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International Workshop on Future Linear Colliders (LCWS2024),
Tokyo University, Japan, July 8-11, 2024

Industry Session Conveners:

Tohru Takahashi (Hiroshima U.)
Jie Gao (IHEP)
Maxim Titov (CEA)
Juan Fuster (IFIC)
Nuria Catalan Lasheras (CERN)
Valery Dolgashev (SLAC)
Masakazu Yoshioka (KEK/
Iwate Prefectural U.)
Marc Winter (IJCLab)
Nobuhiro Terunuma (KEK)
Osamu Jinnouchi (Tokyo Inst. 
Tech.)

Sustainability Session:

Benno List (DESY)
Takayuki Saeki (KEK)
Brendon Bullard (SLAC)
Maxim Titov (CEA)



Industrial Forums at the Linear Collider Workshops 
ECFA LC2016 (Santander, Spain): June 2016
https://agenda.linearcollider.org/event/7014/sessions
/3895/#20160601

https://agenda.linearcollider.org/event/7371/ses
sions/4305/#20161206

LCWS2016 (Morioka, Japan): Dec. 2016

LCWS2017 (Strasbourg, France): Oct. 2017
https://agenda.linearcollider.org/event/7645/sessions/45
37/#20171025

Among
participants:

ZANON, RI, 
THALES, 
ALSYOM,

INEUSTAR,
AAA, Piges, 

AMICI, …
CLIC-related

industries



Industrial Forums at the Linear Collider Workshops 
LCWS2018 (Arlington, USA): Oct. 2018
https://agenda.linearcollider.org/event/7889

LCWS2019 (Sendai, Japan): Oct. 2019
https://agenda.linearcollider.org/event/8217

Session + Exhibition (~ 100 companies)

LCWS2021 (Europe, Online): Mar. 2021
https://indico.cern.ch/event/995633/sessions/
387855/#20210316

First Industry Forum Online

ALCW2018 (Kyushu, Japan): May 2018
https://agenda.linearcollider.org/event/
7826/sessions/4652/#20180529



LCWS2023 @SLAC: International Workshop on 
Future Linear Colliders (May 15-19, 2023)



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):
• I. Large-Scale Research Facilities & Sustainability / Life Cycle Assessment(LCA)
• II. Sustainable Accelerator Technologies
• III. Europe-Horizon and National Sustainability-Supporting Programmes
• IV. Green ILC and Local Industries

Green ILC - ILC Energy
Center (Arthistic View)



Visit to Geothermal Power Plant in Hachimantai-city
• Novel (small) production 

plant (7.5 MW power 
generation capacity) 
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



EU-EAJADE: Sustainability Communications

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

Communication @ IPAC2023 with S. Reichert,
Editor at Nature Physics, responsible for 
accelerator physics content (May 2023)

CERN COURRIER ARTICLE
March/ April 2024:



EU: Europe-Horizon Sustainability-Supporting Programs

 Innovation Fostering in Accelerator Science  and 
Technology (I.FAST): https://ifast-project.eu

 Europe-America-Japan Accelerator Development  
Exchange Programme (EAJADE):
https://www.eajade.eu/

 Innovate for Sustainable Accelerating Systems 
(iSAS): https://indico.ijclab.in2p3.fr/event/9521/

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

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



https://cds.cern.ch/record/
2800190/files/146-138-PB.pdf

Sustainability Working Group 
(added to 5 LDG Expert  
Panels) since January 2024



Mandate / Charge of Sustainability LDG Working Group 
 Definition of key indicators to be reported 

Possible examples:
- Peak / instantaneous lifetime- & specific (per 

luminosity) energy consumption 
- Lifetime and specific Global Warming Potential 

(GWP), including construction 
- Include margins of uncertainty and possibly an 

assessment of the potential for improvement 

 Definition of methodology & assumptions to 
be applied for transparent determination of 
key figures across proposals. 

- The maturity of a proposal should be  determined, for 
example, at early concept  phase, CDR, TDR levels 

 Identification of additional high level 
environmental impacts that may be relevant 
for all or specific collider proposals 

 Also, VERY IMPORTANT - impact on society 
and public appreciation of the WG report:
HEP benefits and decarbonization path for 
the future large – scale accelerator RI’s



Some Other (More Technical) Objectives

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

• Assessing the potential for dynamic operation of the various facilities:
- i.e. the ability to adapt to a fluctuating energy supply in a grid fed by renewables. This 

may include standby mode power consumption, recovery time to full luminosity and 
fraction of integrated luminosity per year preserved in a dynamic operation scenario.

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

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

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

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

• How HEP labs represented in the LDG can share/build up expertise jointly

LDG WG may comment on other aspects if deemed appropriate, for example:



WG Composition (Endorsed by LDG in Mar. 2024)

• Walib Kaabi - PERLE, EU-iSAS
• Mats Lindroos - ESS  (deceased May 2, 2024)
• Roberto Losito - CERN Sust. Panel   
• Ben Shepherd - STFC Sust. Task Force 
• Andrea Klumpp - DESY Sust. Panel, EU-iFAST
• Hannah Wakeling - ISIS-II Neutron & Muon Source
• Patrick Koppenburg - NIKHEF Sust. Panel
• Johannes Gutleber - FCC
• Yuhui Li                      - CePC
• Benno List                 - ILC
• Emilio Nanni - ICFA Sust. Panel & C3
• Vladimir Shiltsev - LHeC
• Steinar Stapnes - CLIC & Muon collider
• Caterina Bloise - Co-Chair
• Maxim Titov - Co-Chair, EU-EAJADE

Panel consisting of 15 members with technical expertize in evaluation of accelerator 
sustainability and future collider project representatives 

Ensuring broad 
community  representation:

• Sustainability Lab. Panels  
established at CERN, 
DESY, ESS, NIKHEF, 
STFC 

• ICFA Sustainability Panel
• EU- Horizon Programs
• Future accelerator 

projects: FCC, ILC, 
CePC, CLIC/Muon, 
LHeC, C3

• Invited experts on 
specific topics

LEARN, SHARE and BUILD-UP expertise 
with other HEP sustainability initiatives



LDG Working Group Activities (6 Meetings So Far)
Broad range of topics shared:

• Reports from the CERN and STFC Sustainability 
ESS, Snowmass ITF 

• Evaluations carried out  for  Future Higgs 
Factories (FCC, ILC, C3, CEPC)

• On key LCA issues

• Invited contributions on Decarbonisation
for Large RI, H.Pantelidou (ARUP), 
EU-Horizon Project RF2.0, G. DeCarne

• (KIT), Reduction of GHGs in particle 
detectors, B. Mandelli CERN)

Elaboration of WG report started

 Structure and basic content suggested by 
reports to the WG and follow-up discussions

 Draft report is expected by end of 2024 

 Report as an input document to the ESPPU
due by March 2025



WG mandate : 
Development of guidelines and a 
minimum set of key indicators 
pertaining to methodology and 
scope of reports on sustainability 
in future HEP projects

Overleaf area for the WG report
has been created

In what follows, the detailed outline and 
potential topics  are presented:  

- not all of them can be addressed in 
a limited time by end of 2024

- A homogeneous evaluations of 
all issues will probably need 
more time to develop and 
deserves a strategy to be 
pursued

WG REPORT DRAFT: TOPICS and CONTENT (Preliminary)



• Foreword

• Executive Summary (for wide public) and Main Recommendations

• Social – Economical Benefits of Particle Physics in Relation to the UN Sustainability 
Development Goals (environment, economy, society):
- Fundamental Physics Knowledge
- Accelerator and Detector R&D (context of strategic ECFA R&D Roadmaps)
- Education, Innovation, International Cooperation, Cultural Exchange

• Setting the basis for sustainability of the long-term accelerator infrastructures: 
- Best practices determining GWP for large-scale infrastructures
- EU Policies (e.g. PNIEC, …) 

• Life-Cycle Assessment for Future Accelerators – Methodology and Reporting:
- Scope and boundary: LCA for future facilities is “a MUST”
- Overview with unified table for accelerator sustainability parameters, esp. GWP?
- Common approach to report and evaluate the data, assessment methodologies:

- impact categories 
- sensitivity of the footprint to the evaluation method and related uncertainties

WG REPORT DRAFT: TOPICS and CONTENT (Preliminary)



• Green House Gas Emissions footprint for future accelerator facilities: 

Developing a tool and guidance for quantification could be a good recommendation 
for the strategy: e.g. evaluate and optimize CO2 impact in a staged approach at 
early concept phase, CDR and at TDR level over the full lifecycle

- civil construction: LCA studies for accelerator infrastructure (e.g. tunnels, 
caverns) and Civil engineering (LCA A1-A5)

- accelerator construction: carbon intensity  / lifecycle inventory studies for some 
major accelerator components (e.g. RF and magnets); develop reference set of 
impact values for some commonly used accelerator materials (high-purity niobium, 
permanent magnet alloys etc.)

- accelerator operation: Treatment of carbon intensity of electricity related to energy 
source - depending on future energy mixes and regions:

- which scenarios should be assumed?
- how to treat differences e.g. in carbon intensity between different host   
countries (regional vs globally averaged impacts)

- the cost of carbon, shadow costs scenarios and associated uncertainties
- particle detectors: construction, impact of detector gases, computational footprint
- decommissioning: recycling and disposal of used components, site reuse; 

develop criteria to estimate impacts (?)

WG REPORT DRAFT: TOPICS and CONTENT (Preliminary)



• Mitigation and Compensation Strategies, Decarbonisation and Impact Reductions:
- optimization of large civil & accelerator construction footprint & better/greener 

materials (inventory of concrete, steel, Cu, niobium)
- responsible procurement 
- align to future energy markets & electricity provisioning

- energy and power optimization (improving the key technologies energy efficiency 
and overall design) and recuperation (ERL, waste heat management, …)

- invest in R&D on green technologies 

- sustainable operational concepts:  potential for dynamic operation of the various 
facilities; power purchase agreements & renewable energy sources

- “nature-based” interventions for carbon removal (e.g. environmental studies)
- integration in local environment / power grids

• Recommendations for Future Work / Optimization:
- additional high-level environmental impacts (e.g. rare earth, …)
- attribution of long-lived infrastructures to projects
- where can large accelerator labs develop new common approaches

• Summary of Evaluations
Annexes – Decarbonization Scenarios, Legislations, Standards, etc …

WG REPORT DRAFT: TOPICS and CONTENT (Preliminary)



Life-Cycle Assessment: Targets and Issues

Ultimate Goal: 
Collect and provide data in 
tabular form, provided and 
endorsed by the projects, 
for a figure as shown below

optimize facility (internal); recommend  improvements (Lab/FA); communicate to public (society)

LCA standards for the assessment of future accelerator infrastructures are not set:

- Common approach how to report and evaluate the data for accelerator RI’s (which impact 
categories, treatment of CO2 intensities, attribution of impacts to long term projects);

- Common table for sustainability parameters, esp. GWP;
- ISO standards may be too rigid for accelerators to perform full LCA  “simplified LCA”;
- Many LCA software available  different packages can give different results (data handling)
- LCA database is the most impactful element (global vs. local, age of database, accelerators 

use non-standard materials, often not available);
- Are there relevant differences in Standards / Methods (e.g. Midpoint ReCiPe 2016 (ILC) vs 

Endpoint EN 17472  (FCC)) that need to be addressed?

(E.g. metric to compare the 
carbon costs of Higgs factories, 
balancing physics reach, energy 
needs, and carbon footprint for 
both construction and operation)

B. List, 
H. Wakeling

E. Nanni, M. Breidenbach et al., PRX Energy 2, 047001



Open Questions: Regional versus Globally Averaged Impacts
• Carbon intensity of electricity production 

varies enormously across regions &countries
 reference values for assumed CO2 
intensity of electricity for relevant regions/labs

• Carbon intensity of materials also varies
– Different local standards
– Different geology, primary minerals, 

concentrations
– Different carbon intensity for local energy, esp. 

electricity (-> copper, niobium)
• Civil construction: steel and cement mostly 

from local sources, adhere to local codes 
• Result of LCA depends heavily on 

– Source of used materials
– Construction and operation site
– LCA Method: use local values or global 

averages

Should one evaluate impacts using site-specific 
or globally averaged impact values?
 or use general LCA database and move to 
more local information as the project matures 
(for materials CO2 content) ?

IEA (2022), World Energy Outlook 2022, IEA, 
Paris https://www.iea.org/reports/world-energy-outlook-2022, 

License: CC BY 4.0 (report); CC BY NC SA 4.0 (Annex A)

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

B. List 

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


Decarbonisation and Large Research Infrastructures

• Funding and financing landscapes are 
changing rapidly in Europe and beyond, 
which will require addressing carbon 
explicitly in the business case for large 
research infrastructure

• Mitigation of the transition risks for RI’s:
this can lead to increase of costs,   
reduced funding – maybe one of the 
future discussion topics within the WG 
– start developing thinking …

H. Pantelidou / ARUP
• Understand in each area what are 

the largest sources
• What to focus on and not focus on
• Start to look at mitigation strategies 
• Developing the tools to do this type 

of analysis for the future



• Identifying relevant initiatives to complement 
decarbonisation efforts: 
- prioritising nature-based interventions  

within and around RI’s, integration in 
local environment as part of the asset 
management  (e.g. CERN generally, 
Green ILC concept)

- potential to contribute towards carbon 
removal through environmental enhancement

Decarbonisation: Prioritising Nature-Based Interventions

J. Gutleber, FCC Renewable Energy Supply Fasibility Study,
https://zenodo.org/records/10023947 

“Green ILC Concept” – paper in preparation, 
to be completed by end of 2024

Construction of accelerator large-scale RI’s has to face decarbonisation path, 
with the associated increase of the shadow Carbon cost over the years 



15:45:00 0:15:00Efforts toward a Green ILC in Japan Masakazu Yoshioka Iwate University
16:00:00 0:15:00CEPC Green Accelerator Technology Development Rui GE IHEP, CAS

16:15:00 0:15:00A Sustainability Strategy for the Cool Copper Collider Brendon Bullard SLAC

16:30:00 0:15:00Sustainability Efforts for Present and Future Accelerator Facilities Emilio Nanni SLAC

16:45:00 0:15:00Whole Life Cycle Assessment approach for linear colliders Suzanne Evans ARUP
17:00:00 0:15:00Lifecycle Inventory input to an LCA for ILC and CLIC Steffen Doebert CERN
17:15:00 0:10:00Need of the hour: Carbon Utilized Concrete (CUCO) Kumar Avadh Kajima Co.

17:25:00 0:10:00
Challenges and breakthroughs in recent RF Solid State PA design by
Radial Combiner design with Initiatives for SDGs

Riichiro Kobana (R&K 
Company LTD) R&K Company LTD

17:35:00 0:10:00Commercialization and fundamental research of waste heat recovery 
technology using adsorption heat storage materials

Yuichi Kouno(Higashi
Nihon Kiden Kaihatsu)

Higashi Nihon Kiden
Kaihatsu

13:00:00 0:20:00Introduction and LDG working group on sustainability Maxim Titov CEA Saclay

13:20:00 0:15:00AAA activities in Japan Osamu Jinnouchi Tokyo Institute of 
Technology

13:35:00 0:15:00ILC Vanguard Initiative Tohru Takahashi Hiroshima University

13:50:00 0:15:00
ILC Site-Specific Activities by Tohoku ILC Project Development 
Center Atsuto Suzuki Iwate Prefectural 

University

14:05:00 0:15:00Introduction of CEPC Industry Promotion Consortium (CIPC) Jinlin GAO(FullCryo) Fullcryo

14:20:00 0:15:00
Industrial Efforts for X-Band Accelerator Structure Fabrication 
(Europe) Pedro Sanchez Morales CERN

14:35:00 0:15:00Inovative Public Procurement Maite del Corte Sanz CDTI
14:50:00 0:15:00Spanish Science Industry update Erik Fernandez INEUSTAR

15:05:00 0:10:00
Significance of participating in ILC-related R&D as a regional 
company located near an ILC candidate site Shinichi Takizawa Kondo equipment

LCWS2024 @Tokyo: International Workshop on 
Future Linear Colliders (July 9, 2024)

INDUSTRY PLENARY:

SUSTAINABILITY PLENARY:
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