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Fig. 1 Geographical location of the new Ksar Tafilelt relative to the old Ksar Beni Isguen
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A Strategy to Improve Comfort Level 
and Optimize the Thermal Behaviour of the Building
Learning from M’zab Architecture

energy efficiency
M’zab Valley, Ghardaia, Algeria
sustainability
thermal comfort
vernacular architecture

Due to centuries of rich experience, vernacular architecture offers sig-
nificant lessons on sustainable building practices. This style com-
petes exceptionally well with contemporary designs because of its 
efficiency, adept functionality, environmental compatibility, and har-
monious relationship with human societies. The M’zab Valley in Ghar-
daia, Algeria, deserves to be classified as a World Heritage Site 
because it features original vernacular architecture that expresses 
smart building concepts while blending seamlessly into natural land-
scapes. In this paper, we validate the hypothesis that traditional 
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Ghardaia housing in the Ksour reflects high energy efficiency and low 
reliance on active heating and cooling. We shall conduct a compara-
tive study between a traditional dwelling belonging to vernacular 
architecture in the ancient Ksar Beni Isguen and a modern residence 
in Ksar Tafilelt. Through this comparison and simulation method, we 
seek to determine the most efficient architectural style in terms of 
energy use and the provision of thermal comfort in order to draw les-
sons and contribute to reducing the excessive consumption of non-
renewable energies.
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Introduction

 Global challenges related to rising pollu-
tion levels and escalating costs associated 
with importing, exploiting, and distributing 
energy have pushed authorities to explore 
ways to better manage existing resources 
while curbing consumption. A key measure 
being considered is an investment in more 
sustainable construction practices (UNEP, 
2022) for buildings and homes, as these sec-
tors alone account for a staggering 40 percent 
of total global consumption, leading directly 
towards greater pollution (Lü et al., 2015).

As with many other countries, Algeria has 
seen a considerable rise in electricity de-
mand nationwide. Especially when peak sea-
sons occur. According to a report by the Alge-
rian Ministry of Energy and Minerals, the re-
cent changes in consumer preferences and 
their quest to improve the quality of life, com-
bined with economic and industrial pres-
sures, have contributed to this large and un-
usual increase in demand for electricity 
(MAEM, 2019). Moreover, it has caused great 
challenges for the energy industry in the 
country, as the building and construction 
sector tops the list of main energy consumers 
(Ghedamsi et al., 2016). With 47% of total na-
tional consumption, followed by the trans-
port sector (29%), and finally, industry (24%) 
(MAEM, 2022).

In early July 2018, the province of Gharda�a, 
located in southern Algeria, broke records for 

daily electric power consumption, with a peak 
consumption of 262 MVA out of the total allo-
cations of 320 MVA to the province (reporters, 
2018). This significant increase in consump-
tion is mainly due to the widespread and ex-
cessive use of air conditioning, refrigeration, 
lighting, and water pumps, in conjunction with 
a severe heat wave that affected the region 
during that season (reporters, 2018).

There are various reasons why dwellings use 
more energy, especially in summer and win-
ter, such as using a lot of non-provided elec-
trical appliances and a lack of community 
awareness of the culture of rational con-
sumption (Ghedamsi et al., 2016). In addi-
tion, architectural designs do not adhere to 
correct building practices in terms of good 
design, the ideal orientation of the dwelling, 
the distribution of space, and the use of 
building materials that provide thermal and 
acoustic comfort. How can we offer thermal 
comfort while taking advantage of passive 
strategies in construction?

Passive measures that include appropriate 
and correct orientation of buildings accord-
ing to their location, good insulation of walls, 
openings, and ceilings, and an appropriate 
size of the outer envelope of the building re-
main effective and inexpensive solutions to 
improve the energy performance of buildings 
under construction and avoid the need to en-
hance internal comfort through continuous 
use of air conditioning and heating devices 
(Missoum et al., 2014). There is a need to 
work on taking the necessary measures to 
improve natural lighting and ventilation while 
limiting the transfer of heat from the outside 
through windows and doors (Santamouris 
and Dascalaki, 2002).

Building energy efficiency must be enhanced 
to improve economic performance by devel-
oping efficient solutions to reduce costs and 
expenditures directed at energy demand, thus 
protecting the environment, enhancing natu-
ral resources, and reducing harmful emis-
sions. As a result, many governments and or-
ganizations are keen on enhancing the effi-
ciency of buildings by providing legal and tax 
incentives to building owners and renters to 
increase their energy efficiency (Noailly, 2012).

We can enhance the comfort of residents in 
housing by implementing straightforward 
tactics. Some of these include enhancing the 
insulation of the building exterior, insulating 
the doors, incorporating a night ventilation 
system to expel air, utilizing a radiant heating 
system, and implementing shading tech-
niques with the help of vegetation (Costa-
Carrapiço et al., 2022).

Within this framework, adding thermal insu-
lation, using movable shading devices, mak-
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ing windows bigger, and encouraging natural 
ventilation with ceiling fans can all help keep 
the temperature inside comfortable while 
lowering the need for cooling and heating 
and reducing energy consumption (Lozoya-
Peral et al., 2023).

The majority of dwellings and structures built 
during the last four decades in Gharda�a have 
low energy efficiency and are incompatible 
with the region’s arid climatic conditions, 
which has led to an increase in the installation 
and operation of air conditioning and heating 
equipment and thus an unbearable increase in 
energy consumption expenditures.

Researchers, specialists, and practitioners of 
the construction sector in Gharda�a realize 
the need to find radical solutions to restore 
the lost balance between architecture and 
nature, which was previously present in local 
traditional architecture. By encouraging sci-
entific research in this field and reintegrating 
passive solutions and strategies into modern 
architecture in the region, we can raise the ef-
ficiency of buildings and structures and im-
prove thermal comfort, reducing the increas-
ing levels of pollution in the city.

A significant query we face is whether ver-
nacular architecture in Gharda�a can aid in 
creating efficient architectural methods that 
target energy reduction in buildings. We 
must research these traditional structures’ 
energy efficiency and thermal comfort levels. 
Additionally, we should investigate and ex-
periment with the techniques and strategies 
utilized in vernacular architecture to repur-
pose them intelligently and contemporane-
ously when planning new initiatives for the 
locality.

According to field research and technical 
computer modelling, the street temperature 
in Ksar Tafilelt in Gharda�a is four times high-
er than in Ksar Beni Isguen. In addition, natu-
ral night ventilation in traditional mansions is 
the most effective passive cooling method in 
domestic dwellings throughout the hot sum-
mer months (Telli et al., 2020).

Another study showed that, based on the 
measurements taken at the site, the role of 
roofs in controlling temperature changes and 
ensuring appropriate and acceptable thermal 
comfort was verified in the dwellings of Ksar 
Beni Isguen and Ksar Tafilelt. The results 
showed that the city of Beni Isguen provides 
excellent comfort during the winter season. 
However, the New Ksar of Tafilelt needed bet-
ter thermal comfort, especially on the upper 
floor at night, exceeding the acceptable com-
fort range (Kadri and Bouchair, 2020).

Addressing our present situation necessi-
tates enacting a sustainable architecture 

policy. This policy will ensure the optimal 
functioning of new construction while incen-
tivizing citizens, including real estate owners 
and tenants, to embrace the solutions and 
technical innovations to enhance their prop-
erty’s efficiency levels and fix its faults. En-
couraging greener alternatives like passive 
building technologies and renewable ener-
gies instead of irrational energy consumption 
is reasonable and crucial when pursuing an 
enduringly sustainable future.

To this end, it is important to use the knowl-
edge accumulated from generation to gener-
ation about passive processes to improve 
thermal comfort while saving energy (Gan-
dhi, 1980). Because, in contrast to modern 
constructions, vernacular architecture is 
more adaptable and harmonious with the 
temperature rise, especially in the summer, 
through its application of passive principles 
developed by previous generations. Exam-
ples of these principles include the correct 
orientation of the plan, ideal dimensions and 
shape of the building, and climatic compo-
nents such as balconies, wind catchers, cen-
tral courtyards, etc. (Ibrahim Momtaz and 
Abd El Kader, 2012).

The main objective of this paper is to explore 
and understand the local architectural style 
suitable for the region’s environment and its 
effectiveness in terms of energy efficiency 
(electricity and natural gas consumption) and 
thermal comfort standards. In order to 
achieve the goal mentioned above, we con-
ducted a comparative analysis between two 
dwellings in the city of Gharda�a: one repre-
senting traditional architecture in the Ksar of 
“Beni Isguen” and the other showcasing 
modern architecture and structure in the Ksar 
of Tafilelt (an eco-city). The acquired results 
from this study will validate the hypothesis 
that vernacular architectural style secures 
tremendous capabilities in reducing energy 
consumption, minimizing waste, and ensur-
ing pure satisfaction with the surrounding 
environment in dwellings, particularly in 
terms of human thermal comfort. These out-
comes will also pave the way for further re-
search in the upcoming future to identify and 
determine optimal strategies inherent in the 
most successful architectural style. In other 
ways, this will allow and help the study of the 
integration of current and new technologies 
to adapt and update residential projects and 
future facilities in the local region and con-
tribute to a more sustainable future.

Methods

The study began with a comprehensive re-
view of existing literature, focusing on global 
strategies and techniques employed in ver-
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nacular architecture. This literature review 
aimed to understand the diverse approaches 
used in different parts of the world and their 
potential influence on energy efficiency and 
thermal comfort within buildings.

•	 Analytical Framework - A set of research 
tools (listed in Table I) and an analytical 
methodology were both used. This approach 
laid the foundation for subsequent analyses 
and comparisons.

•	 Comparison of Ancient and Modern Ver-
nacular Architecture - The study conducted a 
comparative analysis between the ancient 
Ksar of Beni Isguen and the modern Ksar of 
Tafilelt, both representing vernacular archi-
tecture in the Gharda�a region. An analysis 
network was constructed to identify and as-
sess the strategies and tactics applied in des-
ert Ksour1, with a focus on understanding the 
evolution and adaptation of architectural 
principles.

•	 A Comparative Study of Dwellings - A 
comparative study was carried out on two 
dwellings with distinct architectural styles 
but similar technical specifications. These 
specifications included factors such as loca-
tion, orientation, area, number of floors, 
number of family members, quality of equip-
ment, and consumption patterns. One dwell-
ing was from Ksar Beni Isguen, while the 
other was from Ksar Tafilelt in Gharda�a.

•	 Performance Assessment and Building En-
ergy Modelling - To evaluate energy efficiency 
and thermal comfort, building energy model-
ling and performance assessments were con-
ducted using specialized software tools. Au-
todesk AutoCAD, EnergyPlus, and Design-
builder were employed to simulate and 
analyse energy consumption and thermal 
comfort of selected dwellings. This step aimed 
to identify the architectural style demonstrat-

ing superior efficiency in terms of energy con-
sumption and thermal comfort quality.

•	 Data Analysis and Conclusion - Data col-
lected from the literature review, compara-
tive analyses, and simulation results were 
analyzed to draw conclusions regarding the 
impact of vernacular architecture on energy 
efficiency and thermal comfort. The findings 
contribute to a deeper understanding of the 
strategies and tactics that can be applied in 
designing energy-efficient and thermally 
comfortable buildings, particularly in arid re-
gions like Gharda�a.

Description of the Case Study 
Buildings

Etymologically, a ksar is a fortress, or more 
precisely, a fortified city equipped with de-
fensive structures. It is also a natural and so-
cial environment with unique urban and ar-
chitectural features (Gueliane, 2019). The 
case study is represented by two individual 
residences located in the city of Gharda�a, 
south of Algeria (Fig. 2), with an arid desert 
climate (Gairaa, 2010).

The first dwelling is traditional in Ksar Beni 
Isguen, representing the vernacular architec-
ture of the region (coordinates: 32°28'25"N, 
3°41'39"E. altitude: 522 m), The Ksar of Beni-
Isguen, founded in 1350 (OPVM, n.d.-b), is 
situated on the slope of a peak, the same dis-
tance between the Ksar of Bounoura and the 
Ksar of Melika in Gharda�a (OPVM, n.d.-a). 
The general area of this ksar is estimated to 
be 16.5 hectares, with a total of 1010 houses 
(Chabi, 2009). Moreover, the second is a 
modern dwelling in Ksar Tafilalt Tajdite (coor-
dinates: 32°27'38 N, 3°41'19"E. altitude: 562 
m). To meet the Mzab Valley's housing de-
mand, the Beni Isguen community planned 
the new project as an extension (Fig. 1) to the 
old Ksar in 1997 (Diafat and Madani, 2019). 
The project was completed in 2011 on a 
22.5-hectare plot of land and contains 1050 
dwelling units for Mozabite young couples 
(Souidi and Bestandji, 2019).

•	 The weather conditions - Gharda�a’s cli-
mate is subtropical desert (hot and dry cli-
mate), with warm winters (though it can get 
cold at night) and sweltering, sunny summers 
(Fig. 3), where sandstorms are most common 
in the spring (Climate, n.d). The city has an av-
erage annual temperature of 23.29 °C, which 
is 3.29% higher than the national average. 
Gharda�a gets about 3.51 millimeters (0.14 
inches) of rain each year and has 12.46 rainy 
days (3.41% of the time) (Climate, n.d.-b).

Fig. 2 Geographical location: Algeria, 
Gharda�a

Table I A summary of the methodology 
employed

1 Analytical Framework

2 Comparison of Ancient and Modern Vernacular 
Architecture

3 A Comparative Study of Dwellings

4 Performance Assessment and Building Energy 
Modelling

5 Data Analysis and Conclusion

1	 Ksour is the plural of the word “ksar”.
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Investigative Tools

•	 Simulation softwares - To holistically ex-
amine energy consumption behaviours 
alongside thermal comfort considerations 
within our selected dwelling samples, we em-
ployed multiple cutting-edge software sys-
tems, including EnergyPlus™ v9.4.0, Design-
Builder v7.0.2.006, and Autodesk AutoCAD, 
to accurately model and simulate diverse 
variables.

•	 Model calibration and validation - In order 
to validate the energy consumption and de-
mand results, a comprehensive and accurate 
verification procedure was implemented to 
ensure the accuracy of the data and the ac-
curacy of research outcomes and conclu-
sions. This involved calibrating the monthly 
energy consumption values obtained from 
simulating each building separately, one by 
one, with the actual utility bills for electricity 
and gas over the past three years. The whole 
purpose and aim were to identify any poten-
tial inconsistencies or deviations between 
the billed data and the simulated data, so in 
order to achieve this purpose, two primary 
metrics were employed: the Normalized 
Mean Bias Error (NMBE), the Root Mean 
Square Error (RMSE), and the Coefficient of 
Variation of the root CV (RMSE). All these 
metrics were selected in accordance with the 
recommendations outlined in ASHRAE Gui
delines 2014-14 (ASHRAE 14, 2014). The cali-
bration and verification processes used ad-
hered to equations (1) and (3) (Makhloufi and 
Louafi, 2022).

	 � (1)

	 � (2)

	 � (3)

Where:

MBE: Mean Bias Error
RMSE: Root Mean Squared Error
CV(RMSE): Coefficient of Variation of the Root 
Mean Squared Error
Qpred i: anticipated value for period i
Qdata i: measured value for the period i
Qdata: measured avg for the period

In accordance with ASHRAE Recommenda-
tions 14-2002, the acquired results from the 
monthly calibration and verification process 

had to exhibit an acceptable level of potential 
error:
NMBE should be equal to or less than 5%.
(CV) RMSE should be equal to or less than 
15%.
We rigorously evaluated the measurements 
for MBE and CV (RMSE) following (Table II) 
under the guidelines of Guideline 14-2014. 
And the results obtained were accurate ac-
cording to the above equations.
•	 Occupancy and operation schedules - Ta-
ble III summarizes the occupancy and operat-
ing schedules that were used in the simula-
tion process for the two dwellings.

Analysis Grid: Differentiated 
Strategies between Old and New

Gharda�a’s M’zab Valley serves as a nature 
incubator for a UNESCO World Heritage site 
that was categorized in 1982 by the organiza-
tion (UWHC, n.d.). Five historical Ksour, con-
structed separately at different junctures 
along the route of M’zab Valley, are situated 
therein: Ksour El Atteuf, Bounoura, Gharda�a, 
Beni Isguen, and Melika.
Vernacular architecture in the M’zab Valley is 
characterized by its adaptation to its natural 
surroundings (OPVM, 2012b). Moreover, its 
richness in many strategies and techniques 
compatible with the desert environment pro-
vided technical solutions to many challenges 
in the region.
These strategies were implemented in the 
context of vernacular architecture within the 
Ksour region. They were systematically ac-
quired through a combination of field research 
and a comprehensive review of prior studies. 
Extensive conversations with influential fig-
ures in the region’s history, architecture, and 
urbanism informed this data collection pro-
cess, which depended on precise observation.

Fig. 3 Average temperatures and precipitation 
in Gharda�a

Table II Calibration of results in accordance 
with ASHRAE 14-2002 recommendations

Indicators (CV) RMSE MBE

Percentage error 8,3% 0,43%

ASHRAE 14-2002 
recommendations ≤15% ≤5%

Table III Occupancy and operation schedules

Issue Simulation settings

Heating setpoint  
temperatures 21 C°

Cooling setpoint temperatures 25 C°

Infiltration 0,3 AC/h

Operating hours 14h

Days Schedules 7 days per week

Occupant density  
(dwelling Beni Isguen) 28,52 m2/person

Occupant density  
(dwelling Tafilelt) 33,97 m2/person

Equipment power density  
for the kitchen 30 W/m2

Equipment power density  
for living/bedroom 12 W/m2

Equipment power density  
for other spaces 5 W/m2

Outside air rate/person 8,1 L/s.person

Light power density 5 W/m2
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Table IV The comparative table of architecture and urbanism strategies in the form of an analysis grid

Indicators Ksar of Beni Isguen New Ksar of Tafilelt

Situation The Ksar of Beni Isguen is situated on the slope of a hill, the same 
distance as the Ksour of Bounoura and Melika, and is close to water 
sources and oases (OPVM, n.d.-a).

Ksar Tafilelt, situated atop a hill, is 2.1 km away from the city of Beni 
Isguen. From this vantage point, one can enjoy breathtaking views  
of the M’zab Valley.

Construction date In 1350 (AD) (OPVM, n.d.-b). Starting date: March 13, 1997. It was inaugurated in 2007 (Tafilelt, n.d.).

Orientation The local environment and defense requirements determine the ksar’s 
orientation.

East-west and north-south are the two primary street directions  
(Chabi and Dahi, n.d.).

Form The irregular form of Ksar Beni Isguen harmoniously follows the natural 
contours of the surrounding topography.

The form of Ksar Tafilelt is semi-regular, achieved by leveling the floors 
through soil excavation using specialized equipment during the 
construction process.

Defensive system The ramparts are armed with watchtowers and gates (OPVM, 2015). A symbolic defensive wall surrounds the Ksar.

Urban morphology A very compact urban morphology A compact urban organization

Housing density 61,21 dwellings/ha 46,66 dwellings/ha

Streets The streets are narrow and winding, which follows the topography of the 
area (OPVM, 2015).

regular layout , hierarchical checkerboard type (Chabi and Dahli, n.d.)

Street dimensions Usually three cubits wide (OPVM, 2014a). About 1,4 meters, but in 
certain instances, the width of the walkway may exceed 2 meters.

Streets and roads of adequate width have been adopted to allow the 
passage of vehicles, motorcycles, and bicycles.

Covered passages Found in many places in the Ksar, these covered passages, located 
between two opposite buildings, provide a shaded area, are protected 
from the sun (OPVM, 2014a), and allow the passage of breezes.

The same strategy was implemented in Ksar Tafilelt, where covered 
passages can be found in various locations.

Oasis or the green spaces The palm grove, located adjacent to the Ksar, serves as an agricultural 
area and also houses secondary residences that are primarily utilized 
during the summer season. The moisture emitted from the orchards 
played a crucial role in creating a soothing atmosphere within the Ksar 
(OPVM, 2014a; OPVM, 2014b).

The establishment of an eco-park in Tafilelt is aimed at enhancing the 
overall quality of life in the area (Tafilelt, n.d.-b).

Buildings height Maximum height: 7.5 m (OPVM, n.d.-c). maximum height: 9 m

Structuring elements The mosque, the market, the fortification wall, cemeteries, urban 
entrances, and wells (OPVM, 2015).

the fortification wall, urban entrances, and eco-park 

Legal and administrative 
situation

Since 1982, the M’zab Valley has been included in the List of World 
Heritage Sites of UNESCO (OPVM, 2012b).

Classified ecological village (APS, 2021)

House design The house is an introverted, hierarchical (going from public to private), 
and versatile space designed around the central patio (OPVM, 2015).

Introverted shape, with few openings to the outside

Construction materials Stone, lime, Timchemt (local or traditional plaster consisting of calcium 
sulfate dihydrate with a chemical formula of CaSO4× 2H2O), clay, tree 
trunks, or palm trees (OPVM, n.d.-d; Chaib and Kriker 2022).

Stone, plaster, lime, cement, reinforced concrete, brick, cement blocks, 
and hollow blocks (Gueliane, 2014)

Total ground floor area 
(dwellings)

≈ 100 m² (Gueliane, 2017). There are 3 models: 60 m², 96 m², and 130 m² (Gueliane, 2014).

Number of floors  
in buildings

Ground floor, first floor, accessible terrace (OPVM, 2014a) Ground floor, first floor/second floor, accessible terrace 

Patio (the inner courtyard) The semi-covered patio is located in the center of the house and 
features a zenithal opening known as a “chebek”. This variable-width 
opening improves ventilation and natural lighting (Gueliane, 2017).

The patio is located in the center of the house and features a zenithal 
opening known as a “chebek”.

Skiffa, or  
(entrance in chicane)

A space is adjacent to the entrance door that separates the interior of 
the dwelling from the outside, adding to privacy, obscuring and 
concealing the interior space, contributing to the natural illumination of 
the dwelling, and improving ventilation (OPVM, 2014b).

This architectural element, inspired by the dwellings of Ksar Beni Isguen, 
has been incorporated into the modern designs of houses in Ksar Tafilelt 
with certain modifications.

Chebek “Chebbek” is a central zenithal opening with an area of about 2 m², 
covered with a metallic grille that allows light, natural ventilation, and 
heat regulation (OPVM, 2014b; Gueliane, 2017).

“Wast-eddar”, which is the center of the dwelling, and “chebek”, which 
are repeated in a stacked arrangement, are found on both the ground 
floor and the house’s first floor. At the terrace level, there is a glazing 
structure that encloses the chebek specifically.

Courtyard The use of an interior courtyard is rare in the region’s traditional 
dwellings.

The courtyard has been used in the dwellings of Ksar Tafilelt as one  
of the most important passive environmental strategies in arid regions.

Openings A small number of openings and small sizes characterize the facades of 
traditional dwellings in the Gharda�a region. They are often located only 
on the first floor (OPVM, 2014b).

The windows are larger. These windows are typically crafted from wood 
and feature the distinctive Mashrabiya architectural element.

Colors While painting the exterior facades of the houses, colors standard in 
nature are used, with light colors that help prevent heat absorption and 
reflect sunlight (OPVM, n.d.-c; Gueliane, 2017; Bensayah, Bencheikh and 
Abdessemed, 2019).

The color strategy implemented in Ksar Beni Isguen was also employed 
in Ksar Tafilelt.

Passive strategies Local materials, load-bearing stone walls, the terrace, the gallery, the 
patio, Chebek, Skifa (entrance in chicane), and blind facade.

local materials, load-bearing stone walls, the courtyard, the patio, 
chebek, Mashrabiya, the terrace, and skifa (entrance in chicane).
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Furthermore, this information was meticulous-
ly organized and structured into an analytical 
framework, denoted as Table IV. The objective 
of this analytical framework was to facilitate a 
comparative assessment of the strategies and 
solutions found in contemporary architecture 
within the Ksar-Tafilelt area. The institution in 
charge of the project was the one driving this 
effort, which sought to draw inspiration from 
M’zab’s vernacular architecture. In doing so, 
this institution sought to reconcile traditional 
architectural practices with the contemporary 
requirements of modern living.

Case Studies

•	 Dwelling 1: Located in the Ksar Beni Is-
guen Region - The selected residential struc-
ture for the simulation (Fig. 4) is situated in 
the western sector of Ksar Beni Isguen, con-
forming to the architectural conventions of 
the vernacular style. Its footprint encompass-
es a total built-up area spanning 90 m², while 
the overall building area extends to 142.62 
m². This dwelling comprises a ground floor, a 
first floor, and an accessible upper terrace 
designated for summer-night sleeping. The 
fundamental architectural framework of this 
residence relies upon load-bearing stone 
walls, some of which attain a thickness of ap-
proximately one meter on the ground level, 
gradually diminishing in thickness as they 
ascend. This specific wall construction great-
ly augments the thermal mass of the struc-
ture, thereby influencing the rate of heat 
transfer. Typically, these walls consist of two 
or more tiers of stones held together by lime 
mortar, with the remaining interstices filled 
with gravel (OPVM, 2012a).

Traditional vernacular dwellings are capped 
with roofs crafted from locally available natu-
ral materials. In this case, dry palm trunks are 
directly positioned atop the load-bearing 
stone walls. There are successive layers of 
perpendicularly oriented palm branches, 
then a sizable stratum made up of a mixture 
of small stones and plaster, then a layer of 
clay. To safeguard the roof against moisture 
ingress and rainwater infiltration, it is envel-
oped entirely in a waterproof layer of white 
lime mortar (OPVM, 2013b).

The walls of this dwelling exhibit a remark-
able finish executed entirely with lime mor-
tar, a naturally occurring substance endowed 
with various advantageous characteristics. 
Notably, it enables the walls to respire, miti-
gating excess moisture and providing a 
healthier indoor environment. Furthermore, 
the lime material has insulating properties, 
ensuring the comfort of the occupants re-
gardless of external environmental factors 
such as noise and temperature fluctuations 
(OPVM, 2013a).

Table V, sets the characteristics of the main 
simulation building provided by Designbuild-
er software, which are compatible with the 
values applied nationally in Algeria.

•	 Dwelling 2: Located in Ksar Tafilelt - The 
dwelling that was chosen for the modern 
case study (Fig. 5) is located in the southern 
part of Ksar Tafilelt. Its interior spaces and 
construction techniques were inspired by the 
traditional dwellings in Ksar Beni Isguen, ex-
tending over a floor area of 90 m² and a total 
building area of 142,62 m². It consists of a 
ground floor, a first floor, and an accessible 
terrace adjoining the laundry room.

This construction project has used regionally 
available natural building resources for afford-
ability while ensuring durability and robust-
ness for an extended period. The entire struc-
ture is fabricated using stones, lime plaster, 
and cement materials coupled with reinforced 
concrete technologies. Concrete pillars and 
beams support the structure system, which 
has load-bearing stone walls of 40 cm thick-
ness. The roof is constructed using concrete 
pillars as support for the solid structure, in-
cluding reinforced concrete beams and a du-
rable compression slab, which are positioned 
some 0.65 cm apart from one another. Fur-
thermore, independent plaster moldings have 
been included in the roof to improve the ther-
mal insulation properties.

Wall cladding in this area continues to imple-
ment traditional methods using lime mortar. 
The preferred approach caters well to the cli-
mate conditions in the region, with the fea-
tures of preventing heat transfer and sound 
insulation properties. Table VI sets the main 
simulation building’s characteristics, given 
by Designbuilder software, in accordance 
with Algeria’s national standards.

Fig. 4 Architectural plans  
(dwelling ksar Beni Isguen)

Table V The materials characteristics  
of the vernacular dwelling

Designation Thickness 
[m]

U-Value 
[W/m2-K]

External wall  
(stones, lime mortar, lime) 0,40-1,00 1,625

Internal wall (stone, lime 
mortar, plaster) 0,20-0,40 2,929

External floor  
(stones, lime mortar) 0,20 0,251

Floor (stones, lime  
mortar, sand) 0,20 3,100

Flat roof (lime mortar,  
layer of clay, stone  
and plaster mortar, palm 
branch, palm trunk)

0,20-0,30 1,250

Windows (local wood frame 
with single glazing) 0,07 5,778

Exterior door (palm wood) 0,10 2,995
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Results

•	 Site and source energy - As previously 
stated, both vernacular and contemporary 
buildings, adhering to the specifications de-
lineated in the preceding section, were mod-
elled within the Design Builder software 
(Figs. 6 and 7). Subsequently, their energy 
consumption profiles were assessed over the 
course of an entire year. This comprehensive 
annual thermal performance analysis, as elu-
cidated in Table VII, has brought to light the 
significant distinctions in the energy demand 
of the two architectural paradigms.

The results reveal significant disparities in en-
ergy consumption between vernacular archi-
tecture in Ksar Beni Isguen and contemporary 
residences in Ksar Tafilelt. Specifically, the 
dwelling in Ksar Beni Isguen consumed a total 
site energy of 12463.41 kWh, while the con-
temporary residence in Ksar Tafilelt consumed 
30067.04 kWh. Table VII provides a compre-
hensive overview of the energy consumption 
parameters for both buildings, which were cal-
culated by Design-Builder software.

It is noteworthy that the contemporary resi-
dence in Ksar Tafilelt demonstrated subopti-
mal energy performance. Its significantly high-

er figures for overall site energy consumption, 
total source energy consumption, and energy 
utilization per unit area of the building›s total 
footprint stand in stark contrast to the chosen 
residence in Ksar Beni Isguen. These findings 
highlight the superior energy efficiency of ver-
nacular architecture, with the dwelling in Ksar 
Beni Isguen serving as an example.
•	 End uses - To conduct a more precise anal-
ysis regarding the reduced energy demand of 
traditional buildings in comparison to their 
modern counterparts, a detailed examination 
of specific energy-consuming components is 
imperative. Table VIII delineates the energy 
end-uses in heating and cooling for both types 
of dwellings, revealing a substantial disparity 
in cooling demand, quantified at 2452.49 
kWh, and heating demand, measured at 
10798.89 kWh. Notably, the variation in heat-
ing load significantly outweighs that of cooling 
load, a phenomenon attributed to discrepan-
cies in the external wall structures.

•	 Construction - In vernacular constructions, 
the thermal conductivity coefficient (U-Value) 
of external walls stands at 1.680 (W/m²-K) 
watts per square meter - degrees Kelvin, 
while the roof exhibits a coefficient of 1.25 (W/
m2-K). Conversely, modern buildings feature 
notably higher coefficients, specifically 4.57 
(W/m²-K) for external walls and 2.80 (W/m²-K) 
for the roof. This pronounced contrast under-
scores the pivotal role of structural composi-
tion, especially the thermal conductivity coef-
ficients of external walls and roofs, in dictating 
the distinct energy demands between tradi-
tional and modern architectural designs. Such 
intricate analysis provides invaluable insights 
into the nuanced factors shaping energy effi-
ciency in diverse building types.

•	 Gross Wall Area and Window-to-Wall Ra-
tio - In comparing the designs of the two 
buildings, a significant disparity lies in the 
Gross Wall Area (GWA) and the Window-to-
Wall Ratio (WWR) across different facades. It 
is imperative to note that, excluding vari-
ables pertaining to geometry, materials, and 
WWR, a precise evaluation of these factors’ 
impact on energy consumption necessitates 
the fixation of parameters such as lighting, 
HVAC, and zone activity for both cases.

Fig. 5 Architectural plans  
(dwelling ksar Tafilelt)

Table VI The materials characteristics of 
the Modern dwelling

Designation Thickness 
[m]

U-Value 
[W/m2-K]

External wall (stones, lime 
mortar, cement, lime) 0,40 4,185

Internal wall  
(hollow blocks, lime 
mortar, cement, plaster)

0,20-0,40 2,929

Floor (floor tile,  
mortar, slab) 0,20 3,350

Flat roof (insulator, slab, 
mortar, plaster) 0,20 2,780

Windows (wood frame  
with single glazing) 0,07 1,960

Exterior door (metal door) 0,07 2,003

Table VII The total site energy and total source energy of two selected 
buildings

Dwelling Ksar Beni Isguen Dwelling Ksar Tafilelt

Indicators Total energy  
[kWh]

Energy per total 
building area  

[kWh/m2]

Total energy  
[kWh]

Energy per total 
building area  

[kWh/m2]

Total site energy 12463.41 77.76 30067.04 167.05

Total source energy 32417.80 202.27 88742.57 493.05

Table VIII The energy end-uses in heating and cooling  
for both types of dwellings

  Dwelling Ksar Beni Isguen Dwelling Ksar Tafilelt

Indicators Electricity  
[kWh]

Natural  
gas  

[kWh]

Electricity  
[kWh]

Natural  
gas  

[kWh]

Heating 0,00 5747.62 0,00 16546.51

Cooling 4773.51 0,00 7226.00 0,00
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Analyzing the Gross Wall Area (GWA) as out-
lined in (Table IX), observations reveal note-
worthy distinctions between the vernacular 
and modern houses. Specifically, the GWA of 
the wall on the northern front of the vernacu-
lar house is 7% smaller than that of the mod-
ern house. This reduction amplifies to 15% on 
the southern front. Similarly, on the eastern 
and western fronts, the vernacular house ex-
hibits GWA reductions of 6.6% and 13.5%, 
respectively, in comparison to the modern 
house. In summation, the total GWA of the 
wall in the vernacular house is 11% less than 
that of the modern house.
This disparity in Gross Wall Area signifies that 
the surface area of the wall exposed to exter-
nal air in the vernacular house (Dwelling Ksar 
Beni Isguen) is notably lower than in the 
modern house (Dwelling Ksar Tafilelt). Con-
sequently, this reduction curtails air ex-
change and diminishes heat transfer from in-
side to outside, thereby augmenting energy 
consumption efficiency.
Conversely, data from (Tables IX and X) un-
derscores that the opening surface area in 
the external walls of a modern house sur-
passes that of a traditional house. This dif-
ferential area of openings increases heat ex-
change between the interior and exterior of a 
modern house in comparison to a vernacular 
house. Specifically, the opening area in the 
external walls of the modern house exceeds 
that of the vernacular house by 317%.
Therefore, it can be understood that the 
Gross Wall Area and Window-to-Wall Ratio 
influence energy consumption efficiency. The 
observed variations emphasize the impor-
tance of considering these factors compre-
hensively in architectural design to optimize 
energy efficiency and sustainability.
•	 Comfort PMV - Assessing the comfort of 
individuals in different settings is a task that 
involves considering factors such as their 
personal thermal balance and the microcli-
mate of the space. To determine how people 
are likely to feel in specific conditions, a ther-
mal sensation scale ranging from -3 to +3 is 
used, along with calculations based on indi-
ces like PMV (predicted mean vote) and PPD 
(percentage of people dissatisfied) (Velt and 
Daanen, 2017). PMV and PPD indices are 
based on studying how humans feel in con-
trolled environments and provide measure-
ments of comfort. These indices play a role in 
the ISO 7730 standard (ISO 7730, 2005), 
which utilizes a seven-level scale to assess 
sensation as shown in Table XI and quantifies 
thermal comfort using PMV and PPD percent-
ages (Laouadi, 2022). PMV is a measure of 
how warm or cool people feel on average, 
while PPD tells us the percentage of individu-
als who're not satisfied with the room's con-
ditions. PMV considers factors that affect in-

Fig. 6 Design Builder modelling of the vernacular building
Fig. 7 Design Builder modelling of the contemporary building

Table X Gross wall area and Window-to-Wall Ratio (Dwelling Ksar Beni Tafilelt)

Total North (315 to 45°) East (45 to 135°) South (135 to 225°) West (225 to 315°)

Gross Wall Area [m²] 267.66 51.38 82.45 51.38 82.45

Above Ground Wall 
Area [m²]

267.66 51.38 82.45 51.38 82.45

Window Opening 
Area [m²]

3.75 1.43 0.00 2.31 0.00

Gross Window-to-
Wall Ratio [%]

1.40 2.79 0.00 4.50 0.00

Above Ground 
Window-to-Wall 
Ratio [%]

1.40 2.79 0.00 4.50 0.00

Table IX Gross wall area and Window-to-Wall Ratio (Dwelling Ksar Beni Isguen)

Total North (315 to 45°) East (45 to 135°) South (135 to 225°) West (225 to 315°)

Gross Wall Area [m²] 240.10 47.74 76.98 44.04 71.34

Above Ground Wall 
Area [m²]

240.10 47.74 76.98 44.04 71.34

Window Opening 
Area [m²]

1.18 0.00 1.18 0.00 0.00

Gross Window-to-
Wall Ratio [%]

0.49 0.00 1.53 0.00 0.00

Above Ground 
Window-to-Wall 
Ratio [%]

0.49 0.00 1.53 0.00 0.00
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Table XII Comfort Indicators

Indicators /(year) Dwelling Ksar 
Beni Isguen

Dwelling Ksar 
Beni Tafilelt

Air Temperature 
(°C) 22.40 21.75

Radiant 
Temperature (°C) 22.56 21.32

Operative 
Temperature (°C) 22.48 21.54

Outside Dry-Bulb 
Temperature (°C) 17.68 17.68

Relative Humidity 
(%) 56.20 56.54

Fanger PPD (%) 21.15 47.33

Discomfort hrs  
(all clothing) (hrs) 1544.47 1582.32

Fanger PMV -0.27 -1.28

Table XI Thermal sensation scale

Cold Cool Slightly Cool Neutral Slightly Warm Warm Hot

-3 -2 -1 0 +1 +2 +3

dividuals and their environment using the 
concept of operative temperature, which 
combines the weighted average of air tem-
perature and mean radiant temperature 
(Cichowicz and Stelęgowski, 2018).

The ideal level of comfort is considered to be 
between -0.5 and +0.5 on the PMV scale (ISO 
7730, 2005). If the PMV values go beyond +2 
or drop below -2, it indicates conditions that 
can negatively affect the well-being of occu-
pants (Cichowicz and Stelęgowski, 2018).

In the context of this study, the thermal com-
fort criteria proposed by Fangar were applied 
to assess the interior conditions of both tra-
ditional and contemporary dwellings. The 
findings revealed a PMV value of -1.28 for the 
modern house and -0.27 for the native house. 
As indicated in Table XII, the thermal comfort 
conditions in the native house markedly sur-
pass those in the modern house.

Discussion

The comparative analysis of traditional vernac-
ular architecture in Ksar Beni Isguen and con-
temporary construction in Ksar Tafilelt offers 
profound insights into the intricate relation-
ship between architectural design, energy effi-
ciency, and human thermal comfort. This ex-
tended discussion delves deeper into the nu-
anced aspects of each parameter, providing a 
comprehensive understanding of the findings.

•	 Architectural characteristics and thermal 
performance - Vernacular architecture in 
Ksar Beni Isguen is characterized by its inge-
nious use of local materials and traditional 
construction techniques, resulting in superi-
or thermal performance. The load-bearing 
stone walls, some reaching a thickness of 
one meter, act as a substantial thermal mass, 
moderating temperature fluctuations within 
the dwelling. The lime mortar used in con-
struction not only binds the stones together 
but also possesses excellent insulating prop-
erties, contributing to the structure's energy 
efficiency. Additionally, the roofing system, 
crafted from dry palm trunks and branches, 
provides natural insulation and minimizes 
heat ingress. These indigenous construction 
practices highlight the symbiotic relationship 
between architecture and the environment, 
utilizing available resources to create energy-
efficient habitats. In contrast, the contempo-
rary dwelling in Ksar Tafilelt incorporates 
modern construction materials, including re-
inforced concrete and cement. While these 

materials offer structural strength, they lack 
the natural insulating properties of tradition-
al components. The absence of an adequate 
thermal mass in the contemporary structure 
results in rapid heat transfer, leading to in-
creased energy consumption for temperature 
regulation. Although attempts have been 
made to enhance insulation, as evidenced by 
the use of independent plaster moldings in 
the roof, they fall short of replicating the ther-
mal efficiency achieved by vernacular con-
struction methods.

•	 Energy efficiency - The energy consump-
tion analysis provides compelling evidence of 
the energy-saving potential inherent in ver-
nacular architecture. The traditional dwelling 
in Ksar Beni Isguen consumes significantly 
less energy (12463.41 kWh) compared to the 
contemporary residence in Ksar Tafilelt 
(30067.04 kWh) over the course of a year. 
This substantial difference underscores the 
importance of architectural design and con-
struction materials in minimizing energy de-
mands. The higher energy consumption in a 
modern house can be attributed to several 
factors, including higher thermal conductivity 
coefficients of the external walls and roof, 
larger window-to-wall ratios, and the ab-
sence of a substantial thermal mass.

The thermal conductivity coefficients (U-Val-
ues) of external walls and roofs play a pivotal 
role in determining the energy efficiency of 
buildings. In vernacular constructions, the U-
Value of external walls is 1.680 W/m²-K, and 
the roof exhibits a coefficient of 1.25 W/m²-K. 
These values indicate efficient insulation 
properties, resulting in reduced heat transfer 
between the interior and exterior environ-
ments. Conversely, the contemporary building 
features significantly higher U-Values of 4.57 
W/m²-K for external walls and 2.80 W/m²-K for 
the roof. These elevated coefficients mean in-
creased heat exchange, necessitating higher 
energy consumption for climate control.

•	 Gross Wall Area and Window-to-Wall Ratio 
- The architectural design of buildings signifi-
cantly impacts their energy consumption pat-
terns. The Gross Wall Area (GWA) and Window-
to-Wall Ratio (WWR) are crucial parameters in-
fluencing heat exchange and natural lighting 
within structures. A meticulous analysis of 
these factors in both dwellings sheds light on 
their implications for energy efficiency.

The vernacular house in Ksar Beni Isguen ex-
hibits a smaller GWA and lower WWR than 
the modern house in Ksar Tafilelt. The GWA 
reductions, varying from 6.6% to 15% across 
different facades, result in a notable de-
crease in the surface area exposed to exter-
nal air. This reduction curtails air exchange 
and diminishes heat transfer, contributing to 
energy consumption efficiency. The smaller 
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openings in the external walls of the vernacu-
lar house restrict heat loss during colder peri-
ods and heat gain during warmer seasons, 
enhancing overall thermal performance.
Conversely, the modern house features larg-
er openings, leading to a 317% increase in 
the opening area in external walls compared 
to the vernacular house. While these open-
ings provide ample natural light, they also 
facilitate increased heat exchange between 
the interior and exterior. This heightened 
heat transfer necessitates greater energy 
consumption for heating and cooling purpos-
es, adversely impacting the building's overall 
energy efficiency.
•	 Human thermal comfort is a multifaceted 
aspect influenced by individual physiological 
factors, clothing, metabolic rate, and envi-
ronmental conditions. Evaluating thermal 
comfort within indoor environments necessi-
tates comprehensive analysis, considering 
various indices and scales. In this study, the 
Predicted Mean Vote (PMV) scale was em-
ployed, providing valuable insights into the 
occupants’ thermal sensations.
The PMV scale, ranging from -3 to +3, allows 
for an evaluation of thermal comfort. It’s im-
portant to consider the subtle aspects. The 
ideal level of comfort can vary depending on 
preferences and environmental factors; it is 
located within the range of -0.5 < PMV < 
+0.5, indicating a neutral sensation. PMV val-
ues exceeding +2 or falling below -2 signify 
extreme microclimatic conditions detrimental 
to occupants' well-being. The evaluation of 
thermal comfort in both dwellings revealed a 
PMV value of -1.28 for the modern house and 
0.27 for the vernacular house. These values 
indicate a more favorable thermal environ-
ment in the vernacular dwelling, aligning with 
the lower energy consumption observed.
The dynamic adaptation of PMV across differ-
ent months, as illustrated in the graph, pro-
vides valuable insights into the temporal 
variations of thermal comfort. Seasonal fluc-
tuations, influenced by external climate con-
ditions, necessitate adaptive architectural 
strategies to maintain consistent thermal 
comfort year round. The vernacular house's 
ability to sustain a more stable thermal envi-
ronment can be attributed to its superior in-
sulation properties and reduced heat ex-
change with the exterior, as evidenced by the 
smaller GWA and lower WWR.
•	 Implications for sustainable architecture 
- The findings of this study have significant 
implications for sustainable architecture and 
construction practices. Traditional vernacu-
lar architecture, rooted in indigenous knowl-
edge and adapted to local environmental 
conditions, offers valuable lessons for con-
temporary architects and builders. The inte-

gration of natural materials, strategic archi-
tectural design, and optimized GWA and 
WWR can substantially enhance energy effi-
ciency and occupant comfort.
In the context of sustainable architecture, the 
study underscores the importance of embrac-
ing eco-friendly materials and energy-efficient 
design principles. Natural materials such as 
stone, lime mortar, and palm wood not only 
contribute to energy efficiency but also reduce 
the environmental impact associated with 
modern construction materials. Furthermore, 
indigenous construction techniques, honed 
over generations, exemplify sustainable prac-
tices that prioritize both human comfort and 
environmental conservation.
•	 Limitations and future research - While 
this study provides a comprehensive analysis 
of traditional and contemporary dwellings, 
certain limitations should be acknowledged. 
The analysis focuses primarily on thermal 
performance and energy consumption, over-
looking other aspects such as embodied 
energy, life cycle analysis, and economic con-
siderations. Future research endeavours 
could encompass a holistic evaluation of sus-
tainable architecture, encompassing a broad-
er spectrum of parameters to provide a more 
nuanced understanding of the subject.
Additionally, further studies could explore 
the potential integration of modern technolo-
gies and materials with traditional architec-
tural principles. Hybrid approaches, blending 
the wisdom of vernacular construction with 
innovative solutions, could pave the way for 
the development of highly efficient and sus-
tainable buildings. Collaborative efforts be-
tween architects, engineers, and local com-
munities can facilitate the exchange of 
knowledge, fostering the evolution of sus-
tainable architectural practices.

Conclusion

In conclusion, this study elucidates the sig-
nificant advantages of traditional vernacular 
architecture in promoting energy efficiency 
and human thermal comfort. The utilization 
of natural materials, strategic architectural 
design, and careful consideration of factors 
like Gross Wall Area and Window-to-Wall Ra-
tio contribute to the superior performance of 
traditional dwellings. These findings under-
score the importance of integrating indige-
nous architectural knowledge and sustain-
able building practices into modern construc-
tion to enhance the efficiency of energy 
utilization, increase the comfort of those oc-
cupying the space, and increase overall sus-
tainability. Future architectural endeavours 
should draw inspiration from these insights 
to create environmentally responsible and 
comfortable living spaces. [Proofread by: Hamza Sahnoune]
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