V rematter

Earth-Timber Floor Slabs

From a bespoke use case to a scalable product

R-O-B  zpf.ingenieure



Energy consumption & CO:z2-Footprint

...building sector is responsible for

(cement: ca. 8%).

About caused by
,operational carbon” and
by ,embodied carbon”.

Quelle (Absatz 1): MADASTER, Verweis auf Langen, K. 2019. Bauwirtschaft und Klimaschutz: Stahl, Beton und Zement verschlingen Energie. Deutschlandfunk Kultur.
Quelle (Absatz 2): Prof. Dr. Habert, Guillaume; Eine Diét fiir fossil erzeugte Gebaude; TEC21 Nr. 11-2022 vom 08.04.2022, Seite 24 ff; Espazium Der Verlag fiir Baukultur
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«operational carbon» & «embodied carbon»

Focus Bereich Erstellung Bereich Betrieb Focus

A2 Transport A3 Herstellung Ad Transport A5 Errichtung, Einbau
L, (Umbau / Neubau)
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I Herstellungs- und Errichtungsphase
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A1 Rohstoffbeschaffung
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(Instandsetzung)

|
Nutzungsphase

Entsorgungsphase

C4 Beseitigung C3 Abfallbehandiung C2 Transport C1 Rickbau, Abriss
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Grey energy + CO2. Structure

Graue Energie pro Jahr Graue Treibhausgasemissionen pro Jahr

100% 100%

Ausbau Gebéaude
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Fenster und Tlren
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b ~ Gebéudetechnik
60% BETTEEEE EEE———
: Dachkonstruktion
50% : ~ Balkone
40% !
Tragkonstruktion

20%

Aussenwand Gber Terrain
10% ——— .
Aussenwand unter Terrain

0% Aushub und Fundament

«Structure & Construction»

Quelle: Grafik aus SIA 2032 (Merkblatt, mittlerweile ersetzt durch SIA Norm 2032) Chance. commitment & task for structural engineers'
7 .
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Breakdown emissions - Structure.
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Quelle: Werner Sobek Stuttgart - Beton- und Stahlbetonbau 116 (2021), Heft 12 (Sonderdruck)
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Comparison LCA - Slab-Systems.
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Slab-Systems - Holistic Evaluation.
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Rammed-Earth Timber Slab.

3-layer board

Solid wood beam

Rammed earth
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V rematter
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Rematter

Circular, Low Carbon Earth-Timber Floor Slabs

3-layer board

rammed earth

S

solid wood beam

- ———————— -,

Image: Herzog & de Meuron
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fully circular

» timber and earth can directly be reused
» easily disassembled
* meets cradle-to-cradle specification 100%

v 80% less embodied carbon than
standard reinforced concrete

v reduction of the total energy and CO,
mortgage of any building by up to 50%

highly sustainable

+ GWP = 0.39 CO,eq kg/m?a 2)
e Pne= 0.91 kWh/mZ2a 3)

+ UBP=1'081 UBP/m?a 4)

locally sourced

* makes use of widely available materials,
timber and earth (excavation material)

high tested performance

» payload up to 5kN/m?

« fire protection up to REI 60

» sound insulation | R, =53 dB, L, =53 dB

v satisfies all separation criteria between
independent building units

room comfort

 accessible thermal mass | 235 kJ/m2K
* humidity regulation | 40% < o < 60%

+ antiseptic and odor neutralizing

V rematter



Material Availability

Switzerland and Global

lay Map Switzerland

£d <

Cl
=
-
.
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o @
L
0" 030 y

Area with existing earth buildings

World heritage building

sites Source: CRAterre 2022
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Comparison Floor Systems
Cost to GWP

Costs [CHF/m?]
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“lill_(’

Constructions including flooring layers

Grid 2.7m x 5.4m

.
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Grid 7.4m x 7.4m e

Grid 4.9m x 6.5m

'200 '400 '600 '800

1’000 1'200 1'400 1’600 1’800 2'000 2'200  2'400

GWP [gcop-eq/ M?/al © ZPF Ingenieure
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Earth-Timber Floor Slab

Proof-of-concept

+ timber frame acts a s “lost” framework

+ minimal process steps

+ utilization of robot reach and dof

+ robot can work autonomous for a relative long
time

[Lehmaufbereitung | + mobile -> field factory

+ flexible -> product range
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Robotic Timber Construction
ROB Technologies

i )
|

I

113 N

| Y i

WoodFlex 56, multi-functional gantry Exchangeable end-effector for gripping,
robot specialized on the automated nailing, clamping, milling, drilling,
assembly and processing of timber cutting.

constructions.
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Earth-Timber Floor Slab

Proof-of-concept

Compactor Tamper |

electric pneumatic
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Earth-Timber Floor Slab

Proof-of-concept
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Market Potential

Residential housing accounts for more than 60%* of buildings

Total Addressable Market® Serviceable Addressable Market®
in selected European countries is in Switzerland is
151 million m2 and CHF 33 billion per 2 million m? and CHF 421 million per
year in residential alone year and is focused on large real estate

of 7 and more dwellings

total annual sqm

UK 9% IT5% ES dwellings by category of
building
21%
————————————————— - £33
22%

I Dwellings in multi-family houses (7 and more dwellings)

Dwellings in single-family houses

Dwellings in multi-family houses (up to 6 dwellings)

4SBV. 2021. Zahlen und Fakten 2021. Zurich: Schweizerischer Baumeisterverband.
5 |FO Institute 2021 and 2022; Enerdata 2022
6 Swiss Federal Statistical Office, 2022
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Impact on SDG’s
Aggregated until 2029 (~1.6% of SAM)

DECENT WORK AND

ECONONIC GRONTH > CHF 30m Economic activity
/\/' sustainable Prosperity in Switzerland created with sustainable
(| revenues growth.
L et > 150’000 Sustainable floor slabs
sqm of Cumulative square meters of 100% circular, low
floor slabs carbon, healthy and price competitive floor slabs.
> 5’000 Equitable construction
people with Cumulative number of people living or working in
sustainable houses that have been provided with Rematter’s
housing floor slabs.
12 Cocimemon Sustain natural materials
ANDPRODUCTION

Zero waste Eliminate waste throughout the whole life cycle via
reduce, reuse, upcycle and use of renewables.

13 > 5'000 CO2 emissions avoided
@ tons of CO2 Estimated CO2-eq savings due to replacement of
saved reinforced concrete with products from Rematter.
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Typologies and Design Variants
Design Variants
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