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Population Electric

consumption

1973 53 000 000 171 TWh

2019 67 000 000 475 TWh

In France

In the world 

[RTE., Bilan Electrique 2019 ; www.insee.fr]

x 1,3 x 2,8

CONTEXT
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CONTEXT

• Environnemental Impact of building and 
construction sector

47% of Energy consumption

In France

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

1er non-renewable raw materials consumer
1er waste producer

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

Energy consumption (current individual houses) : 

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

- about 15% for construction, material supplying and end of 
life



Internal use only.

CONTEXT

Construction
End of life (EoL)
Service Life

Renovation

New building

Current conventional buildings

Thermal regulations in France
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[Richards, Allenby, Frosch, The greening of industrial ecosystems, 1994]

Type I & II

Type III

• Bio-based materials benefits:

➢Carbon sinks
➢Local, renewable and available
➢Agro by-products valorisation

CONTEXT
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1. BROYAGE CRU1. BROYAGE CRU

2. CUISSON2. CUISSON

tapis roulanttapis roulant

fourfour

refroidissementrefroidissement

préchauffagepréchauffage

clinkerclinker

stockage 

usine

stockage 

usine

stockage 

usine

broyeurbroyeur

Main reaction during cement production:

CaCO3 => CaO + CO2

Limestone => Clinker + Carbon Dioxyde in atmosphere

CONTEXT
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EMISSION of about 700 kg 
CO2 by ton of pure cement

EMISSION of about 100 kg 
CO2 by ton of concrete

PRODUCTION PHASE

SEQUESTRATION of more than
1500 kg CO2 by ton of wood

CONTEXT
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LIFE CYCLE 
ASSESSMENTS (LCA) IN 
BUILDING SECTOR
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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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[Henry et al. Impacts environnementaux et sanitaires des matériaux Chanvre ; Séminaire Scientifique, 2008]

Questions: 
- System boundaries
- Allocation or consequential approach?

LIFE CYCLE ASSESSMENTS
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LIFE CYCLE INVENTORY
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COMPARISON FOR A GIVEN MASS OR A GIVEN VOLUME 
MUST BE AVOIDED

= volume!

FUNCTIONAL UNIT
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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

FUNCTION + PERFORMANCE + QUANTITY + TIME

FUNCTIONAL UNIT
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Compared in volume:

Sawn

Timber

Concrete

Steel

Aluminium

Compared for the given functional unit:
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FUNCTIONAL UNIT
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EMBODIED ENERGY 

AIR POLLUTION 

WATER POLLUTION 

GLOBAL WARMING POTENTIAL

WASTE PRODUCTIONS

NON RENEWABLE RESSOURCES

OZONE LAYER DESTRUCTION

SOILS ACIDIFICATION

EUTROPHICATION

…
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A LOT OF IMPACTS
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IN FRANCE BUILDING SECTOR:  FDES (ENVIRONMENTAL
AND HEALTH DECLARATION FORMS) 

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

A LOT OF IMPACTS
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IN FRANCE BUILDING SECTOR:  FDES (ENVIRONMENTAL AND HEALTH DECLARATION FORMS) 

FU:  1m² wall insulation, R of about 7 m²K/W, lifespan of 50 years

Straw bales

Flax+coton+hemp

Wood Fiber

Glass Wool

Glass Wool

Polystyren

[www.inies.fr, consulted in 2020]

A LOT OF IMPACTS
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« THE BEST ENERGY IS THE NOT-CONSUMED ONE
&

THE BEST MATERIAL IS THE NOT-USED ONE »

THE ECO-BUILDER « MANTRA »

A LOT OF IMPACTS
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CARBON UPTAKES 
AND EMISSIONS: THE 
IMPORTANCE OF 
TIMMING
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Carbon Storage
(biogenic) 

GHG emissions
(anthropic) 

BIOGENIC AND ANTHROPIC GHG
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https://www.materialepyramiden.dk/

BIOGENIC AND ANTHROPIC GHG

https://www.materialepyramiden.dk/
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Storage in soils

Storage in oceans

Residual part in atmosphere

Years after emission
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WOOD AS A CARBON SINK
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[Lecompte, Techniques de l’ingénieur, 2019]

= GWP : Global Warming Potential (instantaneous or cumulative)

Radiative Forcing of 
Each GHG (Green House 

Gas)

x

WOOD AS A CARBON SINK
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Supplementary GWP
compared with 1900

TimeTime

CO2 in atmosphere With a carbon-
based growth

Without any change

If we stayed in the 1900 
situation

If we stop it all

WOOD AS A CARBON SINK
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Photosynthesis:

Cellulose, hemi-cellulose, pectin, lignin

Wheat Straw

Flax and hemp fibers

Hard Wood

Conifers

Hemp Shiv

Carbon Content, in 

mass
Material CO2 sequestration, in 

1kg of wood (12% 

water content)

WOOD AS A CARBON SINK
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FOREST 
&CULTIVATED 
AREAS IN FRANCE

Permanent carbon storage

Average Yields

Areas

WOOD AND FAST GROWING PLANTS
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[Lecompte, Techniques de l’ingénieur, 2019]

WOOD AND FAST GROWING PLANTS
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Sustainable forest management and storage in buildingsNatural Forest

Carbon storage Carbon storage

Time Time 

WOOD AS A CARBON SINK
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Supplementary GWP
compared with 1900

TimeTime

CO2 in 
atmosphere With a carbon-

based growth
Without any change

If we stayed in the 
1900 situation

If we stop it all

WOOD AS A CARBON SINK
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WOOD AS A CARBON SINK
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Wheat straw bales and wood frame French « conventional » wall

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

CASE STUDY: BIO-BASED AND NON BIO-BASED
WALL
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CASE STUDY: EMISSIONS & UPTAKES
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CASE STUDY: MAIN RESULTS
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CASE STUDY: MAIN RESULTS
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EXTENSION OF THE FU
« The use of a land to continue providing housing for present and future citizens »

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

CASE STUDY: MAIN RESULTS
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SUBSTITUTION: TO REPLACE CARBON EMITTERS MATERIALS BY 
CARBON SEQUESTERS (BIOBASED MATERIALS)

BENEFITS ESTIMATION

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

CASE STUDY: MAIN RESULTS
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QUESTIONS?
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THANK YOU
Thibaut Lecompte 
Enseignant Chercheur à l’Université de Bretagne Sud/IRDL
thibaut.lecompte@univ-ubs.fr


