
Material
Thermal 

conductivity
(W/mK)

Absorption 
coefficient at 

500 Hz (-)

Hemp 0.04 0.6 (30cm)

Kenaf 0.044 0.74 (5cm)

Coco fiber 0.043 0.42

Wood wool 0.065 0.32
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Context

Sustainable materials

 Smart 

management of 

natural ressources 

 Low

environmental
impact

Acoustic insulation 𝑻𝑳 or/and 

correction 𝜶 and thermal 

insulation 𝝀

Experimental characterisation

Fibres
Rep. Vol. of 

fibres

Vegetal wool

panel

Materials
Mean

𝑹𝒇𝐯𝐞𝐠 (𝝁𝒎)

Mean

𝑹𝒇𝒑𝒐𝒍 (𝝁𝒎)
Porosity

𝛷(%)

Density

𝝆 (kg.m-3)

Th. cond λ

(W.K-1.m-1)

Hemp 27,9 13,7 96,4 45 0,44

Flax 14,6 12,2 96,1 67 0,45

Polymer

Fibres

Vegetal

Fibres

Fibres 

bundle

Single 

fibre

Acoustic  Thermic

Tarnow model Composite model

Flow ⊥ and random
fibres distribution
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Complete coupling between fibrous medium and 
polymer medium )𝐹𝑑(𝜔 = 1

𝜏 : volumetric ratio of polymer fibres into the 

consistent medium

[Gourdon & Seppi 2010] 
Applied Acoustics

[Tarnow 1996a] JASA

Acoustical model for two types of fibres 𝑹𝒇𝒗𝒆𝒈, 𝑹𝒇𝒑𝒐𝒍, 𝝓
[Piégay et al. 2018] Applied Acoustics 129 (2018) 36-46

Self Consistent Method (SCM)  
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Equivalent medium λ𝑒𝑞

Equivalence between the cylindrical bicomposite inclusions (air into solid phase) 

medium and the equivalent consistent medium
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Materials 𝑹𝒇𝐯𝐞𝐠 (𝝁𝒎) Model 𝑹𝒇𝒎 (𝝁𝒎) MEB 𝝀𝒔𝑺𝑪𝑴 (W.m-1.K-1) 𝝀𝒔𝒆𝒙𝒑 (W.m-1.K-1)

Hemp 26,3 ± 0,5 27,9 0,905 ± 0,093 -

Flax 13,3 ± 0,2 14,6 0,883 ± 0,091 -

Scientific approach

Performances

Experimental characterisation
Fibres 

morphology

Intrinsinc

parameters
Performances

Fibres radii 

𝑅𝑓𝑣𝑒𝑔, 𝑅𝑓𝑝𝑜𝑙

Porosity 𝜱

Solid phase 

th cond 𝝀𝒔

Solid phase 

density 𝝆𝒔

Airflow 

resistivity 𝝈

Sound 

absorption 𝜶

Thermal 

conductivity 

𝝀

Modelling

Comparison of normal incidence sound absorption coefficeint for hemp and flax

wools between measurements, Model (𝑹𝒇𝒗𝒆𝒈, 𝑹𝒇𝒑𝒐𝒍) and Tarnow model
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Density ratio (bulk density/solid phase density)

Experimental data Hemp

Experimental data Flax

SCM model Hemp

SCM Model Flax

Comparison of thermal conductivity for hemp and flax wools between measurements

and SCM model

1[Asdrubali et al. 2012] Building Acoustics

Modelling of the mean sound absorption coefficient for a 

vegetal wool (e=50 mm; 𝑅𝑓𝑝𝑜𝑙=13 µm) with the Model 

(𝑹𝒇𝒗𝒆𝒈, 𝑹𝒇𝒑𝒐𝒍) for a polymer fibers proportion of 𝜏 = 0,15.

Modelling of thermal conductivity

Perspectives

Expansion of the range of 

materials

WoodCoco Cotton Hemp

Flax Wood-PES Flax cotonize Kenaf

Characterisation and modelling of compression 

effects

Characterisation of ignifugation effects

Validation

Inversion

Optimisation
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