infrastructures



European LDG WG: Sustainability Assessment of New 

Large Infrastructures

Å Other (more technical) objectives: 

Ą Treatment of future carbon intensity of electricity and materials: what scenarios 

should be assumed?

Ą Assessing the potential for dynamic operation of the various facilities, i.e. the ability 

to adapt to a fluctuating energy supply 

Ą Treatment of regional vs global parameters: How to treat differences e.g. in carbon 

intensity between different host countries? 

Ą Carbon intensity / lifecycle inventory (LCI) studies of materials specific to 

accelerator projects: high-purity niobium, permanent magnet alloys etc

Ą Use of open-source LCI databases and Lifecycle Assessment (LCA) tools to ease/ 

automate the assessment for future research infrastructures 

Ą Extending the recommendations for colliders to other scientific endeavours related 

to HEP How HEP labs can share/build up expertise jointly

Å Connects directly to R&D work on sustainable technologies 

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



Å Operation costs dominated by energy (and personnel)

ï Reducing power use, and costs of power, will be crucial  Ą huge uncertainty in how the 

energy market, prices and price variations will be in ~2040 (ILC), ~2050 (CERN projects)

ï 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). 

ï Align to future energy markets, green and more renewables, make sure we can be 

flexible customer and deal with grid stability/quality  

ï Other consumables (gas, liquids, travels, computing é ) during operation need to be 

justified (and estimated)

Å For carbon the construction impact might be (more) significant (also rare earths etc) 

than operational footprint 

ï Construction: CE, materials, processing and assembly ïnot easy to calculate, very likely 

a/the dominating carbon source 

ï Markets will push for reduced carbon, ñresponsible purchasingò crucial ïconstruction 

costs likely to increase 

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

ï Environmental studies, integration in local environment/power grids, very important 

(CERN generally, Green ILC) 

Å Decommissioning ïhow do we estimate impacts ?

Sustainable Construction: Proactivity



Full ARUP report is now available and public:

https://edms.cern.ch/document/2917948/1

Inherent tension 

between invest 

and operation

requires a 

quantitative 

approach: 

Lifecycle 

Assessment

S. Evans @ WSFA2023

Sustainable Construction: Life-Cycle Assessment (LCA)



Sustainable Construction: First LCA Studies for ILC/CLIC

Ref: ISO 14040:2006 Full ARUP report: 

https://edms.cern.ch/document/2917948/1

LCA starting 

point: 

Determine the 

embodied and 

construction 

environmental 

impact of 

tunnel, caverns 
and shafts



If we have energy available at 12.5 g CO2 /kWh = 12.5 kton CO2/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)

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 é

+ 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 ïwill be 

essential for future projects ïCERN implementation information from E. Cennini)

Sustainable Construction: First LCA Studies for ILC/CLIC

Full ARUP report: 

https://edms.cern.ch/document/2917948/1

Next Step;

LCA of CO2 

footprint related 

to accelerator 

equipment



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

H. Wakeling @ WSFA2023



Sustainability Outlook for Future Linear Colliders (ILC/CLIC, C3)

B. Bullard @

WSFA2023

S. Stapnes @

WSFA2023



Nature Editorial: May 2023

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 guidelines for the planning of 

more sustainable large-scale projects.

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


