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CONTEXT

In France

Population Electric

consumption

1973 53000000 171 TWh

x 1,3 X 2,8

2019 67000000 475TWh
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[RTE., Bilan Electrique 2019 ; www.insee.fr]
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CONTEXT

Consommation

- Environnemental Impact of building and il par ssatear
construction Sector B Agriculture

Tertiaire

47% of Energy consumption)

In France __ Résidentiel UK EERY Transport

23% of Green-House Gases in France and about
40% in Europe (2017)

1¢" non-renewable raw materials consumer
1¢" waste producer

Energy consumption (current individual houses) :

5TA'N4

- about 85% for heating, cooling, lighting, hot water and
ventilation (USAGE)

f <~ \
%9 \,\/ - about 15% for construction, material supplying and end of
life

[www.insee.fr, 2017 ; statistiques.developpement-durable.gouv.fr, 2016]
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Current conventional buildings

CONTEXT

kgCO2eq / m2 kgCO2eq / m2
Construction 250 11% 380 30%
End of life (EoL) 90 4% 130 10%
Service Life 25/an 85% 10 - 15/an 60%

*DVR 75 ans

1%
3%

m Demollition

Thermal regulations in France

m Maintenace

Kwh.ep/mZan m Usage

m Construction
350

250 ® Renovation
‘ ® New building

m Matériaux
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200 kWh/m2.an 50 kWh/m2.an 15 kWh/m2.an



CONTEXT

Montant

Isclart (fibee do bows)

Parement
Intérieur
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Montant
d'ossature

Paille

Trame
a enduire

Intérieur

Extérieur

Fixation de gaine

- Gaine étancl

Tuyau

Regles
professionnelles
de construction
en paille
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 Bio-based materials benefits: RO
» Carbon sinks . r— Y
» Local, renewable and available &« Yo,
» Agro by-products valorisation [ g =
Materals wastes
™ Type Ill
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D

Industrial Ecosystem

[Richards, Allenby, Frosch, The greening of industrial ecosystems, 1994]



CONTEXT

stockage broyeur
usine [§

I tapis roulant - ‘
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préchauffage
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1. BROYAGE CRU
1 1

four AN NNSS\S
refroidissement

cIinkerm.
Main reaction during cement production:
CaCO, => CaO + CO,
“g \/VP Limestone => Clinker + Carbon Dioxyde in atmosphere

[www.lafarge.fr]



CONTEXT

PRODUCTION PHASE

EMISSION of about 700 kg SEQUESTRATION of more than
CO, by ton of pure cement 1500 kg CO, by ton of wood

EMISSION of about 100 kg
: \,\/(‘ . CO, by ton of concrete
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LIFE CYCLE ASSESSMENTS

STANDARDS: ISO 14 040 AND ISO 14 044

— LIFE CYCLE INVENTORY
— FUNCTIONAL UNIT
— A LOT OF IMPACTS
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LIFE CYCLE ASSESSMENTS

Foréts locales |

60 km
Gérone(Espagne) | Scierie locale (sciage+séchage) |
Chénevotte | | Fabrication mélange chaux ‘ Liant | Eléments structure bois ‘
hydraulique ¥
Malaxage + ensachage [ Rabotage
»ook Tradical 708 95 km % ot téltelllp
1 1 T S e ———— - an ateler
891 km | 40 km| g =
Dlstnbuteur[Charlres) % ;3
8 a
Tradical 708 g 80 km E
Chénevotte L c
»[ Malaxage bél;:;n + projection | » Montage structure |
Chantier
e | 20 km
Déchets emballages ¥
(Centre de tri) 30 km Fin de vie (CET Il) |
Source : BCB-Lhoist, Construire en chanvre
Questions:
STAIN, .
- System boundaries
w s:‘f,'j* . - Allocation or consequential approach?
(i..m >

[Henry et al. Impacts environnementaux et sanitaires des matériaux Chanvre ; Séminaire Scientifique, 2008]



LIFE CYCLE INVENTORY

Building assessment information

|
-y g= - u . SUPPLEMENTARY
Building life cycle information I INFORMATION
|
A1-3 Adb B1-7 C1-4 | D
CONSTRUCTION | Benefits and loads
el PROCESS USE STAGE END OF LIFE beyond the system
stage stage stage | boundary
Al A2 A3 Ad Ab B1 B2 B3 B4 Bb5 C1 c2 Cc3 C4 |
— [=:] ' =
o £ c c 8 |l & 5c - o _ |
s> 5| 5 g |£24 slsll 2l E el E | es| 2|l Reuse -
E&| 2| 8 o (228 3 5|2 g 2 ¢25| 2 | 8¢ | 8 Recovery -
sa| 8| = § |2238 > = = “8e| & | 28| 2 I Recycling -
a = S = é 2 g gl 2 53 = s o potential
o = o« o © I
scenario scenario scenario scenario scenario scenario scenario scenarioscenario I
| B6 Operational energy use |
scenario l
| B7 Operational water use | |
scenario I
© CEI-Bois




FUNCTIONAL UNIT

COMPARISON FOR A GIVEN MASS OR A GIVEN VOLUME
MUST BE AVOIDED

The energy costs of budding matenal
range from 110 2 800

CO, emmssions ace not directly deducible from
energy cosls Concrele for instance 1§ a very
CO,-intensive malenal due to the emissons from
chemical processes nvoived in ds proguchon
desode the relatively low energy costs per cubic

‘ « CEMENT '27‘7:00
concnsre 1 350 1750
v

STONE T";";f"
S0
* a8 B |
Energy consumed
IKuowan hour per cubic metre I = volume!

Sources Atlas Environnement du Monde Dplomatgue 2007 Federaton of Natural Stone Industnes (SN Roc) CTBA
L Essentel sur je bos 2001
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FUNCTIONAL UNIT

FUNCTION + PERFORMANCE + QUANTITY + T1IVIE

Ex: A structural beam, able to bear a floor with a load of 1kN by
linear meter, with a span of 4 m, during 50 years

A

46 1‘

220
3. 80 4 140

5.2 i ¥V

v

v

50

5'\' ~4G‘
—>

\,\/ ("’ \ Reinforced concrete beam Epicea IPE 80 Aluminium beam



FUNCTIONAL UNIT

Compared in volume:

Concrete

Sawn
Timber

Compared for the given functional unit:

Reinforced

fj\.STA I'N 45‘(&
|
AV ( ~ Concrete
: \'& / Y : Sawn
L L Timber
)OS “ . Sf;a

EMBODIED ENERGY



A LOT OF IMPACTS

EMBODIED ENERGY
AIR POLLUTION
WATER POLLUTION
GLOBAL WARMING POTENTIAL
WASTE PRODUCTIONS
NON RENEWABLE RESSOURCES
OZONE LAYER DESTRUCTION
SOILS ACIDIFICATION

5'\' \15

w S,

EUTROPHICATION
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A LOT OF IMPACTS

Etape de fabrication e Etape de vie en ceuvre Etape de fin de vie e
ceuvre 2 -E
=
& = s © ® = 8 290
c 8 = @ 2 c S
———_ 258 8 0§ B i S 0§ F 0§ E. : %5 5 34 B u:f
environnementaux _ £ 2 5 2 8 2 = % 5 = 8 = £ €3 2= 2 28 £ $a 2
<gEE g = = D = 5 -d% g 5 22 23 ©2E = £8 § +
= = T L = = = o £ § = o == 5 = = B g
H UE-T - B : :° 2 4% 8 B & 31
g= 2 < S - 2 ! & 3 =

Ré:l?:l::::‘:m -105E+02 871E+00 3.30BE+01 492E+01 622E02 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 000E+00 3.32E+00 418E+00 430E+02 242E+02 -3.07E+01

kg COz eq/UF

‘”‘I‘;":‘;‘::h":z“z::‘:e 219E-06 151E-06 777E06 110ED5 153E-08 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0.00E+00 000E+00 000E+00 608E-07 7.91E07 132E06 473E-07 -1,74E-05

kg CFC 11 eq/UF

Acidification des sols
et de 'eau
kg SOz eq/UF
Eutrophisation 3,04E-02 565E-03 242E-02 212E02 150E-05 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 542E-03 292E-03 1,17E-02 8,30E-03 -652E-03
kg (POs)* eq/UF

146E-01 344E02  1,09E01 146E01 419805 0,00E+00 0,00E+00 0.00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 254E-02 164E02 549502 252502 -1,20E-01

F°Fm’":ﬂg:i:;;;z:'e"° 111E01  462E03  160E-02 375E02 156E-05 4.80E08 000E+00 0.00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 2.80E-03 186E-03 BO7E03 8.84E03 = -1,62E-02

Ethene eq/UF
Epuisement des
ressources abiotiques 559E-05 180E05 136E05 139E-04 839E-09 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 000E+00 1,20E-06 1,30E-05 261E-06 496E-06 -1,22E-05
(éléments)
kg Sb eq/UF
Epuisement des
ressources abiotiqgues 5,75E+02 134E+02 508E+02 870E+02 145E-01 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 4.80E+01 6,39E+01 1,04E+02 432E+01 -4 56E+02
(fossiles)
o MJ PCI/UF
° Pollution de Iair 929E+03 1 11E+03 295E+03 818E+03 891E-01 1.18E-03 000E+00 000E+00 000E+00 0,00E+00 0.00E+00 0,00E+00 406E+02 454E+02 879E+02 491E+02 -184E+03
m3/UF

i ) g oy
! f“ ‘li Ji l‘&h ’ Pollution de I'eau 235E+01 373E+00 128E+01 210E+01 623E-03 0,00E+00 0,00E+00 000E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 1,12E+00 1,52E+00 242E+00 1,85E+00 -4.84E+00
- -
m3/UF

[www.inies.fr ; ACV CLT Stora Enso]



A LOT OF IMPACTS

IN FRANCE BUILDING SECTOR: FDES (ENVIRONMENTAL AND HEALTH DECLARATION FORMS)

FU: 1m? wall insulation, R of about 7 m2K/W, lifespan of 50 years

1
. I III I I I I
chauffement Acidification des Eutrophisation utilisation totale Epuisement des Pollution de l'eau
05 climatique sols et de |I'eau d'énergie primaire  ressources
' non renouvelable
-1 Straw bales = Paille (RFCP, 380mm) R=7,1m2K/W

Flax+coton+hemp  ® BiofibTrio (CAVAC, 3x100mm) R=7,65m?K/W
Wood Fiber  ® Laine de bois (ISONAT 200+100mm) R=7,85m?K/W
Glass Wool Laine de verre (ISOVER, 300mm) R=6,5mK/W
Glass Wool = Laine de verre (ISOVER, 375mm) R=8m?K/W
Polystyren B Polystyréne Expansé (KNAUF, 160mm+100mm) R=7,8m%K/W

[www.inies.fr, consulted in 2020]



A LOT OF IMPACTS

THE ECO-BUILDER « MANTRA »

« THE BEST ENERGY IS THE NOT-CONSUMED ONE
&
THE BEST MATERIAL IS THE NOT-USED ONE »
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BIOGENIC AND ANTHROPIC GHG

Carbon Storage
(biogenic)

GHG emissions
(anthropic)




BIOGENIC AND ANTHROPIC GHG

S {({
/ \
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choose impact category
Global Warming Potential (GWP)

choose unit

kg

filter by material group
no filter 5861

filter and sort by "functional unit"

1m?2 insulation u-value 0,15

PUR insulation

16.24 ,

EPS insulation

5.4(‘ 5 9)

Hemp fleece / PE Glass wool

Shaw. -42.76
Wood fibre insulation

N
R
121.9(

PIR insulation

22 5

Foam glass XPS insulation

‘ 16.40 " ATSORE,
16.89 Expanded perlite

Stone wool

1.60 '||I

Paper wool

| kg CO2¢q/ FU

https://www.materialepyramiden.dk/

100kg CO eg/FU

10kg CO oq/FU

1kg COy gg/FU


https://www.materialepyramiden.dk/

WOOD AS A CARBON SINK

Carbon dioxide amount

STA'N.ﬂG 0 20

[after Strassman, 2018]

40

60 80 100200 400 600
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WOOD AS A CARBON SINK

g 1}
p k el CH
5 08 o —-CUZ
e Lk o p e CHyCICH,CI Radiative Forcing of
s \ s . X Each GHG (Green House
g 04% \ e Gas)
2 o
R P .
PN
0 2eeeoieooce seoopooe >

o
N
o
S
o
D
o

80 100 120 140 160 180 200

Années suivant I'émission

= GWP : Global Warming Potential (instantaneous or cumulative)

5'\"\'/\4

\ :’\ /«cm

[Lecompte, Techniques de 'ingénieur, 2019]



WOOD AS A CARBON SINK

Supplementary GWP

CO, in atmosphere With a carbon- compared with 1900

Lg,-/// based growth

Without any change

If we stop it all

If we stayed in the 1900
situation

" Time Time
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WOOD AS A CARBON SINK

Photosynthesis:

2n CO, + 4n H,O + photons — 2(CH,0)_+ 2n O, + 2n H,0.
=> Cellulose, hemi-cellulose, pectin, lignin

Carbon Content, in

CO, sequestration, in

Material
mass 1kg of wood (12%
water content)
Wheat Straw 44% 1,44
Flax and hemp fibers |
Hemp Shiv 47% 1,54
Hard Wood 48% 1,57
Conifers 50% 1,63

STAH\,

W @. |

[Lecompte, Techniques de 'ingénieur, 2019]




WOOD AND FAST GROWING PLANTS

FOREST
&CULTIVATED
AREAS IN FRANCE

Permanent carbon storage 41,5 tC/ ha 190 tC/ ha
Average Yields 4 3 6 t/ha/an 3 t/ha/an
Areas 9,3 millions d’hectares 17 millions d’hectares
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WOOD AND FAST GROWING PLANTS
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[Lecompte, Techniques de l'ingénieur, 2019]
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WOOD AS A CARBON SINK

Sustainable forest management and storage in buildings
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Natural Forest

Carbon storage

Carbon storage |

Time

Time



WOOD AS A CARBON SINK

CO, in - b Supplementary GWP
atmosphere With a carbon- compared with 1900
// based growth
Y Without any change
S S If we stop it all
= If we stayed in the
1900 situation
Time




WOOD AS A CARBON SINK
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Emission

100

Year
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Sequestration
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CASE STUDY: BIO-BASED AND NON BIO-BASED
WALL

Wheat straw bales and wood frame French « conventional » wall

1-Peinture extérieure ; 2-enduit extérieur a base de mortier de ciment ;
3-blocs de béton creux ; 4-joints de mortier ; 5-isolant de laine minérale ;
6-plaques de platre + peinture intérieure

[Zieger et al., Building and Environment, 2021]



CASE STUDY: EMISSIONS & UPTAKES

Bio-based
materials |

Cementitiou ;
materials

Other |
materials -

[Zieger et al., Building and Environment, 2021]

CO,, CH,
N,0, NO, CO,, CH, Coz:IiH'l Co,
Forest
manag' and
Wheat
cultivation
Materials ~/
productlor'l, Construction
transformation Carbonation
and transports of renders
Year 0 Year 1 Year 2

CO,, CH, CO,, CH,
CO2 NzU, NOX' C02 1 CH4 Cg NOKJ

O _.._.E,
] 1
1 1
] ]
: :
E ;’:’:j’:‘; End of life | !
I

E - Demolition ; of Zla"tt |
o roducts | 1

| | cultivation NEW p !
! materials’ !
! production, !
i transformat’, Carbonation i
| transports of new i
i . and renders i
H implementat® !
] 1
1 1
1 1
] 1
] 1
1 1
] ]
i i
1 Year(i-1) Year (i) Year (i+1) !
] ]
b Maintenance(vearil .. __ .. __. d

Co,,CH
C0,,CH, co, N 02 4
End of life of plant
Demolition; products
new
materials’
production, |
transformat’, || carhonation .
transports | of crushed |
~ and concrete :
implementat® |
I
Year (n) Year (n+1) and after |
...... EndoflLife (vearn) .. _ .. __



CASE STUDY: MAIN RESULTS

mmstantaneous mpact (W.m™3)

2E-13

1.5E-13

1E-13

5E-14

-5E-14

-1E-13

-1.5E-13

cement all renders
render insulating materials
paint J/ \L
RN
1 1 1 I 1 1 1 1 I
50 100 130
clay plaster, carbon capture by
lime render ( straw and wood battens
year

[Zieger et al., Building and Environment, 2021]

—— conventional

biobased -
composted straw

biobased -
incinerated straw



CASE STUDY: MAIN RESULTS

1E-11 7E-11

o o -
= & SE-11 - tional

: ; i —— convention
§> SE-12 A ;
— ~ biobased -
Y — | . .
Q0 Q incinerated
S 8, 3E-11 A
ﬁ E [ biobased -
o O composted
% 0 (b 1{')0 __2_{)0 % min & max
= g IE-11 A max

min
: :
I 20000
-5E-12 -1E-11 ‘f' OP
year year

[Zieger et al., Building and Environment, 2021]



CASE STUDY: MAIN RESULTS

EXTENSION OF THE FU
« The use of a land to continue providing housing for present and future citizens »

3,5E-13
v 2.5E-10 |
§ ~ — — conventional 100 yrs
= y
: = P 7| — conventional 50 yIS
U 0
& -~
- S e
g= w5 LIE-10 e biobased 100 yrs
0 < i ,
= & 1 .
° é id biobased 50 yrs
7
L /7
*g é SE11 [ // max
7 '% - | // min 100yrs & max 50yrs
k= /4
E 0 P . . | | | | min
0 i T
v ﬂ‘ [ 1} 1000 ZOPO
WS LSE1 e
| : year year

[Zieger et al., Building and Environment, 2021]



CASE STUDY: MAIN RESULTS

SUBSTITUTION: TO REPLACE CARBON EMITTERS MATERIALS BY
CARBON SEQUESTERS (BIOBASED MATERIALS)

— BENEFITS ESTIMATION

A 0 T T T T T -
200 400 600 800 1000 1200
E 5:10-14
o N Y=
E"_ 0 T T T > TR
£ 50 100 150 200 £ g 1107
= _g.10-14 G
EE 5-10 5§
S5 o 12 5=
@ c -110713 N
§ ° & 2101 1
2S 451013 4 °3
QO » B
T C 3 £
8 -13 2 3
o -2-10 £
Q_ —
£ 5510713 ~3.10-1 1
v Années v Années

STAIN 4
5V &
¢
y
\
WS
[ \ ! [

m
< VA R >
. ~
> o
O.S‘ . E;z

[Zieger et al., Building and Environment, 2021]
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THANK YOU

Thibaut Lecompte
Enseignant Chercheur a I’'Université de Bretagne Sud/IRDL

thibaut.lecompte@univ-ubs.fr




