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 ABSTRACT 
Thermal comfort is a feeling of well-being in a given environment. In the 
context of sustainable development, new regulations on thermal insulation 
in the building sector are leading researchers to design new materials for 
energy-saving systems and ensuring comfort in the habitat. We highlight 
the effects induced by the use of Pr. Blanchard's foamed concrete (FC) in 
construction in order to reduce energy consumption and ensure 
hygrothermal comfort in the home. This article numerically studies the 
thermal comfort for buildings constructed with materials such as foamed 
concrete, cinder block, compressed earth brick (CEB), adobe and cut 
laterite block (CLB). The comparison of the hygrothermal behavior 
(temperature and relative humidity) of premises made of different materials 
was carried out with three typical climates (January: dry and cold period, 
April: dry and hot period and August: humid period and mild temperature) 
under climatic conditions of Ouagadougou in Burkina Faso. The results 
showed that for the months of January, April and August the temperatures 
of the foamed concrete room (FC-930, thickness: th=17.5 cm) having 
respectively values of 296 K, 304 K, and 298 K is always lower to other 
materials. The relative humidity of the foamed concrete cell (FC-930, 
th=17.5 cm) in the months of January, April and August has values of 19%, 
31 % and 63.7 % respectively which are also higher than those of the cells 
built with several local materials. Thus, a building constructed with foamed 
concrete has better thermal comfort than those made of concrete block, 
CEB, adobe and CLB. 
 

 
RESUME  
Le confort thermique est une sensation de bien-être dans un environnement donné. Dans le cadre du développement 
durable, les nouvelles règlementations en matière d’isolation thermique dans le secteur du bâtiment, conduisent les 
chercheurs à concevoir de nouveaux matériaux pour des systèmes économes en énergie et assurant le confort dans 
l’habitat. Nous mettons en évidence les effets induits par l’utilisation du béton moussé (BM) du Pr. Blanchard, dans 
la construction afin de réduire les consommations énergétiques et d’assurer un confort hygrothermique dans 
l’habitat. Cet article étudie numériquement le confort thermique pour des bâtiments construits avec des matériaux 
tels que du béton moussé, de parpaing, de brique de terre comprimée (BTC), d’adobe et bloc latérite taillée (BLT). 
La comparaison du comportement hygrothermique (température et l’humidité relative) des locaux en différents 
matériaux a été effectuée avec trois climats typiques (Janvier: période sèche et froide, Avril: période sèche et chaude 
et Août: période humide et température douce) sous des conditions climatiques de Ouagadougou au Burkina Faso. 
Les résultats ont montré que pour les mois de Janvier, Avril et Août les températures du local en béton moussé (BM-
930, e=17,5 cm) ayant respectivement des valeurs de 296 K, 304 K, et 298 K est toujours inférieure aux autres 
matériaux.  L’humidité relative de la cellule en béton moussé (BM-930, e=17,5 cm) du mois de Janvier, Avril et 
Août a respectivement des valeurs de 19 %, 31 % et 63,7 % qui sont également supérieures à celles des cellules 
construites avec plusieurs matériaux locaux.  Ainsi, un bâtiment construit avec du béton moussé présente un 
meilleur confort thermique que ceux en parpaing, BTC, adobe et BLT. 
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I. INTRODUCTION 
The primary function of a building is to adapt to the 
ambient climate and to provide a comfortable and 
conducive indoor environment for the occupants. 
However, due to climate change, ensuring the comfort of 
the occupants of a building is quite complex. Thermal 
comfort is said to be achieved when the occupants can 
carry out, in a satisfactory thermal environment, the 
activities for which the building is intended. The 
envelope of a building is the interface between the 
interior atmosphere and the exterior environment. It is the 
seat of heat, humidity and air transfers which determine 
the internal climate of the building. Current 
environmental concerns encourage the construction of 
efficient buildings from an energy point of view. The 
walls of the envelope are generally the seat of hygro-
thermal transfer. Hygrometric transfers remain negligible 
most of the year in the Sahelian zone. They impact the 
energy performance of the walls and are permanent for 
existing buildings. They are in balance with the external 
and internal environment (Nadarajan M. and Kirubakaran 
V., 2016, Zheng P. and al., 2022, Zoure A. N. and 
Genovese P. V., 2022, Zhang J. and al., 2022). Thermal 
comfort expresses the satisfaction of well-being with 
respect to the thermal environment (Padfield T., 1998, 
ASHRAE, 2004, Mouss H. S. and al., 2019, Zhang Y.  
and Liu C., 2021). Thermal comfort is linked to six 
parameters such as ambient air temperature, average wall 
temperature, metabolism, relative air humidity or 
hygrometry, air speed and clothing. But it includes three 
basic parameters such as air temperature, relative 
humidity and air velocity. Humidity is one of the indoor 
environmental factors that can affect thermal comfort 
inside a building (Liping W. and Wong N. H., 2007, 
Akande O. K. and Adebamowo M. A., 2010, Zhao Q. and 
al., 2020, Nouadje M. B. A.  and Kapen P. T., 2022, 
Woloszyn M. and al., 2009, Djamila H.  and al., 2014). In 
addition, the external thermal comfort of buildings 
influences the quality of the environment and human 
behavior in urban neighborhoods (Zhang Y. and Liu C., 
2021). Thermal comfort is an essential issue for housing 
occupants. One of the main elements to consider in this 
sense is the humidity level. However, too high humidity 
will promote the development of mold or fungi as well as 
the peeling of the paint if the temperature is hot. We 
study the hygrothermal comfort inside a foamed concrete 
building, which we compare to that created in buildings 
constructed using materials such as cement blocks, CEB, 
adobe and the CLB, under climatic conditions of 
Ouagadougou. This makes it possible to confirm that the 
foamed concrete building greatly reduces the thermal 
loads to be overcome to achieve thermal comfort, thus 
leading to a rational use of the energy necessary for air 
conditioning. 
Burkina Faso has three typical climates such as the month 
of January which is a cold, dry and non-rainy period. The 
month of April is also a dry period with high 

temperatures (heat period) and the month of August 
which is a rainy, humid period with mild temperatures.  
 
II. MATERIAL AND METHODS 

II.1 Thermo-physical properties of foamed concrete   

The thermo-physical properties of the studied material are 
summarized in Table 1. 

Table 1. Thermo-physical properties of the foamed 
concrete studied (Ouedraogo L. A. and al., 2021, 

Ouedraogo L. A. and al., 2022)  

Samples FC1 FC2 FC3 FC4 

Density 
(kg/m3) 

650 730 830 930 

Thermal 
conducti-
vity 
(W/m.K) 

0.05 0 .09 0.16 0.2 

Thermal 
diffusivity 
(m2/s) 

2.53.10-8 5.4.10-8 1.16.10-7 1.23.10-7 

Thermal 
effusivity 
(J/m2Ks1/2) 

291 387 455.75 579.75 

Specific 
heat 
capacity 
(J/kg.K) 

2819.46 2289.3 1619.38 1780.09 

 
II.2 Building model   

The geometry of the room for the simulation is a 
parallelepiped having the following dimensions: Length 
(L= 4 m), width (l = 4 m) and a height of (h = 3 m). The 
construction is located on an area of 16 m2 (Ouédraogo L. 
A. and al., 2022). The walls and the slab roof are 
constructed with foamed concrete. The main face of the 
building, where the door is located, faces north. This 
facade transmits less heat, because it receives a relatively 
weak irradiation compared to those received on the other 
walls. 
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Fig.1. Geometry of the habitable cell studied 

The geometry of the model was implemented in 
COMSOL Multiphysics 5.3a software in 3 dimensions. A 
calculation program was designed using Matlab software 
to determine the global solar radiation flux arriving on the 
East, West, South and North faces of a building under the 
latitude of Ouagadougou. The equations 𝑃!"	, translating 
the global radiation fluxes per m², are expressed using 
Fourier series (Ouedraogo L. A. and al., 2022). They are 
incorporated into the COMSOL software for simulation. 
𝑃!"#$%(𝑡) = 𝑎&,"#$% +∑ 𝑎(,"#$%)

(*+ cos	(𝑖𝑤"#$%𝑡) +
∑ 𝑏(,"#$%)
(*+ sin	(𝑖𝑤"#$%𝑡)                                          (1)                                           

For the energy analysis of the building, we use COMSOL 
and MATLAB software. 
 
II.3 Modeling of thermal and hygrothermal transfers 
in the building  

Heat transfer in the modeled room is described by 
conduction in the walls and by convection and radiation 
in the indoor air. While conduction describes the passage 
of heat through the wall and partially the transfer of heat 
into the indoor air, convection describes the transfer of 
heat into the indoor air of the room. Thus, the sum of 
these three processes gives the general heat equation.  

a. Heat transfer equations  

The general heat transfer equation is as follows (Gerlich 
V., 2011, Nikishkov G. P., 2009, Charvátová H. and al., 
2018): 

         2𝜌𝐶,5
-.
-/
+ 𝜌𝐶,u. (∇T) = −∇. (𝑞) + Q          (2)                                                         

                              q = −𝜆(∇T)                                   (3) 
                                                                     
With  𝜌 : Density of the fluid (kg/m3), 𝐶!	: Specific heat capacity 
at constant pressure of the fluid (J/kg.K),  𝜌𝐶! : Specific heat 
capacity at constant pressure (J/m3.K), 𝑇 : Ambient temperature 
(K), 𝜆 : Equivalent thermal conductivity of the medium, 𝑢	: 
Fluid velocity field (m/s), 𝑄 : Possible heat source (W/m3), 𝑞 : 
Heat flux (W/m3). 
 

For the simulation of heat transfers in the walls, the heat 
conduction equation used is: 
 
                       2ρC05

12
13
= ∇. (λ∇T) + Q                    (4)    

                          

                                              (5) 

 
Assuming that the internal air volume is at a 
homogeneous temperature at each calculation step in the 
entire occupied space, we make at each instant the heat 
balance of this air volume by taking into account all the 
heat fluxes transmitted to it by convection and radiation 
(Ouedraogo L. A. and al., 2022, Gerlich V., 2011, 
Charvátová H. and al., 2018).  
 

                            (6) 

With 𝑚"#$	: Mass of the air, 𝜌"#$	: Density of the air, %&
%'

 : 
Total derivative, 𝑄(	: Sources of specific heat. 

Conditions to the limits  

The different heat fluxes, convection and radiation, on the 
inner and outer boundaries in equations (7), (8), (9) and 
(10) have been considered. There is no internal heat 
production in our study model (Ouedraogo L. A. and al., 
2022, Gerlich V., 2011, Nikishkov G. P., 2009, 
Charvátová H. and al., 2018, Oumarou F. A. and al., 
2021). 

                on                     (7)  
                                                

                  on                  (8)                                           

                on               (9)                               

                 on          (10)                                      

 
With q : Heat flux, h : Heat transfer coefficient, Tp: Wall 
temperature, Tint : Internal temperature, Te: External 
temperature,  𝜀 : Emissivity, 𝜎	: Stefan Boltzmann constant, 
Tamb: Ambient temperature 
 
b. Equations for determining relative humidity  

To analyze the hygrometric behavior of the building 
through absolute humidity or relative humidity, the 
classic Bertrand formula or that of Antoine can be used to 
determine the saturation vapor pressure.  

- Bertrand formula  

( ) 2
P
TC T Q
t

r l¶
- Ñ =

¶

( ).air air P v
S

dTm C n q dS Q
dt

r + =ò

( )inti Pq h T T= - int¶W

( )4 4
,int intpq T Tes= - int¶W

( )e e pq h T T= - ext¶W

( )4 4
p ambq T Tes= - ext¶W
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 (11)                                                                                    

 
Avec Pvsat: Saturating vapor pressure in (Pa) 
         T: Temperature in (K) 
 

- Formula of Antoine  

Antoine's equation gives the saturation vapor pressure of 
a substance at a given temperature. The coefficients of 
the equation are only valid for a temperature interval. 
 
                                                 (12)       

                                       

                                                   (13)    
                                               
With:𝑃)"'	: saturation vapor pressure (Pa), 𝑃*	: standard 
pressure (Pa), A, B, C: Antoine's constants 
 
For  273 ≤ 𝑇(𝐾) ≤ 303 with A=5,40221     B=1838.675          
C=-31.737 
For  304 ≤ 𝑇(𝐾) ≤ 333 with A=5,20389     B=1733.926          
C=-39,485 
The general relationship of the thermodynamics of moist 
air is given by the following relationship:  
 
                                           (14) 

 
With P: Atmospheric air pressure equal to 101325 Pa 
Table 2. Climate data for Ouagadougou (data from 1991-

2021) 

Month Average 
minimum 
tempera-
ture (°C) 

Average 
maximum 
tempera-
ture (°C) 

Average 
tempera-
ture (°C) 

RH 
(%) 

January 17.7 32.9 25.1 16 
April 26.4 39.6 33.1 27 
August 22.8 30.2 26.1 79 
 

Table 2 represents the average temperature and relative 
humidity from 1991 to 2021 for the months of January, 
April and August. The average temperature obtained with 
a value of 33.1°C makes April the hottest month of the 
year and that of 25.1°C makes January the coldest month 
of the year. 

Study hypotheses:  

• In this simplified model, considering the very 
low air speeds within the building we do not 
introduce a momentum equation; 

• Small openings at the door and window lead to a 
low air change of about 0.1V/h; The medium 
considered is isotropic; 

• Heat transfer by conduction is unidirectional in 
the walls; 

• The temperature is uniform in a wall; 
• The air used is homogeneous and transparent to 

radiation; 
• The materials are assimilated to gray bodies; 
• The thermo-physical properties of the materials 

are constant; 
• It is assumed that at 0h, beginning of the 

simulation, all the walls of the envelope are at 
the same temperature of 303K; 

• It is assumed that the volume of internal air is at 
homogeneous temperature at each step of time, 
throughout the occupied space; we make at each 
moment, the thermal balance of this volume of 
air taking into account all the heat fluxes that are 
transmitted to it by convection, radiation and 
infiltration.  

 
Fig.2. Diagram of humid air (Source: Jacques Besse) 

In our study, we chose respectively for the months of 
January, April and August an average daily temperature 
of 25.1°C; 33.1°C; 26.1°C with relative humidity of 16%, 
27% and 79%. We determined the average absolute 
humidity on the diagram of humid air, we obtain, 
respectively, with values of 0.00325; 0.0085; 0.0169 kg 
of water/kg of dry air for the months of January, April 
and August. 
 

- Thermal comfort diagram  

In the psychrometric chart, the thermal comfort zone is 
determined by Givoni. 
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Fig.3. Thermal comfort zone (Givoni) (BOT BILL V., 

2014)  

The proposed comfort temperature is in the range; 
(20℃	 < 𝑇 < 27℃) for relative humidity in the range (20 
% < 𝑅𝐻 < 80	%). 
Thermal comfort is not only linked to a fixed 
temperature. Everyone's feelings, the "operative" 
temperature in a space, the humidity of the ambient air, 
the air speed, also play a role in the feeling of comfort 
(ISO 7730 standard). According to this standard, we can 
adopt the comfort zone having 0.5m/s for the Sudano-
Sahelian zone. 
 

 
Fig.4: Thermal comfort according to ISO 7730)  

III. Results and discussion  

III.1 Hygrothermal behavior of different buildings   

The results obtained below are those of the evolutions of 
the temperature and relative humidity of the internal air 
of buildings made of different materials for the months of 
January, April and August. We notice in this study that 
the relative humidity evolves in the opposite direction of 
the temperature. 

a. Evolution of temperatures and relative hygrometry in 
the building  

Figures 5, 6, 8, 9, 11 and 12 show the evolution of the 
average internal and external temperatures and of the 
internal and external relative hygrometry of the building 
constructed with foamed concrete of different thicknesses 

as well as that of other materials for the months of 
January, April and August. 

Month of January 

 
Fig.5. Evolution of the temperature and relative humidity 

of the external air and the internal air of a building 
(foamed concrete) of different thicknesses for the month 

of January. 
 

 
 
Fig.6. Evolution of the temperature and relative humidity 

of the external air and the internal air of a building 
constructed using different materials (FC, CLB, Adobe, 

CEB, Cinder block) for the month of January. 
We find that for the month of January the relative 
humidity of the internal air of the foamed concrete 
building of different thicknesses (Fig.5) varies between 
14.5 % and 20.2 % when the temperature varies from 
294.85 K to 300 K. We remain outside the comfort zone, 
due to too low a relative humidity. You just have to 
slightly humidify the interior atmosphere to find yourself 
in the comfort zone. 
The evolutions of temperature and relative hygrometry 
for the same model of building constructed using 
different materials (FC, CLB, Adobe, CEB, Cinder block) 
for the month of January, are illustrated in fig.6. The cell 
of foamed concrete (e=17.5cm) leads to a maximum 
temperature Tmax =296 K for a minimum relative 
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humidity HRmin =19%. One obtains respectively, for the 
cells in concrete block, CEB, adobe, CLB (Tmax=303K; 
HRmin=12.5%); (Tmax=301.5; HRmin=13.9%); 
(Tmax=301K; HRmin=14%); (Tmax=300.4; HRmin=14.2%). 
 

 
Fig.7. Locations of the different atmospheres (monthly 

average) in the Givoni diagram (January) 

It then appears clearly that in this scenario, there are no 
thermal loads to overcome with a FC cubicle, it suffices 
to slightly humidify the room to reach the thermal 
comfort zone; which is not the case for other materials. 
 Similar simulations are made for the months of April and 
August; the figures (8, 9, 11 and 12) below summarize 
the results obtained. month of April 
 

Month of April  

 
Fig.8. Evolution of the temperature and relative humidity 

of the external air and the internal air of a building 
(foamed concrete) of different thicknesses for the month 

of April 

 
Fig.9: Evolution of the temperature and relative humidity 

of the external air and the internal air of a building 
constructed using different materials (FC, CLB, Adobe, 

CEB, Cinder block) for the month of April. 

We note that for the month of April the minimum relative 
humidity of the internal air of the foamed concrete 
building of different thicknesses (fig.8) varies between 
24% and 32.6% when the maximum temperature varies 
from 302.9 K to 308 K. 
The evolutions of temperature and relative hygrometry 
for the same model of building constructed using 
different materials (FC, CLB, Adobe, CEB, Cinder block) 
for the month of April, are illustrated in fig.9. The cell of 
foamed concrete (e=17.5cm) leads to a maximum 
temperature Tmax=304 K for a relative humidity 
HRmin=31%. For the block cells, CEB, adobe, CLB are 
obtained respectively (Tmax=311K; HRmin=20.85%); 
(Tmax=309.2; HRmin=22.9%); (Tmax=309K; 
HRmin=23.2%); (Tmax=308.5; HRmin=23.8%). 
 

 
Fig.10: Locations of the different atmospheres (monthly 

average) in the Givoni diagram (April) 

In April, fig.10 above indicates a thermal load of two (2) 
degrees, to be overcome, in order to achieve thermal 
comfort. We note that with the other materials, we find 
ourselves in the most favorable case, with a thermal load 
greater than four (4) degrees. 

Month of August 
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Fig.11: Evolution of the temperature and relative 
humidity of the external air and the internal air of a 
building (foamed concrete) of different thicknesses for the 
month of August        

 
Fig. 12: Evolution of the temperature and relative 

humidity of the external air and the internal air of a 
building constructed using different materials (FC, CLB, 

Adobe, CEB, Cinder block) for the month of August.                                     

For the month of August, the minimum relative humidity 
of the internal air of the foamed concrete building of 
different thicknesses (fig.11) varies between 50% and 
68% when the maximum temperature varies from 296.99 
K to 302 K.  
The evolutions of temperature and relative hygrometry 
for the same model of building constructed using 
different materials (FC, CLB, Adobe, CEB, Cinder 
block) for the month of August, are illustrated in fig.12. 
The cell of foamed concrete (e=17.5cm) leads to a 
maximum temperature Tmax=298 K for a relative 
humidity HRmin=63.7%. For the concrete block cells, 
CEB, adobe, CLB are obtained respectively (Tmax=305K; 
HRmin=42.6%); (Tmax=303.2; HRmin=46.96%); 
(Tmax=302.9K; HRmin=47.5%); (Tmax=302.5; 
HRmin=48.8%). 
 

 
Fig.13: Locations of the different atmospheres (on a 

monthly average) in the Givoni diagram (August)                                      

In August, fig.13 above indicates that with a thickness of 
FC brick greater than 12.5 cm, we are in the thermal 
comfort zone. However, with other materials, it is 
necessary to overcome a thermal load greater than four 
(4) degrees, to achieve thermal comfort.  
In the month of January, the relative humidity of foamed 
concrete FC-930, th=17.5cm, being less than 30%, is due 
to the fact that this period is dry, characterized by the 
presence of harmattan. It also has low absolute humidity. 
On the other hand, in the months of April and August, the 
relative humidity of the internal air of the foamed 
concrete building FC-930, th=17.5cm presents values 
which are in the comfort zone, as well as the month of 
'August. This allows us to say that the building of the 
internal air of foamed concrete FC-930, th=17.5cm, in the 
month of January, April and August is more comfortable 
than those of cinder block, BTC, Adobe, BLT. 
In general, the foamed concrete building has internal 
environments of lower temperatures than those of other 
materials, for relative humidities which belong to the 
thermal comfort zone. In August we even reach the 
comfort zone and in January with 1 or 2 % of relative 
humidity, we would still find ourselves in the comfort 
zone. With other materials, thermal loads of more than 
four (4) degrees must be overcome. 
 
CONCLUSION 
 
In this article, the indoor thermal comfort of buildings 
was simulated by considering buildings constructed with 
well-known materials and that of poorly known foamed 
concrete in Burkina Faso. The simulations were carried 
out for the periods of January, April and August. The 
variation in temperature and relative humidity inside 
houses depends on the climatic seasons and the 
geographical location. The climatic data used for the 
simulation of the buildings are those of Ouagadougou. 
The simulation of the model with Comsol Multiphysics 
5.3a and MATLAB software allowed us to obtain results 
on the temperature and the relative hygrometry of the 
internal and external air of the building. These results 
showed that for the months of January, April and August 
the temperature of the foamed concrete FC-930, th = 17.5 
cm having respectively values of 296 K, 304 K, and 298 
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K is always lower than the other materials. The relative 
humidity of the foamed concrete FC-930, th = 17.5 cm in 
the months of January, April and August has values of 
19%, 31% and 63.7% respectively which are also higher 
than that of the cells made of local materials. Thus, 
foamed concrete FC-930, th = 17.5 cm has relatively low 
temperatures and high relative humidity compared to 
cinder block, CEB, adobe and CLB. Note however that 
this range of relative humidity is found in the thermal 
comfort zone, only the average internal temperatures 
deviate from it. Thus, a building constructed with foamed 
concrete has better thermal comfort compared to other 
materials. In the Sahelian zones, with the temperature 
plays an important role on the thermal comfort of the 
habitats. 
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