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Abstract

Compressed earth blocks (CEB) are an alternative to cement blocks in the
construction of wall masonry. However, the optimal architectural construc-
tion methods for adequate thermal comfort for occupants in hot and arid
environments are not mastered. This article evaluates the influence of arc-
hitectural and constructive modes of buildings made of CEB walls and con-
crete block walls, to optimize and compare their thermal comfort in the hot
and dry tropical climate of Ouagadougou, Burkina Faso. Two identical pilot
buildings whose envelopes are made of CEB and concrete blocks were moni-
tored for this study. The thermal models of the pilot buildings were imple-
mented in the SketchUp software using an extension of EnergyPlus. The
models were empirically validated after calibration against measured thermal
data from the buildings. The models were used to do a parametric analysis for
optimization of the thermal performances by simulating plaster coatings on
the exterior of walls, airtight openings and natural ventilation depending on
external weather conditions. The results show that the CEB building displays
7016 hours of discomfort, equivalent to 80.1% of the time, and the concrete
building displays 6948 hours of discomfort, equivalent to 79.3% of the time.
The optimization by modifications reduced the discomfort to 2918 and 3125
hours respectively; ie equivalent to only 33.3% for the CEB building and
35.7% for the concrete building. More study should evaluate thermal optimi-
zations in buildings in real time of usage such as residential buildings com-
monly used by the local middle class. The use of CEB as a construction ma-
terial and passive means of improving thermal comfort is a suitable ecological
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and economical option to replace cementitious material.
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1. Introduction

West Africa is experiencing large growth in urban cities. The 2014 forecasts pre-
dicted a population increase of 50% in 2020 and 66% in 2050 [1]. Burkina Faso, a
West African country, has a deficit in natural resources and is in an extreme, ar-
id and tropical climate depending on the season. However, the country faces a
hot and dry climate with maximum temperatures of nearly 40°C in 2015 [2] and
remains constantly growing [3]. It then becomes essential to be able to offer local
residents affordable, healthy and thermally comfortable housing, and adapted to
increasingly severe climatic conditions [4] [5].

Cementitious materials are very popular today in Burkina in construction, due
to their good suitability to strict regulations regarding construction materials.
However, the energy and ecological issues linked to this material are pushing the
search for new alternatives. In fact, 4 billion tons of cement are produced
worldwide with an annual growth of 4% [4]. This intensive production would be
responsible for emissions of 45.45 billion tons of CO, globally in scenario 3 of
shared socio-economic pathways [6]. In addition, the cement manufacturing
process requires high energy consumption due to the calcination of the clinker
at 1400°C - 1450°C and its grinding.

Earthen materials such as compressed earth blocks (CEB) have been the sub-
ject of many studies in recent decades as a suitable alternative to cementitious
materials. These studies focused on the social perception of these materials [7],
their potential to meet construction standards [8], their thermo-physical proper-
ties [9] and their durability [4] [10]. Despite the various advantages of the CEB
compared to cementitious materials and the current improvement in the manu-
facturing, the conditions for improving the thermal comfort of CEB housing,
based on the architectural effects of buildings and natural ventilation systems,
are still to be assessed.

In addition, Burkina Faso has abundant resources of laterite [4] which can be
used for the production of CEB. Therefore, this would contribute not only to
making the economy prosper through job creation; but also, to mitigating the
climate variability. Indeed, Burkina is very vulnerable to the impacts of climate
change. The effects of climate change on temperatures and rainfall risk exacer-
bating climate vulnerability across West Africa [11]. Most CEB buildings in the
Sahel environment are built while retaining the typical architectural plans of

concrete block buildings, which are often unsuitable.

DOI: 10.4236/jmmce.2024.121001

2 J. Minerals and Materials Characterization and Engineering


https://doi.org/10.4236/jmmce.2024.121001

A. L. S.-N. Ouedraogo et al.

This article proposes as an overall objective, a relevant correction of these de-
fects by evaluating the thermal behavior with various architectural modifications
while highlighting the advantages of the BTC material compared to concrete
blocks.

2. Methodology
2.1. Validation of Study Building Models
2.1.1. Study Context

In Burkina Faso, earth construction represents 53.4% of all wall masonries [12].
In rural areas, 70% of the households live in traditional earth buildings [4].
However, this material (adobe or banco) is subject to durability problems, CEB
are being considered as a suitable alternative. In urban areas, cement-based ma-
terials are the most used for wall constructions, representing approximately 52%
of cement block constructions compared to only 28% of those in earth blocks
[13]. The choice of CEB is guided by the fact that they are deemed more ecolog-
ical than concrete blocks or concrete [13]. CEB are produced from raw earth
presenting certain physical and geotechnical characteristics, mixed with water
and statically compressed to a pressure of approximately 10 bars. These CEB are
very often stabilized with cement or lime as well as by-product materials to improve
their physical, thermal, mechanical and durability characteristics, thus achieving the
required standards [14] maintaining the Integrity of the Specifications.

Test pilot buildings have been widely used in the literature to characterize the
thermal performance of building materials in quasi-real situations. The pilot
buildings have previously been used to analyze the impact of thermal inertia,
insulation, natural ventilation and thermal comfort [5] [15]. The main advantage
of choosing a pilot buildings is to facilitate data collection in an efficient manner
and reduce uncertainties due to building specifics [16]; an empirical validation
approach as a quantitative methodology by comparing measured and simulated
temperatures [4] [16]. The softwares such as GOOGLE SketchUp Pro 2021 and
an extension developed by EnergyPlus, OpenStudio 1.3, were used to Predict
theed temperatures and compare to experimental data describing the interior
thermal conditions of the pilot building. During the experimental period, the

test cell was in free-evolution mode, kept closed without human occupation.

2.1.2. Description of the Study Buildings
The buildings to be calibrated and virtually optimized are two pilot buildings of
identical architecture; dimensions of 3.06 m wide; 4.06 m long and 4.33 m high.
The platform is located at 12.46363° North and 1.55348° West with an altitude
of 299 m. These buildings were built with materials commonly used in Burkina
Faso by the middle class of the population, such as cement blocks and earth
block of CEB for the wall masonry.

The walls of the first reference building are made of 15 cm thick cement block
coated on both sides with 2.5 cm of cement mortar. The walls of the second test
building are made of 14 cm thick CEB, stabilized with 8% cement, without addi-
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tional coating on either side. For each building, the roof is made of 1.5 mm sheet
metal. It is the most common type of roof in the locality due to its affordable
cost and ease of implementation by local builders. The roof benefited from con-
stant natural ventilation thanks to six openings of 10 cm in diameter on the
main facades at attic level. The ceiling is made of 5 mm thick plywood and
placed at 2.70 m from the floor. The floor slab is made of a 10 cm thick rein-
forced concrete. Figure 1 shows the two pilot buildings pictures.

The thermal characteristics of the materials are summarized in Table 1. To
ensure visual comfort, two identical windows were placed in the South and
North walls respectively. Each window is made of a single 3 mm glass panel 1 m
wide and 1.2 m high. From the existing EnergyPlus library, the construction
properties of 3 mm single clear glass windows were used for the simulation. The
door, 85 cm wide and 220 cm high, is made of metal in its lower part and has
glazing identical to the windows in its upper part, fixed on the south side.

The pilot buildings were monitored in the period from September 2 to No-
vember 26 in 2017. The dry bulb temperatures of the envelope and the interior

)

Figure 1. Experimental pilot buildings in cement block (a) and CEB (b) at the 2iE Kam-
boinsé/Ouagadougou.

Table 1. Initial values of thermal characteristics of construction materials of pilot build-

ings.
.. . . . Solar
Conductivity Density Specific heat Emissivity Absorbtivit
v
WmlKY)  (kgm?)  (kgKH () o
CEB 1.02 1840 975 0.88 0.55
Cement blocks 0.80 1000 1000 0.90 0.60
Cement mortar 1.10 1700 1000 0.90 0.60
Concrete 1.40 2240 840 0.90 0.60
White painted
0.15 500 1200 0.90 0.12
plywood
Sheet metal 45.28 7824 500 0.58 0.30
References: [5] [17] [18].
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air were recorded using Delta OHM type HD32.3 equipment with three sensors
positioned at 1.10 m above the ground as shown in Figure 2. This equipment is
composed of a Pt 100 type probe (TP 3275) which measures the ambient tem-
perature with a precision of 0.12°C with a range of —20°C to 85°C, a type probe
(AP 3203) which measures air speed and a third type probe (HP 3117R) which
measures the wet bulb temperature and therefore the relative humidity.

The weather conditions of the building platform were monitored using a Vai-
sala system HydroMet MAWS100, which is suitable for harsh climatic condi-
tions. This weather station is located approximately 100 m from the building
platform. The global and diffuse solar irradiance on the horizontal plate was
measured separately by two pyranometers mounted on a solar tracker. The out-
door air temperature and relative humidity sensors have been protected by a
Vaisala DTR500 Series radiation shield. The data acquisition system used is the
Vaisala Data Logger QML201C [4].

2.1.3. Development of Thermal Models of Buildings

The thermal model of the test buildings was implemented by Google SketchUp
Pro 2021 software using an extension of the US Department of Energy of Ener-
gyPlus software called OpenStudio. The version of the extension used in this study
is OpenStudio 1.4.0 updated in 2021. EnergyPlus is one of the most advanced and
widely used energy simulation programs. EnergyPlus provides, among other
things, precise forecasts of temperature and thermal comfort [16]. Details of the
data to be implemented, the calculation methods used in the EnergyPlus pro-
grams and the simulation with the OpenStudio extension are given by Ref. [19]
[20].

Probe

Probe  Probe HP TP 3275

AP 3203 3117R

Figure 2. Delta OHM type HD32.3 hygrothermal measuring equipment.
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EnergyPlus provides three models for calculating air infiltration: Design Flow
Rate, Effective Leakage Area and Flow Coefficient [4]. In this study, this infiltra-
tion will be evaluated using the Space Infiltration Design Flow Rate model [21].

Three statistical indicators were considered for the empirical validation of the
thermal models. These are Normalized Bias Error (NMBE), Coefficient of Varia-
tion of Mean Square Error (CVRMSE) and Coefficient of Determination (R?).
These indicators have been proposed by the American Society of Heating, Refri-
gerating and Air-Conditioning Engineers (ASHRAE) Guideline 14-2014 [22].

The NMBE is a dimensionless index that estimates the average difference
between measurements and simulations as looked in Equation (1). However,
positive differences can compensate for negative ones and another indicator,
CVRMSE, should be associated with it. The CVRMSE helps determine how well
the model reflects the measured data (Equation (2)). The coefficient of determi-
nation R? can be used to deal with the quality of fit of a model in relation to the
measured data (Equation (3)). In Equations (1), (2) and (3) m, and s, respec-
tively represents the measured and simulated values for each occurrence 7, m
the average value of the measured data, Nthe number of points in the measure-

ment/simulation interval.

NMBE=-~L (1)

CVRMSE=-+*="___ (2)

N|

R*=1-&— (3)

Energy simulation models are considered calibrated if they meet the criteria
defined by ASHRAE Guideline 14, namely NMBE < 0.10 and CVRMSE < 0.30 if
the model is calibrated on an hourly basis or NMBE < 5% and CVRMSE < 15%
on monthly basis [22]. Generally, to deal with prediction performance, the value
of R? should never be less than 75%. Regarding the validation of indoor air qual-
ity, a value of R* > 90% is recommended. The slope of the regression line should
be between 0.75 and 1.25 and the intercept less than 25% of the mean measure-
ment [22].

2.2. Constructive and Architectural Improvements to the Thermal
Comfort of Buildings

2.2.1. Climate Data

METEONORM data from station 703,950 (12°22' North; 1°32' West; 297 m above

sea level) of Ouagadougou were used as typical annual data to take into account

long-term climatic conditions.
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According to ASHRAE standards 90.1 - 2004 and 90.2 - 2004 Climate zone,
the climate is type “1B”, a very hot and dry tropical climate. The country’s hot
season is March to May with a typical weekday period for study from April 19 to
April 25. The cold season is from November to January with a typical week from

November 12 to November 18.

2.2.2. Model Occupancy Calendar

Internal occupancy costs were limited to those linked to human activities. Table
2 presents the assumptions used for the construction of occupancy program.
The adult occupants, with an average height of 1.73 m, a weight of 70 kg and the

adult skin surface area is equal to the DuBois surface value: 1.8 m?* [21].

2.2.3. Proposed Optimisations

Walls coated with plaster: plasterboard helps reduce the absorption of sunlight
by the walls. Plaster has a solar absorptance of 0.07 [18], this will reduce the av-
erage temperature in the rooms. This modification is modeled by assigning a so-
lar absorptance of 0.07 to the walls of the buildings. Quality doors and windows
which are well sealed to reduce the air infiltration, as the internal humidity in
buildings is a determining factor in thermal comfort and its control is crucial.
However, the basic models show relatively high air infiltration which can be ex-
plained by the method of construction of the doors and windows of the test
buildings. These openings have large gaps between the leaves and the frames.
Better quality openings equipped with seals would drastically reduce air infiltra-
tion. The modification was modeled to reduce the air infiltration into the rooms.
The Design Flow Rate infiltration model uses the Flow/Space calculation method
with an average of 1 cm®/s of air volume to simulate impermeability. Windows
were opened according to an optimal schedule: to evacuate excess humidity,
were modelled by momentary openings of the North and South windows of the
buildings at a particularly chosen time of the day depending on the time of year.
In OpenStudio, natural ventilation is modeled by Zone Equipment in a Thermal
Zone called Wind and Stack with Open Area, in which the ventilation air flow is
a function of wind speed and of the thermal effect of the chimney, as well as the
area of the modeled opening [23].

The wind-driven ventilation rate (Q, [m?*/s]) is given by Equation (4); with

Table 2. Occupancy schedule for pilot building models.

Time People Activity Metabolic rate (W) [24]
6am-11 am 1 Seated, at rest 100
1l1am-1pm 2 Standing, sedentary work 120
1pm-2pm 1 sleeping 70
2 pm - 8 pm 1 Standing, sedentary work 120
8 pm - 10 pm 2 Seated, at rest 100
10 pm - 6 am 2 sleeping 70

DOI: 10.4236/jmmce.2024.121001
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C,, opening efficiency, A4 opening area [m?], F

schedule

 pening fractional plan-
ning of open area and vlocal wind speed [m/s]. The aperture effectiveness is
calculated for each simulation time step based on the angle between the actual
wind direction and the effective angle [degree] (a user-defined input) using Eq-

uation (5).
QW = CW : Aopening ’ Fschedule v (4)

|Effective Angle — Wind Directi0n|
55— -0.25

C, =0.
v 180

(5)

The ventilation rate driven by the stack effect (Qs [m?/s]) is given by Equation
(6); with C, the discharge coefficient for the opening, AH,,, the height of
the opening below the Neutral Pressure Level NPL [m], 7., the dry zone air

zon

temperature [K], 7,

o

. thelocal bulb temperature dryness of outside air [K]. The
total natural ventilation rate for this model (Q, ) is calculated as the quadrature

sum of the wind and stack components, given by Equation (7).

Lo T,
Qs = C'D : Aop 'F;che \/ZgAHNPL —db| (6)

zon

0,, =0 +0; 7)

2.3. Assessment of Thermal Comfort

The thermal models of the pilot buildings including the optimization proposals
were subject to the evaluation of internal thermal comfort over the typical year
using the tool for evaluating thermal comfort in natural ventilation in a climate
hot and dry [5]. This tool is similar to the Givoni diagram, however it was
adapted to describe thermal comfort in hot and dry regions of the sub-Saharan
climate and specifically in three cities of Burkina Faso, including Ouagadougou.

The graph of this tool is shown in Figure 3.

30

100% 90% 80%

Coldest comfort zone
===== Warmest comfort zone

e o [ N
< 9] < n
I

Absolute humidity (g / Kg Air Dry)
9]

=)

Temperature (°C)

Figure 3. Delimitation of the thermal comfort zone in the city of Ouagadougou [5].
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3. Results and Discussions
3.1. Abbreviations and Acronyms

The unmeasured and uncertain parameters necessary for the simulation are de-

termined during modeling as being: the opening efficiency A of the attic

opening,i
openings which will simulate their method of construction (wpithgmesh protec-
tion); The solar absorbances of the roof and the two types of walls without add-
ing coating; the average air infiltration from the EnergyPlus Space Infiltration
Design Flow Rate calculation model for the rooms of the two buildings. Table 3
shows the variation intervals of these parameters for our study as well as the re-
tained values.

The simulation temperatures and relative humidity of the cells were calibrated
and compared to the temperature and relative humidity from the measurements
made for the typical period from November 12 to 18, 2017. The empirical vali-
dation criteria were verified and summarized in Table 4. The curves in Figure 4
and Figure 5 show the correspondence between the measured and simulated

data.

3.2. Effects of Proposed Optimizations

The effects of the modifications are observed with the thermal comfort assess-

ment tool; using the variant for the city of Ouagadougou [5]. The tool displays

Table 3. Validation values of uncertain parameters of pilot building.

. Variation Retained
Parameters to calibrate .
interval [18] values
Opening efficiency (%) 0-100 90
CEB pilot Solar absorption Roof (-) 0.12-0.41 0.15
building Solar absorption Wall (-) 0.50 - 0.70 0.58
Room air infiltration (dm?/s) - 1.2
Opening efficiency (%) 0-100 90
Cement block Solar absorption Roof (-) 0.12 - 0.41 0.18
pilot building Solar absorption Wall (-) 0.50 - 0.70 0.53
Room air infiltration (dm?/s) - 1.2
Table 4. Verification of model validation criteria.
Type and Temperature Relative humidity
P Validity
pa‘rt of Attic Atticof Living Livingspace Living Living space criteria
pilot of cement space ofcement space of cement [22]
building CEB block of CEB  block of CEB  block
NMBE 0.003 0.030 0.005 0.009 0.096 0.084 <0.10
CVRMSE 0.068 0.040 0.018 0.015 0.132 0.126 <0.30
R? 0.98 0.98 0.98 0.98 0.94 0.93 >0.90
DOI: 10.4236/jmmce.2024.121001 9 J. Minerals and Materials Characterization and Engineering
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~ 33 —— CEB Attic
g 30 measures
(a) £ 25
g 20 —— CEB Attic
ﬁ 15 simulation
12-nov 15-nov. 18-nov.
40
8 35 Cement
® attic
230 measures
b) £ 25
( g Cement
g 20 attic
=~ s simulation
12-nov. 15-nov. 18-nov.
O 35
;j —— CEB room
‘é‘ 30 measure
© £
‘825
g ——CEB room
2 20 simulation
12-nov. 15-nov. 18-nov.
8 35 Cement
© room
330 measures
=
d 5
s%-25 Cement
5 room
= 20 simulation
12-nov. 15-nov. 18-nov.

Figure 4. Superimposed profiles of the measured and predicted values of the attic tem-
perature in CEB (a) and cement blocks (b), and of the room temperature in CEB (c) and
in cement blocks (d) of the typical week.

(@)

(b)

35
&30 —— CEB room
g 25 measure
Z 20
=) 15 —— CEB room
am simulation
10
12-nov. 15-nov. 18-nov.
= 35 Cement
30 room
225 measures
i)
'£20 Cement
=]
) 15 room
10 simulation
12-nov. 15-nov. 18-nov.

Figure 5. Superimposed profiles of the measured and predicted values of the relative hu-
midity of the room in CEB (a) and cement blocks (b) of the typical week.
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30
25
20
(@) X 15
10

5 |

Absolute humidity (g / Kg Air Dry)

0 LET*15
10 15 20

30
25
20
(b)

15

10

Absolute humidity (g / Kg Air Dry)

0 LET*15
10 15 20

the 8760 hygrothermal sensation points of the typical year extracted from
METEONORM which then correspond to the 8760 hours of the year, and each
depends on the operating temperature and the relative humidity of the time
considered in the room. The graph also shows the particular points that are in-
cluded in the predefined comfort zone as well as the annual thermal comfort and
discomfort percentage. Firstly, the thermal comfort of the pilot buildings was
evaluated without any modification, the behavior of which can be observed in
Figure 6, then optimization proposals were applied: as presented in Figure 7
which shows the improvement in thermal comfort due to a high concentration
of sensation points in the comfort zone after the modifications in paragraph
2.2.3.

Figure 8 compares the evolution of temperature and relative humidity and
discomfort level of the optimized models of the two buildings. The validated mod-

els, corresponding to the current construction method of the pilot buildings,

Ouagadougou
100%90%80% 70%60% 500
SN A 0% 90.0%
) ’ 80.1%
40% 80.0%
70.0%
0,
0% 60.0%
\ 50.0%
20%
~ 40.0%
. \ 30.0%
10% oo 19.9%
. 0
\_ ET*20 \ET*25 - \_ET*30 . ET*35 10.0%
25 30 35 40 45 50 0%
Temperature (°C) m Comfort = Incomfort
Ouagadougou
100%909%80% 70%60% 509,
07 X 90.0%
40% 80.0% 79.3%
70.0%
30%
60.0%
50.0%
20%
\ 40.0%
; 30.0%
10% 20.7%
- ; 20.0%
\ ET*20 ET*25. \ET*30 \_ET*35 10.0%
25 30 35 40 45 50 0.0%
Temperature (°C) um Comfort = Incomfort

Figure 6. Graphical representation of the hygrothermal state and percentage of thermal comfort of the CEB building (a) and the
cement block building (b) in calibrated condition.
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Ouagadougou
30 100%90%80% 70%60% 509,
= A X 80.0%
E 25 e : 40%
.y 70.0% 66.7%
%
1Y 20 N 30% 60.0%
o0 50.0%
15 N\
a) &
( ) 5 20%. 40.0%
g 10 P 33.3%
= = S 300%
Q |
5 l 10%
2 5 ‘ . 20.0%
7] | \
2 ‘ \ \ \\
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10 15 20 25 30 35 40 45 50 0.0%
Temperature (°C) m Comfort = Incomfort
Ouagadougou
30 i90"/«90%xq% 70%60% 500,
/’/‘i‘i \ P+ 0,
E 25 / 40% 5
'E 70.0% 64.3%
60.0%
20 30%
& ‘ 50.0%
(b) 215 .
=4 P 20%. 40.0% 35.7%
Bl \
= - 30.0%
2 ‘ 10%
§ 5 ‘ . ‘ : 20.0%
< 0 UET*15 | ET*20 \ ET*25 \ ET*30 NET*35 10.0%
10 15 20 25 30 35 40 45 50 D%
Temp erature (OC) = Comfort = Incomfort

Figure 7. Graphical representation of the hygrothermal state and percentage of thermal comfort of the CEB building (a) and the

cement block building (b) in optimized condition.

Table 5. Statistical values of hygrometric parameters of models without modification.

Temperature Relative humidity

Type of pilot building Standard Standard
Average L Average L

deviation deviation
Living space CEB 32.08 4.37 40.54 22.90
Living space of cement block  31.62 4.24 40.42 22.40

displays, in the typical year, 7016 hours of discomfort equivalent to 80.1% dis-
comfort for the CEB building, and 6948 hours of discomfort, or 79.3% discom-
fort for the cement block building. Table 5 shows the hygrothermal averages.
Following the modifications on the two models, the CEB building displays
2918 hours of discomfort, or 33.3%; while the cement block building displays 3125
hours of discomfort, or 35.7%. The CEB pilot building becomes slightly more
comfortable than the cement block building and this is mainly due to the low
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Table 6. Statistical values of hygrometric parameters of optimized models.

Temperature Relative humidity
Type of pilot building Standard Standard
Average L. Average L.
deviation deviation
Living space CEB 28.67 3.54 35.44 14.09
Living space of cement block 29.18 3.93 33.71 13.71
Incomfort (%) Temperature (°C) Relative humidity (%)
40 35 60
35 30 50
30 25
95 40
20
20 30
15
15 20
10
10
5 5 10
0 0 0
CEB  Cement CEB Cement CEB Cement

Figure 8. Comparison of the temperature and relative humidity and discomfort level of
the optimized models of the two buildings.

temperature dispersion in the first. Indeed, as noted in Table 6, the standard
deviation of the Operating Temperature variable is lower for the CEB building
than that of cement blocks, 3.54 compared to 3.93; with the average tempera-
tures relatively close to the neutral temperatures of the two extremes weather
conditions in the year for the city of Ouagadougou which are 25.5 in January
and 28.3 in April [5].

The discomfort levels of the pilot buildings decreased by more than half after
the proposed optimizations and are 33.3% for the CEB building and 35.7% for
the cement block building. However, the CEB building is more comfortable than
its cement block counterpart, this is due to the high thermal inertia of the CEB
material compared to the composite section of the cement block wall. Indeed,
the thermal inertia of the material attenuates temperature variability, resulting in
better thermal performance [5] [13] [25].

4. Conclusions and Perspective

This study focused on the determination and evaluation of improvements in the
thermal comfort of single-room buildings commonly used as housing in Burkina
Faso, based on two pilot buildings. The approach consisted of empirical valida-
tion of the thermal model of the pilote building to guarantee the accuracy of the
thermal model of buildings through EnergyPlus software. The two pilot buildings
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of the study, located in the city of Ouagadougou, were modeled and calibrated
with SketchUp and its OpenStudio extension developed by EnergyPlus, then va-
lidated by checking the approximation criteria of Guideline 14 of ASHRAE;
based on hygrothermal data measured on site. Constructive and architectural
modifications to optimize thermal comfort were then proposed and applied to
the validated models.

The results showed that the proposed optimization, namely a plaster coating
on the exterior side of the walls, good sealing of doors and windows and natural
ventilation programmed according to the weather conditions, made it possible
to reduce the level of discomfort from 80.1% to 33.3% in the CEB building and
from 79.3% to 35.7% for the cement block building. The optimized building in
CEB has better comfort than that in cement blocks. Therefore, it can be con-
firmed that CEB can be used as an alternative material to cement block. In addi-
tion, the above-mentioned constructive and architectural modifications are an
excellent solution to mitigating the thermal discomfort, reducing it by more than
half compared to the current method of construction. However, future studies
will have to focus on the social aspect regarding the acceptance of the local pop-

ulation to stay in such accommodation as well as their capacity to use it.
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