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Developing a Sustainable Development Strategy for ET

The Einstein Telescope (ET) is a proposed underground
gravitational wave observatory that aims to detect
gravitational waves with unprecedented sensitivity. While
the project holds great promise for advancing our
understanding of the universe, it faces several sustainability
challenges:

« Environmental Impact Assessment
« Efficient Resource Management

« Waste Generation

« Community Engagement

« Long-term Sustainability Planning
« Climate Change Resilience

The development of comprehensive sustainability strategy is
a priority for ET to contribute to scientific advancements
while minimizing its environmental and carbon footprint.

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696
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g It is an underground infrastructure
(second only to KAGRA in Japan).

Geometry and characteristics are still
under definition, with many assumptions
currently in place.

Ongoing activity include site selection
y and geometry definition, with a strong

focus on sustainability considerations.

Preparatory phase of ESFRI roadmap -
pre-feasibility studies managed by
candidate sites to prepare technical and Yy

'-----------A

economic proposal for candidacy(Bid) S —

-
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\
\
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\
\
)
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KAGRA (Kamioka Gravitational Wave Detector)

+ Overview of KAGRA Observatory
* Located in Japan, KAGRA is the fourth major gravitational
wave detector globally, collaborating with LIGO (USA) and
Virgo (Italy/Europe).
+ Itis the first underground gravitational wave detector and
utilizes cryogenic mirrors for enhanced performance.
* Location and Infrastructure
« Site: Situated within the Kamioka mine, Gifu Prefecture,
beneath Mount lkenoyama.
» Underground Design: Built over 200 meters below ground to
minimize seismic interference.
» Structure: Features a 3 km long Michelson laser
interferometer.
+ Technological Features
* Cryogenics: Sapphire test masses cooled to -250°C (20
Kelvin) to reduce thermal noise and improve sensitivity.
+ Suspension Systems: Advanced mechanisms to isolate mirrors
from ground vibrations.
* Interferometer Design: Incorporates a "dual-recycling Fabry-
Perot Michelson" configuration for precision detection.

7 Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
.+~ Grant agreement: N° 101079696
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* TBM Tunnel (main arms)
« Caverns

» Access shafts/tunnels

« Emergency exits, etc.

Civil
infrastructure layout

* Mechanical systems
Cooling & ventilation,
Electrical system:s,
Safety systems,

* Logistics

Technical
infrastructure layout

“caverns’” and “tunnels” not final

Detector layout .
Tower base, suspensions,

tower envelopes,
« Scaffolding,
+ Cleanrooms,
« Auxiliary benches,
« Beampipes
 Logistics

Optical layout

« Arm cavities + recycling cavities
» Laser, injection, detection, squeezing

See Talk Sorrentino-Rocchi- Session 1V)

Note: Conceptual drawing. Dimensions subject to change ) .
Volumes estimated using simplified civil engineering criteria Source ED-ETO (J. Bratanata) -Web viewable 3D Detector Layout(s): hitps://wiki.et-gw.eu/ED/WebHome

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
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See Talk Sorrentino-Rocchi- Session 1V)

Note: Conceptual drawing. Dimensions subject to change
Volumes estimated using simplified civil engineering criteria
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The 3 candidate sites for ET — 1 Triangle or 2L scenario

e Theltalian government supports the
candidacy of the area surrounding Sos
Enattos mine, an existing minerary site in
Sardinia, located in the Province of
Nuoro between the municipalities of
Bitti, Lula and Onani.

A Saxony

IR N e TR | pentil B N e e Meuse-Rhine Euroregion (EMR) a rurdl
e area between Maastricht, Liége and

‘ Gl A aeett 0 : Aachen is the second candidate. For
this proposal, the area being analysed
as a potential site lies between the
three Belgian localities of Asse, Hoof

and Beusdael.

: T ARG o e The government of Saxony (Germany)
i ok Dty - : has proposed the third candidate site
¥eional S in the Lusatiaregion of Saxony a rural
zone between the localities of
Wittichenau, Kamenz, Crostwitz and
Doberschutz.

. Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
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Sustainable Development Strategy — Main Goalsl

Develop a strategy for the realization of a long-term sustainable research infrastructure

« Develop arobust and integrated Environmental Impact Assessment framework
aligned with EU EIA Directive (2011/92/EU as amended by 2014/52/EU)

« Define strategies for excavation and material reuse
« Deliver life-cycle based carbon footprint assessment and mitigation roadmap

« Maximize socio-economic benefits and institutional robustness

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02 M. Marsella and F. Spagnuolo 16/02/26

Grant agreement: N° 101079696
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ET Sustainable Development Strategy - Reports

ARUP P Snvevsmertalbnpar e v st sy

ARUP-ET-PP-WP9-Sustainability Strategy
Propossl

ET Environmental impact assessment and
mii‘igqi‘ion s‘l‘rqi‘egy oy . - m"'"""mw'wWL'::i::f}','w"'umi""m"‘”w

Milestone 9.1
Preiiminary Sustainability Plan

Deliverable 9.2
Environmental Impact Assessment and Mitigation Strategy

* Scoping and Baseline Assessment

* Alternatives and Mifigation S LT

 Public Participation and Transparency SO e s

* Monitoring and follow-up

ARUP

»}\'\'J NV
Wit D < coosry

ET CO2 footprint ET assessment and mitigation strategy

Deliverable 9.2. Annex | ﬁRUI’-ET-I’P»WP‘)-Susluinnbilny Strategy

Einstein Telescope carbon footprint assessment and mitigation
Management of Excavated Materials stratogy

« Compute the key Carbon and Environmental Impacts
* Findings and Mifigation Strategies

* Highlight the most critical insights and - -
recommendations for decision-makers EerE o

has recelved funding from pe.
ion  Framew ogram o0 pe
Cox d Support action unde agreement

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696
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ET Environmental impact assessment and mitigation strategy — Key aspects

|| landscape changes

Environmental

Impact

Construction
Footprint:
Excavation and

may disrupt
ecosystems,
requiring mitigation
efforts.
4 )
Energy Consumption:
High energy

demands raise
concerns about
carbon footprints
and reliance on
renewable energy
sources.

| concrete and steel

Resource

Management

Material Use:
Sustainable
sourcing of

materials like

is crucial fo reduce
environmental

- J

Session llI

harm.
\_ J

4 )

Water Usage:
Significant water use

— during construction

and operation could
strain local supplies.

Waste
Generation

4 )

Construction Waste:
Proper
management of
leffover materials
and packaging is
essenftial.

- J

Session IV

- J

4 )

Operational Waste:
Long-term
operations will
produce electronic
waste that needs
responsible disposal.

Community
Engagement

4 )

Local Opposition:
Noise, traffic, and
environmental
concerns may spark
resistance, requiring
open dialogue.

. J

Session V

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696

- J

4 )

Socioeconomic
Impact: Economic
effects on local
communities must be
managed to ensure
fair benefits.

Long-term
Sustainability

-

-

\

Funding and
Resources:

Consistent funding is

crifical tfo sustain

operations despite

economic
challenges.

J

-

- J

Session VI

-

Technological
Sustainability:
Regular upgrades
and maintenance

aligned with
advancements.

~N

are necessary to stay

Climate Change

Resilience

4 )

Extreme Weather
Events: Increased
weather risks from
climate change
could threaten
infrastructure.

J

M. Marsella and F. Spagnuolo

- J

4 )

Adaptation
Strategies: Proactive
measures are

— needed to address

evolving
environmental
condifions.

16/02/26
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Environmental Impact Assessment (EIA) - Workplan

Key Priorities
Define Sustainability Strategy with environmental, social, and
economic themes

Energy
(demand,
supply,
efficiency,
renewables)

Climate

Establish Baseline conditions using site-specific data (air, water, soil, Change

noise, biodiversity, etc.)
Air Quality
(pollutants,

receptors,
modelling)

Conduct detailed Impact assessments for both consfruction and emissions)

operational phases

Develop and implement Strategic KPIs (for site comparison) and
Specific KPIs (for mifigation & performance fracking)

Human
Health and
Socio-
Economic
Factors

ldenftify and evaluate Alternatives and Mitigation Measures across EIA

themes Materials &

Waste

Analyse and define an overall strategy for reclamation, reuse and
recycling of excavated materials (ref. Prof. Galler presentation —
Session V)

Strategic Priorities:

® Early identification of sensitive receptors (ecological, human)

Alignment with EU/ISO guidelines (e.g., ISO 14001, WFD, Natura 2000)

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

M. Marsella and F. Spagnuolo

(mitigation,
adaptation,

Soil & Land
Use
Water (use,
quality)
Biodiversity
(habitats,
species,
connectivity)

ARUP

ARUP-ET-PP-WP9-Sustainability Strategy
Proposal foe the structure of ET EIA Ststegy (D9.2)

16/02/26
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EIA Data Needs & Availability

«  Baseline data: soil, water, air, biodiversity, climate, energy

«  Spatial data: GIS maps, Natura 2000, habitat fragmentation
Monitoring data: pollutant levels, noise, emissions

«  Socio-economic indicators: employment, land use, demographics

Challenges in this phase of the design roadmap

. Data availability varies by theme & location
. Inconsistent formats and quality (e.g., local air quality, biodiversity)
. Time lag between data collection and current conditions

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02 M. Marsella and F. Spagnuolo 16/02/26

Grant agreement: N° 101079696
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Reclamation, Reuse and Recycling of the excavated materials
Key aspects

Technical Geological

e Tunnel advance ® Geological situation Legall .
meThOd, —|eng1’h[ - ® ChemiSTrY/ L OWI’IeI’ShIp " D-lm:-:l:s‘z.kln::l! ;
diameter mineralogy/ strength * Waste law ogementof oo e

e Site organisation properties of . ® End of waste
e Material yield excavated materials character

parameters * Customer

® Material analysis . lsapecmcog??s
* Processing (S0l Sl

technology

The economic importance of sustainable ways for the management of excavated materials for the ET (WP?) Prof. Dr. Robert GALLER Subsurface Engineering &
Underground Research Center ZaB-Zentrum am Berg MONTANUNIVERSITAT LEOBEN, Austria — See talk Prof. Galler Session V

7 Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
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Carbon Fooftprint Assessment Key Priorities

Scope of Green House Gases Assessment:

« Direct emissions (on-site fuel use, refrigerants)

* Indirect emissions from electricity use

« Supply chain, materials, fransport, staff mobility

Strategic Focus:

«  Construction: Embodied carbon in materials, transport emissions

« Operations: Energy demand, refrigerants, commuting

«  Opportunities: Low-carbon design, offsets, carbon capture, renewables

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696

M. Marsella and F. Spagnuolo 16/02/26
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ET CO2 footprint ET assessment and mitigation strategy - Workplan

) 2. HIGH-LEVEL CARBON
5 1. CARBON ASSESSMENT ASSESSMENT OF CIVIL
< AND MITIGATION STRATEGY ENGINEERING
— COMPONENTS
Methodology for carbon Carbon quantification for

w assessment maijor civil infrastructure
g components

> O Carbon management and .

§ Q governance in the project Main carbon hotspots
|_
)

List of options for mitigation

O gppor’runi’ries 9 Main mitigation opportunities

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Grant agreement: N° 101079696 M. Marsella and F. Spagnuolo 16/02/26
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ET High-level carbon assessment of civil engineering components

Godal

« Determine a high-level whole life carbon assessment
for the major components of the civil infrastructure of 2
ET configurations (triangle and L-shape).

« The carbon footprints will be used as a baseline before
more granular and site-specific carbon assessments
are undertaken by the design teams.

Scope and system boundaries

ARUP

« Top-down carbon assessment of the civil infrastructure
of 2 configurations (friangle and L-shape)

« The carbon benchmarks/factors/LCA assumpftions are
not site specific.

« Whole life carbon assessment including construction,
maintenance, operation, and end of life.

ARUP-ET-PP-WP9-Sustainability Strategy
Einstein Telescoj sessment and mitigation

pe carbon footprint as:

=

Figure 61: Element Names - L (retrieved from TD.2)

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696
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ET High-level carbon assessment for scientific and civil engineering components

« Civil engineering components of the ET infrastructure (for both the triangular and 2L-shaped |layouts):
o Conventional funnels

TBM (tunnel boring machine) tunnels

Shafts (access tunnels)

Caverns

Excavated material from construction of underground infrastructure

Surface buildings, including basic MEP (Mechanical, Electrical, Plumbing) services

Operational energy use of the whole ET facility

Operational water use of the whole ET facility

O 0O O O O O O

« Scientific infrastructure components of the ET infrastructure (for both the triangular and 2L-shaped layouts):
o Interferometer (including Optics)

Noise Mitigation (including Sensors)

Suspension Systems

Vacuum Systems

Cryogenics Systems

O O O O

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696
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Carbon Fooftprint Assessment Data Needs & Importance

Baseline Data Requirements:

. Regional emission inventories (transport, industry)

. Carbon sinks (forests, wetlands)

. Materials database (EPDs, carbon intensity factors)

. On-site energy use patterns

Importance of High-Quality Data:

. Essential for carbon budgeting and target setting

. Enables credible mitigation and offset planning
Supports regulatory compliance and stakeholder trust

Data Collection Gaps:
 Indirect emissions (Scope 3) often underreported
. Embodied carbon data can be sparse or generalized

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696

M. Marsella and F. Spagnuolo 16/02/26
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Typical KPIs for baseline pre-assessment related to energy.
With available benchmarks from EU standards and best practices or comparable projects.

Presence of energy infrastructure

Accessibility of power lines
Available connection capacity

Share of renewable energy in grid mix

Possibility of local production from
renewables (PV, wind, on-site
cogeneration)

Energy reuse potential (e.g., heat
recovery)

Proximity of the site to centres of
thermal demand

Capacity of the local network to
absorb recovered heat

Yes/No

Distance
MW
%

Yes/No

% of waste heat

Yes/No

Yes/No

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Assess site readiness N.A.
Assess site readiness N.A.
Assess site readiness N.A.
Evaluate sustainability of CERN uses French grid
supply (low-carbon mix)
|dentify on-site generation

, N.A.
potential
|dentify circular CERN reuses LHC cooling
opportunities water for district heating
ldentify C{rfzulor NA.
opportunities
Assess site readiness N.A.

M. Marsella and F. Spagnuolo 16/02/26
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Deliver a life-cycle based carbon assessment &
mitigation roadmayp for ET infrastructure

Key Activities

Define System Boundaries for buildings, underground works,
scientific equipment, etc.

Apply LCA Methodology in alignment with ISO

Perform Carbon Budgeting, hotspot analysis & scenario
planning (conservative vs circular reuse models)

Align Scope 1, 2, 3 emissions with GHG Reporting Protocols

Integrate Low-Carbon Strategies into design, procurement,
construction & operations

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Grant agreement: N° 101079696

Sustainability Themes
Covered

MEP systems
(HVAC,
plumbing,
etc.)

Scientific
instrumentati
on

Underground
infrastructure

_ Circular
Construction economy &

logistics end-of-life
(SIONS]
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Baseline Whole Life Carbon Assessment — preliminary assessment

1,200,000 z 5 5
e Tentative Total (2035-2085) Electricity
consumption [MWh] by ET Computation
600000
1,000,000 500000
400000
300000 = e
w N | oy -
200000 b o G w @
w - ey ~ ~ = N
100000 g2 o N9
800,000 & & 2 . 5 = i
0 = = o
Computation Online Computation Low Offline Low Latency
Latency Requirements Cooling, Ventilation
% & Misc support
@]
o 600,000 ® Min ®Max
-
Figure 52: Tentative total (2035-2085) Electricity consumption by ET Computation
400,000 Tentative Total (2035-2085) Electricity Consumption
[MWAh] by ET Computation
610.36,0.09% 1 27,071.15,17.62%
200,000

/ 18,310.67, 2.64%

5,51,644.04,79.64%

Triangle 2L

m Module A: Materials and construction m Module B: Operation

m Module C: End of life = Computation Online = Computation Low Latency

= Offline Requirements Low Latency Cooling, Ventilation & Misc support

capital and operational carbon impacts of ET underground and surface
infrastructure,including uncertainty

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696
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Key Steps for the Life Cycle Assessment Task during ET Phases

Einstein Telescope’'s carbon journey

b D b D > >
ET 1. Deﬁqe project 2. Define carbon 3. Defn‘le data 4. Baseline . 5. Identify carbon 6. Benchmark
Preparatory alternatives budget/ targets collection strategy assessment: (llugntlfy hotspots project Perfonnance
P hOSG Caﬂ.)OIl on ex1stmg agamst mdustIy
design standards and
similar projects
ET <
Construction 12. Upd.ate of _LCA 1 1.',Ad?pt carbon' 10. Devel_op project 9..SeleFt carbon 8. Dev?lop _ ?‘.Ifienjrify carbon.
Phase calculations with as- mitigation strategies specifications to mitigation scenario analysis mitigation strategies
built data and solutions in include carbon solutions
project construction mitigation solutions
See talk ARUP Session |l

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
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Sustainable Development Implementation Strategy - Opportunities

Addressing the path toward sustainability
is crucial and can be prioritized
proactively rather than reactively.

It can serve as a guide for decision-
making in various areas.

We are in a preparatory phase (ESFRI

An iterative process is being conducted . e
- to determine the technologies to be o & . rooqlmop), which involves pre—feqmblll’ry
J used. sizina. aeometry. financial aspects 'd studies managed by candidate sites as
He<® ' 9.9 v pech. part of the preparation of the technical

and environmental impact. . :
and economic proposal for candidacy.

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N° 101079696
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WORKSHOP TIMETABLE — OVERVIEW

Day 1 - Monday 16/02

Session | - Opening & Introduction

 ET project: scientific challenges
 Sustainability Strategy for ET

* Large Research Infrastructures Sustainable
Management

Session Il - Life Cycle Assessment

» Experience of LCA for ILC/CLIC CERN
 Digital Modeling and Data-Driven approach
* PETRA IV project at DESY

Session lll - Sustainable Transportation & Smart
Energy

* Real Time Systems for Energy Technologies

e Sustainable transportation

* CERN energy management strategy

» Off-shore wind energy

Session |V - Efficient Operation
e ET computing model
» Green data centers

» Optimization strategy for ET detector/instrument

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N2 101079696

Day 2 - Tuesday 17/02

Session V - Underground Construction Solutions
* Mechanized excavation technologies
 Circular water management

* Excavated soils and rocks management

» Shaft construction technologies

Session VI - Societal Impact & Participatory Design
» Societal Impact and Participatory Design

e Societal Impact in infrastructural fransitions

* Social Innovation in Climate Transitions

» Cosmic Explorer community-based approach

Session VIl - Industry Engagement & Sustainable Procurement
* ET trajectory toward construction

* Business involvement in ET

 Sustainable procurement

* Innovation procurement

3:45PM  Tue, February 17 3:45-4:05PM

Conclusions and outlook: Lessons learned and takeaways from the
workshop

Session |

Location: Chiostro San Pietro in Vincoli (Sapienza University), Sala del Chiostro, Via Eudossiana, 18 - 00184 Roma

4:05PM  (@m)

February 16 -17, 2026, Sapienza, University of Rome
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Monday, Febr 6th
v Coffee, breakfast, and lunches are served outside onday, jebruary 1
the room

7:30 PM
v If you need to reserve dinner, please contact the

rd D "
Socioll Divwer
secretary before 1:00 PM.

AM Mon, February 16

10:40-11:10AM
Coffee Break
Broak |
11:10 AM 184 Roma (RM)
1 Mon, February 16
Lunch Break
Break
|40 P  Leeation: Chiostra San Pietro in Vincoli (Sapienza

184 Roma (RM)

Mon, February 16
Coffee Break

Break
: chi fatra In Vincoll
sppy  Lesation: Chiostro San Pietra in Vincol

#M  Mon, February 16

7:30-11:00 PM
Social Dinner at Urbana 47 Restaurant
Break | Location: Urbana 47 Restaurant, Via Urbana, 47, 00184 Roma RM

10:40AM Tue, February 17

10:40-11:10 AM
Coffee Break

Urbana 47 Restaurant

JPM . Tue, February 17

12:50-1:50PM
Lunch Break

Via Urbana 47
Breat
) PM Location: Chiostro San Pietro in Vincoli (Sapienza Universit o, Eudossiana, 18 - 0018 RM)

€ 50
Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N2 101079696

February 16 -17, 2026, Sapienza, University of Rome



