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Introductions
Life Cycle Assessment for Future Linear Colliders

ARUP: Suzanne Evans, Claudia Di Noi, Fragkoulis Kanavaris, 

Celia Puertas, Yung Loo, Heleni Pantelidou

CERN: Steinar Stapnes, Steffen Doebert, Liam Bromiley, 

Edward Fraser Mactavish, John Osborne 

DESY: Benno List

KEK: Nobuhiro Terunuma
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Life Cycle Assessment for Future Linear Colliders

New sustainability led drivers New motivations New Focuses for consideration

Emergence of sustainability for Big Science design development

• Parallel consideration of Science-

Economics-Environment

• Big Science projects demonstrating 

vision and leadership to sustainability

• Societal expectations around climate 

responsibility and resource 

conservation

• Increasingly formal governance 

requirements

• Enables holistic considerations and 

early identification of priorities

• Enables focussed studies, with 

awareness of the broader picture, not 

just on technologies and siting/civil 

design
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Life Cycle Assessment for Future Linear Colliders

Early design decisions Construction vs Operations Construction Decarbonisation

Relevance to ET

• Early design decisions determine the 

majority of the lifetime 

environmental impact 

• Civil engineering dominates 

embodied carbon - early decisions 

crucial

• High carbon, hard-to-abate 

construction materials
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Life Cycle Assessment for Future Linear Colliders

Whole life cycle assessment Benchmarking Supports into other carbon metrics

Why LCA

• Complete, whole life cycle 

environmental assessment 

• Highlights hotspots and avoids 

burden shifting

• Quantifies design alternatives to 

guide optimisation

• Provides a benchmark for big science 

and major infrastructure projects

• Alignment with policy requirements 

and carbon reporting standards

• Application of derived metrics, such 

as shadow cost of carbon and carbon 

pricing
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CLIC and ILC case study

6



Linear collider options

7

Compact Linear Collider (CLIC)

 a) Drive Beam b) Klystron

International Linear Collider (ILC)
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10m

Linear collider options

5.6m 9.5m

5
.5

m

CLIC Drive Beam
 5.6m internal dia. Geneva.

(380GeV, 1.5TeV, 3TeV)

CLIC Klystron
10m internal dia. Geneva. 

(380GeV)

ILC
Arched 9.5m span. Tohoku region, Japan. 

(250GeV)

Reference: Tohoku ILC Civil Engineering Plan, 2020Reference: CLIC Drive Beam tunnel cross section, 2018 Reference: CLIC Klystron tunnel cross section, 2018
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m

Boundaries of the study
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m
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m

5
.5 m

CLIC Drive Beam CLIC Klystron ILC

Reference: Tohoku ILC Civil Engineering Plan, 2020Reference: CLIC Drive Beam tunnel cross section, 2018 Reference: CLIC Klystron tunnel cross section, 2018
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Civil engineering 
(tunnels, shafts and caverns)

Tunnel services

Surface buildings

Machine 

componentry

Civil engineering 
(tunnels, shafts and caverns)

Tunnel services

Surface buildings

Machine 

componentry

Civil engineering 
(tunnels, shafts and caverns)

Tunnel services

Machine 

componentry

Life Cycle Assessment
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Design information
CLIC Drive Beam 380GeV

The CLIC project - O. Brunner et al, 2022 ; CLIC geological profile – CERN, 2025

Construction: 2030

Operation: 2040 for 8 years

• ~12km accelerator tunnel with 

machines

• 12km shallow tunnels

• 135 surface buildings

• 4 shafts

• 30 caverns
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Impact assessment
CLIC Drive Beam 380GeV

11

Materials 
production and 

construction

Operation and 
maintenance

(Machine only)

End of life

(Machine only)

0.7TWh/yr +

No replacement in 8 years
500,000m3 concrete

90,000t steel

400t aluminium

5,500t copper

120t titanium

110t tungsten

80% reused 

20% recycled

Nuclear

Renewables

France electricity mix
 projection 2040

60%

40%
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Impact assessment

12

530,000 

95,000 

Material production

Transport to site

Construction

Maintenance

Operation

End of life

Whole life carbon impact (tCO2e)

CLIC Drive Beam 380GeV
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Note: Operation, maintenance, 

and end of life is machine only
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CLIC Drive beam accelerator tunnel cross section - CERN
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Accelerator hotspots - surface buildings
CLIC Drive Beam 380GeV
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Material production carbon impact (tCO2e)

CLIC Drive beam accelerator tunnel cross section - CERN
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Accelerator hotspots - machine
CLIC Drive Beam 380GeV
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Accelerator hotspots - machine
CLIC Drive Beam 380GeV
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Material distribution by mass and carbon impact
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Accelerator hotspots - machine
ILC 250GeV
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Material distribution by mass and carbon impact

ILC cryomodule - DESY
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Impact assessment comparison
CLIC and ILC
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Reduction opportunities

Evaluate the basic need at 

asset and network level

Assess alternative solutions (design, 

materials, technologies)

Adopt solutions to improve the use of 

resources and design life, including 

following CE principles

AVOID SWITCH IMPROVE

Hierarchy of decision-makingCarbon reduction hierarchy, PAS2080:2023 
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Big carbon reduction impact Small carbon reduction impact

Easy to 

implement

Difficult to 

implement

Operational

Capital

Local renewables 

generation

Heat recovery from 

cooling systems

Advanced cooling 

systems to improve 

cooling efficiency

Alternatives to Portland 

cement

Replace shielding wall with 

concrete casing and 

earthworks fill

Design optimisation e.g. 

Reduce thickness of precast 

concrete segmental lining

Repurpose/reuse steel 

sections at end of life

Maximise the recycling of 

responsibly sourced steel, iron, 

and copper during maintenance 

and at the end of life

EAF steel 

manufacturers using 

green hydrogen

Increase renewable 

energy supply for 

construction and 

operation

Reduce extent of structure e.g. 

reduction in length of drive 

beam injectors complex 

(already implemented)

Reduce alignment depth

Decarbonisation of 

shipping for raw 

materials and products

Prioritisation of reduction opportunities

Carbon reduction hierarchy PAS2080:2023
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Baseline

Opportunity 1:

Tunnels and shafts

- Concrete optimisation

Opportunity 2:

Bored tunnels -

Design optimisation

Opportunity 3:

Underground 

infrastructure -

Decarbonisation of 

electricity

for construction

Opportunity 4:

Buildings -

Concrete optimisation

Opportunity 5:

Buildings -

Low carbon steel

Opportunity 6:

Machine -

Increase recycled 
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Reflections

22

Imperfect data still offers 
meaningful insights

Cross-discipline 
collaboration is key

Collaborate across sites and 

disciplines to fill in data gaps, identify 

specific drivers to differences across 

sites, such as soil conditions, 

geometry, energy source availability.

Share data and 
knowledge

Life Cycle Assessments are still 

relatively new in big-science projects, 

and there is limited precedent to draw 

from. Sharing findings openly is 

essential to help future projects reduce 

their carbon impact.

Carbon management 
from the start

Integrate carbon management from 

project inception. Clear governance is 

essential to ensure carbon management is 

integrated in design development.  

Reduce system 
complexity

Big science infrastructure is a 

complex system with no standardised 

taxonomy. It is important to define a 

clear taxonomy to enable meaningful 

insights to be drawn.

Continual improvement 
across project stages

Embed clear carbon objectives 

and lessons learned into each 

design handover, with assigned 

ownership and consistent metrics 

that carry forward so that insights 

from earlier phases are not lost.

Even with limited data, an early 

high-level carbon assessment is 

valuable because it highlights the 

scale of potential carbon impacts and 

helps identify carbon reduction 

opportunities before changes become 

harder to implement.
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Thank you and questions

Yung Loo

yung.loo@arup.com

Claudia Di Noi

claudia.dinoi@arup.com

Suzanne Evans

suzanne.evans@arup.com
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