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Page 2 – Project Description 

Scientific Excellence 
(500 words) 

Heat And Mass Transfer 

The understanding of the effect of sorption phenomena of 
construction materials in the realm of building physics research 
is still in its infancy stage and only started about a decade and a 
half ago. The theme gained prominence as a result of increased 
use of highly hygroscopic materials such as bio-based concretes 
or rammed earth (unfired clay based material), (Collet 2004, 
Collet et al., 2008). Many research works have since focused on 
the Hygro-thermal behaviour of highly hygroscopic materials in 
order to better integrate the coupled heat and mass into 
transfer models within envelopes (Kwiatkowski et al 2009, Piot et 
al., 2011, Woloszyn et al., 2009; 2008, Janssen et al., 2007). 
Indeed, there is a coupling between the thermal properties of 
the hygroscopic materials and the water content. The thermal 
conductivity increases as the water content increases making 
the insulating material less efficient with obvious energy losses. 
In contrast, the phase change enthalpy of the water vapour 
creates an internal heat source that can reduce the wall 
conductance (Lelievre et al 2014, Dubois et al 2013, Evrard & De 
Herde 2010; Aït Oumeziane et al 2016, Collet et al 2013, Tran Le 
et al 2010, Collet & Pretot 2014, and Woloszyn et al 2015). 
It has thus become a necessity to consider, and research, the 
interactions between materials and indoor air. 
 
Pollutant Adsorption 

The adsorption and desorption of pollutants from construction 
materials, until now, been studied as a secondary source of 
pollutant emissions (Popa & Haghighat 2002, Hansson 2003). A 
Recent study has measured these interactions for the CO2 
molecule (Rajan et al., 2017). But more frequently studies on the 
passive regulation of ozone have been carried out (Nicolas et 
al., 2007) in the case of conventional materials. A recent study 
investigated the ability of clay mud plaster to regulate certain 
pollutants, including ozone (Darling et al 2012, Darling et al 
2016) because of clay’s high adsorption capacity because due 
to its active surfaces of clay minerals and their large surface 
area, which can reach up to 800m² / g for some 
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montmorillonites. Further developments are needed to 
investigate the ability of clay based materials to reduce the 
indoor air pollutant content. 

Aim (400 words) 
 

Aim 
We propose to characterize complex phenomena of heat and 
mass transfer of water and pollutant in earth based walls of 
NZEB. 
 
Objectives 
1/To design appropriate experiments to characterise the heat 
and mass transfer of water and pollutant in earth based 
materials 
2/To measure the intrinsic parameters driving the transfers 
within the earth based walls 
3/To quantify the effect bio based aggregate in the earth based 
materials  
4/To use the poromechanics framework developed by Olivier 
Coussy in 2004 as a basis to develop appropriate model of heat 
and mass transfer possibly coupled with chemistry to take into 
account the pollutant action. 
5/Monitor on site buildings to assess the energy savings in 
NZEB not using air conditioner systems. 
6/Assess the existing gap between the assessment performed 
by the industry and the actual behaviour of earth based 
materials 
 
Hypothesis 
Earth wall is considered as a continuum medium, without any 
plaster nor insulation so that we can use the poromechanics 
theory. 
 
Methodology 
We propose to characterize complex phenomena of heat and 
mass transfer of water and pollutant through experimental 
measurements and multiphysical modelling. The experimental 
study is essential to characterize the materials to be tested (clay 
based materials). This approach will facilitate the design of 
materials with the specific purpose of passive regulation in 
addition to its conventional use (insulation, coating, etc.). The 
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passive regulation is in line with the zero energy target of the 
building. 
 
Experimental characterization and modelling gives us the ability 
to understand transfer phenomena but also to go further in the 
design of innovative products. This project will lead to an 
innovation in the design of materials with a strong regulating 
capacity of indoor environments, as much for hygrometry as for 
pollutants. 
 
Resources 
The candidate will use the University of Lyon/CNRS facilities to 
monitor one or two buildings in France. Some the experiments 
will also be performed in the Lab. of the University of 
Lyon/CNRS (CNRS is the top Research Institute in world 
according to Nature ranking). The cost will be borne by the 
University of Lyon/CNRS 

Strategic Relevance 
(300 words) 

The Near Zero Energy Buildings have to minimize heat and 
therefore air transfer with the outdoor. A consequence is an 
increase of Indoor Air Quality concerns. Contemporary research 
demonstrate the ability of some materials (hemp and clay based 
porous materials) and plants to participate in the passive 
regulation of indoor air quality, especially through hygrothermal 
regulation where the hygroscopic behaviour of certain materials 
can play a considerable role. Thus, delegating some of the 
energy-demanding automated control of mechanical ventilation 
to passive control by the materials reduces energy bills and 
increases the resilience of the building. On the same principle, 
the interaction of water transfer with common pollutants is also 
possible and is beginning to be studied in particular with ozone, 
volatile organic compounds and CO2.  
 
We propose to study the reversible sorption phenomena 
related to CO2. The nature of these reversible phenomena will 
be characterized by a physical adsorption (physisorption) within 
the porous network of materials. For this reason, it will be 
necessary to study at first the nature of the porous network, 
then the adsorption as a function of the concentration of 
pollutant, then the diffusion phenomena. In a second step, a 
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modeling of the exchanges will be sought with a validation on 
experimental measurements at the scale of the material, but 
also at the scale of a control cell. 

Interdisciplinarity and 
fit with DTA3 

The topics is an interdisciplinary research that brings together 
soil science (poromechanics) and building physics in terms of 
reducing energy demand. 

Industrial Relevance 
(300 words) 
Detail external 
placement 
opportunities or 
collaborations 
available as part of 
the project 

This research is part of a binational cooperation with the 
Laboratory of Tribology and Dynamics of Systems, CNRS 
institute in Lyon, France; therefore, a part of the experiments 
will be performed in Lyon. There are currently show cases of two 
multi million euros building projects in France with the issue 
proposed to be resolved by this proposal. These two projects 
are opening new opportunity to develop NZEB in the 
construction industry using high hygroscopic material as 
rammed earth. Moreover the DoS is a consultant for those two 
projects and will be able to provide access for use of these 
buildings to get samples for experiment and for use as case 
studies for this study. 
Opportunity to collaborate with two SMEs on these topics:  
Batiserf 
https://batiserf.com/ 
 
Studio Mumbai 
https://fr.wikipedia.org/wiki/Studio_Mumbai 
 
Risks 
If we won’t be allowed to display appropriate sensors in the 
buildings we will study the existing sensors measurement 
(electricity bill, RH monitoring…) to study the impact of earth 
based walls to the consumption of energy and IAQ (Indoor Air 
Quality) 
We will use a smaller building (single family house near 
Grenoble, France) that is already monitored with appropriate 
sensor to validate our lab and theoretical developments 

Economic and 
Societal Impact (300 
words) 

The energy transition of housing is now clearly identified as a 
primary necessity for reducing the sector's energy consumption. 
Measures to improve energy performance often go through an 
improvement of the thermal insulation and a reduction of the 
rate of renewal of the air. The renewal of the air is then 

https://batiserf.com/
https://fr.wikipedia.org/wiki/Studio_Mumbai
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provided by mechanical ventilation. If they are defective, the 
quality of the air deteriorates very rapidly and there is a real risk 
for the occupants' health (Mickaël et al., 2014). Concentrations 
of water vapour, CO2 and Volatile Organic Compounds (VOC) 
may exceed the recommended concentrations. The possibility 
to design the habitat to allow materials play a passive role in the 
regulation of these pollutants is thus of an unquantifiable 
benefit; not only in case of failure of mechanical ventilation, but 
also in a complementary way to generally reduce use-frequency 
of the energy-demanding mechanical ventilation. The 
regulation by the materials can thus bring a smoothing of the 
peaks of concentration air pollutants and a reduction of energy 
consumption, bringing about a double-edge benefit.  
However, the consideration of these mechanisms is still in its 
infancy. Methods for laboratory measurements of material 
buffering mechanisms still evolving. Also, construction methods 
are changing very quickly and so are the materials. Some 
"modern" materials may present real hazards because of their 
high pollutant emissions into the indoor air especially when 
used in passive houses. While some more traditional materials 
have not only low toxicity but also real strengths due to their 
intrinsic porosity and dynamic exchange within the porous 
network with indoor air. This project will help to favourably use 
the potential of those materials to reduce the energy demand 
and increase the indoor air quality.  
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Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

Master in mechanics or civil engineering 

Minimum IELTS score 7.0 
 

 

 

 

 


