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Abstract. A novel low-cost earthen construction system integrating biosourced aggregates is 
proposed for houses’ erection of low-income households. This study is based on in-situ measurements 
on two representative test cells constructed in Douala, with a typical hot and humid climate. One of 
these buildings is made with a hollow cement block as a reference, and the other with biosourced 
earth bricks modified with Cocos nucifera and Canarium schweinfurthii aggregates. Dynamic thermal 
simulations of the two test cells were performed using the EnergyPlus building performance 
simulation program. The results are based on measuring air temperature and humidity, and the 
simulation leads to defining the discomfort hours and the annual energy consumption. The adaptive 
ASHRAE 55 thermal comfort model was used to evaluate the comfort conditions. The results show 
that air conditioning systems provide the best comfort systems with minimums of about 95% for 
plastered and unplastered wall construction systems. Biosourced compressed earth brick 
constructions offered the best thermal performance with comfort ranges of around 96% and 44% for 
air conditioning and natural ventilation, respectively. In terms of energy consumed, there was a gain 
of about 100 kWh over the year. Energy consumption is lower in the biosourced compressed earth 
brick building than in the hollowed cement block building: this one offered the lowest comfort range 
of about 40% in natural ventilation. The construction provisions were considered for the life cycle 
assessment, and two scenarios describing the origin of the cement raw materials were considered. It 
can be seen that cement accounts for more than 95% of the impacts for both construction systems, as 
well as for the scenarios of its origin. In all situations, the hollowed cement block construction 
presented the highest impact on the global warming potential: 66 KgCO2eq and 89 KgCO2eq, 
respectively, without plaster and with plaster. It can also be seen that the plastered layer had a carbon 
footprint (in terms of Green House Gas Emissions (GHG emissions)) of almost 40% on the overall 
functional unit. Canarium Schweinfurthii and Cocos Nucifera materials accounted for only 1% of the 
overall impact. 

Introduction 
In its fifth report on climate change mitigation policies, the Intergovernmental Panel on Climate 
Change (IPCC) estimated that buildings account for 32% of global energy demand, 24% of which is 
in the domestic sector alone and 51% of electricity demand [1]. The sector is estimated to consume 
more than 3 billion tonnes of raw materials and 12% of drinking water annually. Within the meantime, 

International Journal of Engineering Research in Africa Submitted: 2023-05-03
ISSN: 1663-4144, Vol. 67, pp 49-66 Revised: 2023-09-24
doi:10.4028/p-71UmdZ Accepted: 2023-10-03
© 2023 Trans Tech Publications Ltd, Switzerland Online: 2023-12-18

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications Ltd, www.scientific.net. (#631029838-18/12/23,13:23:21)

https://doi.org/10.4028/p-71UmdZ


 

construction, renovation, and demolition generate more than 40% of solid waste in developed 
countries. Greenhouse gas (GHG) emissions from the building sector were estimated in 2010 to be 
9.18 GtCO2eq [1], about one-fifth of the global total for all sectors. Under the combined effect of 
population growth and massive urbanization, these emissions could double or even triple by 2050. 
The world's population would then be around 9 billions, with the urban population rising from 53% 
today to over 80% [2]. This reflects a significant carbon footprint and contribution to anthropogenic 
climate change. This population growth problem creates a glaring housing problem for rich and less 
developed nations. It is therefore not surprising that the UN, in its 17 Sustainable Development Goals 
(SDGs), anticipates in its 11th SDG to think about sustainable cities that will experience an exodus of 
more than half the population by 2030. This rapid urbanization will pressure water supply and waste 
disposal systems, the living environment and public health [3]. 
Like in other African countries, Cameroon has been confronted to housing problems since 1980 [4], 
and the current situation is increasingly precarious [5]. At this point, the development of ecological 
construction materials and secondary resources would make it possible to solve the dual problem of 
the availability of 'sustainable' construction and respect of the environment. Indeed, these ecological 
materials - raw earth, wood, biological aggregates and natural reinforcing fibers - are available and 
offer better insulation than conventional materials - cement, concrete, steel, glass, plastics and 
synthetic materials derived from oil [6, 7].  
However, cement-based materials are the most used materials for wall construction in urban areas in 
Cameroon. Raw earth bricks are rarely used in urban areas but are more present in rural areas. These 
materials are mainly used in urban areas as exterior-facing bricks. The literature, conversely, indicates 
that cement-based materials have a lower energy efficiency than earthen materials [8, 9]. 
Furthermore, the production process of cement-based materials is very polluting and quite expensive 
[10].  
The earth material can be firstly processed by increasing the compaction pressure to improve the 
characteristics of raw earth [11, 12], which leads to an increase in density and compressive strength, 
but, conversely, an optimization in hydrophilic and insulating potential. Secondly, performances may 
be improved through chemical stabilization, i.e., cement or lime [13, 14]. Finally, reinforcement is 
also achieved by adding plant by-products [14 - 16], such as fibers from sugar cane bagasse, plantain 
stem, and cork aggregates. Biosourced aggregates from hard shells and cores can also be substituted 
for sand particles. Due to their low density and conductivity coefficient, the latter leads to lighter 
constructions with low thermal inertia.  
Therefore, rational energy management in buildings is becoming a major issue that should concern 
all actors in the development process - households, construction companies, and production 
companies. Therefore, it is important to assess the energy performance of buildings by adopting 
bioclimatic design practices. These strategies and architectural techniques seek to take maximum 
advantage of the sun in the dry season and protect against it in the wet season. It will therefore be 
necessary to take into account the orientation of the building, the thickness of the walls, the efficient 
choice of building materials, the management of solar gain, the construction system of the roof, the 
ventilation system and use scenarios for thermal comfort analysis [19, 20].  
In his research on efficient construction practices, Mahar tested eight possible orientations for a 
residential building in a dry, semi-arid climate in Quetta, Pakistan [21]. He found that by orienting 
the front facade to the south, he obtained more hours of comfort throughout the year. 
In this same study, Mahar [21] defined several construction strategies for thermal comfort 
optimization. He defined 6 construction strategies: (1) action on the thermal inertia of the wall by 
increasing its thickness; (2) action on the constitution of the wall by increasing the layers of insulation, 
(3) action on the type of glazing (double or triple), (4) action on the roof constitution with capping, 
(5) combined action on the constitution of the wall and the roof, (6) combined action on the type of 
glazing, the constitution of the roof and wall. The best performance was obtained by insulating the 
roof with capping (10.7% improvement), but also by combining the constitution of multilayer walls 
with roof insulation (13.2% improvement) and, finally, the combination of triple glazing with 
multilayer wall and roof insulation with capping (14.6%). 
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Several other works show that the constitution of the wall with that of the glazing influence more 
than 60% in the thermal comfort. Then, Nematchoua et al. specified in 2017 the obligation of 
polystyrene insulation (0.08 m thickness) of the walls in cinder block in Douala for an energy gain of 
approximately 51.69 $/m2 [22]. This sandwich wall construction system could allow energy savings 
evaluated between 58% and 77% for ventilation by air conditioning over the year [23, 24]. 
Ventilation systems aim to regulate indoor air quality: temperature, distribution, air renewal rate, and 
pollutant concentration [20, 25]. Ventilation is a strategy to achieve correct air quality and to bring 
fresh air from the outside into the indoor space. Different methods can achieve this process: 
mechanical ventilation using a fan or an extractor; natural ventilation, which is the result of 
temperature and pressure variation between the outside and the inside generating an air current; or 
hybrid ventilation (mechanical-natural), used to compensate the weaknesses of natural ventilation 
when conditions are not favorable. In a comparative analysis, natural ventilation has a lower energy 
consumption and climate impact than mechanical solutions [25]. Costanzo et al. [26] show that 
natural ventilation can have limitations and reduce efficiency when operating temperatures are above 
25°C with internal heat gains above 40 W/m2. Grigoropoulos et al. [27] stated that natural ventilation 
can reduce energy consumption by up to 20% per month, without depending exclusively on comfort 
needs, compared to air-conditioning systems. It also influences the perception of safety, daylight 
conditions or acoustic comfort. On the other hand, it can also cause discomfort due to the high speed 
of the indoor air. 
The materials chosen will affect the environment because wall construction strategies influence 
thermal comfort.  
For buildings, seven functional requirements are defined by the construction products regulation [28]: 
mechanical resistance; safety in the event of fire; hygiene, health, and the environment; safety in use 
and accessibility; protection against noise; energy saving and thermal insulation; and sustainable use 
of natural resources. A large research study has determined the best composition of compressed earth 
bricks modified with fibers [12]. Energy-saving and thermal insulation mandatories need now to 
verify how the use of modified compressed earth bricks may influence global thermal performance 
and the environmental impact of buildings.  
The method used is to simulate the annual thermal performance and the life cycle environmental 
impact of two buildings: the first with biosourced compressed earth brick (BCEB) modified by Cocos 
nucifera (CN) and Canarium schweinfurthii (CS) aggregates and the other with the hollow concrete 
block (HCB). This comparison uses an energy simulation model with the EnergyPlus code integrated 
into the DesignBuilder software and the environmental footprint. Thermal comfort was assessed 
during the simulations on the model buildings using the adapted ASHRAE comfort model. 
As described earlier, urbanization is expected to increase GHG emissions associated with building 
materials production in the Global South. Therefore, it is important to understand the impact of earth 
construction on thermal comfort and increasing GHG emissions risks of the construction sector. This 
paper introduces a new BCEB composition to improve indoor thermal comfort and reduce the 
embodied GHG emissions of wall constructions. New reinforcement materials of Cocos nucifera 
(CN) and Canarium schweinfurthii (CS) aggregates are introduced to biosourced compressed earth 
blocks and assessed using advanced building thermal modeling and life cycle assessment best 
practices based on ISO 14040 [29]. 

Materials and Methods 
 Construction of the two tests cells  
Two calibrated test cells were built on the site of the University of Douala (4°03'20.7 'N 9°44'35.9 
‘E). The two buildings are identical in interior dimensions of 3 × 3 m2 for a height of 3m. One is built 
with Hollow Cement Blocks (HCB), and the other with Biosourced Compressed Earth Bricks (BCEB) 
modified with Cocos Nucifera and Canarium Schweinfurthii aggregates (CNCS).  This name is 
adopted to designate a combination of 2/4 grade CN and CS aggregates (proportion 50/50).  The 
BCEB was stabilized with 8% of ordinary Portland cement (OPC) and modified with 5% CNCS [16]. 
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The architectural sections (Fig. 1) show constructions with isolated footings and continuous stringers. 
The posts are chained at 3 m in height. The roof has 4 symmetrical slopes with a 1.5 m pitch and a 1 
m overhang. The slab is unsmoothed with a mortar formulation of 300 Kg.m-3. The ceiling is made 
of 50/10th mm plywood. 

  

  

 
Fig.  1. Architectural details of the pilot buildings (dimensions in m) 

 

Each building has 2 opposed single-glazed windows of 0.90 × 0.90 m each in the east-west direction, 
which is the main wind direction on the site. They also have a 0.90 × 2.10 m wooden door on the 
northern façade. Each building has specific parameters (Tab. 1): type of wall, roof, ceiling, and 
paving. 
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Table 1. Construction parameters of the different buildings 
Type of building Area Roof Ceiling Wall Floor 
HCB 9m2  Aluminum sheet  Plywood Mono wall Concrete 
BCEB 9m2  Aluminum sheet  Plywood Mono wall Concrete  

 
Dynamic thermal simulation method  
The overall simulation methodology (Fig. 2) was based on four steps: (1) the collection of climatic 
data of the study area, (2) the development of the numerical simulation model, (3) the definition of 
the validation criteria, and (4) the analysis of the concept of comfort according to the simulated model. 
 

 
Fig. 2. General conceptual framework of the simulation  

 
During the modeling stage in the DesignBuilder v7.0.1 software, the properties of the different 
building elements (Tab. 2) are introduced while constructing the numerical model. The dynamic 
calculation code EnergyPlus v.9.6.0 was used for the thermal simulation. DesignBuilder is a 
comprehensive and user-friendly Graphical User Interface (GUI) for the EnergyPlus simulation 
engine. EnergyPlus implements detailed building physics for air, moisture, and heat transfer, 
including treating radiative and convective heat transfer separately to support radiant system 
modeling and calculating thermal comfort metrics. The software simulates sub-hourly time steps to 
handle climate dynamics and interfacing with thermal comfort analyses. EnergyPlus is tested 
according to ASHRAE Standard 140 methodology [30].  
The infiltration rate was set at 0.5 m3.h-1, and the average air velocity was at 0.3 m.s˗1 outside the 
building. To round off the thermophysical properties of conventional materials already indicated in 
Table 2, the composition of each building wall is given in Table 3 according to each scenario. The 
simulation scenarios considered the stretcher and grid walls (Fig. 3). 
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Table 2. Properties of building construction elements 

 Material Thickness 
(cm) 

Density 
(kg.m-3) 

Thermal 
conductivity 
(W.m-2C-1) 

Thermal capacity 
(J.kg-1C-1) 

w
al

l 

HCB concrete 15 1400 0.9 1260 

BCEB (panneresse) BCEB_CNCS 15 1200 0.38 1000 

BCEB (header) BCEB_CNCS 29.5 1200 0.38 1000 

plaster concrete 2 1600 0.72 840 

roofing aluminum 0.006 2700 230 2511 

ceiling plywood 0.05 400 0.12 960 

paving concrete 10 1950 1.150 1650 

doors wood 4 450 0.14 1700 

windows glass 0.6  0.9  
 
The situations were that of air renewal by air conditioning and secondly by natural ventilation. The 
walls were either plastered facades for both buildings, interior plastered walls for the BCEB, and 
interior and exterior plastered walls for the HCB. 

 
Table 3. Wall construction data according to each scenario 

Scenario A B C D E F 
Number of 

layers 1 1 2 3 1 2 

Thickness 
(m) 0.14 0.15 0.16 0.19 0.295 0.315 

UV 
(W/m2K) 1.85 2.97 1.76 2.55 1.057 1.041 

Wall 
system 

      
 
The ASHRAE Adaptive model was used to evaluate the comfort in the two buildings for 2020, with 
the sensors recording at hourly intervals. According to the seasonal parameters, this model is adapted 
for hot and humid climates like Douala.  
The EnergyPlus simulation file was compiled from data collected at the site by a weather station 
available at the university. 
The weighting method in which the exponential value (α) has been set to 0.8 in this method. 
The exponential mean temperature prediction equation (Eq. 1) was used according to ASHRAE 55 
[31]. 

2
( ) ( 1) ( 2) ( 3)(1 ) ...pma out e d e d e dt t t tα α α− − − = − + + +   [1] 

The acceptability limits were determined [21] by considering the upper and lower acceptability limits 
of 80% (Eq. 2 and 3).  
• The upper limit of acceptability of 80% (°C) : ( )0.31 21.3pma outt +  [2] 

• The lower limit of acceptability of 80% (°C) : ( )0.31 14.3pma outt +  [3] 
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The number of exceeded hours (EH) represents those during which the environmental conditions are 
outside the comfort zone requirements for the adaptive model during the occupied hours of the 
analysis period. For this purpose, the EH was calculated (Eq. 4) from the standard [21]. 

( )upper lowerEH H H> <= +∑   [4] 
With  1upperH> =  if otherwise 0; and op upperT t>  

1upperH< =   if otherwise 0; and op lowerT t<  
Similarly, for the air conditioning ventilation model, the comfort criterion set by ISO 17772-1 [23] is 
defined in equation 5. 

max 28o CT t = °>   [5] 
  
Calibration of the numerical model  
In any simulation and data projection study, calibration is considered one of the most important steps 
for data validation. 
The simulated data were calibrated against the measured (indoor operative temperature) to create the 
most appropriate conditions for the real measurements. The calibration method used consisted of 
several steps based on ASHRAE 140 [30] and in line with previously published studies [32, 33].  
There are several guidelines for calibrating a new model. In this study, two recommendations 
mentioned in ASHRAE guideline 140 [30] were applied: Coefficient of Variation or Square Root 
Error (CVRMSE) (Eq. 6) and Mean Bias Error (MBE) (Eq. 7).  

( )2

11(%)
n

i ii
m s

CVRMSE
m n

=
−

= ∑
  [6] 

( )1

1

(%)
n

i ii
n

ii

m s
MBE

m
=

=

−
= ∑

∑   [7] 
With si and mi representing, respectively, the simulated and measured data of indoor operative 
temperature over a given interval. The 'n' is the total data in the measurement interval. It is 
recommended that a simulation model be considered calibrated if the criteria listed in Table 4 are met 
[30].  

 
Table 4. Calibration criteria  

Standard Monthly criterion Time criterion 
 MBE CVRMSE MBE CVRMSE 

Ashrae 14 5 15 10 30 
 
The model in this analysis was calibrated hourly, using the average air temperatures inside the two 
buildings as a reference.  
 
Environmental footprint (GHG emissions Equivalent)  
 

Functional unit boundary  
This environmental impact assessment study was limited to the construction phase (A1-A3 and A4-
A5) of the constructed pilot buildings according to ISO 14040 [29] and CEN 15804+A2 [34]. The 
use stage was excluded from measuring the embodied carbon impact. It is a best practice of life cycle 
assessment to exclude the 'use' modules from the analysis, typically B1-B7. More importantly, 
limiting the assessment to the construction phase will allow future researchers to compare the 
biosourced compressed earth block with commercial cinder blocks based on their cradle-to-gate 
environmental product declarations (EPD). 
Moreover, the functional unit will be limited to constructing 1 m2 of the wall for each building. The 
input flows were essentially the raw materials (Tab. 5), and the output will be the single criterion 
impact on climate change defined in kgCO2 equivalent.  
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Table 5. Raw material quantities for the 2 buildings  
 BCEB HCB 
 stretcher grid stretcher 

Material 
(Kg) 

Total 
without 
coating 

Total with 
coating 

Total 
without 
coating 

Total with 
coating 

Total 
without 
coating 

Total with 
coating 

Scenario A C E F B D 

Earth 185.04 185.040 395.780 395.780 0 0 
Sand 53.56 197.560 129.600 189.600 159.37 447.37 
OPC 24.10 74.100 54.162 75.162 27.67 127.67 
CS 4.62 4.626 9.895 9.895 0 0 
CN 4.626 4.626 9.895 9.895 0 0 

Wall 
system 

      
 

Manufacturing stage 
Module A3 – Manufacturing: The manufacturing process of BTC includes the following unit 
processes: 
- Raw material reception and drying: auxiliary materials such as cement and CNCS aggregates, pallets 
and plastic film are received and stored in a shed at the construction site. Soil is unloaded and stored 
in a weatherproof location for air drying.  
- Soil crushing: The soil is crushed to achieve a uniform grain size. The shredder, with a power of 3 
kWh, is connected to the public electricity grid supplied by hydroelectric dams. Soil that is 'wasted' 
in the screening process is fed back into the crushing process or can be used as backfill. 
- Mixing: All materials (earth, cement, CNCS aggregates and water) are mixed. A concrete mixer 
with a maximum payload of 1500 kg (diesel consumption of 3.2 l/h) carries out the mixing. The 
mixing time for 1200 kg is 15 minutes. 
- Pressing: A Terstaram manual press is used for compaction. Defective blocks are returned to the 
production cycle.  
- Drying and storage: the fresh blocks are laid out for curing on wooden pallets under ambient 
conditions for at least 28 days under the plastic film. No energy input is required at this stage. After 
curing, the plastic films are removed, and the blocks are ready for construction. 
 
Construction stage 
Module A4 – Transport: This module includes transporting the product, auxiliary materials and 
equipment to the construction site. This stage is minimized because the storage area is on the 
construction site. 
Module A5 – Construction: The construction process of a CEB wall consists of laying the blocks with 
250 kg/m3 cement mortar. The walls remain bare without plaster after assembly. 
A visual framework of this process is presented in figure 3. 
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Fig. 3. Flow chart of material processing ( A1: Raw material extraction and processing, processing 
of secondary material input, A2: Transport to the manufacturer, A3: Manufacturing, A4: Transport 

to the building site, A5: Installation into the building.) 
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Weighting scenario  
Two weighting scenarios were considered (Tab. 6). The first scenario considered the impact factor 
attributed to the use of OPC as foreseen by the European Union (EU). The second scenario imputed 
to the previous OPC factor the impact of clinker transport from France to Douala's port - about  
4426 km -. This second scenario is because Cameroon's only complete cement plant is in the country's 
North, and its production is only dedicated to serving the North. For the rest of the country, the cement 
factories in Douala import clinker mainly from France, thus providing partial line production (2nd 
combustion). According to the French Ministry of the Environment, quoted by Libération on 
19/09/2019 [35], a container ship emits 0.010 and 0.032 kgCO2 per tonne/kilometer. Thus the impact 
of transport is estimated at 0.14 kgCO2eq/kg. 

 
Table 6. Weighting of impacts according to materials [36] 

 
Scenario 1 (S1): kgCO2eq/kg in EU 

standard 
Scenario 2 (S2): kgCO2eq/kg including 

clinker transportation 

Earth 0.0230 0.0230 
Sand 0.0048 0.0048 
OPC 0.9500 1.0900 
CS 0.0012 0.0012 
CN 0.0012 0.0012 

 
Results of thermal comfort simulation and life cycle assessment (construction phase)  
The different values of MBE and RMSE allowed comparing the simulated and measured data. Table 
7 shows the different results of the calibration of MBE and RMSE, respectively lower than 10 and 
30%, respecting the criteria defined by the guide [38]. The comparison between the different 
measured and simulated mean indoor temperatures for the periods studied is presented in Figure 8. 
The simulation model is thus calibrated with hourly data.  

 
Table 7. Calibration data results  

HCB BCEB 
MBE RMSE MBE RMSE 
-4.76 7.60 -3.94 14.73 

 

 
Fig. 4. Calibration curve for hollow concrete block building 
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Fig. 5. Building calibration curve in BCEB 

 
The residual analysis shows a correlation between the measured and simulated data of about 85% and 
80% (Figs. 4 and 5) for the hollow concrete block and the biobrick buildings, respectively. The 
simulation model is therefore calibrated with the hourly data. 
The average prevailing outdoor air temperature was calculated for all construction scenarios and 
ventilation modes.  
Figure 6 shows the differences between the average air temperatures inside the two buildings. For the 
building configurations (A and B) (Tab. 3), the BCEB for the specific case of December – a high-
temperature month – has daily averages of 0.5°C compared to the HCB. This is because the overall 
thermal resistance of the HCB wall (0.33 m2K.W-1) is lower than that of the BCEB wall  
(0.54 m2K.W-1).  
 

 
Fig. 6. Comparison of thermal measurement between HCB and BCEB  
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In the thermal comfort analysis (Fig. 7), for the natural ventilation (NV) and air conditioning (AC) 
simulations, it is clear that the AC systems offer the best comfort systems with minima around 95% 
for both with plaster and without plaster for BCEB construction devices. Roughcast constructions 
offer the best thermal performance, with around 96% and 44% comfort ranges in air conditioning 
(AC) and natural ventilation (NV). The HCB systems offer the lowest comfort hours (60%) in NV.  
The studies of Mahar et al. [32] on thermal comfort analysis in the city of Quetta, Pakistan, showed 
that irrespective of the orientation of the buildings, they obtained comfort ranges of around 43% for 
an NV analysis. These values are relatively close to those obtained in the present study. 
By building in CEB, the thermal gain is around 5%, but in terms of energy consumed, we have a gain 
of around 100 kWH over the year. The energy expenditure is lower in the BCEB building than in 
those made of HCB. 
 

 
Fig. 7. Heat balance for the different simulation configurations  

 
The adaptive comfort models are strongly related to prevailing outdoor temperatures, as their 
application directly depends on them. The results (Fig 8) show that discomfort is strongly related to 
warm conditions rather than cold situations.  
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Fig. 8. Thermal comfort graphs according to the adapted model for the simulated scenarios (A, B, 

C, D, E and F) 
 
Environmental impact assessment  
Considering the functional unit to be 1 m2 of wall, all the materials involved in its construction have 
been quantified. Each material obtained after a chain of specific operations will have an impact value 
per KgCO2eq.  
The construction provisions and two scenarios describing the cement's origin were taken into account.  

  
Fig. 9. Assessment of CO2eq according to constructional provisions  
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It is generally observed (Fig. 9) that cement represents more than 95% of the impacts for all 
construction provisions and the scenarios of its origin. For all the situations, the construction with 
plastering presents the greatest impact: 66 KgCO2eq and 89 KgCO2eq, respectively, of the 
considerations without plastering and plastering.  
It is also found (Fig. 10) that the rendering layer incurs a carbon footprint of almost 40% of the overall 
UF value. The CS and CN materials account for less than 1% of the overall impact.  
 

 
Fig. 10. Distribution of CO2eq according to constructional provisions  

Discussion 
It was found that walls with an inner layer of render were better at regulating heat than walls with a 
single layer. One concern with using insulation materials in an unconditioned building is the risk of 
increased overheating. This is because the increased thermal resistance of the walls can trap heat from 
the indoor environment, thus causing high temperatures. However, the results of the current study 
show that BCEB walls provide better temperature control in both natural ventilation and air 
conditioning. The thermal comfort analysis, according to the ASHRAE adaptive standard, shows 
periods of overheating. Studies carried out for buildings in Madagascar [26] – which has a hot and 
humid climate – or in Burkina Faso [33] – with a hot climate – show that natural ventilation is still 
adequate to overcome the comfort problem in hot and humid environments. However, the comfort 
threshold remains enormously low. It could be improved by building scenarios – for walls and floors 
– in more insulating and lightweight multi-layered materials, improving comfort by about 10% [32]. 
Shading strategies [27] and using phase change materials [39] would also be very effective, with 
improvements estimated at around 50%. Finally, combining natural ventilation with air conditioning 
would offer better comfort than a single ventilation system.  
According to the INIES database, for a 50 cm unstabilized adobe wall [40], the global warming impact 
is estimated at 1.75 kgCO2eq. The A-S1 category is the one that comes closest to not taking into 
account the impact of cement. Without cement, the impact value for A-S1 (14 cm of thickness) would 
be 0.8 kg CO2eq. In earth-straw construction (~50/50), the INIES database proposes an impact value 
of -26 kgCO2eq [41]. This justifies bio-additives importance in the construction field for significantly 
reducing greenhouse gas production. 
It would be important to find solutions to increase the content of bio-aggregates, reduce the proportion 
of cement, or even find palliative solutions to substitute the use of cement.  
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Conclusions 
The objective of this research was to simulate the annual thermal performance and the Life Cycle 
Assessment of two buildings in the Douala climatic environment: the first with biosourced 
compressed earth brick (BCEB) modified by Cocos nucifera (CN) and Canarium schweinfurthii (CS) 
aggregates and the other with the hollow concrete block (HCB). This comparison used an energy 
simulation model with the EnergyPlus code integrated into the DesignBuilder software and the 
environmental footprint. Thermal comfort was assessed during the simulations on the model 
buildings using the adapted ASHRAE comfort model. In thermal comfort analysis, simulations were 
conducted in natural ventilation (NV) and air conditioning (AC) situations. Based on the results, the 
following conclusions can be drawn: 

• The AC systems offer the best comfort systems, with a minimum of around 95% for plastered 
and unplastered construction systems.  

• The BCEB constructions offered the best thermal performance with comfort ranges around 
96% and 44% in AC and NV, respectively. In terms of energy consumed, there was a gain of 
around 100kWH over the year. The energy consumption is lower in the BCEB building than 
in the HCB building.  

• The HCB construction offered the lowest comfort range, about 40%, in NV.  
Regarding the life cycle assessment, the construction provisions and two scenarios describing the 
origin of the cement raw materials were considered. It can be concluded that: 

• Cement accounts for more than 95% of the impacts for both construction systems and the 
scenarios of its origin.  

• The HCB construction presents the highest impact for all simulated situations: 66 Kg CO2eq 
and 89 CO2eq, respectively, without the plastering layer and with plastering.  

• The plastered layer incurs a carbon footprint (GHG emissions) of almost 40% on the overall 
functional unit. The CS and CN materials accounted for only 1% of the overall impact.  

Complementary research and further investigations are needed to find solutions to increase bio-
aggregate content, reduce the proportion of cement, or even find alternative solutions to partially or 
substitute cement to reduce the environmental impact of construction with compressed earth blocks. 
Another way is to consider new thermal simulation scenarios that consider natural ventilation during 
the night. Integrating humidity-controlled positive ventilation (PCV) or controlled mechanical 
ventilation (CMV) systems would be another promising solution. 

Acknowledgments  
The authors thank the Académie de Recherche et d'Enseignement Supérieur of the Wallonia-Brussels 
Federation (Belgium) and the University of Liège for financial support through the doctoral 
fellowships program. We also want to acknowledge the Sustainable Building Design (SBD) lab at 
the Faculty of Applied Sciences at the University of Liege for valuable support during the building 
performance simulation and for using monitoring equipment in this research. The authors also 
acknowledge the contribution of Dr. Waqas Ahmed Mahar and Mr. Ramin Rahif for scientific 
collaboration throughout the discussions during the simulation and data exploitation. 
 
 
 
 
 
 
 

International Journal of Engineering Research in Africa Vol. 67 63



 

References 
[1] GIEC, Contribution des Groupes de travail I, II et III au cinquième Rapport d’évaluation du 

Groupe d’experts intergouvernemental sur l’évolution du climat [Sous la direction de l’équipe 
de rédaction principale ], vol. 133. Génève: GIEC, 2014. 

[2] Worldometer, "Population Mondiale," 2021. https://www.worldometers.info/fr/population-
mondiale/ (accessed Apr. 22, 2021). 

[3] un.org, “Objectif 11 : Faire en sorte que les villes et les établissements humains soient ouverts 
à tous, sûrs, résilients et durables – Développement durable,” 2021. 
https://www.un.org/sustainabledevelopment/fr/cities/ (consulté le 22-04-2021) (accessed Apr. 
22, 2021). 

[4] P. Antoine, “La Crise Et L’Accès Au Logement Dans Les Villes Africaines,” in Crise et 
population en Afrique, Paris: CEPED, 1980, p. P 273-290. 

[5] J. Dumas, "Cameroun," Habitat-worldmap, Sep. 2019. 
[6] M. Baglou, P. Ghoddousi and M. Saeedi, “Evaluation of Building Materials Based on 

Sustainable Development Indicators,” J Sustain Dev, vol. 10, no. 4, p. 143, 2017, doi: 
10.5539/jsd.v10n4p143. 

[7] P. Ginies, “Édito,” in Écomatériaux de Construction: Pilier de la croissance verte en Afrique, I. 
I. d’Ingénieurie de l’Eau et de l’Environnement (2iE), Ed., Éditions Sud Sciences et 
Technologies, 2013, p. 180. 

[8] J. K. A. Ouédraogo, “Stabilisation de matériaux de construction durables et écologiques à base 
de terre crue par des liants organiques et/ou minéraux à faibles impacts environnementaux,” 
Université de Toulouse 3, 2019. 

[9] SPW, Isolation thermique par l ’ intérieur des murs existants en briques pleines. Liège: Service 
publique de la Wallonie (SPW), 2010. 

[10] J.-L. Chevalier and A. Lebert, L’analyse du cycle de vie dans le bâtiment . Paris: CSTB, 2018. 
[11] B. Taallah, A. Guettala, S. Guettala and A. Kriker, "Mechanical properties and hygroscopicity 

behavior of compressed earth block filled by date palm fibers," Constr Build Mater, vol. 59, pp. 
161–168, 2014, doi: 10.1016/j.conbuildmat.2014.02.058. 

[12] D. Abessolo, A. B. Biwole, D. Fokwa, B. M. Ganou Koungang and B. B. Yembe, "Physical, 
Mechanical and Hygroscopic Behaviour of Compressed Earth Blocks Stabilized with Cement 
and Reinforced with Bamboo Fibres," International Journal of Engineering Research in Africa, 
vol. 59, pp. 29–41, 2022, doi: 10.4028/p-spbskv. 

[13] CRAterre, H. Houben and H. Guillaud, Traité de construction en terre, 3rd ed. Paris: Éd. 
Parenthèses, 2006. 

[14] M. Moevus, R. Anger and L. Fontaine, "Hygro-Thermo-Mechanical Properties of Earthen 
Materials for Construction : a Literature Review," in Terra 2012, XIth International Conference 
on the Study and Conservation of Earthen Architectural Heritage, Lima, 2012, pp. 1–10. 

[15] S. Tido Tiwa, J. Foba Tendo, R. S. Teixeira, E. B. Ojo, G. C. Komadja, M. Kadivar and H. 
Savastano Junior, "Effect of cellulose pulp fibres on the physical, mechanical, and thermal 
performance of extruded earth-based materials," Journal of Building Engineering, vol. 39, p. 
102259, Jul. 2021, doi: 10.1016/j.jobe.2021.102259. 

[16] B. M. Ganou Koungang, J. O. Tchamdjou Mbouendeu, D. Ndapeu, Z. Zhao, G. Tchemou, F. 
Michel, E. Njeugna, A. Messan and L. Courard, "Experimental thermophysical dependent 
mechanical analysis of earth bricks with Canarium schweinfurthii and Cocos nucifera bio-
aggregates - A Case study in Cameroon," Cogent Eng, pp. 1–25, Jan. 2023. 

64 International Journal of Engineering Research in Africa Vol. 67



 

[17] M. Mostafa and N. Uddin, "Effect of banana fibers on the compressive and flexural strength of 
compressed earth blocks," Buildings, vol. 5, no. 1, pp. 282–296, 2015, doi: 
10.3390/buildings5010282. 

[18] M. Mostafa and N. Uddin, "Experimental analysis of Compressed Earth Block (CEB) with 
banana fibers resisting flexural and compression forces," Case Studies in Construction 
Materials, vol. 5, pp. 53–63, 2016, doi: 10.1016/j.cscm.2016.07.001. 

[19] L. C. Labaki and D. C. C. K. Kowaltowski, "Bioclimatic and Vernacular Design in Urban 
Settlements of Brazil," Build Environ, vol. 33, no. 1, pp. 63–77, Jan. 1998, doi: 10.1016/S0360-
1323(97)00024-3. 

[20] M. S. Imran, A. Baharun, S. H. Ibrahim and W. A. Bin Wan Zainal Abidin, "Renewable Night 
Cooled Chill Water Source for Energy Efficient Indoor Radiant Cooling," International Journal 
of Engineering Research in Africa, vol. 26, pp. 86–98, 2016, doi: 
10.4028/WWW.SCIENTIFIC.NET/JERA.26.86. 

[21] W. A. Mahar, "Methodology for the design of climate-responsive houses for improved thermal 
comfort in cold semi-arid climates," University of Liege, 2021. 

[22] M. Kameni Nematchoua, P. Ricciardi, S. Reiter and A. Yvon, "A comparative study on 
optimum insulation thickness of walls and energy savings in equatorial and tropical climate," 
International Journal of Sustainable Built Environment, vol. 6, no. 1, pp. 170–182, 2017, doi: 
10.1016/j.ijsbe.2017.02.001. 

[23] N. Daouas, Z. Hassen and H. Ben Aissia, "Analytical periodic solution for the study of thermal 
performance and optimum insulation thickness of building walls in Tunisia," Appl Therm Eng, 
vol. 30, no. 4, pp. 319–326, 2010, doi: 10.1016/j.applthermaleng.2009.09.009. 

[24] M. S. Mohsen and B. A. Akash, "Some prospects of energy savings in buildings," Energy 
Convers Manag, vol. 42, no. 11, pp. 1307–1315, 2001, doi: 10.1016/S0196-8904(00)00140-0. 

[25] B. Chenari, J. Dias Carrilho and M. Gameiro Da Silva, "Towards sustainable, energy-efficient 
and healthy ventilation strategies in buildings: A review," Renewable and Sustainable Energy 
Reviews, vol. 59. Elsevier Ltd, pp. 1426–1447, Jun. 01, 2016. doi: 10.1016/j.rser.2016.01.074. 

[26] V. Costanzo, K. Fabbri and S. Piraccini, "Stressing the passive behavior of a Passivhaus: An 
evidence-based scenario analysis for a Mediterranean case study," Build Environ, vol. 142, pp. 
265–277, Sep. 2018, doi: 10.1016/j.buildenv.2018.06.035. 

[27] E. Grigoropoulos, D. Anastaselos, S. Nižetić and A. M. Papadopoulos, "Effective ventilation 
strategies for net zero-energy buildings in Mediterranean climates," International Journal of 
Ventilation, vol. 16, no. 4, pp. 291–307, 2017, doi: 10.1080/14733315.2016.1203607. 

[28] A. Janssen, L. Delem, L. Wastiels and J. Van Dessel, Principes et points d’attention lors du 
choix de matériaux de construction durables. Bruxelles: CSTC, 2015. 

[29] M. Finkbeiner, A. Inaba, R. Tan, K. Christiansen and H.-J. Klüppel, "The new international 
standards for life cycle assessment: ISO 14040 and ISO 14044," Int J Life Cycle Assess, vol. 
11, pp. 80–85, 2006. 

[30] ASHRAE 140, "Standard Method of Test for the Evaluation of Building Energy Analysis 
Computer Programs," ASHRAE, pp. 1–352, 2017. 

[31] ASHRAE 55, "Thermal environmental conditions for human occupancy," ASHRAE, p. 80, 
2020. 

[32] W. A. Mahar, G. Verbeeck, M. K. Singh and S. Attia, "An investigation of thermal comfort of 
houses in dry and semi-arid climates of Quetta, Pakistan," Sustainability, vol. 11, no. 19, 2019, 
doi: 10.3390/su11195203. 

International Journal of Engineering Research in Africa Vol. 67 65



 

[33] L. Rincón, A. Carrobé, I. Martorell and M. Medrano, "Improving thermal comfort of earthen 
dwellings in sub-Saharan Africa with passive design," Journal of Building Engineering, vol. 
24, no. February, p. 100732, 2019, doi: 10.1016/j.jobe.2019.100732. 

[34] CEN, "15804+ A2: 2019; Sustainability of Construction Works—Environmental Product 
Declarations—Core Rules for the Product Category of Construction Products," European 
Committee for Standardization: Brussels, Belgium, 2019. 

[35] Libération, “Le porte-conteneurs français Saint Exupéry émet-il autant de CO2 que 55 millions 
de voitures ? ," 2018. https://www.liberation.fr/checknews/2018/09/19/le-porte-conteneurs-
francais-saint-exupery-emet-il-autant-de-co2-que-55-millions-de-voitures_1679489/ (accessed 
Apr. 22, 2021). 

[36] G. Hammond and C. Jones, A BSRIA Guide. Embodied Carbon: The Inventory of Carbon and 
Energy. Old Bracknell Lane West: BSRIA BG, 2011. [Online]. Available: 
http://www.ihsti.com/tempimg/57c152b-
ENVIRO2042201160372.pdf%0Awww.bath.ac.uk/mech-eng/sert/embodied%0A 

[37] G. Hammond and C. Jones, A BSRIA Guide. Embodied Carbon: The Inventory of Carbon and 
Energy. Old Bracknell Lane West: BSRIA BG, 2011. 

[38] ASHRAE Handbook, "Fundamentals handbook," ANSI/ASHRAE, vol. 21, 2013. 
[39] J. Kośny, PCM-Enhanced Building Components: An Application of Phase Change Materials 

in Building Envelopes and Internal Structures. New York: Springer, 2015. doi: 10.1007/978-3-
319-14286-9. 

[40] ASTERRE, “Mur porteur en pisé non stabilisé de 50 cm d’épaisseur en moyenne,” INIES, p. 
10, 2021, Accessed: Apr. 21, 2021. [Online]. Available: https://www.base-
inies.fr/iniesV4/dist/infos-produit (consulté le 21-04-2021) 

[41] CEREMA, “Remplissage d’un mur en terre-paille de 30 cm d’épaisseur en moyenne (v.1.1),” 
INIES, 2020. https://www.base-inies.fr/iniesV4/dist/infos-produit 

66 International Journal of Engineering Research in Africa Vol. 67


