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Hemp
availability in the world

France is the first
producer of hemp
in Europe

Rape (rapeseed )

Flax Miscanthus Bamboo

National availability (France)
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Valorization of Hemp in building construction
LURD ~ Hempconcrete

Hemp
Hempshiv

Hempplaster

partly decorticatedhemp stalk
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The multi-scale approach to Coupled Heat, Air, Moisture and Pollutants Simulations in
Bio-based Building Materials and Systems

Microscopic scale Material scale Wall scale Room and house scale

Hnder (4T

Hygrothermal performance, thermal

% h Properties (anisotropy) Hygrothermal and VOC behavior comfort et indoor air quality (QAI:
e s Thermal _ VOC, CO26), Energy
Microscopic properties of Physical Experimental study Numerical and experimental studies
components Moisture Model validation Model validation

Pollutant (VOC)
| 'y | $1 4

HygroPo-BBM CHAMPS-BBM MCHAMPS-BBMS

Homogenization method Implemented properties

Contact : Dr A.D TRANLE,anh .dung .tran .le@u-picardie .fr English version
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The multi-scale approach to Coupled Heat, Air, Moisture and Pollutants Simulations in //
Bio-based Building Materials and Systems

K \ Wall scale Room and house scale
What is the impact of VOCand /‘
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. . ) Hygrothermal performance, thermal
h em p concrete b ul Id In g enve | (0] pe Hygrothermal and VOC behavior comfort et indoor air quality (QAI:

. VOC, CO2é), Energy «
Experimental study Numerical and experimental studies

on IAQandindoor RH? Model validation Model validation

\ J CHAMPS-BBM mCHAMPS-BBMS

Homogenization method Implemented properties

moisture buffering capacities of

English version
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Development and Validation of a Coupled Heat, Air, Moisture and Pollutant Simulation Model

Dedicated to Bio -based Materials

A Ventilation
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conditions | = & conditions - - — -
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voc VOCfTission 0 Takinginto accountof impact of T and RHon
ratefrom . . . . .
o materials VOCdiffusion and sorption (if dataare available)
o Focusingon Biobasedbuilding materials
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CHAMPS-Bio model
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VOC emissionrate from
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E
VOC concentration, || y/o¢ ang moisture buffering | O
moisture, RH and T capacities
distribution in a wall
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For pollutants model, at the material -air interface, we assume an instantaneous equilibrium
between VOC concentration (mg/m3) in the air near material surface (Cag and the one in
the surface layer (Cms)
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Energy and mass balance equations for room air
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CHAMPS-Bio

<+*Experimental setup consists of a small test
chamber (0.4*0.5*0.25 m3) with a pollutant
emitting panel material inside

“+Particleboard with dimension
0.212x0.212x0.0159 m3
+Test conditions: T=23°C, RH=50%, Air
change rate= 1 1/h
12
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Validating for TVOC concentration emitted from the particleboard

Case of a particleboard: prediction

A etc. LG,
V= Q(Cae- Ca) A +Gioe suuee Where  E= Py (Casi - Ca)
The Simulation Problem Analysis and Research Kernel (SPARK BERKELEY LAB
*SPARKEF. Sowell P. HavesEfficientsolutionstrategiesfor buildingenergysystemsimulation,EnergyBuild 33 (2001) 309,317.
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ReferenceX Yang,Q. ChenJS Zhang,R Magee,J Zeng,CY. Shaw,Numericalsimulationof VOC
emissiongrom dry materials,Build Environ36 (10) (2001) 109%1107.
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Validating forHexanatoncentrationemitted from the particleboard
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PRINEEING CHAMPS-Bio model validation (2) 2\ 1]
. ) / ‘
wher , CHAMPSBio model has been validated recently ( < ,J/ rechnolegies
V  In framework of Fulbright Scholarprogramin 2020 (CommissiorFulbright FranceAméricaineand
Hautsde-Franceregion,FR
V In collaboration with BEESIab, SyracuséJniversity, USA(referent Pr ZHANGJensen)

V  Model validation with two indoor typical VOCYFormaldehydeand Tolueng basedon experimental
resultsobtained with calciumsilicate (Xuand Zhang2011*)
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Model validation formoisture diffusion model Model validation for Toluene (TOL)

AD. TranLe,JS;hangZ Liu,_D Samrj T ‘LangletModeIinglhe similarity and the potential of *Xu 1, Zhang,JS An experimentalstudy of relative humidity effect on + h / effeztive
to\gehe and mol}sture buffering capacitiesof hemp concreteon IAQ and thermal comfort, diffusioncoefficient and partition coefficientin a porousmedium Build Environ46 (2011),
Buildingand Environment1882021,107455 178596,

AD. TranLe,JS Zhang,Z Liu Impact of humidity on formaldehyde and moisture buffering

capacity of porousbuilding material, Journalof BuildingEngineering36, 2021, 102114 ISSN

23527102
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wall on indoor relative humidity and toluene concentration Fcvantes

Hemp concrete \

well known in the literature
V used widely in the world

V low environmental impact

V good compromise between insulation and thermal

inertia

(high moisture buffering capacity

/

Similarity between VOC and moisture buffering?
If yes, what is the impact of pollutant (VOC)
buffering capacity on IAQ?
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A Referencaoom: V=5*4*2.5 m3

A Ventilationrate of 0.72 ACHAIir Changeper Hour)

A ExposedsurfaceareaS=25 m?

A Atoluene sourcescheme: 12 hoursof 1000> h followed
intermittently 12 hoursof 0> #h

A Room is occupiedby two personsfrom 8.00 am to 17.00
pm (the water vaporsourceis 142g/h).

Diy,7or (m*/s)

5.5 x 107°

KoL

550

Hygric properties of hemp concrete to model toluene properties.

Dry density Total Open Pwy  Sorption isotherm (GAB
(kg/ma) porosity (%) porosity (%) model parameters)
450 78 66 5 Wm = 0.02; Cgas =7

Koap = 0.89

Hygrothermalpropertiesof hempconcretemeasuredby manyresearchteams(selectedreferencey:

A F Collet,d Chamoin S Pretot, C. Lanos Comparisorof the hygric behaviourof three hemp concretes Energy
Build 62 (2013 294¢303,

A R Walker,S PaviaMoisture transfer and thermal propertiesof hempclime concretes Construct Build Mater.
64(2014 2705276,

A M. Rahim,0. Douzane AD. TranLe,G. Promis,B. Laidoudj A Crigny et al., Characterizatiorof flax lime and
hemplime concreteshygricpropertiesandmoisturebuffer capacity EnergyBuild 88 (2015 9199

A T.Colinart P. Glouannec Temperaturedependenceof sorptionisothermof hygroscopiduildingmaterials Part
1: experimentakvidenceandmodeling EnergyBuild 139(2017) 360¢370.

A Etc

Effect of toluene and moisture buffering capacities

wall on indoor relative humidity and toluene concentration

Well sealed

of hemp concrete
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] entilation
]Ll Ventilat

Indoor VOC. B
Indoor RH s
7]
o
VOC and =
moisture Moisture and VOC
buffering sources
Hempconcretewall Hempconcretewall

1 Model with buffering capacity (BC model)
1 Model without buffering capacity (Without-BC mode)

Tolueneproperties of hemp concrete

Reference AD. TranLe,JS Zhang,Z Liu,D Samrj T. Langlet Modeling the similarity and the
potential of toluene and moisture buffering capacitiesof hemp concreteon IAQ and thermal
comfort, Buildingand Environment1882021,107455
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Effect of toluene and moisture buffering capacities of hemp concrete

wall on indoor relative humidity and toluene concentration
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Effect ofmoisture sorptioncapacity of hemp concrete omdoor RH

- Indoor RH_with buffering capacity
=== Indoor RH_without buffering capacity

------ Vapor generation (g/h)
0.80 4
0.70 -
T
4
5 0.60 - : :
s} : :
he} . .
£ : :
0.50 +=—=-1 Poseaod HA ST | + 40
N : - 20
0.40 H I LA 0
87 88 89 90

Time (days)

ReferenceAD. TranLe,JSZhangZ Liu,D Samrj T. Langlet Modeling the similarity and the potential of
toluene and moisture buffering capacitiesof hemp concreteon IAQ and thermal comfort, Buildingand
Environment1882021,107455

Vapor generation (g/h)

Peak reduced factePRF

RH, : without buffering capacity Maximum values
RH: with buffering capacity A BC model: 66.3% RH

A Without -BC model: 72.5%
RHg - RH ’

RH
RHo A PRE,8.6%

Amplitude reduced factoiRFa
Ay — A
A()

AandA0 amplitudesof indoor relative humidity variation
with andwithout moisture bufferingcapacity

RFavalue of 43.4% moisture buffering
capacity can reduce the indoor RH
variationamplitudeby 43.4%

PRF =

RF,
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Effect of toluene and moisture buffering capacities of hemp concrete
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wall on indoor relative humidity and toluene concentration / v
Discussion: Effeadf moisture sorptioncapacity of hemp concrete on

health benefits

——Indoor RH_with buffering capacity

=== Indoor RH_without buffering capacity

...... Vapor generation (g/h) Recommended Indoor Humidity Range for Optimal Health Benefits
0.80 4 Decrace in Bar Width Indicates Decrasse in Efect
Bacteria
0.70 - % Viruses
E’ Fungi
o
ﬁ Mites
0.60 - © y Infections”
=
: : g) Allergic Rhintis and Asthma
0.50 ,.____! ~—eni \\~____! - 40 ‘g Chemical Interactions
H M H . H . ] Qzone Production
: : : : : : \, 20 > 0 20 30 40 50 60 70 80 80
0.40 Pt d Mww i S, s o ot T 0 S, vt S o
87 88 89 90 b Tk A W ekl iy
Time (days)
; : - V Hygrothermal comfort
Moisture buffering capacity = Hgglth i
passiveway to keepthe variation in RHoetweenthreshold levels

15

Effect of toluene and moisture buffering capacities of hemp concrete
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Effect of toluene (TOL) sorption capacity of hemp concrete on
indoor toluene concentration

Peak reduced factePRF

G : without bufferingcapacity  Maximum values
C: with buffering capacity A BC model: 23.6 ¢ ¢gm3

A Without -BC model: 27.8
Good 3
health e g
benefits

PRFo, = 15%

CumulativeExposureReductionFactor,ERFc

takesinto account the concentration reduction and exposime

Harmful
health
effects?
The ERFc for toluene is 210.5% for 12 h  exposure
. . _ Healthbenefits?
Similarity between ~ VOC and moisture  buffering

ReferenceAD. TranLe,JSZhangZ Liu,D Samrj T. Langlet Modeling the similarity and the potential of
toluene and moisture buffering capacitiesof hemp concreteon IAQ and thermal comfort, Buildingand
Environment1882021,107455
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