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Environmental sustainability

Aims

* To inform ETO WG on sustainability activities at
CERN relevant to current ETO studies

e Lessons learnt from CERN:

— CERN Campus: Regenerative environment and
social programme

— CLIC & ILC: Environmental life cycle
assessment

— Decarbonisation technology
« Comparable underground infrastructure projects
 Steps for Iimplementation at ETO, across sites
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Environmental sustainability

Drivers
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Whole life carbon emissions

* Time

Vision and ambitions Policies, targets and financing Carbon management
» Values and contributions science and +«  Compliance -> shaping of expected »  Capital and operational carbon
society beyond the Science. and future policy . Whole life demonstration of carbon
»  Decarbonisation commitments that «  Stranded asset and technology and energy performance
shape the de_5|gn and go beyond leapfrogging . Carbon as a driver and analogy for
typical metrics of cost and carbon. : :
«  Carbon central to the financing cost
« Social and organisational business case and access to finance

responsibility



Vision and ambitions

ARUP

Climate impact as a decision maker in major projects

newcivilengineer.com M

geplus.co.uk M

GROUND
ENGINEERING

. Cowi-Arup team to design Copenhagen’s
G

% new ‘low carbon’ metro line

©15 JUNE, 2023 | BY THAMES MENTETH

" INDEPTH

How UK and international
tunnelling projects are reducing

their environmental impacts

26 NOV, 2024 ‘ BY BELINDA SMART

Tunnelling specialists around the world are Arup's diagram of the station solution at @sterport with the
s ¥ o e roposed new M5 line
redoubling their efforts to reduce emissions a1 prop)

improve sustainability through design and
A Cowi-Arup joint venture has been selected

to deliver the design, environmental impact
°"" assessment and utility relocations for a new
“low carbon” metro line in Copenhagen,

¢ o

construction.

« &

Metro of the future ‘ M
The greatestpossible valueto'~

society with _‘th%s‘m allest possible
climate footpri ~
- \ ;

§2023-2026

https://www.youtube.com/watch?v=AqyjTCP3HX4&t=153s



o _ _ ARUP
Policies, targets and financing

European policy timeline -
@ Geacral Asscmbly L - el - e
|
= Leaal oot Scaling up of the —————
egally protecta ' 3
Global framework L G £z mtar}ufa;ﬁturln? Sets binding targets
for sustainable ; 2 capacitytorine net- for ecosystem
: Roadmap for net of the EU’s land zero technologies Y
development with g toration by 2050
zero by 2050 area d product restoration by
SDGs at its core y and products
= = EU biodiversity = il [ -
2030 agenda for European strategy & EU The Green Deal Nature
sustainable development green deal soil strategy Industrial Plan  restoration law
2008
Climate Energy : PAS 2080:2016 ISO 50001:2018 E_uropean PAS 2080:2023 EU CBAM
Package — Climate Law
Setting the "20-20-20" A PAS 20802015
targets: a 20% e Carbon Management PAS 2080:2023
reduction in PARIS2015 | inInfrastructure — AT Carbon management in buildings
greenhouse gas or = T e and infrastructure
emissions, 20% of [ Or = o)
energy from International Net zero 2050
renewables, and a Global standard standard for legally binding and )
20% improvement in for carbon energy setting an interim Tarlﬁ on carbon
energy efficiency by management in eI target of reducing Global standard !ntenswe products
2020 infrastructure systems net GHG emissions forcarbon imported into the
y by at least 55% by management in EU (e.g. steel,
2030 infrastructure . cement)
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Policies, targets and financing

Shadow carbon pricing - An important incentive to drive lower carbon implementation

“Penalising the economic performance of carbon intensive projects and sends an important signal to the

” .
market European Investment Bank Climate Strategy https://www.eib.org/attachments/strategies/eib_climate_strateqy _en.pdf

> Propazed EIB shadow cost of carbon
I Building | Heat network 800
Insulation = - aoo
| Heat pump } 2=
| Electric vehicle | >
Transport | | Biodiesel heavy goods vehicles | >
| Electric bus
| Hydrogen vehicle
- Renewable energy =
l Energy production | Nuclear >
| Bioenergy + carbon capture & storage I—)

Heat pump at very high | Hydrogen / Power to X

tures >
Industry
4 ! | Carbon capture & storage | >

| Electrolysis of water

Anaerobic digestion

riculture
he Coverage & torch
Carbohydrate/lipid substitution
<50€ 250€ 500€
Abatement cost >
https://www.eib.org/attachments/thematic/eib_group climate _bank roadmap_en.pdf
2020 2030 2040 2050



https://www.eib.org/attachments/strategies/eib_climate_strategy_en.pdf
https://www.eib.org/attachments/thematic/eib_group_climate_bank_roadmap_en.pdf

Accelerating decarbonisation

PAS2080:2023 Carbon management in buildings and infrastructure

 Integrating carbon into decision-making

« Managing to reduce whole life carbon

« Consistency in framing emissions under
the control and influence of the value chain

 Integrating resilience

Prioritising nature-based solutions

ARUP

Carbon management in buildings
and infrastructure

o] o —

bsi.

https://www.bsigroup.com/en-
GB/standards/pas-2080/

(@

Guidance
Document for
PAS 2080

https://www.ice.org.uk/engineering-
resources/briefing-sheets/quidance-

document-pas2080 7



https://www.ice.org.uk/engineering-resources/briefing-sheets/guidance-document-pas2080
https://www.bsigroup.com/en-GB/standards/pas-2080/
https://www.bsigroup.com/en-GB/standards/pas-2080/
https://www.ice.org.uk/engineering-resources/briefing-sheets/guidance-document-pas2080

ARUP
Carbon management process

PAS2080:2023

CaEital

Systems-
thinking

Operation

&

At every work Stage

Carbon
hierarchy

Projects and programmes of work

Leadership PI’IOI’ItISE nature

Integra.tl.ng carbqn into D
decision-making

Identify carbon reduction opportunities R —
Challenge the status quo Claims of conformity

Target-setting & baselines
Governance and collaboration

Integrate
resilience

Collaboration

Key
(X ] PAS 2080 clause number

PAS 2080: 2023 Carbon management in buildings and infrastructure: https://www.bsigroup.com/en-GB/standards/pas-2080/ 8


https://www.bsigroup.com/en-GB/standards/pas-2080/

_ ARUP
Control and influence

Systems decarbonisation

Government, regulators, financiers, Sys':em
multiple asset owners tr
11
(R
) A
Collaboration \\\\

_____ RN Network S
Asset owners / managers >

Collaboration

Asset owners / .
Designers
managers

Constructors

Key:

—> Control
---> Influence

PAS 2080: 2023 Carbon management in buildings and infrastructure: https://www.bsigroup.com/en-GB/standards/pas-2080/ 9



https://www.bsigroup.com/en-GB/standards/pas-2080/

_ ARUP
Control and influence

Systems decarbonisation

Project/programme boundary Study boundary (E?lfl(:lr:lcall f;]OJECt/ programme
Emissions from the project/programme’s Before Use,
Use and End of Life stages that affect the network
and/or system

After use/End of

Before use Use .
life

Capital, operational
and user emissions

Capital emissions

Capital emissions

CONTROL

User emissions

PAS 2080: 2023 Carbon management in buildings and infrastructure: https://www.bsigroup.com/en-GB/standards/pas-2080/ 10



https://www.bsigroup.com/en-GB/standards/pas-2080/

ARUP

Operation

Carbon reduction hierarchy =

Prioritise meaningful decarbonisation

CaEital

Improve

Switch

e

hierarchy of decision-making
PAS 2080: 2023 Carbon management in buildings and infrastructure: https://www.bsigroup.com/en-GB/standards/pas-2080/ 11



https://www.bsigroup.com/en-GB/standards/pas-2080/

_ ARUP
Life Cycle Assessment

of CLIC & ILC



| ARUP
AImSs

Whole life cycle impact assessment of CLIC and ILC, considering construction
Impact of the infrastructure and whole life impacts of the machine componentry

e Identify hotspots and reduction opportunities to influence design development

13
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Life cycle assessment

A life cycle assessment
systematically assesses

the environmental impact /

of a product or asset

throughout its life cycle

Ce=

14



| ARUP
Life cycle assessment

Intended application

Reasons for carrying out study Goal and scope
System boundaries definition

Assumptions and limitations

Data collection

Data validation Inventory analysis Interpretation
Data aggregation

Conclusions, limitations
and recommendations

Evaluate potential environmental
and human health impacts

Impact assessment

I1SO 14040:2006
15



System boundaries

Before use stage
[A0-A5]

Use stage
[B1-B8]

Phase 2

End of life stage
[C1-C4]

A0 Preliminary studies

B1 Use

B2 Maintenance

C1 Deconstruction/
Demolition

Al Raw material supply

B3 Repair

C2 Transport for
Disposal

A2 Transport

B4 Replacement

C3 Waste Processing for
recovery

A3 Manufacture

B5 Refurbishment

A4 Transport to works

B6 Operational Energy
Use

C4 Disposal

site

B7 Operational Water
Use

A5 Construction process

Phase 1

B8 User utilisation of
infrastructure

ARUP

Benefits and
Loads beyond
the system

boundary
1)

Reuse
Recycling

Benefits and
loads of
additional
infrastructure
functions

BS EN 17472:2022
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Linear collider options

Compact Linear Collider (CLIC) International Linear Collider (ILC)
a) Drive Beam b) Klystron

W EPOF O TRIEV R i< 4% I B .

Compact Linear Collider (CLIC) / © 2% e
S 380 Gev- 11.4km (CLIC380) , 4 & & .=

s BN 1.5 TeV-29.0 km (CLIC1S00)
F 3.0 TeV - 50.1 km (CLIC3000) | 408
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| _ _ ARUP
Linear collider options

CLIC Drive Beam CLIC Klystron ILC
5.6m internal dia. Geneva. 10m internal dia. Geneva. Arched 9.5m span. Tohoku region, Japan.
(380GeV, 1.5TeV, 3TeV) (380GeV) (250GeV)
\
§ A
o
j§f:§w B
\ | e =
Lol g 0
| \T\“ Main beam 1650 L().
' 1
1100'v
AIR INTAKE MPATTIE
< < >
5.6m ) 1 R 9.5m
10m
Reference: CLIC Drive Beam tunnel cross section, 2018 Reference: CLIC Klystron tunnel cross section, 2018 Reference: Tohoku ILC Civil Engineering Plan, 2020

18



Early stage

Influence

Need >Optioneering> Design > Delivery > Operation >Revisitneed>

CLIC & ILC PAS2080:2023 Guidance Document (Adapted)

Construction Life Cycle Assessment

19
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Life Cycle Assessment

CLIC & ILC
Construction Global Warming Potential (tCO.e)
600,000t
500,000t
400,000t 3TeV
© (Build stage 3)
o
O 300,000t
200,000t LY
(Build stage 2)
100,000t
380GeV

(Build stage 1)

ILC

Ot
CLIC Klystron

CLIC Drive Beam



Impact assessment

CLIC Drive Beam 380GeV
Construction Global Warming Potential by stage (tCO.e)

150,000t
Transport to site
Construction activities
100,000t

@,

@)

S

50,000t Materials

Ot
CLIC Drive Beam

380GeV

(Build stage 1)

ARUP

21



ARUP

Impact assessment

CLIC Drive Beam 380GeV
Construction Global Warming Potential by stage (tCO.e)

150,000t
Transport to site
Construction activities
100,000t
Q
o)
Q
50,000t Materials M Concrete
M Steel
(3%) 14,4900 (18%) 17,517'[’
Ot
CLIC Drive Beam (97%) (82%)
445,278t 80,972t

380GeV
GWP breakdown (tCO.e) 22

(Build stage 1)
Material breakdown (t)



ARUP

Impact assessment

CLIC Drive Beam 380GeV
Construction Global Warming Potential by sub-system (tCO.e)

150,000t
Shafts
Caverns
100,000t
Q,
@)
Q
50,000t Tunnels
 98% main accelerator tunnel

2% beam turnarounds

Ot
CLIC Drive Beam

380GeV

(Build stage 1)

23



ARUP

Impact assessment

CLIC Drive Beam 380GeV
Construction Global Warming Potential by sub-system (tCO.e)

150,000t
Shafts
Caverns
100,000t
Q,
@)
Q
50,000t Tunnels
 98% main accelerator tunnel

2% beam turnarounds

Ot
CLIC Drive Beam

380GeV

(Build stage 1)



Hotspots ARUP

CLIC Drive Beam 380GeV main accelerator tunnel

B Permanent lining

Material Global Warming Potential main accelerator tunnel (tCO,e) W Invert
3,500t
3,000t

2,500t

2,000t

1,500t
1,000t
- . .

Ot
Insitu Concrete Invert Precast Concrete Permanent
Lining

tCO,e/km

Permanent Lining Steel Fibres Invert Rebar Permanent Lining Rebar Grout

25



Benchmarks ARUP

CLIC & ILC main accelerator tunnel

Construction Global Warming Potential benchmarks (tCO,e/km)

30,000t
25,000t
20,000t
S
=
3}
o)
O 15,000t
10,000t
5,000t
Ot
CAHSR Channel Tunnel CLIC Drive Beam CLIC Drive Beam ILC 250GeV 9.5m Railway Tunnel Crossrail (As built) Highway Tunnel CLIC Klystron ~ Thames Tideway
(Proposed) - 9m  Rail Link HS1 (As 3TeV 380GeV span D&B Example -8.95m - 6.2mdia. TBM Example - 10.7m 380GeV (Concept) - 6.5-
dia. NATM built) - 7.15m dia.  5.6m dia. TBM 5.6m dia.TBM dia. dia. 10m dia. TBM 7.2m dia. TBM
TBM
Project Note diameters are internal

26



Switch Improve

Reduction opportunities ARUP

CLIC Drive Beam 380GeV tunnels

S of oy

hierarc] hy of decision-making

Construction GWP possible reduction opportunities (tCO.e)

100,000t
94,580t

90,000t

-20%

80,000t

70,000t

_ 0
s

-8,669t

60,000t

50,000t

tCO,e

40,000t
30,000t
20,000t
10,000t

Ot
2030 Construction baseline scenario CEMIII/A (50% GGBS) replacement 225mm thk precast segmental lining 2030 projected electricity mix

(CEMI & 80% recycled steel) (75mm reduction) ”7
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Reduction opportunities

What else?

« Partially replacing Portland cement (CEMI)

* Totally replacing Portland cement with “Portland cement-free”
« Carbon sequestering in concrete

* Rubber tyre steel fibres

« Collaborating with suppliers dedicated to achieving net zero steel
production

« Alternative use of steel in construction and temporary works

28
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Construction and operation carbon of CLIC

CLIC Drive Beam
Operational estimates provided by CERN. Based on a projected electricity mix in 2050 (50% nuclear, 50% renewables).

380GeV 1.5TeV 3TeV
Construction GWP is equivalent to Construction GWP is equivalent to Construction GWP is equivalent to
1.7 decades of running accelerator 0.8 decades of running accelerator 0.6 decades of running accelerator

315KtCO,e 46% 43% 480KICO,e 57%

185ktCO.,e

54%

M A1-A5 Construction (tunnel: 17.56km) M A1-A5 Construction (tunnel: 21.08km)

M Operation over 7 years M Operation over 8 years

M A1-A5 Construction (tunnel: 11.47km)

B Operation over 8 years
29



ARUP
Current work

Phase 2

» Construction life cycle assessment

of CLIC injector complex and |
CLIC & ILC tunnel services Construction

systems (Construction)

* Whole life cycle assessment of the

machine compqnentry fOF_CL|C & Decommissioning Operation & use
ILC (Construction, operation &
C—

use, decommissioning)

30



Learning

poINts

ARUP

Establish a baseline at early stage of design to inform design
development

Managing carbon throughout the project's lifecycle is integral
to understand and reduce carbon impacts

Evaluate hotspots and reduction opportunities e.g. design
changes, optimisation, material alternatives

Evaluate whole life carbon to influence operational / end of
life of asset

31
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Holistic Impact Framework

for CERN Campus



| ARUP
AImSs

c Help to shape the vision & ambition of SCE Net Zero Consolidation Programme

e Evaluate an impact framework which:

 captures the carbon impact of projects, and captures any intended or unintended,
positive or negative impacts on other environmental and social aspects

 apply to both existing and future projects across the Campus, also providing
Insights for the decision-making of the masterplan implementation

 consider buildings and wider campus in an integrated, systems-thinking manner

33
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Vision and ambition

Systems thinking decarbonisation

Regenerative environmental stewardship

Positive social purpose
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Holistic Impact Framework

HIF is a simplified impact framework to aid campus-wide gap analysis and
early project definition and prioritisation

O, :
"3 Carbon Impact A Env::gg;rgntal é Social Impact

Y Indicator scores
3 * Y Indicators

Index =

35
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Carbon Impact

PAS2080:2023 Carbon Management in Buildings & Infrastructure

Capital Operation

36



Environmental Impact

Planetary Boundaries Framework

CLIMATE CHANGE

C02
concentration

BIOSPHERE ;
INTEGRITY STRATOSPHERIC OZONE
) DEPLETION

-. L operating \
5.\‘-‘ op 8 sp; Yo

ATMOSPHERIC
AEROSOL
LAND-SYSTEM LOADING

CHANGE

Freshwater use
(Blue water)

OCEAN
ACIDIFICATION

FRESHWATER CHANGE

BIOGEOCHEMICAL
FLOWS

The 2023 update to the Planetary boundaries.
"Azote for Stockholm Resilience Centre, based on analysis in

Richardson et al 2023".

Biosphere
integrity

Biogeo-
chemical
flows

Stratospheric
ozone
depletion
Atmospheric

aerosol
loading

Impacts of Earth system processes on each other.
"Designing for planetary boundaries”, Arup

Novel
entities

ARUP

37



Environmental Impact

Sub-set of indicators

Climate Biosphere JLand-System} Freshwater
Change Integrity Change Change

\—[Separate KPI ] \—[ Biodiversity ] \—[

Land Use
Change

]_

Water
Consumption

Rainwater
Retention

Water Quality

ARUP

Introduction

of Novel
Entities

‘Non-hazardous)
waste
| generation

| | Recycling
waste

38



Social Impact

Sustainable Development Goals Framework

ELIMINATE
POVERTY

1 N0
POVERTY
o o o o
Al
2 TER0

HUNGER

((¢
W

GOOD HEALTH
AND WELL-BEING

e

OUTCOMES FOR SOCIETY

FAIR JUST
SOCI

GENDER
EQUALITY

¢

1 REDUCED
INEQUALITIES

@

16 Sositon
INSTITUTIONS

EB‘-" AND F"‘h!LoFMrW

<?«\“’ o
¥ )"(/0
Ko 37
ECONOMIC & <
PROSPERITY S R
[l 2
3 P
QUALITY CLEAN WATER
EDUCATION AND SANITATION
.
l!!l ' ENOUGH
RESOURCES
DECENT WORK AND INDUSTRY. INNOVATION SUS A‘P" [H l 12 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE MM CONSUMPTION

; AND PRODUCTION
i & %a QO

17 PARTNERSHIPS
FOR THE GOALS

LS

HEALTHY
ENVIRONMENT

1 LIFE
BELOW WATER

3

15 oo

ARUP

STABLE
CLIMATE

13 Jerox

3

OUTCOMES FOR PLANET

39
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Social Impact

Sub-set of indicators

NO LERD GOOD HEALTH

QUALITY GENDER
POVERTY HUNGER

EDUCATION

GLEAN WATER AFFORDABLE AND DECENT WORK AND
AND WELL-BEING EQUALITY

INDUSTRY, INNOVATION ‘I 0 REDUCED SUSTAIHABI.E CITIES
AND SANITATION CLEAN ENERGY

ECONOMIC GROWTH AND INFRASTRUGTURE INEQUALITIES INIJ COMMUNITIES

A
ad | & | = [

A healthy Inspir_ing Facilities for Being a good
campus and learning all neighbour
buildings environments

40



Holistic Impact Framework

Indicators feeding into the 3 Indexes

Carbon Index

— Capital Carbon

\. J
( N\
| | Operational
Carbon
\. J
( N\

— User Carbon

Environmental

Index
—( Biodiversity |
—, Water |
—( Waste |
—, Land use |

Social Index

A healthy

—  campus &

buildings

Inspiring

— learning

environments

— Facilities for all

Being a good
neighbour

ARUP

41
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Holistic Impact Framework

Summary of results for Project B776: Prevessin heating plant

Oq_ :
"9 Carbon Impact A Env::gg;r:;ntal é Social Impact

L A healthy campus &
Capétal Carbon Blgdlversny buildings

Inspiring learning
environments

Land Use Being a good
neighbour

Waste <>

Operational Carbon

User Carbon
Water Facilities for all

Carbon index: 0.00 Environmental index: -0.33 Social index: 0.17
42



ARUP
CERN RESP Dashboard

Home Progress summary Interventions Benchmarking Project impacts (HIF) Campus impacts (HIF) Campus map Assumptions @ ARUP

Last updated: December 2024

CERN Campus Regenerative Environment and Social Programme (RESP)

. i Carbon impact
Project impacts

Operational
The Holistic Impact Framework (HIF) provides a i
process for including carbon, environmental and
social impacts in decision making for campus
projects on a scale of +3 to -3.
Key
Select a project or domain to compare scores for

. e SCO -8 Score - B3150
the Carbon, Environmental and Social indicators. core

—4- Score - B60 consolidation

PI'OjECt -3 Score - B777
) ) Capital User
Multiple selections A%
Domain
All Y

Environmental impact Social impact

Water @ A healthy campus &

buildings @

Waste Biodiversity Facilities for all i:;ﬁbao%md
. !

Inspiring learnin:
Land Use P . 9 9
environments
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 Consider the holistic impacts of a project to inform decision
making

* Use a consistent framework that can be applied to multiple
| earn | ng project options to enable fair comparison

pOi N1S  Clear data visualisation (e.g. through dashboards) can enable
stakeholders to use the holistic impact framework more
readily

44
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STFC Environmental sustainability strategy
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STFC Environmental sustainability strategy

Arup experience: example of environmental sustainability strategy
with Science and Technology Facilities Council, UK

UK HEP Forum 2024: Sustainable future for HEP
https://conference.ippp.dur.ac.uk/event/1322/timetable/#20241126



https://conference.ippp.dur.ac.uk/event/1322/timetable/#20241126

ARUP

Key takeaways for ETO

Lessons learnt from CERN demonstrate importance of considering
sustainability at the early stage, in a wide and holistic sense.

The importance of sustainability considerations is core to the value
engineering, costing and design optimisation decision making process.

Various drivers and challenges which need to be identified and planned
through in consistent ways.

Collaboration and coordination is key for successful implementation of
sustainable development.

Using a consistent framework enables evaluation and fair comparison of
of baselines that can be continuously evaluated with design development.






