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Reasons to build with clay...

1. Carbon and circularity
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So they knew...

EXECUTIVE OFFICE OF THE PRESIDENT

July 7, 1977 WASHINGTON, D.C. 208

Release of Fossil CO, and the Possibility of a Catastrophic
Climate Change

Lz

L
Frank Press with President Jimmy Carter.
Press wrote a letter to Carter warning of CO, emissions causing
‘catastrophic climate change’.

Photograph: Emilio Segré Visual Archives
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Climate change is here today
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2023 February 20: 420.58 ppm
2022 February 22:419.26 ppm

born under 333 ppm

1.5°C scenario: 425 ppm
2°C scenario: 475 ppm



Who’s responsible of emissions

Final service Sector Equipment Device Final energy Fuel Emissions

Final service Sector Land-use Land management Process Emissions

Total GHG emissions (2010): 50.6 Pg (Gt) COe

At World level:

GHG emissions from construction more important than emissions from building heating
Construction in Global South & heating in Global North

Sce: Bajzelj et al. 2013. Designing Climate Change Mitigation Plans That Add Up. Environmental Science & Technology. DOI: 10.1021/es400399h
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Materials matter

We have made progress for heating buildings
We made NO significant progress for building them

All buildings (Residential and Office)
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Sce: Rock et al. 2019. Embodied GHG emissions of buildings — The hidden challenge for effective climate change mitigation. Applied energy.
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A radical transition is needed:
CO, emissions have to be reduced by 50% in the next 10 years
and reach net Zero in 2040
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Sce: IPCC. 2019. 1.5°C report
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Embodied emissions are released mainly in year one
While operation emissions are released all along the life cycle

Net-zero global GHG emission pathways (acc. IPCC SR 1.5)
i),1.5°C*
w20 o 1 o

2020 2030 2040 2050 2060 2070

Average ‘New advanced’ building (acc. Réck et al. 2020)

2000 PY A
1800 , T
Net-zero?
£ 1600 Improvement / reduction of
operational & embodied . . . . .
g1 GHG emissions needed! The carbon spike related with construction dominate the time

P S period where action is required for climate mitigation...
1000 ‘Carbon spike® of |
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o0 | | T Whatever the energy efficiency of the new building
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IPCC SR 1.5 net-zero GHG emissions pathways in relation to the
temporal distribution of GHG emissions across the life cycle of an
average ‘New Advanced’ building [Rock et al. 2020, Fig. 6 (c)].

Sce: Rock et al. 2019. Embodied GHG emissions of buildings — The hidden challenge for effective climate change mitigation. Applied energy.
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It’s possible to build climate neutral buildings

We just have to change our material diet
Less carbon intensive material, more vegetables..
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Sce: Carcassi et al., 2022. Material diets for Climate-Neutral construction. Environmental Science and technology
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Carbon neutral vs climate neutral

FU Mass of straw to Mass of Solid softwood to Mass of Solid hardwood Equivalent transport
compensate one FU compensate one FU to compensate one FU distance

Concrete C30/37 kg 0.13 0.29 0.77 561
Concrete C25/30 kg 0.08 0.18 0.48 350
Steel reinforcement kg 0.87 1.97 5.17 3,789
Reinforced concrete (slab) kg 0.15 0.34 0.89 655
\Waterproof membrane (PE) kg 6.93 15.65 41.06 30,111
Mineral plaster kg 0.34 0.76 2.00 1,467
Gypsum plasterboard kg 0.36 0.82 2.16 1,582
EPS kg 18.55 41.86 109.84 80,556
0SB kg 0.18 0.41 1.06 779
PVC frame + Triple glazing m? 145.39 328.09 860.81 12,627
\Wood Aluminium frame + triple glazing m? 129.24 291.65 765.21 10,793
PVC frame + double glazing m? 111.03 250.56 657.38 12,053
Wood Aluminium frame + double glazing m? 94.88 214.12 561.78 9,810
Rammed earth / earth plaster kg 0.03 0.06 0.15 111
Gravel kg 0.02 0.04 0.10 72
Regular Cement (CEM 11 A/LL) kg 0.90 2.02 5.30 3,889
Low carbon cement (LC3) kg 0.38 0.87 2.27 1,667
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Carbon neutral vs climate neutral

FU Volume of straw to Volume of Solid softwood to Volume of Solid hardwood
compensate one FU compensate one FU to compensate one FU
Concrete C30/37 m? 1.38 1.38 2.50
Concrete C25/30 m? 0.86 0.86 1.56
Steel reinforcement m? 31.86 31.87 57.52
Reinforced concrete (slab) m? 1.65 1.65 2.98
\Waterproof membrane (PE) m? 32.25 32.26 58.24
Mineral plaster m’ 1.73 1.73 3.12
Gypsum plasterboard m? 1.44 1.44 2.60
XPS m? 3.02 3.02 5.45
0SB m? 0.51 0.51 0.91
PVC frame + Triple glazing m? 0.68 0.68 1.22
Wood Aluminium frame + triple glazing m? 0.60 0.60 1.09
PVC frame + double glazing m? 0.52 0.52 0.93
Wood Aluminium frame + double glazing m? 0.44 0.44 0.80
Rammed earth / earth plaster m® 0.27 0.27 0.49
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It’s possible to build climate neutral buildings

We just have to change our material diet
Less carbon intensive material, more vegetables..

= Climate neutral building @ -

e

optimised +50-100cm
Reinforced concrete Straw walls

= Climate neutral building

-

!

Timber +30-60cm
structure Straw walls

Adapted from: Carcassi et al., 2022. Material diets for Climate-Neutral construction. Environmental Science and technology
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Earth is carbon neutral construction
& Circular
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Well sorted
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To close material loop, we need to use excavation materials in construction

Volume estimé 400m Yolume estimé
des déblais du projet des déblais des chantiers
Grand Paris Express 300 m Ile de france sur les 15
45 millions de tonnes prochaines années
500 millions de tonnes

1km J J
2km
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To close material loop, we need to use excavation materials in construction
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To close material loop, we need to use excavation materials in construction
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To close material loop, we need to use excavation materials in construction

Combien de sites de production a I'échelle de la Métropole
du Grand Paris ?
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Reasons to build with clay...

2. Health
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With climate change, extreme events (hot, cold, wind, rain..) will become more regular

ECMWEF 0.1° Init 06z 20 May 2022 » 2m Temperature Anomaly (‘C) Hour: 6 » Valid: 12z Fri 20 May 2022

R . \»
: 3 b d 1 PR S .
Chmo: ECMWF ERA-S 1991-2020 © 2022 Europesn Centre for Medum-Range Weather Forecasts (ECMWF). This service & based on data and products of the ECMIWF.
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With climate change, extreme events (hot, cold, wind, rain..) will become more regular
These events have health consequences

Age group
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Figure 3: Country-level cold (in blue) and heat (in red) annual raw death rates broken down by age group

Sce: Masselot et al. 2023. Excess mortality attributed to heat and cold: a health impact assessment study in 854 cities in Europe The Lancet
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We can use of moisture permeable materials to improve the indoor comfort

201

Venice Bienale, Rem Koolas Ricola herb storage, Hertzog & Demeuron
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Technical systems seems to be massively underestimated in LCA

So reducing the need for using them and quantifying their impact accurately will
show the potential of using biobased and earth materials as interior materials
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Sce: Hoxha et al. 2021. Influence of technical and electrical equipment in life cycle assessments of buildings: case of a laboratory

and research building. The International Journal of Life Cycle Assessment 26:852-863
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Earth is carbon neutral construction
Climate mitigation & Circular

It provides moisture buffer capacity. It increases indoor air quality &
reduce needs for ventilation

Climate adaptation
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Reasons to build with clay...

3. Beauty
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Reasons to build with clay...

4. economy
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Prefabrication as a one solution to reduce costs and increase speed

S Chair of Sustainable Construction
mzurICh | Prof. Dr. Guillaume Habert



Poured earth as a one solution to reduce costs and increase speed

o

Sce: G. Landrou 2018. Poured earth technology. PhD, ETH ' ﬂﬂ
ot Chair of Sustainable Construction Swiss NATIONAL SCIENCE FOUNDATION
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Excavation materials used for compressed earth bricks

Renovation, Grand théatre, Geneva
CEB: TERRABLOC
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Excavation materials used for prefabricated rammed earth

P e N AR e o i Ay
Office building, Lyon (France)
Arch: Clément Vergely architectes
Rammed earth: Nicolas Meunier.
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Excavation materials used for poured earth

Maison des associations, Manom (France)
Arch: Mil’lieux architects
Poured earth: Caracol
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Excavation materials used for poured earth

Tecla 3D printed hause model
Poured earth: WASP

Sce: Perrot et al. 2018. 3D printing of earth-based materials: Processing aspects. Construction and Building Materials
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Contribution to climate change of materials
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When does economic reality
Costs environmental impact reduction?

The faster we implement the more environmental impact we have (per m3)
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Sce: Assencgao et al., 2023. Can digital fabrication meet low-carbon materials? 3DPrint or not 3DPrint, that's the question! ICBBM, Vienna
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When does economic reality
Costs environmental impact reduction?

The faster we implement the more environmental impact of process is important
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Sce: Assencgao et al., 2023. Can digital fabrication meet low-carbon materials? 3DPrint or not 3DPrint, that's the question! ICBBM, Vienna
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When does economic reality
Costs environmental impact reduction?

To be economically and environmentally relevant
Technologies with higher processing requires material savings

90.00%

Concrete 3dP average
80.00%

earth 3dP low
earth 3dP high

70.00%
0, . . -
Ba:00 3dP cement is more environmentally friendy

50.00% when around 40 to 50% materials can be saved

40.00% When a low carbon material is 3d printed, like

earth, 60 to 70% of materials has to be saved!

Material volume ratio
(m3/m? for 3DP vs conventional)

30.00%

20.00%

10.00%

A
Y

0.00%
0% 50% 100% 150% 200% 250% 300% 350%

Material impact ratio (CO,/m? for 3DP vs Conventional) - %

Sce: Assencgao et al., 2023. Can digital fabrication meet low-carbon materials? 3DPrint or not 3DPrint, that's the question! ICBBM, Vienna
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: 3 e
Conventional constructimgineered natural materialsVernacular.construction

Engineered building materials Engineered building materials Natural building materials
High CO, Low CO, Low CO,
Monofunctional Multifunctional Hygrometric control of indoor air

High strength Good strength

Low strength
~ Cheap Cheap Labour intensive (expensive)
Fast Fast Time' consuming (expensive)
Scientific construction Scientific construction Empiric construction

Rely on engineering knowledgRely on engineering knowledge Rely on skilled workers
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Reasons to build with clay

* Earth is carbon neutral construction & Circular (climate mitigation)

* Itimproves indoor comfort and reduces ventilation needs (climate adaptation and Social justice)

* It creates an emotional relation with users (sensorial and aesthetic)

* By reducing ventilation needs, it reduces maintenance costs but construction costs are still high

* Mechanisation speeds up construction and reduces costs.. But increase environmental impact.

* Synergies can be found if new techniques allow enough material savings

*  But too much technology might bring this material saving quantity out of reach (higher than 60-70%)
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Thank you very much
for your attention

Prof. Dr. Guillaume Habert
habertg@ethz.ch
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