/s

SubSpace Energy Hub & ‘

SCAUT EVENT 13.12.2022 N ::
M. KOMPATSCHER 7 |

pvusere B A pormet [Forcs] . 550(0)

Xerotech  —— BATTERY SYSTEMS INDUSTRIES

hnologies



Concept for
sustainable and CO2 neutral

technologies in
tunnels, mines and urban Sub-Spaces

KICK-OFF, JUNE 2022
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ENERGYHUB

A SUBSPACE
\ 4

Initiated and driven by leading Industries with a VISION

* of sustainable underground [ above-ground construction methods and technologies based on green
energy concepts, like e-drive and hydrogen propelled machinery and auxiliary installations, low carbon
footprint designs, materials and processes

* to link equipment manufactures, mine operators, contractor and infrastructure owners as potential
stakeholders with academia and auxiliary application provider for energy capturing, storage,
transportation and consumption solutions, advanced software programs and engineering capabilities

* of energy capturing, storage and transfer systems in tunnels, mines and underground spaces for smart
cities

The final goal is to position the unique set-up at the already existing and internationally well-recognized
Hagerbach Test Gallery (VSH) on a worldwide base, in order to become an international benchmark of
alternative and sustainable combined underground / above-ground energy systems for the international
markets.



https://youtu.be/o_MbSp_PYmY

ENERGYHUB

A SUBSPACE
\ 4

The main reasons:

* Due to severe climate, ecological and inequality crises
persons, organizations and markets must reinvent ways
of how to do business and work together.

* An adequate physical HUB must be available as a kind of gravity center to enable
the sustainable progress for people and goods.

* Prototyping, testing and demonstrating of new equipment and systemic solutions
in a real and market related environment is a must. The HUB offers an ideal set-up
to do so.

* The new HUB integrates the entire eco-system of interconnected industry sectors
through a holistic approach.

The ultimate goal of the HUB is to contribute to a saver, cleaner, equitable and
inclusive society



ENERGYHUB

A SUBSPACE
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Offering

Worldwide unique underground set-up / infrastructure for:

. Design and manufacture application-ready technologies

. Usage as a market-oriented showcase / product launch

. Organization of seminars, deminars, trainings and education programs

Experienced international staff, experienced and ready to:

e Set-up, prepare and carrying out real-size / real-term test, prototypes
- Promote and disseminate new technologies and engineering solutions
. Interlink companies, organizations, persons etc to create powerful and market-oriented networks and eco-systems

Extensive worldwide networking power through contacts to:

. International and multi-national companies

. International norming and standardization bodies
. International educations institutions and academia
. Decision makers and opinion leaders

Proven track record for similar break-through projects like:

. Rock support systems with novel machinery and materials for single shell tunnel linings

. Fire prevention solutions in tunnels (after the catastrophic tunnel fires)

. Novel underground space use for edge computing and block-chain technologies, agriculture etc




ENERGYHUB

A SUBSPACE
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Workstream 1: Energy Production

COz2 free Production of Electric Power
* solar, wind, geothermal energy (deep or shallow), underground biogas, air flow turbines etc
» prototypes of new drilling technologies, geothermal energy harvesting, flexible solar panels,
underground hydropower etc

Fluid
(demi water)

[
Electrode |

/
Streamer

Rock

2018 Kammermann Prozesstechnik.
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Workstream 2: Storage

Storage
* compressed air, ice, batteries, hydrogen, heat storage etc
* prototypes of safe, easy to charge and discharge high-efficient
underground storages
* rapid charging and discharging equipment

Transfer and AC/DC Grid
small smart grids for high complex distributions

peak loads and grid overloads

bi-directional charging: storage to grid to consumer and vice versa
DC network and fast charging infrastructure

Heat energy is
absorbed andPCM is meltec

Xerotech
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ENERGYHUB
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Standardized Test Run for large, construction BEV

* Defined test round through the
SS EH area

* Monitoring and benchmarking
of performance parameters

* Performance Report




ENERGYHUB

A SUBSPACE
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Workstream 3 : Low Carbon materials and Applications

a) Equipment and Tools
» e-powered vehicles and tools
* availability

* rapid charging and discharging of equipment

b) Material Solutions
TYPES OF ELECTRIC VEHICLE PLUGS

* Low carbon concrete solutions
incl. recycling materials
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A4

Workstream 4 : Risk Assessment & EHS solutions

a) Testing
* Production
* batteries
* grids

* consumers

b) Solution dissemination
* Reports

* Conferences/Events

‘,,.v"""ThermaI / F|re

B / Battery Safoty'
/ Risk Categories *\ \

=y /
v
i B @ A Finance :

Electrocutlon

K;@x

Health

/4 Environment '\ \

f\

/ / LogalLablty \



ENERGYHUB

A SUBSPACE
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Website, material available, NDA, promotion, ...

* Welcome AURORA PURIQI - Business Development SS EH

apurigi@hagerbach.ch

 SS EH Material:
* Flyer
* Vision Paper & Termsheet
* Application Form
* NDAForm
* Report & PPT Template for Workstreams

* Website: www.subspace-energy.org
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mailto:apuriqi@hagerbach.ch
http://www.subspace-energy.org/
http://www.subspace-energy.org/

International Sub Space Energy Hub a

ENERGYHUB
LET'S FASTTRACKZERO CARBONTOGETHER!

* Adding value to strategic goals in the fields of sustainability
and CO2 neutrality by adding new opportunities for the
development, prototyping, and launch of new technologies

* Share visions and insights with internationally recognized
partners, and grow their leadership in the sustainability
market through quality front-end exposure

* Showcase innovations and business initiatives and
collaborate with new partners

* Best practice for FUTURE underground CITIES with
Selfsustaining Communities

Workstreams:
* Energy (electric, heat)
* Storage (Li-lon, Salt, Sand, Eis, H2, CHg, ...)

* Grid AC/DC// Loading station
Initiating hub partners:

y e V-S-H-
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S
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Steering Board

* Elected

* Nomination and election of workstream leaders

* Meeting and reporting timeline
* Steering board meetings: 2x monthly
* Workstream meeting: thbd
* Board and WS leaders: 2/y
* Hub meetings: tbd

Interested =P just let us know!
Thank you for your attention.

June 2022

June 2022

Nov 21, 2022

7\
\ 4
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FCCIS — Future Circular
Collider Innovation Study

(EU — Horizon 2020)
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13.8 billion years :




Today 80% of the mass of the
universe IS unknown.

What is the rest of the universe made
of?

Why Is the universe composed only
of matter? Where has the anti-
matter gone that was produced
simultaneously in the Big Bang?



- —/ : /./’/'

Peter Higgs & Francois Englert
October 8", 2013
Nobel Prize in Physics

13.8 billion 1964 2012 onwards

years ago Theoretical description Detection Higgs Quantification Higgs
Peter Higgs boson boson






- =, -
'. > v T-'.'.'.--
.'.' v 9
o AL T -
Ra o IS e
AT . w
;‘ » - t':'t - -
LAl T ' -
;‘ . v'?'?"" -
» N » » -
- r‘?'~.'.'_"";'
T ~ > » - o
v':""‘~"-".¢ - :r
‘ - » - .. .. ..
'r""-‘-".t.r -, -
WYY N Y Y9

® boson
to neutrlnos

set 125 meters apart
|

1450 m

Digital Optical 9 |
fvoduI( \DOM\ ) \ ‘l”"””

‘o‘.""
L AN

..‘ .“‘..‘ ..‘..‘l.‘l
Lk N o

.ﬁ c.‘"“ '.‘.‘.‘ :
DDA

o_.u_'.. 0.!‘0‘ Q"o“

Amundsen-Scott South
i AL P le Station, Ar arctlca
86 strings of DOMS, S

.oy L‘ql-j’. RN



WHO YOU
GONNA CALL?






O FUTURE
CIRCULAR
COLLIDER E e ZENTRUMEBERG

FCCIS — Future Circular
Collider Innovation Study
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~< Collider =

© Future Circular Colliders
Michael Benedikt
27/09/2022, Mining the Future, CERN
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10km km
Distance along ring clockwise from CERN (km)

FCC passes below Lake
Geneva moraines

Shaft depth:
A: 202 m B: 200 m D: 177 m F:399m G: 228 m H: 139 m J: 201 m L: 253 m

FCC passes above
limestone

Tunnelling mainly in molasse layer (soft rock), well suited for fast, low-risk TBM construction.

Site investigations campaign planned for 2024 — 2025: ~40-50 drillings, 100 km of seismic lines
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© Future Circular Colliders 2012 Higgs discovery announced FCC Feasibility Study

27/09/2022, Mining the Future, CERN
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_ _ RECYCLE
Why this consortium? :EVNXLESQSE

S

* Innovation in tradition

« Systems & materials

 From sorting to tailoring material properties for
multiple end building applications

4

m vork . (D HOLCIM
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Technical overview

Four phases

I.  The Obtention phase
Granulometric separation of the excavated Molasse ¢

ii. The sorting phase
Based on the input of the fast and automated analysis the e———
material is directed to its specific sorting plant

L0
lii. The classification/redistribution phase
Generate controlled compositions and particle size o
distribution
Iv. The valorization phase
—0

Compensate weak mechanical properties with techniques
from MeduSoil & Mobbot .

REINVENT
REVALORISE
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Technological readiness MOB Xoax K vosworanet

Sprayed concrete technology

 Robotized and automaed concrete
spraying process

o t——

o

vk‘a.m Y MWL

« Shaping concrete into infrastructure S Ao L e 5
elements or controlled spraying on YPeE WP R, e A =
underground walls i g :

» Allows the use of recycled materials
of <4 mm which are not valorized
elsewhere

RECYCLE

REINVENT

REVALORISE
ard
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Technological readiness

Bio-binders, from nature to
applications (1017 faster)

Bio-binder™ technologies

Protein-based binders extracted
from soil and groundwater
microorganisms

Production in certified bioreactors
under controlled environments

Versatile use dependiqg on scgl
fraction (from clay to siltuy an
granular soils)

RECYCLE

REINVENT

REVALORISE
d

medusoil
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RECYCLE
REINVENT

ipeli lopments /) revaonse
Pipeline of develop

Sand reinforcement

TPA Gesel| aft fiir Qualits
und Innovation GmbH

g

Bahnstrane 1a Tel.: +43 2253 60 ggg . 600
A-2521 Trumay

Landesgericht Wiener Neustadt FN 47681 w

Priifbericht
"Druckfestigkeit"
__"BEN 12390-3

medusoil
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1, Hr. Christoph BLACK
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von: Bollmann
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Entnahmestelle: siehe Bauvorhaben
Lieferschein: -.

Clay cracking
mitigation
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RECYCLE

Proof of concept /) REVALORISE

Preliminary investigations

I.  Material composition and properties
Laboratory sieving, Point load tests & Petrography

ii. Workability of the aggregates
Sorted Material used as an aggregate for concrete tests

lii. Aggregate handling and Sorting method for industrial Scale
Plant design for required quantities and quality

Figure 2. Sample of washed molasse from Gubrist Tunnel and iron residues

m  HOLCIM I\Aweere  bilger+partner Mg zoo0)

medusoil



RECYCLE
Proof of concept CEVALORISE
NS

Preliminary investigations — Results

lii. Plant design for required guantities,and quality

A
(

e

Material input
Pre-sorting
Final sorting
Secondary crusher overgrain
Material drying » Assessing and classifying material on the
Air classification basis of geochemical composition

Loading Figure 5. Overview of the overall sorting process « Minute by minute composition analyses
Dedusting

Figure 6. Crossbelt elemental analyser

© No ok wDNPRE



Proof of concept

Preliminary investigations - Results

Laboratory sieving, Point load tests & Petrography

L Zurich Geneva Zurich Geneva i
Grain sizes Zurich Molasse
Molasse Molasse Molasse Molasse
81% Quartz and Feldspar
<2mm 63.70% 77.00% 6.3N/mm? 2.6 Nmm?
18% Agglomerates
2-8mm 4.10% 4.60% . -
1% Schistsilicates
>8 mm 32.20% 18.40%

Concrete tests

Cube Name Aggregates

100% of 0/8 mm from gravel pit

Mix 1  Reference Lo
X Holcim in Aigle

Molasse 100% of raw molasse from the

Mix 2 . . .
100 Gubrist construction site
55% of 4/8 mm washed molasse
Molasse (mainly sandstone)
Mix 3 55

45% of 0/4 mm from grawel pit
Holcim in Aigle

Cement

330 kg/m®
Optimo 4
(Holcim)

Compressive Strength
(7 days) in N/mm?

26.7 (100 %)

7.0(26 %)

14.8 (55 %)

7

medusoil

RECYCLE
REINVENT
REVALORISE

Figure 3. Sample of washed molasse (left) and wet molasse
material (right) from Gubrist Tunnel

Figure 4. Sample of washed molasse (left) and wet molasse
material (right) from Geneva Basin (Cern)

F\AMBERG  hilger+partner MSHL | o



RECYCLE

Proof of concept MEV LRI

0.23 0.11
0.57 1.10
1.78 7.50
0.95 2.24
0.31 0.22

J.\AMBERG  hj|ger+partner




RECYCLE

Global environmental & societal impact FEINVENT
4

REVALORISE

Business as 65% materials
usual reused (CER3N)
Landfill weight (t) 23 million tons 50% 8.05 million tons
CO2 due to 104.880 tons 2 6% 36.88 tons
transport only CO2 generated =70 CO2 generated

1 CLIMATE
ACTION

SUSTAINABLE
DEVELOPMENT

QALS

FCCIS - Future C: ! A MIHND THE A UREF,\ AMBERG bllger partner V-5-H-

medusoil



RECYCLE

Feasibility /) EVALORISE

15 million tons in 10 years (2030-2040)

1.5 Million tons / year

175’500 m2

100 times our current production capacity
Fully scalable model

200 Mio CHF investment in production facility
450 Mio CHF in total production costs

Vs

750 Mio CHF if landfilled (2021 Prices)

F\AMBERG  hjlger+partner M:Sd

medusoil



Summary

@

RECYCLE
REINVENT
REVALORISE

CER?3N - Recycle, Reinvent, Revalorize brings:
I.  Technical solutions for processing the excavated material at the

FCCIS and providing a possibility for partial recycling at large
scale

ii. Already reached TRL 3 and TRL 7 in 2023 is within reach

lii. Strong benefits for the environment & society compared to the
usual technigues & processing

Iv. An important contribution to the underground construction
industry to make future projects more sustainable
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Thank you for your
attention!

RECYCLE
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SUSTAINABILITY
" AT IMPLENIA

Rolf Wagenbach
Global Head Sustainability

A JOURNEY SINCE 2009

SCAUT Partner Event
13th December 2022

\



IMPLENIA

WE DEVELOP AND BUILD WITH AND FOR PEOPLE

2021 revenue Total workforce Order backlog half year 2022

asat31.12.2021

Sustainability

Industry leader in Sustainalytics rating, AAA rating by MSCI and gold status by EcoVadis

Positive outlook in Divisions
relevant markets

CAGRY 2022-24
Buildings +1.6%
CivilEngineering +2.7% Real Estate Buildings Civil Specialties
Engineering

1) Compound annual growth rate (Euroconstruct)

© Implenia



SUSTAINABILITY AT IMPLENIA

AGENDA

Sustainability at Implenia
Importance for Implenia

Sustainability Community
Organisation

Sustainability Goals 2025
Overview

Sustainability Initiatives
Focus measures

Q&A

© Implenia
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SUSTAINABILITY AT IMPLENIA

GLOBAL NEWS

Schweizerische Eidgenossenschaft
o Confédération suisse

Confederazione Svizzera

Confederaziun svizra

Bern, 23.11.2022 - The Federal Council has adopted the e et el I

executive order on climate reporting for large Swiss AHV/Altersvorsarge
companies and brought it into force on 1 January 2024.

[ RYY]
()

Energiefragen/Kernenergie

WY
9]

Beziehung zu Europa

WY
5

nflation

Gesundheitsfragen/Krankenkasse/Pramien

P
-

Versorgungssicherheit

nJ
(=]

Der Krieg in der Ukraine

UBS Personenfreiziigigkeit/Zuwanderung
Flichtline/Asylfragen

Benzin-/Erddlpreis

by 2035 === Addressing our supply chain
— Aim for net-zero GHG emissions by our key vendars

Arbeitslosigkeit
weltweite Abhangigkeit Wirtschaft/Globalisierung [l
Verlust der Meutralitat
erdhhte Wohnkosten

orc -P amie
by 2050 === Net zero across all our activities (scope 1, 2, 3) Corona-Pandemie

|

Soziale Sicherheit

Armut

24

Neue Weltordnung/Aufstieg Chinas

Zusammenleben in der Schweiz/Toleranz

lI

in Prozent Stimmberechtigte, Anteil Nennungen

Grafik: mcep » Quelle: Credit Suisse

© Implenia


https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-91859.html
https://www.ubs.com/global/en/sustainability-impact/net-zero.html
https://www.credit-suisse.com/sustainability/en/thought-leadership/worry-barometer.html

SUSTAINABILITY AT IMPLENIA

CURRENT TRENDS AND EVENTS

Global energy crisis
sparked by Russia’s war
2022

Adoption of the new
Co, law
Rejected on 13.06.2021

Totalrevision des:e

CO,-Gesetzes fir die Zeit

nach, 2020

«Konzernverant-
wortungsinitiative»
Rejected on 29.11.2020

New awarding culture
under the revised
procurement law since

hafte,
bale GesC -
glo y

«Building Green 2021»
Big sustainable
construction eventin

«Fossil Free Sweden»
Sweden as a fossil free

nation till 2045
==
@ Fossilfritt
Sverige
«Climate strategy
Oslo»

Minus 95% CO, by 2030,
compared with 1990 i

IS

>
"ML Klimastrategi for
: ﬁ Oslo mot 2030

New reporting
guidelines under the
EU-Taxonomy from

2022 -

B

Lk Kok
- “TAXONoMy X

“TechnicalReport™

€ €0  w

CLIMATE CHANGE CLIMATE CHANGE POLLUTION

MITIGATION ADAPTATION PREVENTION
0 e Ze
o] %
& ‘ © o
.

CIRCULAR SUSTAINABLE USE OF WATER AND ~_ HEALTHY
ECONOMY MARINE RESOURCES ECOSYSTEM



SUSTAINABILITY AT IMPLENIA

MEDIA REVIEW
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Maximal nachhaltig -
optimal zertifiziert

Dia Schweizer Immabiienibranche bout vermehit kologisch und gesund: Bereits 14 Projekte sird nach dem
SNas rentzen - 70 sindiin der Pipeine

SNBS und Co.

© Implenia

H Implenia LLY
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HIER IST ALLES GOLD &

LEED Gold zertifizierter Biironeubau auf dem Gelande der sMacherei» im Minchner
Osten: Filr eine Projektgeselischaft der Art-Invest Real Estate und der Accumulata
Immobilien Development hat Implenia die funfgeschossige Biroimmobilie
schlisselfertig errichtet. Das Baufeld 30 ist Teil der Quartiersentwicklung, die als
neuer Kreativhub" in mehreren Baulosen realisiert wurde.

Der Neubau nach Planen von 0SA Ochs Schmidhuber Architekten erforderte ein
hohes technisches Know-how und ige statische Die Erfahrung
in der Umsetzung von Grossprojekten, die eigene Fachplanung und die

50 | Intrastrukturtns

So werden Infrastrukturen nachhaltig

Text e Lubign, Gosch et MBS, Zirch | Feton/Gont. vy

Abstimmung der ausfihrenden Teams haben den Auftraggeber erneut Giberzeugt.
Das Gebaude ist Teil des ersten LEED Gold zertifizierten Quartiers in Deutschland.
ACCUMULATA Real Estate Group, O S A Ochs Schmidhuber Architekten

Matthias Jacob, Simon Kaiser, Stefanie Kratsch, Isabel Kiefer, Robert Bschlagengaul

impleni i hland

#Architecture #Design #LEED

p
#Construction y #Munich

e Boachiung, SNBS
> tur - Nutzen und
Mehrwerte
. [ —
o erndanien dat w7 e —
o tmirioaliiiuns Pt
Formasanaens o S - Bt s Betascem
ten o
ik o o enstaroten s - Pramarenterts e ages.
e Crachtn
——— o) =
- e
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SNBS Hochbsu und Infrastrukrur

Die Nachhaltigkeit
quantifizieren

H Implenia
2 Woche

¥ A GREEN VILLAGE IN GENEVAY

Geneva, on the River Rhéne, is truly a world city, playing host to around 200 governmental
and non-governmental organisations. One of these, the World Council of Churches (WCC),
which represents more than 500 million Christians, has its headquarters in the city's
international quarter. The WCC complex includes an assembly building, four annexes and a
library, all set in a small area of parkland.

Implenia was given the job of making this ecumenical centre fit for the future, The resulting
“Green Village" project includes the renovation of the listed central building, while six new
buildings, providing offices, apartments and a hotel, are being built in the surrounding
gardens. The first two new buildings are scheduled for completion by the end of 2022,

Green Village is one of the first projects to put the “One Planet Living” philosophy into
practice. This philosophy is based on ten principles for sustainable neighbourhoods, which
Implenia formulated together with the WWF. The primary aim is to reduce CO2 emissions
during both construction and the building’s operational phase by, among other things,
selecting the right materials and using renewable energy. A large solar energy system, for
example, is being installed on the roofs.

“One Planet Living" also includes other environmental measures, such as reducing and
recycling waste, green mobility solutions and promoting biodiversity. Emphasis is also placed
on social issues, such as encouraging neighbourliness, using regional resources, involving
local businesses and promoting community well-being.

Our Real Estate Division: https://Inkd.in/dFOWb6bN

Our Report: https://Inkd.in/dKzzfb:

Adrian Wyss, Marc Lyon MRICS, Camille Sainte-rose, Stephan Meierhofer, Fritz Lobeck

#Implenia inabi illage #Construction
#Architecture #Design #Geneva #Recycling
#GreenMobily #WasteManagement #C02Reduction

Ubersetzung anzeigen




SUSTAINABILITY AT IMPLENIA

ANIMATION «SUSTAINABILITY AT IMPLENIA»

As a leading, multinational construction services provider,
Implenia takes responsibility.

© Implenia


https://www.youtube.com/watch?v=d9r5cIFwqc0
https://www.youtube.com/watch?v=d9r5cIFwqc0
https://www.youtube.com/watch?v=d9r5cIFwqc0

SUSTAINABILITY AT IMPLENIA

OUR FOCUS IN LINE WITH VISION, MISSION AND VALUES

- Isi . . il . iti
Vision Values Sustainability Priorities
Iy \¢ [ y

Our vision is to be a multinational - Sustainable products
. . . Excellence Agilit .

leader in construction services. giity and services

Collaboration Integrity Res!:ect forthe
environment

@ Mission . . Attractive working
Sustainability environment

Our mission is to sustainably We generate results that endure and

develop properties and construct we protect our fellow human beings . .

buildings as well as infrastructure and the environment. We live up to Social com.mltment

with and for people to fit their Sustainability by working together and compliance

modern living, working and mobility to create a future worth living for . .

needs. everyone. Financial and

operational excellence

© Implenia



SUSTAINABILITY AT IMPLENIA

UNWELT UND COMPLIANCE UNWELT

SUSTAINABILITY REPORTING SINCE 2012
:

et @it @ rtaito Q)

et Sevetang
—— a1 mw wm mr ws Gl
1. Nachhaltige Entwicklung & Realisierung [] 0%
(] 0%
NACHHALTIGE PRODUKTE UND GESELLSCHAFTLICHES ENGAGEMENT GESELLSCHAFTLICHES BNGAGEMENT
DIENSTLEISTUNGEN UND COMPLIANCE UND COMPLIANCE

3. «Chantier Marguerite»

NAVIGATION

SCHONENDER UMGANG MIT DER 'NACHHALTIGE PRODUKTE UND
UNNWELT DIENSTLEISTUNGEN
° o= , '

Ausgabe Marz 2021 = n

4. €Oz Reduktion ] 5%

+ urie

5. Umweltschutz ] 5%

Sustainability report newly integrated on website www.implenia.com |
Includes new features: Goal cockpit, interactive graphics and movies | mim BN B 5 o
6t Sustainability Report will be published on 01.03.2023 . . . u . L .

© Implenia


http://sustainability.implenia.com/

SUSTAINABILITY
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SUSTAINABILITY COMMUNITY

ORGANISATION

Sustainability Committee
11 members (Divisions & Functions)

Global Sustainability Team
6 Global Sustainability Specialists

Sustainability Respect for the Sustainable products
at Implenia environment and services
«Values & Goals» «Safeguard» «Competence Center»
= Sustainability strategy, goals, group-wide * Environmental protection on construction sites | = Support in planning, acquisition and realization
communication and reporting » Fundamentals for operational teams, creation of | = Multiple years of experience in achieving
= Group-wide initiatives for ongoing improvement awareness campaigns, CO2 footprint assessment sustainability certifications in building
towards more sustainability at Implenia and CO2 reduction measures construction
» Planning and implementation of project-specific
environmental initiatives by country units and
construction projects

Sustainability Specialists in Divisions
Members in all Divisions and Countries with focus to implement on construction sites

© Implenia 11
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SUSTAINABILITY GOALS 2025

OUR 12 SUSTAINABILITY GOALS

§is— s 7’—' ' = .
' «We develop and build according to the highest
sustainability standards and contribute to their further

development»

(s A 0 p
2 «We work with sustainable partners and
continuously improve together»

2 «We convince and support our clients by offering
project-specific sustainability concepts and
implementing outstanding sustainable solutions during
construction»

© Implenia

Sustainable
Products and
Services

7 «We live up to sustainability in our daily actions and
transparently communicate our learning and our
results»

4 «We aim for net zero CO,-emissions by 2050 and a
reduction in our group-wide CO,-emissions by 15% by
2025»

. .
® «We carry out professional environmental

managementin all projects to prevent environmental
incidents»

— - _
8 «We aim for zero accidents, unconditionally stand for
safety at work, modern working conditions, high
employee satisfaction and a low fluctuation rate»

Circular Economy

° «We engage in social partnerships and collaborate
with our stakeholders beyond the construction site»

5 «We develop new circular business models
and promote the closing of material cycles»

Respect for the
Environment

Financialand
operational

Social
commitmentand

Attractive
working

envir

~
10 «We live a zero-tolerance policy towards compliance
violations, always do businessin aresponsible and
ethical manner and demandthe same behavior from our

partners»

" «We integrate ESG-criteria in our business and
investment decisions for clients, investors and society at
large»

12 «We consolidate our reputation for operational
excellence and high-quality standards»



SUSTAINABILITY
INITIATIVES




SUSTAINABILITY GOALS 2025

SUSTAINABLE DEVELOPMENT & CONSTRUCTION

#1«We develop and build according to the highest Sub-Goals

KPI

sustainability standards and contribute to their further

development» B sustainability labels

grey energy

timber construction.

renewable energies
consumption of

SUSTAINABLE S, energy
PRODUCTS AND g = ool

SERVICES

i3

© Implenia
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SUSTAINABLE DEVELOPMENT AND CONSTRUCTION

REFERENCE PROJECTS IN BUILDING CONSTRUCTION

Buildings

Implenia Connect

UBS Para, Zlirich*
Andreasturm, Ziirich
Giessenplatz, Dilbendorf
Quai Zurich, Zirich
Neugriien, Mellingen
UBS HGHG, Ziirich
Cilag, Schaffhausen
WHO, Genf

Pont Rouge, Genf

Rue de Lausanne, Genf

Real Estate
Lokstadt, Winterthur*

Tivoli, Neuenburg*
sue&til, Winterthur
Green Village, Genf*
schorenstadt, Basel

*Ongoing project

© Implenia

Label

WELL Platin
LEED Platin
DGNB Platin
greenproperty
LEED Platin, Minergie-P-Eco, 2000-Watt-Areal
Minergie-A-P-Eco
LEED Platin

LEED Gold
Minergie

DGNB Gold

SNBS Gold

Label

2000-Watt-Areal, Minergie-P-Eco, Minergie-Eco,
SNBS, SIA 2040

SEED

Minergie, SIA 2040
SEED, SNBS
Minergie-P-Eco, SNBS

number— Sustainability certifications in building construction

70
65

61

s4 D
51 1 14

9

N
@
~

14
12

8
2 3 3
3 3
7

w
B
w
B

ne

30 | 28
" 5

23 5 6
L 2 3 7
1 7
. . . 2 T . .

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

IS
N oW oo

@

N unou ©
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SUSTAINABLE DEVELOPMENT AND CONSTRUCTION

SNBS INFRASTRUCTURE

NNBS - Network Sustainable Construction Switzerland
Implenia is executive board and founding member since 2012

SNBS Infrastructure
Offers overarching concept for

sustainable construction in Switzerland.

To plan, construct, operate and further
develop infrastructure projects

Core topics: mobility, water, protective
structures, energy and communication
Holistic sustainability label

Version 1.0: 75 indicators in 29 criteria
Further information on the SNBS
Infrastructure can be found online

Our experience
Education with NNBS done
Project-work done with ETH Zurich
Criteria catalogue used for acquisition

© Implenia

==SNBS

SNBS 1.0 Infrastruktur

KRITERIENBESCHRIEB

Bereche MobititiTransport, Energie, Wasser.

A i 3 bt 2070

Transversale Themen

Bereich Thema Kriterium

T131 Zielkonfiikte
T132 Synergien

T12.2 Ziele der SNBS-Bewertung

T12.1 Zielsetzung des Projekts
T123 Systemabgrenzung

T12

T11.1 Priifung der Anwendbarkeit
T11.2 Nachhaltigkeitsbewertung

T11.3 Projektorganisation

T11

<>

G 1.1 Raumplanung, Landschaften, Ortsbilder und Kulturraum

Raument-

wicklung und 61.2 Wohnqualitit und Zusammenleben
Siedlung

61.3 Zugang zur und

G621 Kommunikation und Partizipation

Gesellschaft G622 Sozalvertragliches Verhalten

G623 Rechtssicherheit

624 Solidaritat, Gerechtigkei

G 3.1 Arbeitssi L i Rettung und

Gesundheit und
Sicherheit

632 Schutz vor Gewalt und Kriminalitat

W11 Betriebswirtschaftiiches Kosten-Nutzen-Verhaitnis

w12 | ibilitat, A ghigkeit und Riickbau

W21 Volkswirtschaftiiches Kosten-Nutzen-Verhaltni

W22 Regionalwirtschaftliche Aspekte

W23 Okonomische Nutzung vorhandener Infrastrukturen

W31 Geeignete Finanzierung

U 1.1 Energieverbrauch

U1.2 Fachennutzung, -recycling und Boden

U1.3 Belastete Standorte

von
U4 aumatarialien (Abfall

U15 Umwelt- und

U21 Beeintrichtigung des Klimas

U22 Umweltbelastungen

®

U23 Oberflach asser und

U24 Natur und Landschaft

Gefahrenpra- U3.1 Naturgefahren
A vention
U32 Stirfalle

und Aushub-, Ausbruch- und Rick-



https://www.nnbs.ch/snbs-infrastruktur
https://www.nnbs.ch/documents/864304/1949395/SNBS+Infrastruktur_Kriterienbeschrieb.pdf
https://www.nnbs.ch/documents/864304/1949395/SNBS+Infrastruktur_Kriterienbeschrieb.pdf

SUSTAINABILITY GOALS 2025

CO2-REDUCTION

# «We aim for net zero CO,-emissions by 2050 and a
reduction in our group-wide CO,-emissions by 15% by
2025»

© Implenia

Sub-Goals

KPI

sales-related CO,-emissions

annually collect our CO,-footprint

solar panels

energy efficiency

mobility concept

100% renewable energy

18



CO2-REDUCTION

DATA COLLECTION SINCE 2012

This is the benchmark data currently recorded by Implenia:

Surfacing works, Paper
Category Type Key data recorded concrete works, gravel works Heating
Group General information Office buildings Electricity
Workshops Fuel
Construction sites
Production facilities Water
Lorries and machinery New materials
: Delivery trucks Recycled materials
Properties
Cars Kilometres
Flights Destinations
Building sites
Revenue
Employees
Mechanical

and transportation

Official first data publication

= 2012/13: Switzerland

= 2019: Germany, Sweden, Norway, Austria
= 2020: France

Business trips

© Implenia



CO2-REDUCTION

CO2-FOOTPRINT, GLOBAL

Status: end 2021

Base year 2020: Greenhouse gas
emissions, Implenia Global
(Scopes1+2)

in tonnes of CO, equivalents

70k —

62981
sk |- IR
2 456

54 192

2923

50k

20k —

10k —

0

2020 2021
[ Sweden France Austria/Romania
Norway I Germany M Switzerland

© Implenia

Base year 2020: Greenhouse gas
emissions, Implenia Global (Scopes
1+2)

by energy source and in %

100

0%

6%

800
0%

" Diesel Petrol Natural Gas
Heating fuel I piodiesal W Electricity

W District Haating

Status: end 2021

Base year 2020: Revenue-adjusted
greenhouse gas emissions,
Implenia Global (Scopes 1+2)

in tCO,/Mio. CHF

Global

swizotons T

W 2021 2020



CO2-REDUCTION

COZ' RE D U CTI O N M EASU RES EXAMPLES PRODUCTION SITES & YARDS

Photovoltaic Power Plants Energy Monitoring
7 photovoltaic power plants produces 1.1 GWh/a 8 energy monitoring systems are installed

Implenia Mannheim MET

PV ELECTRICITY GENERATED, IMPLENIA SWITZERLAND
in kwh

Implenia Construction GmbH
ey

“Data for 2020 estmated for Vétroz & Satigny

o o

1400k —
L 1169 814
1 200k 1120 456
98 868
1044060 4 932184 4 g1 187 96 592
1000k |-
98867 73022 awsen o
245 037
0169 0600
800k |- 201722
80 708 73621 67310 gy 770
600k - e i 73181 61439 238918 210746
98127 99 050 90 608
439 674
400k - 358291  [5pn328] 8o o3
24 943
104 441
4905007 484300 4sses1 464507 31138
200k - 168 801 290 628
99 848 253 850 319 802
1143 68953 48717 26 580 54 950
2012 2013 2014 2015 2016 2017 2018 2019 2020% 2021
Implenia Workshop Bois de Bay in Satigny (GE) Implenia Workshop Vétroz In the canton of Wallis (VS) "
Implenia Workshop in Enchandens (VD) Gravel plan Claie-aux-Moines in Savigny (VD)
Surfacing plant in Ecublens (VD) Yard Schattdorf {UR) [Pl

BBV Systems in Bobenheim (DE)

© Implenia



CO2-REDUCTION

C02- RE D U CTI O N M EAS U RES EXAMPLES CONSTRUCTION SITE: CO2-FOOTPRINT

Raderhochbriicke: DE - 2022
59% steel, 29% concrete

Stahlkonstruktion Uberbau
M Konstruktionsstahl

[ Betonstahl Briickenbau
B Bewehrungsstahl

B Ortbeton Briickenbau

B Konstruktionsbeton

W Asphalt

B Erdarbeiten

B Maschinen mit Motoren
B Transport

H Sonstiges

© Implenia

Treibhausgasemissionen
(Total 48'359 t CO2eq)

5o 1971

22%

SiSto Mositunnel Brunnen: CH - 2014
74% concrete, 11% electricity

[ Spritzbeton (geplant)
O Spritzbeton

O Elektrizitat

W Diesel

B Armierungsnetze

@ Transport Ausbruchsmaterial
O Armierungsstahl

O Zementmortel

O Benzin

@ Kies

B Bauholz

Treibhausgasemissionen
(Total431t CO2eq)

39 2%1%
4%

11%

11%

22



CO2-REDUCTION

COZ-RE DUCTION M EASU RES EXAMPLES CONSTRUCTION SITES

Circular Economy
Several pilot-projects initiated

Civil Engineering measures:

= Onsite production: Mobile gravel & concrete plants
= Re-using of material on a close by construction site
= Recycling of excavation material

= Reduction of transport emissions and costs

Implenia believes that the potential in
this area of business is particularly good
because of the large volume of excavated
material it produces.

© Implenia

Further CO2-reduction measures
Find more initiatives under: Sustainability Stories

SUSTAINABLE PRODUCTS AND SUSTAINABLE PRODUCTS AND

CO2-reduction measures: SERVICES SERVICES
= Sustainable Concrete ' :
= Logistic concepts

= Pellet heating

= Electrified machinery
= Eco-Drive

= Green electricity

implenia Civil Engineering Implenia Civil Engineering
= Bio-Diesel Abridge joinsthecir-  Closing material cycles
= LED-Lightning cular economy onsite

z:s‘::\c";:ﬂli PRODUCTS AND: RESPECT FOR THE ENVIRONMENT zg;‘:bﬁzzEM”MENT AND

Implenia Production sites Implenia depots Implenia Group
Setting the standard “Depots move “Sustainability is a
for asphalt recycling  forward” priority”

23


https://implenia.com/en/sustainability/sustainability-report/stories/

SUSTAINABILITY GOALS 2025

ENVIRONMENTAL PROTECTION

> «We carry out professional environmental
management in all projects to prevent environmental

RESPECT
FOR THE
ENVIRONMENT

=

© Implenia

Sub-Goals KPI
environmental
incidents
construction waste
recycling
rate to 100%

organisation

environmental

trained

24



ENVIRONMENTAL PROTECTION

ENVIRONMENTAL PROTECTION PRODUCTS

Environmental Standard
Global standard

UNSER UMWELTSTANDARD

Global environmental standard
with 6 environmental topics
(construction waste, noise, air,
water, soil and energy)

for all divisions and countries

© Implenia

Environmental Concept
Modular tool

Modular concept for the
individual description and
implementation of environmental
aspects on construction sites

Environmental Posters
11 sensitization campaigns

Sensitisation Campaigns for blue
collars: Posters, presentations
and info-material

Sustainability Academy
E-learnings

b9 SUSTAINABILITY
 ACADEMY
UMWELTSCHUTZ

E-learnings for white collars:
Environmental protection, CO2-
reduction, Sustainable
development & construction,
Circular economy, Sustainable

procurement 25



BE SURE
TO WASH YOUR
HANDS AND ALL
WILL BE WELL

LA _ U ¢ &
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Thank you for
your attention

Rolf Wagenbach
Global Head Sustainability

Global Sustainability
Implenia Schweiz AG

sustainability@implenia.com
sustainability.implenia.com




LEGAL NOTICE

DISCLAIMER

This presentation, material, any associated oral presentation and/or discussion (hereafter together, the
"MATERIAL") has been prepared by Implenia Ltd and/or its affiliates (hereafter "IMPLENIA") for informational
purposes only and may contain confidential and/or legally protected information. The MATERIAL may include
forward-looking information and statements, including statements concerning the outlook for IMPLENIA'S
businesses. These statements are based on current expectations, estimates and projections about the factors that
may affect IMPLENIA'S future performance, including global economic conditions and the economic conditions of
the regions and industries that are major markets for IMPLENIA. These expectations, estimates and projections are

generally identifiable by statements containing words such as "expects", "believes", "estimates", "targets", "plans",
"outlook", or similar expressions.

Numerous risks and uncertainties, many of which are beyond IMPLENIA'S control, could cause IMPLENIA'S actual
results to differ materially from the forward-looking information and statements made in this MATERIAL, and could
affect IMPLENIA'S ability to achieve any or all of its stated targets. The information and opinions contained in this
MATERIAL do not purport to be comprehensive, are provided as of the date of this MATERIAL or as of the date
specified herein and are subject to change without notice.

Although IMPLENIA believes that the expectations reflected in all such forward-looking statements are based upon
reasonable assumptions, it can give no assurance that these expectations will be achieved. IMPLENIA also disclaims
any obligation to update these forward-looking statements to re?ect future events or developments.

This MATERIAL is not an offer to sell or a solicitation of offers to purchase or subscribe for shares of Implenia Ltd. This
MATERIAL is (i) not a prospectus within the meaning of article 652a of the Swiss Code of Obligations, (ii) not a listing
prospectus as defined in articles 27 et seqq. of the listing rules of the SIX Swiss Exchange Ltd or of any other stock
exchange or regulated trading venue in Switzerland, (iii) not a prospectus within the meaning of the Swiss Financial
Services Act and (iv) not a prospectus under any other applicable laws.

This MATERIAL does not constitute an offer to sell, or a solicitation of an offer to purchase, shares in Implenia Ltd. or
any other securities in the United States.

© Implenia

This MATERIAL is not for publication, transmission or distribution, directly or indirectly, into the United States or its
territories or possessions or to persons in the United States (within the meaning of Regulation S under the U.S.
Securities Act of 1933, as amended (the "Securities Act")) and are only addressed to and directed at persons outside
the United States, as defined in Regulation S under the Securities Act. This MATERIAL does not constitute an "offer of
securities to the public" within the meaning of the Prospectus Regulation (EU) 2017/1129 of the European Union and
is not a public offering in the United Kingdom. The information contained herein shall not constitute an offer to sell
or the solicitation of an offer to buy, in any jurisdiction in which such offer or solicitation would be unlawful prior to
registration, exemption from registration or qualification under the securities laws of any jurisdiction. Neither this
MATERIAL nor any part or copy of it nor the information contained in it and any related materials may be taken or
transmitted into the United States or any jurisdiction which prohibits the same or distributed or redistributed,
directly or indirectly, in the United States or any jurisdiction which prohibits the same or to any resident thereof.

All of the information and material used in this MATERIAL , including text, images, logos and product names, is either
the property of IMPLENIA, or is used by IMPLENIA with permission.

Whilst IMPLENIA uses all reasonable attempts to ensure the accuracy and completeness of all contents, IMPLENIA
gives no warranties or representations of any kind that material in this MATERIAL is complete, accurate, reliable or
timely, or that it does not infringe third-party rights. IMPLENIA does not accept any liability for any direct, indirect or
consequential loss and/or damage arising from reliance on this MATERIAL.

The contents of this MATERIAL may not be reproduced, modi?ed or copied, or used for any commercial purposes, or
communicated to any third parties without written consent from IMPLENIA. All trademarks mentioned are legally
protected.

Copyright © 2021 Implenia Ltd and/or its affiliates. All rights reserved.

By attending this presentation and/or by accepting this MATERIAL you will be taken to have represented that you
agree to accept the terms set out above.
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~ MULLER-STEINAG GROUP

B

Employees

Years active in the e o R e e o | Production Sites

_construction industry : , : g S

| 'cert’ifiéc‘l’-f—’f o
.companies '




' TARGET CONSTRUCTION SEGMENTS

(o o) o

Civil Sewerage
Engineering Construction

o .
o Cln
oo S L
Road e Railroad
Construction b Construction

Sl

Hydraulic
Engineering

ﬁ
Surface & Path
Construction

Gardening &
Landscaping

Building
Construction



' SERVICES

Logistics

Setting and
Installation Tools

o

&

Assembly

Concept Proposals

OO

Structural Analysis

=k

Sales Documents
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The MULLER-STEINAG Group wants
to become climate-neutral by 2050.
This means that the company-wide
carbon footprint should have a net

zero balance.
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REUSE EXISTING ELEMENTS
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¥ REDUCE DIMENSIONS OF PRODUCTS (THINNER)
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MULLER-STEINAG GRUPPE

' REDUCE PROCESS ENERGY
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Reuse process water
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MULLER-STEINAG GRUPPE

' REDUCE CLINCER (CEM | TO

CEM II)

Ciment Portlal d auj,g'
Portland Kalkstein Ze

. | : B "J
T VIGIER

Ciments Vigiet SA, CH-2603 ey

S —




MULLER-STEINAG GRUPPE
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' RECARBONISATION OF RECYCLED CONCRETE AGGREGATES




MULLER-STEINAG GRUPPE

- REDUCE TRANSPORTS (DISPATCH)
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MULLER-STEINAG GRUPPE

' CLOSING THE CYCLE OF MATERIALS

5 e n Concrete production and new construction i S n Selective dismantling

; Cement production: grinding with clinker e n Processing to concrete and mixed granulate
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Tiefbauamt des Kantons Bern BautechnlsWNatlomlslmssen

Kunstbauten

Tiefbaubetone

Referenz:

6.10-01

Vorgaben Tiefbaubetone fiir Kunstbauten des Kantons Bern

Das Dokument ist wie folgt strukturiert:

1. Anforderungen
Tiefbaubetone fir Kunstbauten (Beilage zur Ausschreibung) siehe Anhang 1A
Anforderungen an die Betone nach Eigenschaften siehe Anhang 1B

r

* ...THAT MEANS: YOU HAVE TO CHALLENGE THE EXISTING REGULATIONS

NPK

Merkblatter zum Devisieren

Nr. 14 D/17

Beton - nach den Normen SN EN 206:2013
(2. Auflage) und SIA 262:2013

Hochbau
Tiefbau
Kunstbau
Untertagbau

1 Ausgangslage Fiir den Betonbau gilt in der Schweiz die Norm SIA 262 «Betonbau=. Die Ausgabe 2013
(giltig seit 1.1.2013) hat die Fassung von 2003 abgeldst. Die Norm SIA 262 stitzt sich beim
Beton auf die zwei folgenden Normen:
* SIA 262/1 «Betonbau - Erganzende Festlegungen=
* SN EN 206:2013 (2. Auflage) «Beton - Teil 1: Festlegung, Eigenschaften, Herstellung und

Sl

Konformitéts, hier als SN EN 206 bezeichnet.

- T ——— ra—

SIA Schweizerischer Ingenieur- und Architektenverein
25, Mai - Q@

:n der Neuausgabe der SN EN 206:2013+A2:2021 «Beton — Festlegung, Eigenschaften, Herstellung|
¥nd Konformitat» wurden die zugehdrigen nationalen Elemente aktualisiert. Dabei wurde das

forrigendum C1:2019 zur SN EN 206:2013+A1 integriert und die Verweise angepasst -- unter
~nderem infolge der Revisionen der Merkblatter SIA 2030 und SIA 2042. Weiter wurde die Tabelle |
A1 infolge Freigabe eines Zements aktualisiert und die Tabelle NA.2a eingefgt:

.//bitly/3PDLUIZ

| Neufassung:

SN EN 206

mit dem
Amendment A2
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~ ....ENSURE ACCES TO RC-MATERIALS, .....
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MULLER-STEINAG GRUPPE

- ...TESTING RC-CONCRETE PRODUCTS, ....
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MULLER-STEINAG GRUPPE

©...& SELLING RC-CONCRETE PRODUCTS AS ALTERNATIVE
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~ WHICH PRODUCTS OR SOLUTIONS CAN | ALREADY GET TODAY?

= 'ConCrete Vvvit‘h'»resource-eaving ceme‘nt |
E - Concrete wrth recycled aggregate (recycled concrete) L
* - Concrete Wlth stored COZ
8 C02 neutral concrete gy
- Concrete eIements from prefabrrcatron (BIM)
}» — Concrete solutlons Wlth component activation
| - Reuse of supportrng structures and components :

= Hybnd constructrons (composrte ce|I|ngs or 5 L
" combinations in the structure Reduced masses for
celllngs (hoIIow rrbbed or coffered ce|I|ngs
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MULLER-STEINAG GRUPPE

41 B8

~ WHICH PRODUCTS OR SOLUTIONS CAN | ALREADY GET TODAY?

That S not enough for us' What is being researched,, :
written on , .

|4 3D concrete prrntrng
- ered demolltlon granulated concrete %
- Recycled concrete wrth a hlgh resrstance class

e Alternative concrete rernforcement systems for textrle "
or carbon concrete i
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~ VISION

«We attract and retain an above-average
number of qualified and motivated |
employees compared to the industry.»

THE MULLER STEINAG GROUP




MULLER-STEINAG GRUPPE

" MOTIVATION & RECRUITMENT

44 B8

With e/nthusiasm

for our business,

~ we attract the best

professionals.




MULLER-STEINAG GRUPPE

i MOTIVATION AND COHESION

* We Ilve the values of a family busmess and act|vely
promote social togetherness.
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PROSPECTS
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47 B

{ We are committed to ensuring that ouremployees
| work safe and can remain healthy through ergonomic

- work spaces.




MULLER-STEINAG GRUPPE

GENDER & SALARY EQUALITY

| Gender equality is monitored, measured and the
| proportion of women is increased where possible.
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Sustainability commitment increases
the company longevity potential,
enables growth, while balancing cost

- and turnover. |
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2 INVESTMENTS

e

_ Low risk and Iongfterm pay back Investments

ik Assuring business for the next generations
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MULLER-STEINAG GRUPPE

RESSOURCES
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— Saving existing resources

s RC instead Of'fluvio,glaciél} gravel
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MULLER-STEINAG GRUPPE

_ Cost Cu-.t'tvi'ng

X

— Saving cement consumption
~'Saving Enefrg’y‘ L e




MULLER-STEINAG GRUPPE

' PROCESSES
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_ Research & Development |
in sustainable added value processes
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MULLER-STEINAG GRUPPE

PRODUCTS

Research & Development
|n new sustainable products (e.g. pestrcrde separator)
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LONG LASTING
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CONCRETE CHOIC
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End-of-the-Year Event Sustainability in Underground Construction

al 0 S I L. .

JUAUI

Swiss Center of Applied
Underground Technologies @ BEKAERT

Build Sustainable Precast Segment Lining with Fibre Reinforced

Benoit de Rivaz

HADERBARCH 13/12/2022



a4y
—‘ Introduction
b

- Moving to Low Carbon .

Fibre Reinforced
Tunnel Lining .

@ BEKAERT
2 better together




Bekaert in brief

% Founded in 1880 by Leo Leander Bekaert

The world’s largest independent producer of steel wire

products and solutions
Serving customers from a very wide range of industry
H sectors in 120 countries and operating a global
manufacturing platform with 29 000 employees worldwide
E Combined sales of € 5.1 billion and consolidated sales of
€ 4.3 billion (2018)
AN

Listed on Euronext® Brussels

=l
=l
=

® BEKAERT



Bekaert has a strong
presence in diverse
industry sectors

ko 5% 5%
Basic  Equipme
6% Materials nt
Consumer
goods
Ry Sales
7% 43%
Automotive

Agriculture “
P 7

11%
Energy & Utilities

o)
(TEm

23%
Construction

@ BEKAERT



Often hidden or unknown... but always there...

About 30% of all tires around the world are reinforced with Bekaert tire cord

Every year over 1 billion bottles of sparkling wines are opened via the
muselet made of Bekaert steel wire

Bekaert’s customers annually use 3.5 million kilometer of bookbinding wire

Every year, 10 million m® of concrete is being reinforced with Dramix®
steel fibers invented by Bekaert

® BEKAERT



A SMART&SUSTAINABLE FIBRE REINFORCED
SOLUTION FOR EVERY NEED
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MAIN TUNNELING APPLICATION

Permanent Spray
Concrete Lining
DRAMIX® 4D 65/35BG

Temporary
Spray Concrete

DRAMIX™ 3D 65/35BG
SYNMIX®

Optional spray
membrane

tssmzssssssmssasssssmssdasssssnnrnnEEnn m

Segmental Lining
with TBM

DRAMIX® 4D 80/60BG

Fire resistance &

Anti-explosive Spalling
DUOMIX™ M6 Fire

@,

MAIN PRODUCT

@ BEKAERT

better together

Dramix®3D

The reference fibre for spray
concrete for first lining.

Dramix®4D

High strength concrete + extra
high tensile strength + small
diameter optimized 40 hook
gives exceptional post crack
behavior.

Dramix®5D

Combined perfect anchorage
+ ultrahigh tensile strength

+ high ductile wire and provide
flexural hardening at modest
dosage.

Synmix®

For temporary support and
mining.

Duomix® M6 Fire

For anti-explosive spalling.



The assessment of concrete linings requires the definition of both the EEEED

Sustainability Index and Mechanical Index

better together

Structural
safety

=
—

Sustainable
development

.

Contemporarily, a low environmental impact guarantees a sustainable development, which is in accordance

with the Brundtland Commission of the United Nations (March 20, 1987), the "development that meets the

needs of the present without compromising the ability of future generations to meet their own needs”.



MORE AND MORE MECHANIZED EXCAVATION USING TBM

Segments ring i

Excavating
direction

Hydraulic Jacks

4 Cutter Head



MORE AND MORE FIBRE REINFORCED CONCRETE PRECAST SEGMENT
State of the art summarized by fib bulletin 83

Durability

advantages at final Sustainability

advantages

Cracking control
during construction
phases

Reduction of
costs

Boosting of the

Higher impact production process

resistance



Fibre Reinforced

Tunnel Lining

Introduction

Structural Requirement
Low Carbon Requirement
Sustainable Development

Conclusion

® BEKAERT
1 better together 1
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FRC PRECAST SEGMENT INTERNATIONAL GUIDELINE JOURNEY

=

-
£ 5

Model Code ITA TECH ACI 544 ITA TECH |A WG2
2010 Volume 1 Volume 2 Design

Fib Bulletin

ITAWG2

Lesson learn




@ BEKAERT

bulletin 66

International (2010/2012)

= Published 2012
= Pre-normative (e.g. future Eurocode)
= Proposed by fib as operational document

= Fibres are included in MC2010 which is the
base for the future EuroCode (20237?)

Model Code 2010
Final draft ;

Q
©
(o]
(&)
©
©
(]
= Volume 2




NEW PUBLICATION 2018

Precast tunnel segments in fibre-reinforced concrete

Contents

Introduction

Material

Transient State loading conditions
TBM Thrust

Final state loading condition

Fire design

. Connectors
Precast tunnel segments in

: Durabilit
fibre-reinforced concrete el

Quality control

Sustainability

Case studies

Appendixes A: Envelopes at ULS

Appendixes B: Envelopes at ULS

Appendixes C: Stress-strain relationship for NL analysis

State-of-the-art report

References




Design Flow

«  Beam tests according to EN14651 *  Demolding

«  Performance classes 'Sl'taCkmgrt % Pla
. Material requirements ranspo acing
. Service

T T

Material

Acting Load

Material

Resisting Loads

Situations

Characterization Behaviour

l l

. Constitutive laws . Bending moment capacity
. Material safety factors and . Shear capacity
other impact factors . Resistance against spalling/bursting

. Resistance against impact



Material Characterization

+ Beam test according to EN14651 « Classification according to MC2010

| e
E . ":lbi" 4 Ld:ﬂ .-'"d"# -%H"‘-\-,
a 3 | i EN 14651 / .\ s
B' . ! . - f”:f ho= fri c frak frik : | :
o m sp, T 125 mm . Fs ;
.| o . ow |e”@_ 1.0, 1.5, 2.0, 2.5, a: if 0.5 < fgg/frix .t :
—_— gy b =150 mm 3.0, 4.0, 5.0, 6.0, <0.7 ] :
g o 7.0, 8.0 b: if 0.7 = fra/frix | Y CHOD ]
"*:_._;_ <09 CHOO, < D3 CMOD, =18  CMOD, =25  CAKO, <34
2:1 iI 0.9= fR3k/fR1k Figure 5.5-8:  Typical ioad F=CMOD curve for plain concrets end FRC
P .
by o S.LS. B 3F;1 4 if 1.1 = faglfane
ULS. Ry 3 <13
2b hsp e if 1.3 < fag/fan

.....................................

»f | e * Requirements according to MC2010

- : | CMOD [mm]_
cmn,:\ij CMaD, = 1.5 mon,-w CMOD, =3.5

fraw/ fc>

04 If fulfilled =» fibres can

substitute conventional

frax/ frax> reinforcement at ULS
0.5




Material Example 40kg/m3 Dramix 4D 80/60BG '@ BEKAERT

better together

Hardening behavior in bending (at sectional
level) allows immediately:

= Structural ductility (ULS)

= Cracking control (SLS)

Mix design example Tor Vergata TESTS

CEM 1I/A 42.5 480 kg/m?
Natural sand 0/4 422 kg/m?

Crushed sand 0/4 423 kg/m3
Crushed aggregate 4/16 519 kg/m3
Crushed aggregate 16/25 350 kg/m3
WWEICT 170

Steel fibre 4D80/60BG 40 kg/m 40 kg/m3

Performance class type

11 4
10 ~
9 A

© 8§ -

& 8

=7

26 -

£ 51

7 ‘

= 4]

E 3 c a 3 o

S 2 A g g o 2

= 14 G < S o
0 T T T 1

0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
CMOD [mm]
fi  [Mpa] fr) [MPa] fry [MPa] frs [MPa] fr4[MPa]

Beam 01 4.68 6.70 7.86 7.69 7.47
Beam 02 4.90 6.28 8.49 8.20 7.58
Beam 03 4.78 6.45 8.41 8.42 8.04
Beam_04 5.15 6.56 9.04 8.64 7.44
Beam 05 5.72 7.33 8.95 8.75 8.19
Beam_06 5.03 6.27 8.60 9.23 8.45
Beam 07 5.63 7.75 10.2 8.99 8.54
Beam 08 4.60 6.28 8.16 9.25 8.40
Beam 09 5.43 6.18 8.03 8.50 8.33
Average 5.10 6.64 8.64 8.63 8.05
Characteristic 4.30 5.58 7.26 7.65 7.19

5e according to MC2010




Alternatively: design by testing

Dramix® 4D 80/60BG - Tests led by Prof. Meda

Material Characterization Bending Test Point Load Test

INTRADOS SURFACE

F2 LOAD F3 LOAD

(1]
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Solution: Segments reinforced with steel fibers, having a bending hardening behavior,

Du rablllty and Steel FI bres contain cracks much thinner Effect of Fibers on Cracks segment reinforced with steel

rebar. ‘

Effect of Fibers on Cracks

- “Comparing crack width in RC with FRC indi a betrer performance in favor of fibers by as much as an average value of 43%"

|

¥y L B
(s:"' ”?}’(,ff;/;

f g !
P P

fib Bulletin 83 — Precast tunnel segments in fibre-reinforced concrete
§8 Durability — Literature study

Conclusions
o Uncracked concrete:

SFRC durability ) RC durability

o Cracked concrete:

Precast tunnel segments in

fibre-reinforced concrete SFRC durability ) RC durability

o Stray Current induced

SFRC durability ) RC durability

Discussion remain about the max crack width according to exposure class . AFTES recommandation < 0,2mm,
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Tunneling Tomorrow

N

Bye, bye concrete ?

W

When it comes to crimes against the
environment, one of the tunneling’s
most often —used materials is one of
the biggest offenders: cement. Expert

“Concrete is recognized as the second most widely
consumed commodity on the planet after water. It also
contributes approximately 8% of global carbon
emissions; the main source of these emissions is the
manufacture of Ordinary Portland Cement (CEM 1) says that the cement industry produces

5 percent of the global warming gases.

In a tunnelling project, it is generally considered that “ | believe that in 10 years we will see
60% to 70% of embodied carbon is contained in the concrete replaced by others materials,
concrete linings of the shafts and tunnels. It is such as geopolymer”

paramount, therefore that the tunnelling industry does its
utmost to significantly reduce or eliminate its use of

Tom Melbey
cement in all applications — segmental linings, in-situ ITA Workshop

linings, sprayed concrete and annulus grouts.” C.A




Breakthrough in the Middle East - Timeline

Achievements made without sacrificing durability:

A paper by consultant COWI Denmark entitled ‘The consultant’s view on service life design Carola Edwarsen

ABU HAMOUR TUNNEL, DOHA METRO GREEN LINE IDRIS MTS,
QATAR UNDERGROUND, QATAR QATAR
100 YEARS 120 YEARS 100 YEARS

2013

| | A

2009 2013 2014 2017

STEP, ABU DHABI, DOHA METRO RED LINE NORTH RIYADH METRO RED DS233/02 - JEBAL ALI STORMWATER
80 YEARS UNDERGROUND, QATAR, 120 YEARS LINE, SAUDI ARABIA AND GROUNDWATER TUNNEL, DUBAI
100 YEARS 100 YEARS




Low Carbon Concrete Lining for tunnels - voice of the customers KLty

better together

= Steel fibre: Reduced CO2 emmission

Comparison of embodied CO2 for different types of binder
= Concrete mix design: High content of sup. Cementitious materials P yP

(GGBS & FA) > Reduced CO2 emission and steel reinforcement used for various major
infrastructure projects

ton CO_-eq. per m*
cénﬁ‘r'et‘f A paper by consultant COWI Denmark entitled ‘The consultant’s

0.8 view on service life design” provides this example how much CO2
07 [ steel fibres emission saving was reached by replacing traditional concrete and
B reinforcement steel-reinforced with steelfiber reinforcement and adding GBBS/FA to
B Concrete the concrete mix.

0.6 -

0.5 1

 Use of GGBS & FA: > 75% CO, reduction
« Use of steel fibres: > 50% CO, reduction

0.4 -

0.3 1

@k ‘,\t‘@. + Doha Metro have just 0,2to vs 0,7to of
I ""’3"‘ CO2 emission which Copenhagen Metro had.

. .: - If Doha Metro would be built “traditional”...

= 400.000 tons more CO2 emission

0.2 1

0.1 4

OPC+trad. OPC+flyash Blastfurnace OPC +steel 0PC+ﬂyash OPC+GGBS  OPC +GGBS
reinforcement +trad. slag cement fibres +GGBS +steel +steel fibres  + steel fibres
Note: reinforcement  +trad. fibres

GGBS (Ground Granulated BIlfpree e Slag) is a cementitious material whose main use is in concrete and is a by-product from the blast-furnaces used to make iron.

FA (Fly ash) is a particulate material produced from the combustion of coal in thermal power plants. It’s also a by product The fine powder does resemble Portland Cement but it is
chemically different. Fly ash chemically reacts with the byproduct calcium hydroxide released by the chemical reaction between cement and water to form additional cementitious products that
improve many required properties of concrete.

23
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VOICE OF THE OWNER SGP

200 km of Automatic Subway Line to
Provide New Travel Options “

v 200 km, equivalent to the existing Metro
Network

v Automatic subway lines, almost entirely
underground

v’ Estimated cost :42 billions euros

68 future stations
. Expected to handle 2 Mio. Passengers / day
i This new system is going to transform Greater

1
1
1
1
i
Paris i
—_— _%
The use of fiber-reinforced concrete for the

2016 2018 2030 c;g.r;structlon of the segments of part of line

Civil Engineering First lot with FRC Project finished
work started in April Precast segment savings of around 5,000 tonnes of steel for
16.1 awarded 10 kilometers of tunnels-

24
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Paljners
~Owner  Société du Grand Paris (SGP)
. DeS|gner Egis
+ Contractor Eiffage Génie Civil

* Precast plan Bonna Sabla
N - Steel jib\e\ Bekaert .
N \\{,- 1 :
f Mo g ,‘f ] *. r
Tunnehparamete;s

. Year of consf mtlon 2020 — 2021

7 per ring
O 3 Slze of segments N L2mx W 4m
..!-- - xT0,40m g~ ) -
Concrete quellty 050/40 3 '
~ Dramix® 3D 80/60 BGP >
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3-point hending tests EN 14651 e
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Section A4
detail
(nolch)

Testsconduted o CERB borztory  %¢
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o, 0f woo, 15 oID,-28  OND, 95

In terms of results, according to the Model
Code 2010, a 4,5d FRC mini is required,
with the understanding that the minimum
characteristic values to be achieved for
design purpose are:

Frik = 4.4 Mpa
Fr3k = 5.7 Mpa



Suitability tests preliminary studies

The quality of Dramix® is due to a
* Mix: around 90 between 100 and 300 |

o Briding et combination of factors. .. AN NI o8 DL
_ . 40kg/m3 4D 80/60BGP > 11000 Im Im/m3

» Around 750 preliminary study and study

phases SVEIFFAGE
* 150 to determine K coefficient Cc=Ri= O Wire strength » A high length-diameter ratio (L/D ratio) A
— e e erformance 4D h
« 100 for suitability test > Hooked ends i 4D 20w
» Around 64 tons of materials M
» Controlled pull-out (due to deformation of the hook) 3@ ?‘Brl%e,,gon?;:
Choice of structural fibers O Shape R = LD
= 2 geometries tested (single and double hooks ) | = ) )
« 2 fiber diameters tested (0.75 and 0.9 mm) . O Length il el i g &
Single: hook
= Multiple yield strengths for the steel . ' 3@ 11:1'?08 Elfrnm-‘
= Choice: DRAMIX 3D 80/60 BGP, 2 N i T o ——
L =i L 3 System Of giued fibre bundles enabies nores
* 0.75 mm Glued, 1,800 Mpa, L60 mm witr?a high L?D ratio to be mixed easily and
* 4,584 fibers fkﬂ uniformly throughout the concrete
("Etwﬂrk Df 11‘5 km fibefsfmsj O UD raﬁo i e ) ! Conctehs compressne strongth

i_. L 2 > N 'i
o P o .
. il Iy =

Length (mm)

Diameter (mm)

The tensile strength of a steel fibre has lo
increase in parallel with the strength of
its anchorage. Only in this way can the

Aspect Ratio

Network (m/kg)




Mechanical behavior

Studies conducted at the University of Rome
(Department of professor Alberto Meda):

- Bending tests on the lining segments

- TBM cylinder thrust tests
- Connector pull-out test = TOR VERGATA
Suitability and control plan:

Tests on around 40 lining segments

TBM cylinder thrust tests

Eifage work with Herrencknnecht TBM with a maximum trust of 5200KN
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Environmental sustainability benefits of steel fibre compared

with steel rebar

+ SFRC segments have more than 50% less steel than rebar reinforced segments
saving more than 5,000 tonne of steel production carbon for 10km of tunnel

* One truck can transport 24.2 tonne of fibre per load compared with 17.85 tonne
per truck load for reinforcing rebar.

* The concrete chosen for the Line 16 Lot 1 fibre reinforced segments has a low
carbon footprint of 170kg CO, equivalent/m3 and reduces the carbon weight of the
steel in the segments by 90kg equivalent CO2/m3

SOURCE TUNNELTALK APRIL 2022



Why and How FRC PSCL is Developing?

bette

FROM DUCTILITY TO DURABILITY TO SUSTAINABILITY

Design Change Drivers

=  Automated, mechanized
construction

= Safety culture-limited man access

= Spray waterproof membranes

= Surveying technology fibres

1. Temporary sprayed concrete * Higher skilled operatives 1. Permanent sprayed concrete
2. Geotextile & sheet membrane ) Testlnrgt method- FRC material 2. Optional spray applied
property membrane

3. Permanent cast-in-situ concrete = Quality control device

* Improved design techniques
and standards

Energy
Absorption

Residual Strength

= Architectural solution? .
- Hardening

= CO2 SAVING by less concrete
consumption

(Steel & Synthetic fibers) (High Performance Steel Fibers)

— 29




Low Carbon Concrete Lining - Shotcrete
West Connex M4 — M5 Link Tunnels, Sydney

Built by: JV Bouygues, Acciona and Samsung

Consultant: Jacobs/US
Concrete supply by: Hansson (Heidelberger Group)

< Our solution: High-performing Dramix 4D 65/35BG (better anchorage and high
g™ tensile strength) to achieve the performance required with just 35 kg/m3

’\ Saving 20% of concrete (60,000m3)’- which leads to 40000 tons CO2 saving,

(o

Benefits to project from use of Dramix 4D in shotcrete:

= Allowance for the use of high values of residual flexural tensile strength in the design of Permanent
Sprayed Concrete Linings (PSCL - 100-year design life tunnel support) with fr1 = 3.5 MPa and fr4 =
3 Mpa

= Approximate reduction in tunnel support (lining) thickness in the order of 20% with a final volume of
approximately 250,000 m3 of shotcrete applied with production testing every 100m3.

= Statistically consistent production test results over the 250,000m3 applied with 95% confidence
characteristic values compliant throughout construction. Only 1.5% results below target
characteristic values for fr4 and 5% for fr1 with between batches coefficient of variation below 20%.

= Qverall increased confidence in shotcrete quality and easy Quality Control

30



- Moving to Low Carbon

Fibre Reinforced

Tunnel Lining

Introduction

Structural Requirement
Low Carbon Requirement
EPD CERTFICATION

Conclusion

® BEKAERT
31 better together 31



ificati ' i : ' ® BEKAERT
EPD certification for Bekaert Dramix® production plant Petrovice  Seesse

Transparently communicates the key environmental _
Interrogation of the LCA results show that the

cradle-to-gate carbon (Global Warming Potential)
Validated by an official independent third party (ITB) impact of 1 kg of fibre production is 0.88kg

CO2eq. For comparison, ton of steel produced
Already implemented in One Click LCA’s tool worldwide in 2019 emitted on average 1.85 tons
of carbon dioxide.

performance indicators of Dramix® over its lifetime

Achieve certifications easier thanks to their compliance tool

We chose a leading reference in construction to reduce our
carbon footprint: One Click LCA

They provide a free carbon tool for fast and effective
automated LCA assessments

Import your building materials manually or automatically from
Excel, Revit, IFC, IESVE, energy models (gbXML), and other
tools

Largest database of its kind with over 100K datapoints

Achieve certifications easier thanks to their compliance tool
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We are part of sustainable networks e

METRO TUNNEL EXAMPLE

Carbon Emission Indicative Calculation

>~ in kgCO2e/Im
+ e LCA
N’

C|IC 5227

1634

T— 1896

3472
1400

Free carbon tool 21 T

Traditional Design Traditional Design ~ Dramix Design

Free embodied carbon tool for buildings CEMI CEMIII CEM I

one CIick LCA Planetary m Other Materials ®Cement ®mRebar ®Dramix®  Total

One Click LCA Planetary helps decarbonize buildings at a planetary scale. Now
Using a CEM Il vs CEMI improves the CO2 score significantly.

As we use 60% less reinforcement (100kg rebar vs 40 kg Dramix) and also average rebar EPD is
higher than Dramix EPD, we end up with this difference with reinforcement
Using Dramix allows thickness reduction by 2cm mini which results in additional savings in concrete

available globally.

This calculation is based on the generic EPD values during the early design phase, indicative calculation to demonstrate potential CO2 savings, as project evolves the exact materials used during construction may
change the results.”
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Recyclable fibers

) The Bekaert R&D team together with universities continue to
investigate recyclability.

© We want clean fractions of aggregates, sand and steel.
) We are looking into reusing binder material.

) Reuse steel (remelted or reused as steel), without any quality loss
and certain fractions could be directly reused as steel fibers.

34
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Conclusion

e __Solutions for reducing CO2 emissions and conserving resources are becoming
. 5 increasingly sought after in the world of construction.

—— * USING FRC lining offer solutions that allow client to reduce their CO2 footprint, while at
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