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I Context

[Tonnen CO--eq./Jahr]

Treibhauseffekt durch Konsum [Tonnen CO,-eq./Jahr] 2018 Gesamt 98879855 Tonnen CO,-=a/Jahr
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In Switzerland, around 20% emissions
linked with building use and around
10% to building materials

Sce: EMPA. 2019. MatCH. Material- und Energiefllsse der schweizerischen Volkswirtschaft. BAFU



I Climate change is very simple

CO, stays 10'000 years in the atmosphere
and the global warming is linearly correlated with the CO, concentration in the atmosphere

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)
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I Climate change is very simple

So we have a carbon budget
GCB - 1.5°C (67%)

(Equal per capita distribution)'__;_,.'»-""": Carbon budget Switzerland

A NET
(Grandfathering with
future capability) 7 Industr Buildings Transports Others
d * © 147MtCO:
(Grandfathering) |
' Construction of buildings Construction of buildings / ¢ (imports)
25 Mt. C

60 Mt. CO:

Operation Embodied
=173 Mt. CO2

(Considering size and impact shares)
Res. Oth. New Ren.
75% carbon budget for existing buildings (operation emissions + embodied emissions for renovation)
25% carbon budget for new construction (embodied emission for construction + no emission during operation)

e Chaiir of Sustainable Construction Sce: Priore et al. 2023. Exploring the gap between carbon-budget-compatible buildings and existing solutions
Em Zuri Ch Prof. Dr. Guillaume Habert — A Swiss case study. Energy and Buildings



I \What should we do?

Current situation brings us way above 2°C

«Business as usual»

< Variable parameters >e Results >
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m Fh h Chair of Sustainable Construction Sce: Priore et al. 2020. Exploring long-term building stock strategies in Switzerland in line with IPCC carbon budgets.
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I \What should we do?

Kumulierte Emissionen
von heute bis 2050
nach dem Szenario

«Business as usual»

Increase renovation rate changes nothing!

o Variable parameters o Results <

Goal Operation  Operation  Embodied  Embodied  Renovation , Cumulative  Cumulative  Cumulative

year new renovated renovations  new rate  ‘opetational embodied total
[kgCOeq/mia]  [kgCOeq/mial  [kgCOq/m?]  KkgCOseq/mi] (3] ] [emfg'csoﬂ:q']s ;":'c’;fq';’ a‘:‘ggfﬁ‘;ﬁ

%0 B T . 7o I

m Fh h Chair of Sustainable Construction Sce: Priore et al. 2020. Exploring long-term building stock strategies in Switzerland in line with IPCC carbon budgets.
Zuric Prof. Dr. Guillaume Habert 10OP Conf. Ser.: Earth Environ. Sci. 1078 012023



I What should we do?

To stay below 1.5°C we have to control embodied emissions
and build carbon negative buildings

ETHzirich

. Variable parameters . Results .
o L | = o Lal
Goal Operation ~ Operation  Embodied  Embodied  Renovation : CUMuative  Cumulative — Cumulative
year new renovated renovations  new rate zﬂ:::i;?:;a zmissiolss emissions
kgCO.eq/m’ [kgCOeq/m?a]l  [kgCOeg/my] [k fmdl (%
[kgCO,eq/m’.a] gC0,eq, kgCO,eq/ 9C0:eq [%] (MtCOseq) (MtCOseq) Mt.COeq]

1140

700

-150

Joo 700

Goal year  Operation Operation Embodied Embodied Renovation
new ren ren new rate
Max 2040 10 10 -120 -180 10%
Min 2040 0 0 -300 -540 3%

Chair of Sustainable Construction
Prof. Dr. Guillaume Habert

Sce: Priore et al. 2020. Exploring long-term building stock strategies in Switzerland in line with IPCC carbon budgets.

IOP Conf. Ser.: Earth Environ. Sci. 1078 012023



I What should we do?

To achieve Swiss strategy we have to control embodied emissions
and always be below SIA 2040 targets

I Variable parameters = Results
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Table 5, Range of possible values for the Swiss climate strategy.
Goal year  Operation Operation Embodied Embodied Renovation
new ren ren new rate
Max 2050 10 10 420 780 10%
Min 2040 0 0 =300 -540 1%
m’ Fh h Chair of Sustainable Construction Sce: Priore et al. 2020. Exploring long-term building stock strategies in Switzerland in line with IPCC carbon budgets.
ZUuric Prof. Dr. Guillaume Habert IOP Conf. Ser.: Earth Environ. Sci. 1078 012023



I \What should we do?

We need a new material diet
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Glass and Window frame
|

Opening
& waterproofing

Structure

Interior
& finishing

Insulation

Sce: Carcassi et al. 2022. Material diets for Climate-Neutral construction.
Environmental Science and Technologies

Remark:

Earth structure
allows carbon
neutral structure...



Steel structure
Hempcrete as insulation

Social housing
37, rue Myrha, Paris
North by Northwest architectes

L] Chair of Sustainable Construction
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Timber structure
SRR Strawbale as insulation

7 storey residential building
Saint-Dié-des-Vosges, France
Arch. ASP, Antoine Pagnoux ~

L Chair of Sustainable Construction
m Zuri Ch Prof. Dr. Guillaume Habert
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I Pathway to net Zero new construction

Concrete building Concrete building
4 storey, low compacity 4 storey, compact
Window wall ratio = 50% - Window wall ratio= 30%

2 underground floor 1 underground floor

Wood building

4 storey, compact
Window wall ratio= 30%
0 underground floor

910 kg CO,/m? 710 kg CO,/m?

L] Chair of Sustainable Construction
m Zuri Ch Prof. Dr. Guillaume Habert

495 kg CO,/m?
- 208 kg CO,/m?



I Pathway to net Zero new construction

Wood building Wood building

4 storey, compact 4 storey, compact
Window wall ratio= 30% - Window wall ratio= 30%
0 underground floor 0 underground floor

Light foundation

495 kg CO,/m? 450 kg CO,/m?
- 208 kg CO,/m? - 208 kg CO,/m?

Fh Chair of Sustainable Construction
m z ur ; Ch Prof. Dr. Guillaume Habert

—

Wood building

4 storey, compact

Window wall ratio= 30%

0 underground floor / No concrete balconies
Light foundation

Straw insulation / indoor earth walls

350 kg CO,/m?
- 400 kg CO,/m?



I Pathway to net Zero new construction

Wood building
4 storey, compact
Window wall ratio= 30%

0 underground floor / No concrete balconies

Light foundation
Straw insulation / indoor earth walls

350 kg CO,/m?
- 400 kg CO,/m?

L] Chair of Sustainable Construction
Em zZuri Ch Prof. Dr. Guillaume Habert

- Climate neutral building is possible right now!

L1

FREO

Gebadudekonzept «2226» mit dem «Green @

Ventilation: 40 kg CO,/m? Only Development»
Reduced by considering moisture buffer der Freo GRoup

capacity

Heating: 25 kg CO,/m?
Reduced with mass and high insulation
(2226 concept)

Windows: 46 kg CO,/m?

Reused windows

2226 energy concept
Circular
& Biobased construction

=-160 kg CO,/m?

Vergleichende Okobilanzierung (LCA)

Regenerative, biobasierte und lehmbhaltige

Materialien

Maximierung des
Cradle-to-Cradle-Prinzips

Menitoring der Innenraumluftqualitit, der
Verbrauchsdaten und der Nutzerzufriedenheit

- 1.5°C Climate compatible building is possible right now!

but very ambitious



I Carbon storage calculation — a question of perspective

Depending on the perspective
Calculation choices are different..
All are right, they just don’t represent the same view point

observer 9

Trapezoidal image
From: Kline

Sguare object

Fh Chair of Sustainable Construction
m’ z ur ; Ch Prof. Dr. Guillaume Habert



I Carbon storage calculation — a question of perspective

Current understanding of the system
View point is one building life time

Material  Building Building stock
1yr
1 generation (50 yr) ><
1 era (200 yr)
1 civilization (2’000 yr)
In order to store carbon out of atmosphere,

(10’000 yr) > < The material has to keep storing carbon after the
end of life of building, otherwise carbon is released

1 CO, molecule
in atmosphere

- No biogenic in calculation

L] Chair of Sustainable Construction
m Zuri Ch Prof. Dr. Guillaume Habert



I Carbon storage calculation — a question of perspective

To-ji-Pagoda, 794 b.C., 56 m, Kyoto, , Japagees:™ | Borgund stavkirke»12005 C:Borgund, Norway

L] Chair of Sustainable Construction
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I Carbon storage calculation — a question of perspective

Understanding of the system with civilization perspective (long term future generation)
View point is one civilization taking care of its «Baukultur»

1yr

1 generation (50 yr)

1 era (200 yr)

1 civilization (2’000 yr)

1 CO, molecule

in atmosphere (10°000 yr)

L] Chair of Sustainable Construction
m Zuri Ch Prof. Dr. Guillaume Habert

y

Material

><

s

Building Building stock

|

><

In order to store carbon out of atmosphere,

The material is replaced, the building is maintained

And the amount of carbon stored in the building is kept
out of atmosphere as long as building is maintained,
although there is regular flow of material going out and
going in the building...

- Biogenic accounting in calculation



I Carbon storage calculation — a question of perspective

Thinking building stock as forests...
Do we ever look at life cycle of one tree to calculate carbon storage of a forest?
A building is like a tree and what’s important is how many biobased buildings we have in the building stock

L] Chair of Sustainable Construction
m zZuri Ch Prof. Dr. Guillaume Habert



I Carbon storage calculation — a question of perspective

Understanding of the system with current society perspective
View point is city/national level, political bodies managing building stock

1yr

1 generation (50 yr)

1 era (200 yr)

1 civilization (2’000 yr)

1 CO, molecule

in atmosphere (10°000 yr)

L] Chair of Sustainable Construction
Em zZuri Ch Prof. Dr. Guillaume Habert

Material  Building Building stock

><

/'><

In order to store carbon out of atmosphere,
The material is replaced, the building is replaced, what is fundamental is
that the total amount of carbon in the built environment keep increasing

It can be by maintaining a building or replacing one mineral building with a
biobased one, or by adding more biobased insulation to an existing building..
Many possibilities as long as total amount of biogenic carbon is maintained
and even better increased at city/national level



I Carbon storage calculation — a question of perspective

Thinking building stock as forests and building like a tree..
what’s important is how many biobased buildings we have in the building stock

COs
Current situation Built House Future House Result for building stock
on the plot

Option1 g@ &

A A
I\
u
\A
}
J

No House Biobased-House Biobased-House -1 Biobased-house & a" ﬁﬁﬁ. ﬁ ‘ QQ
o o the at It
Option 2 . ) )
Biobased-House Biobased-House Biobased-House Tlme 1 Tlme 2 Tlme 3
0 Biobased-house Time 1 to 3: biogenic carbon in building stock increases
Option 3
Concrate House Biobased-House "BInbaied-ste e €0 5 COa ‘.\
Option 4 :; I (
Biobased-House Concrete House Concrete House g Q = “_\'\ = @ > \
[ N ‘ ‘ e, #
Q ® & g or ¢ # 3 &
+1 Blabased-house Q‘ . n* i ﬁ
+1 Concrete-house

Time 4

Time 4: Equilibrium of carbon stock in building stock
(new buildings replace old buildings) or building stock keeps increasing

L] Chair of Sustainable Construction
m Zuri Ch Prof. Dr. Guillaume Habert



I Biobased — resource availability discussion?
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I Biobased — resource availability discussion?

There is extra straw available
Sy (R (currently favoured use in agriculture and energy sector)

T Agricultural sector:

L\fi Soilincorporation (bayons
v what is left on the field with
@ ° the sustainable removal rate)

300 Sustainable Removal Rate:
the share of straw that can be
taken from the field without .
diminishing the soil quality Construction sector:
(40-50% of straw production) Extemnal thermal insulation
=0 {retrofit_solution). thatched
Roof, load-bearing wall, infill
material for post-beam
construction (new
e construction). light straw clay
(various uses), construction

panel {various uses)

5
o
2150 Agricultural use: Energy sector:
£ ~18-28 Mt/year is usad for slraw- ethanol. bioelectricity
livestock (mostly animal and useful heat (direct use
bedding). itis assumed that this in combined heat and
. share does not enter the market power plant), biogas,
biomethane, synthetic
fuels,
50
a
Straw production Harvestable straw Straw used in Potential straw availability
agriculture sector and uses

(Scarlat et al, 2010) ® (gbal et al., 2016) ® (Einarsson & Persson, 2017)

Figure 1. Straw availability in the EU based on different studies.
Notes: Values are taken from Einarsson and Persson (2017), Igbal et al (2016), and Scarlat et al (2010). Only straw from wheat,
barley, rye and oats are considered, in the EU-27 (2010 compeosition), to ensure comparability between studies. The underlined
straw uses in the right box are analyzed in this study.

Sce: Phan-huy et al. 2023. Climate-effective use of straw in the EU bioeconomy—comparing avoided and delayed

m’ . h Chair of Sustainable Construction c . ; : X
ZUric Prof. Dr. Guillaume Habert emissions in the agricultural, energy and construction sectors. Environmental Research Letters



I Biobased — resource availability discussion?

A switch to biobased insulation

is the most efficient way of valorizing agriculture waste
(compared to use in agriculure or energy sectors)

: A'WOSM c LEGEND
co, & ather : - ; e
//_. 4 greennouse o E Erbgn P 00 I vaterial substitution (avoided emissions)

| | Temporal carbon storage (delayed emissions)

Carbon uplake 1800
f{/ by plants \\ : | 7
/ . 1600
Biomass e | | Biomass incineration
| d " By & decomposit
Soil incorporation e ?(ec afon : 1400
of biomass / !
( ﬁé\ / i Fossil fuel w1200
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: y o) 1000
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LR i 400
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< PR 4o Bio-hased | — 184
« ot constuction 0 |
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gl
4
ea|09

G ChaiFoF Siatainable Construction Sce: Phan-huy et al. 2023. Climate-effective use of straw in the EU bioeconomy - Comparing avoided and delayed
EmzuriCh Prof. Dr. Guillaume Habert emissions in the agricultural, energy and construction sectors. Environment Research Letters



I Biobased — resource availability discussion?

There is enough straw in all european regions to renovate the existing
" 'building stock and build the new buildings to fulfil housing demand

Southern dry

Nordic ) Mediterranean

Northern 4 Southern
Continental Continental

Percentage of land supply required
to fulfill building insulation demand
(Ecosystem needs already withdrawn)

Continental Oceanic

5 Chair of Sustainable Construction Sce: Goswein et al. 2021. Land availability in Europe for a radical shift toward bio-based construction.
ETHzirich Prof. Dr. Guillaume Habert Sustainable Cities and Society



Biobased — resource availability discussion?

Thank you

Prof. Dr. Guillaume Habert
habertg@ethz.ch

Maison Feuillette, Strawbale house, built 1920

L Chair of Sustainable ( struction
mzur}'c-h | Prof. Dr. Guillaume Habert




Heating demand, kWh/m".a

Robust renovation

o BREUBNEE. e

N.3 MN.4

h
2
kWhim?.a

g4
kWWnm® &

18148 to 1860 lo 1871 to 1851 to
1845 18970 1980 1980

200 400 500 800 1000 1200
Number of buildings, thousands

Fh Chair of Sustainable Construction
m z Ur ; Ch Prof. Dr. Guillaume Habert

1990ta 2000t Until
2000 2010 2018
1400 1600 1800

In Switzerland:

Building stock mainly composed of energy
inefficient buildings.

Renovation rate in Switzerland is small (0.8-1.8%)



I Robust renovation

é e i
A. Selection of B. Different renovation C. Choosing optimal D. Comparison of
case studies solutions solutions optimal solutions

Possible solutions:
& * Thermal envelope renovation (insulation, windows)
* Heating system replacement
o @Gas boiler

El

%% o Wood pellets boiler
— o Heat pump
(- Uncertainties on future
‘@ * Climate, material service life, energy mix, occupancy behaviour,

inflation rate, energy prices

L] Chair of Sustainable Construction
m ZUri Ch | Prof. Dr. Guillaume Habert
Sce: Alina Galim<hina 20?22 FTH PhD



I Robust renovation

Results — Conventional renovation solution

Environmental impact after renovation

150

Initial Qh, kWh/m®,a

=
=]

w
=

0 2 4 6

KgC0,eq./m?,a

Wichtigste Ergebnisse:

| 1910
+ 1939
® 1960
A 1970

+ X 1972

& 1988
= Conventional materials
= Bio-based materials

300

250

Hé

150

Initial Qh. kWh/m®.a

100

30

Economic costs after renovation

T T4 It &
i + L B
= 'I [ |
_..,___:._I.,._ — 1

{.1;1:“:-.;.' -+ i

Ik
5 7 9 11
CHF/m?,a

Fir alle Gebaude, die fir den Schweizer Gebdudepark reprasentativ sind,
bedeutet die Benutzung von Dammstoffen auf Biobasis eine deutlich geringere Umweltbelastung
ohne signifikant héhere Lebenszykluskosten.

m 1910
+ 1939
® 1960
A 1970
x 1972
& 1988

= Conventional materials

== Bio-based materials

ETHzirich Chair of Sustainable Consiruction  gee: Galimshina et al. 2024. Strategies for robust renovation of Swiss residential buildings. Nature communications
Prof. Dr. Guillaume Habert



I Robust renovation

GWP, kgCO eq./n a Life cycle costs,CHF/m?
10 500
8 400 I
= Cperation
Investment
6 300 .
W Operation
Embodied
4 200 l I
2 I I I I I : I
N1 N2 N3 M4 NS5 N8 N1 M2 N2 N4 NE N8 Mt NZ N3 N4 NBE NB N1 N2 N3 N4 NB N8 N1 N2 N3 N4 NB N8 M1 N2 N3 N4 N& N@
1
Cptimal bio-based Optimal conventional Conventional deep ranovation Optimal bio-based Optimal conventional Conventional deep renovation
Case studies Case studies
Summary

1) Lowest LCC and carbon footprint for optimal biobased (high amount of biobased insulation + change heating system)
2) Worst option (both economic and environment) is conventional deep renovation of enveloppe (high amount of insulation, no heating change)

3) Lowest initial investment but not best carbon footprint is optimal conventional (small amount of fossil based insulation + change heating
systems)

ETHzlrich Chair of Sustainable Consiruction  gee: Galimshina et al. 2024. Strategies for robust renovation of Swiss residential buildings. Nature communications
Prof. Dr. Guillaume Habert
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