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Abstract
Thermal comfort is the main driver of buildings energy consumption; it has been classified by building occupants to be of 
greater importance compared with visual and acoustic comfort. To respond correctly and quickly to the increase in energy 
price and pollution, thermal regulations and comfort approaches have emerged. This paper compares the thermal perfor-
mances and energy demand of a vernacular and a low-income modern dwelling using two major thermal comfort approaches 
(Givoni’s approach and adaptive thermal comfort recommended by The American Society of Heating, Refrigerating and 
Air-Conditioning Engineers in ASHRAE standards 55-2010) and the energy professional’s method presented in the French 
Thermal Regulations RT2012. It shows the effectiveness of bioclimatic and passive strategies in reducing energy demand, 
increasing the thermal comfort level for the buildings, and therefore reducing greenhouse emissions. The results show that 
the vernacular house was comfortable during the warm day, which approved a 100% cooling energy efficiency (the thermal 
comfort has been achieved in a passive way), contrary to the contemporary dwelling, in which the use of air-conditioning 
modern systems was essential to meet the occupant needs in terms of thermal comfort. The difference between the houses’ 
energy performances was estimated, including a 39% reduction in energy demand.

Keywords Vernacular dwelling · Low-income modern house · Thermal comfort · Building simulation · Building energy 
demand · Hot arid climate

Introduction

The relatively recent awareness of planet endangerment has 
forced politicians to take measures to limit  CO2 emissions 
(a gas that absorbs and emits thermal radiation, creating the 
greenhouse effect, its global emission in Algeria increased 
3.98 billion tons) into the atmosphere (Fig. 1) [45]. The 
construction is key sector to cope with greenhouse gas pro-
duction, due to its major consumption of fossil fuels with 
high rates of carbon dioxide emissions into the atmosphere 
[47, 51, 23]. It is responsible for nearly 40% of the total 
 CO2 emissions (in other words, 842 million tons of  CO2 
each year), approximately two-thirds of halocarbon, and 
25–33% of black carbon emissions [21], and 36% of global 

energy consumption [42, 17, 15] which presents a second 
threat that we are fighting against.

Nowadays, building energy saving means implementing 
solutions specified in different regulatory frameworks. The 
global directive on the energy performance of buildings 
requires adopting tools for calculating energy performance, 
applying minimum standards of performance during design, 
operations, carrying out building certification and ensuring 
control of heating and cooling systems [7, 26, 31]. Indeed, 
indoor thermal comfort is considered as a main driver of 
building energy consumption [52]—it is responsible for 
almost half of the global energy used in residential buildings 
(Fig. 2) according to IEA—and one of the energy poverty 
indicators [27] on the basis of the negative health effects, 
including excess winter and summer mortality of living in 
a cold or hot home [25, 32, 49]. It is classified by building 
occupants to be of greater importance compared with visual 
and acoustic comfort [19].

In fact, building energy consumption, particularly that 
of the residential sector, depends, as well, on demographic 
and socioeconomic characteristics, economic behavior of 
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resident households and household composition [5, 6, 34]. A 
large variance between net energy requirements and the real 
energy consumption has been unveiled in several research 
studies (the final energy needed for improving building ther-
mal behavior is always superior to the final energy consump-
tion), which makes the household behavior an important 

factor that must be taken into consideration, whether in con-
struction, renovation or rehabilitation, to control real energy 
consumption [20, 24, 35] and alleviate the energy poverty 
that is rising rapidly across the world (Fig. 3), a consequence 
of household income and energy prices (according to the 

Fig. 1  Cumulative  CO2 emissions of each nation from the industrial revolution in 1750 to 2016 [45]

Fig. 2  Residential energy use 
in different developed countries 
[21]
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2019 IEA1 statistics, 674 million people remain without 
access to modern energy).

To respond correctly and quickly to the energy price 
increase and the demand/supply imbalance, thermal regula-
tions (RT,2 ASHRAE3 standards, ISO,4 EPBD5. etc.) and 
comfort approaches (such as that of Givoni) have been 
emerging. They simply determine a goal of reducing the 
new buildings’ energy consumption [52, 9], provide methods 
to support the assessment of thermal comfort and frame the 
improvement work in existing buildings, compared to the 
regulatory standards in force, while basing on passive solu-
tions and bioclimatic strategies that the elders had learned 
from their experience [1, 11]. Indeed, meeting the increased 
energy demand requires, as well, a transformation of energy 
supply systems; therefore, a greater use of renewable energy 
(solar, wind, hydroelectric, biomass, and geothermal power) 
is recommended by those regulations. However, the renew-
able projects require large investments in infrastructure, 
which is considered risky and almost impossible in Algeria, 
unless there is availability of sufficiently funded, consist-
ent incentives. Nonetheless, given the important role that 

thermal comfort will continue to play in reducing building 
energy demand, the construction actors have to move toward 
achieving it through simple design and local building materi-
als, to meet the low-income housing needs in terms of qual-
ity than quantity, and prove more effectiveness in the long 
term.

It is within the framework of this global subject that the 
present paper highlights the ancient strategies that were 
revealed in harmony with human physiological function, 
much more than modern active systems [16], to encour-
age the construction actors to design houses with the best 
thermal comfort and the most reduced possible energy cost, 
while respecting the environment. To achieve this objective, 
an evaluation of thermal behavior and energy efficiency of 
two types of dwellings (a vernacular and a low-income mod-
ern house) was carried out (considering Givoni’s approach 
to thermal comfort, ASHRAE standards 55-2010 to adap-
tive thermal comfort, and energy professional’s method to 
energy demand) under the semi-arid climatic conditions of 
southern Algeria.

Study case

This work is based on the region of Laghouat (33,46° 
north, 2,66° east) which bears the nickname the ‘door of 
the desert’. It is a city located at the center of the country, 
400 km south of the capital Algiers (Fig. 4) and more than 
750 m above sea level on the highlands. Laghouat is crossed 

Fig. 3  Multidimensional Energy Poverty Index (Multidimensional 
Energy Poverty Index is an international measure of acute poverty, 
based on education, health and living standards. Energy poverty is 

qualified as acute when MEPI exceed 0.7, moderate between 0.3 and 
0.7, and low below 0.3.) [39]

1 IEA: International energy agency.
2 RT: French Thermal Regulation.
3 ASHRAE: American Society of Heating, Refrigerating, and Air-
Conditioning Engineers.
4 ISO: International Organization for Standardization.
5 EPBD: Energy Performance of Buildings Directive.
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by the chain of the Saharan Atlas with peaks that exceed 
2000 m (ARIEFF, 2013).

From the relief, the climate is continental in the north-
west with rainfall ranging from 300 to 400 mm, snowfall and 
white frosts. In the highlands region (where the study area is 
situated), the climate is semi-arid. Rainfall varies between 

150 mm in the center and 50 mm in the south. Winters are 
characterized by white frost and summers by strong heat 
accompanied by sandstorms [3].

Figure 5 shows the psychrometric chart for the City of 
Laghouat from Climate Consultant 6.0 (a software that ana-
lyzes the weather data for a given city based on the climate 

Fig. 4  The study area climate 
([36] edited by authors)

Fig. 5  Psychrometric chart for the city of Laghouat
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data that has been determined by Metenorm software—from 
2008 to 2017). It has been based on three different attrib-
utes of the climate that can be displayed concurrently to 
show if humans will be comfortable in spaces with these 
characteristics (the average annual temperature and air rela-
tive humidity). The model setting for the climate template 
was the ASHRAE handbook of fundamental comfort model, 
2005 (clothing set for winter was at 1 Clo6 and for the sum-
mer 0.5 Clo, and activity level at daytime was 1.1 Met7).

This software allowed to identify the number of hours and 
the percentage of time that falls within 13 different build-
ing design strategies range (represented as different colored 
zones on the chart). It shows that 17.5% of the hours per year 
(1532 h) are in the comfort range.

The best single cooling design strategy is Sun Shading, 
which accounts for 16.0% of the house (due to exposure and 
intense solar radiation). It has the advantage of being able 
to be combined with all the other cooling strategies. The 
next most effective cooling strategy is the High Thermal 
Mass, which accounts for 7.5% of the hours. Note that if 
this strategy was combined with Night Flushing, it adds an 
additional 10.3% of the hours. Laghouat is not considered as 
a humid region, but the evaporative cooling strategies have 
accounted for 40.2% of the hours. The ventilation strategies 
could improve thermal comfort for 8.3% of the hours per 
year.

On the heating side, 23.7% of the hours would be com-
fortable indoors purely because of internal loads (lights, 
appliances, and occupants). Passive Solar Direct Gain with 
Low Mass could add an additional 17.6% of the hours, but if 
the building was High Mass then Passive Solar Direct Gain 
could create comfort conditions for only about 13.8% of the 
hours. If Wind Protection was provided it could improve 
thermal comfort for 0.3% of the hours per year.

However, even under the best of passive heating and 
cooling conditions at least 24.7% of the hours per year will 
require conventional heating (2168 h), and 0.3% of them will 
require conventional cooling (23 h).

It might be appropriate to briefly summarize that these 
strategies correspond to the best climatic adaptation, which 
was, in the past, the result of an encounter between human 
needs and the building’s art.

Studied dwelling description

The investigation was done on two types of dwellings 
(Fig. 6a). The first one is a vernacular house made of adobe. 
It is located in the old Ksar of Laghouat (Ksar Zgag-El-
Hadjadj). The letter is a set of compact habitat built in 

height (Fig. 6b), developed in arborescent frame (over an 
area of 3 hectares). It comprises 135 houses spread over 11 
islets of irregular pentagonal shape oriented north–south. 
Its urban fabric is structured by squares, streets, alleys and 
impasses. This Ksar was constructed in 1704 and classified 
as a national cultural heritage in 2007.

However, the second chosen dwelling is a semi-collec-
tive contemporary house, built of hollow brick according to 
the modern techniques and principles. The urban fabric in 
which it is located is entirely disparate and burst (Fig. 6c), 
and its frame is mainly organized of bars defining several 
unexploited free spaces. The neighborhood was built as 
part of the participatory social housing program in 2012 
(established for the strengthening of the state aid systems to 
low-income citizens vacillating between 30,000 and 60,000 
Algerian dinars).

The low-income modern house is developed on a square 
plan, whose rooms are aligned around an entrance hall. Its 
buffer areas are oriented north; however, the living rooms 
are south facing, contrary to the vernacular dwelling that is 
characterized by introversion and centrality, and in which 
the living rooms are aligned around a courtyard and ori-
ented north (Figs. 7, 8). Both dwellings are located on the 
first floor whose roofs are completely exposed to the hostile 
climatic conditions.

Materials and methods

Methodologically, this paper consists in the first place of a 
qualitative study based on the observation of the study cases, 
which allowed to collect information and formalize the data-
base that was subsequently used for the quantitative study. 
The latter implies value collection performed in two steps.

The first stage was aimed to evaluate the houses’ ther-
mal behavior; it is founded on an experimental approach 
based on a measurement operation that is performed using 
instrumentation. This made it possible to compile the 
graphical survey of the investigation field and to model it, 
accompanied by site recordings that aimed to determine 
the relative humidity and the external and internal air tem-
peratures of the houses. However, the air velocity was not 
measured hourly, since it was almost stable in the houses 
with an average of 0.2 m/s that is considered as a comfort-
able value for the occupants [53]. The site measurements 
were taken by using a thermo-hygrograph (Fig. 9a) with 
self-contained mechanical recording. This instrument ena-
bles to measure the relative humidity by a hair hygrometer 
(Accuracy: ± 2.5%) and temperatures by a metal bimetallic 
strip (accuracy: ± 1%). The external temperature and relative 
humidity recordings were obtained on the measurement days 
(6–7 January and 8–9 July 2017), from the city’s meteoro-
logical station [41].

6 Clo: Clothing insulation  (m2 K/W).
7 Met: Metabolic rate (W/m2).



148 International Journal of Energy and Environmental Engineering (2020) 11:143–162

1 3

As there is currently no Algerian standard, to achieve 
an analysis of thermal comfort in this case study which is 
as reliable as possible, two types of international directives 
were used; the Givoni’s approach (in which the comfort 
range was limited between a temperature of 20 and 27 °C 
and a relative humidity of 40–70%) and ASHRAE standards 
55-2010 (in which the comfort temperature is not a fixed 
value, since it depends on various factors, including air tem-
perature, mean radiant temperature, humidity, air velocity 
and direction, metabolic rate, and clothing levels). Inhabit-
ant thermal comfort is calculated by measuring the adap-
tive comfort range, which can be found by Eq. (1) (which 
defines the upper limit of the comfort area), Eq. (2) (which 

defines the lower limit of the comfort area) and Eq. (3) 
(which defines the comfort temperature) [2, 12]. This range 
matches 90% and 80% acceptability limits and could reach 
around 30 °C, following the adaptive model in the ASHRAE 
55-2017 Standard.

However, the comfort temperature is as described below 
[2, 12]:

(1)80% acceptability higher limits = Tc + 3.5 ◦C,

(2)80% acceptability lower limits = Tc − 3.5 ◦C .

(3)Tc = 17.8 + 0.31To,

Fig. 6  Situation of study cases
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Fig. 7  The studied vernacular dwelling
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Fig. 8  The studied contemporary house
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where To is the average of daily outdoor air temperature 
(°C). Tc is the comfortable temperature (°C).

The thermal comfort assessment was followed by a build-
ing simulation achieved by EnergyPlus software (version 
9.1.0), to validate the results and to check the software 
performances. The simulation of this software required 
the building materials’ thermophysical characteristics. The 
thermal conductivity and the specific heat of the vernacular 
dwelling building materials were determined by using the 
hot wire method [37], which consists of the application of a 
heat shock by a Kapton8 probe placed between two samples, 
and monitoring the evolution of temperature over time by a 
mathematical processing software (Fig. 9c).

The characterization was done on adobe samples taken 
from the study Ksar, including the walls of the ksourian 
houses. The test required the preparation of samples of 
standardized geometries and sizes (40 × 40 × 20 mm in size). 
The adobe extracted from the Ksar was cut to obtain the 
dimensions envisaged for the test, taking care not to modify 
the structure or real state of the material and to preserve as 
much as possible its thermophysical behaviors similar to 
that of the site.

The density of the building materials is thus indispensable 
for the numerical simulation; this characteristic was deter-
mined by a volumenometer (Fig. 9b) Chatelier (NF P94/064, 
1993). The test consists in measuring the displacement of 
inert liquid level (Ethanol) contained in a narrow-necked 

Fig. 9  Survey and characterization instruments

8 Kapton: An insulating and high temperature resistant polyimide 
film used in the electrical and electronic field.
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container, when 64 g of adobe powder (at a temperature of 
20 ± 1 °C) is introduced therein.

The second step was that of the daily energy demand esti-
mation, which was achieved by following the calculation 
formulas of the air-conditioning and heating energy demand, 
presented in the French thermal regulations [46]. It allowed 
determining the energy needed in the evaluated spaces, to 
reach the comfort minimum temperature of summer and that 
of winter.

The formulas were based on the unified degree days 
(UDD) calculated following the energy professional’s 
method—Eq. (1)—(Scientific and Technical Committee of 
Climatic Industries—COSTIC) [46].

where B is the daily energy demand (W h), G is the volu-
metric loss coefficient (W/m3 °C), V is the habitable volume 
 (m3), and UDD is the unified degree days (°C).

The volumetric loss coefficient can be calculated with the 
following equation [10]:

However, P presents the thermal losses (W/ °C) that can 
be determined using the following experimental correlation 
[10]:

where K is the transmission coefficient (W/m2 °C) and S the 
surface  (m2).

where R is the thermal resistance  (m2 °C/w).
1

he
+

1

hi
 is the thermal resistances of the internal and exter-

nal surface exchanges  (m2°C/W). See Table 1.

(4)B = 24 × G × V × UDD ,

(5)G =
P

V
.

(6)P =
∑

(K × S),

(7)
1

K
=
∑ 1

R
+

(

1

he
+

1

hi

)

,

(8)R =
∑ e

�
,

where e is the building material thickness (m), and λ is the 
thermal conductivity (W/m °C).

The unified degree days can be calculated with the fol-
lowing equations [18]:

where Tmax is the daily outdoor maximum temperature (°C), 
Tref is the winter or summer reference temperatures (which 
are equal to 80% acceptability higher limit in summer and 
to 80% acceptability lower limit in winter), and Tmin is the 
daily outdoor minimum temperature (°C).

The results were subjected, thereafter, to a comparative 
evaluation, to determine finally the difference between the 
thermal and energetic performances of the two evaluated 
building types, by an experimental approach.

Study zone geometries and constructive systems

The study set parameters affecting thermal comfort (com-
mon between the two samples) that are not associated with 
architectural and urban designs or constructive systems, i.e. 
the number of walls exposed to climatic conditions, the num-
ber of openings, the house’s occupancy (3 occupants) and 
their condition (they have not been the subject of a transfor-
mation, a restoration or rehabilitation), and the absence of 
heating or cooling active systems, for the purpose of com-
paring modern and vernacular construction principles.

The investigation was conducted in representative living 
rooms of the examined dwellings (Figs. 7 and 8), and their 
selection was based on exposition to climatic condition (two 
exposed wall) and absence of active heating and cooling 
systems. The constructive system elements of study zones 
are shown in Tables 2 and 3. 

Results and discussion

Thermal performances considering Givoni’s 
approach to thermal comfort

Site measurements

The measuring devices were placed at the center of the eval-
uated spaces at a height of 0.6 m. All the house occupants 

(9)

UDD (Cooling) =
(

Tmax − Tref

)

×

(

0.08 + 0.42 ×
Tmax − Tref

Tmax − Tmin

)

,

(10)

UDD (Heating) =
(

Tref − Tmin
)

×

(

0.08 + 0.42 ×
Tref − Tmin

Tmax − Tmin

)

,

Table 1  Thermal resistances of internal and external surface 
exchanges  (m2 °C/W) [10]

Wall in contact with 
Outdoor
Open local

Wall in contact 
with 
Closed local
Crawl space

1/hi 1/he 1/hi 1/he

Vertical wall > 60° 0.11 0.06 0.11 0.11
Horizontal wall ≤ 60°, 

ascending flow (roof)
0.09 0.05 0.09 0.09

Descending flow (low- 
level floor)

0.17 0.05 0.17 0.17
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were adults, so there was no objective risk of possible 
manipulations that could distort the recordings.

• Warm day

The site measurement results presented in the graph 
below (Fig. 10) show that the vernacular house internal 
temperature was almost constant throughout the day, with a 
low amplitude of 1.5 °C between its maximal and minimal 
value, 28 °C and 26.5 °C (recorded at 4 a.m. and 10 a.m., 
respectively), contrary to the external temperature, whose 
amplitude extended from 17 °C to a maximum temperature 

of 41 °C. This stability is reflected by the thermal capac-
ity of the material constituting the envelope (adobe brick) 
and its thickness of 65 cm, which allowed amortization of 
the external heat inputs [33], by lowering their penetration 
through the walls. Indeed, the roof system integrated by the 
original builder of this house was also the subject of thermal 
insulation [40], whose beams were from the trunk of the 
palm or joist of poplar, on which seat reeds protected by a 
layer of earth acting as a cover. 

The principle of traditional building materials is to accu-
mulate daytime heat and restore it during the night, while 
the inhabitant ventilates the space naturally to evacuate the 

Table 2  Contemporary house 
construction details [10]

Construction details Building material Density (kg/m3) Thermal conduc-
tivity (w/m °C)

Specific 
heat (J/
kg °C)

Wall Cement coating 1700–1900 0.7 850
Hollow brick 900 0.48 936
Air gap Thermal resistance is 

0.16 m2 °C/W
Hollow brick 900 0.48 936
Plaster coating 750–1000 0.35 936

Ceiling Sand 1300 0.6 823
Hybrid mortar 1900 1.15 1080
Sloping concrete 1450 1.45 1080
Hollow body slab 1300 1.1 1080
Plaster coating 750–1000 0.35 936

Platform Backfill 2580 2.4 936
Concrete floating slab 2200 1.3 936
Cement mortar 2200 1.4 1080
Ceramic tiling 2200 2.1 936

Table 3  Vernacular house 
construction details

Bold represents the essential building material that has been characterized (Adobe extracted from the Ksar)

Construction details Building material Density (kg/m3) Thermal conduc-
tivity (W/m °C)

Specific 
heat (J/
kg °C)

Wall Lime mortar 1800 0.87 1080
Adobe brick 2567.6 0.817 1075.1
Earth mortar 1000 0.32 830

Ceiling Palm trunk 390 0.085 1140
Reed 200 0.06 2088
Earth layer 1700–2000 1.15 1080
Lime mortar 1800 0.87 1800

Platform Backfill 2580 2.4 936
Bedding mortar 2200 1.4 1080
Paving with baked clay 2000 0.47 936
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restored heat. This is clearly established from the results, of 
which a temperature increase was marked at 7 p.m., con-
trary to the external temperatures which were decreasing. It 
is noted that the compactness of the urban tissues has also 
played a significant role in achieving these results, by pro-
tecting the walls from direct solar beams [44].

The courtyard is also one of the architectural systems 
found in the earthen vernacular habitat, which has allowed 
to change the house microclimate. It works on the principle 
that the warmed air (by the sun rays and the accumulated 
heat in the walls) is gradually brought up and replaced by the 
fresh air, which is accumulated in the courtyard in laminar 
layers and infiltrated into the adjacent spaces to refresh them. 
In the morning, the courtyard remains in the shade thanks 
to the walls that surround it. The courtyard air, therefore, 
remains cool; nonetheless, it begins to warm up when it is 
reached by the direct solar radiations [16].

The internal temperature measured in the contemporary 
house shown in Fig. 10 reveals an amplitude of 4 °C, with a 
minimum temperature of 30 °C. Observation of the plotted 
temperature curves revealed that its values followed the pat-
tern of the external temperature variations. This shows that 
the envelope building materials, especially the roof mate-
rials (hollow body), are not well adapted to such climate 
(hot arid) to ensure summer thermal comfort, added to the 
southwest orientation of the studied space window (contrary 
to the studied vernacular space, whose window is oriented 

northeast) and that of its walls (northeast and southwest), 
plus the absence of neighborhood buildings which protect 
them from the solar beams.

Returning to the psychrometric chart of Givoni (Fig. 5), 
the thermal inertia and the night ventilation are the recom-
mended solutions for any architectural design, under the 
climatic conditions of July in the region of Laghouat. These 
two parameters are part of the vernacular house principles, 
whose resulting daily temperatures were pleasant and in the 
range of comfort that was limited by Givoni between 20 and 
27 °C. However, this house cannot be considered thermally 
comfortable, without the evaluation of its relative humidity. 
The graph presented below (Fig. 11) illustrates the relative 
humidity variations in the two studied samples.

The relative humidity rate was stable in the vernacular 
house, with a difference of 5%, between its maximum and 
minimum value (Fig. 11), explained by the hygrometric reg-
ulating effect of adobe, which allows a hygrometry around 
the optimal comfort zone of 40% to 70% [22]. The adobe 
brick can thus capture 3% of its weight in water vapor, and 
up to 13.2 kg of water is absorbed by 1 m2 of 22 cm wall 
thickness. The water vapor is then returned to the room when 
the relative humidity decreases [28].On the other hand, the 
hygrometric behavior of the contemporary house was drier, 
and the relative humidity rate fluctuated slightly between 
27% and 32%.

Fig. 10  Variation of summer 
temperature
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• Cold day

In winter, the adobe brick also benefited from the free 
solar gain by storing the heat during the day and restituting 
it at night, thus avoiding a too low temperature in the early 
hours. This is clearly established by the results shown in 

Fig. 12, where the outside temperature was about − 3 °C, 
when the indoor was 5 °C. Due to its low thermal diffusivity, 
of the order of 0.76 m2/s (a value that was measured by the 
hot wire test), the adobe brick offered the advantage of an 
amortization and a significant phase shift of the variations 
and external thermal contributions (the lower the diffusion, 

Fig. 11  Variation of summer 
relative humidity
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Fig. 12  Variation of winter 
temperature
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the more time it takes for cold to pass through the mate-
rial). This justifies the results obtained during the afternoon, 
whose temperature difference between the inside and outside 
reached 5 °C (with an external temperature of 14 °C and an 
internal one of 9 °C).

The earthen constructions are generally characterized by 
small and few openings. This last point, where the opening 
ratio is low with regard to the total surface, has the effect 
of creating a compact home capable of limiting thermal 
losses in winter. But this is not the case in the vernacular 
house study object; the assessed room consisted of a win-
dow 1.02 m2, which caused a loss of internal inputs. To all 
this must be added the north orientation of the window and 
the wall in which it is placed, and also the number of walls 
exposed to winter hostile climatic conditions.

As previously mentioned, the brick, thanks to the clay 
it contains, has a great absorbency that allows it to soak 
up water vapor until a hygroscopic balance is established 
between the material and the air. This power allowed to 
reduce the relative humidity rate in the vernacular room 
from 84 to 52% to ensure a kind of stability in its hygro-
thermal environment, unlike the contemporary room whose 
humidity rate was about 72% (Fig. 13).

Building thermal dynamic simulation

The thermal dynamic simulation is increasingly used today 
in the design phase, to verify the adequacy of the designed 
project with respect to the criteria of the thermal and energy 

performance. This simulation assumes that the results cor-
rectly represent the buildings’ real behavior. To confirm this 
principle, a comparative study between the site measure-
ments and numerical simulation results is necessary.

This part of the work was carried out by “EnergyPlus” 
software, which has shown its performance and has been the 
subject of extensive validations [48, 4, 30]. The use of this 
software requires the input of several parameters concern-
ing houses and their surroundings, namely, the urban fabric 
(Fig. 14a), the architectural typology (Fig. 14b, c), the con-
struction system and building material properties (Tables 2, 
3), the window glass features (Table 4), the climate, the nat-
ural ventilation, the infiltration rate (the EnergyPlus defaults 
are 1.0.0.0 which gives a constant volume flow of infiltration 
under all condition; see Table 5), the air-conditioning and 
heating, active systems, the occupancy, and the inhabitants’ 
lifestyle. These parameters affect the house’s performance, 
so it is important to identify them in a detailed manner to 
ensure an excellent level of thermal behavior and energy 
requirement accuracy.  

The adobe brick constituting the vernacular house enve-
lope was subjected to a characterization test, to determine 
its thermophysical properties necessary for the simulation. 
This material presents a state of important alteration due to 
climatic changes and especially to aging, which is clearly 
established from the results obtained showing a thermal 
conductivity of 0817 w/m °C. The latter is composed of a 
percentage of straw, which allows obtaining better thermal 
conductivity. After a certain lapse of time, the straw rots 

Fig. 13  Variation of winter rela-
tive humidity
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(this was noticed during the characterization of the adobe, 
where the amount of straw was almost zero), which increases 
the thermal conductivity of the adobe and influences its 
durability [13].

The site measurement and numerical simulation com-
parison (Tables 6, 7) show a small average relative error of 
2.3% between the measured and simulated results (Eq. 11). 
This translates into the homogeneity of building materials 
that have been assumed by the software. However, reality 
presents a significant state of aging. This uncertainty may 
also be related to the positioning of the measuring instru-
ment and its accuracy.

Evaluating the accuracy of the simulation results is 
a significant point. EnergyPlus presented a good agree-
ment of the numerical method, results and experimental 
test in terms of ambient temperature and relative humid-
ity, which allow determining the mean radiant temperature 
used to evaluate the adaptive comfort, according to the 
operative temperature (average between the mean radiant 
temperature and the mean air temperature) considering the 
ASHRAE Standard.

(11)
Error percentage =

measured value − simulated value

measured value
× 100.

The summer mean radiant temperature results (28.45 °C 
and 25.9 °C in vernacular and contemporary house, respec-
tively) were lower than the outdoor mean temperature 
(33 °C). Moreover, these surface temperature values support 
the idea of the thermal mass effectiveness as an environmen-
tal design strategy that depends on a series of parameters, 
such as the building material choice, the wall surface and its 
solar absorptivity. In contrast, the mean radiant temperatures 
of cold days were higher than the outdoor mean temperature 
(5.9 °C) in the two study cases (7.67 °C and 6.58 °C in the 
vernacular and contemporary house, respectively).

Adaptive thermal comfort (considering ASHRAE 
Standard 55‑2010)

The adaptive model offers broader thermal comfort zones, 
ranging from 25.5 °C to 30.5 °C in summer and 17.1 °C to 
22.1 °C in winter. Thus, it can be concluded that the opera-
tive temperature of the contemporary house (30.2 °C) is 
almost outside of the zone of acceptability (during the warm 
day). Nevertheless, the comfort was almost assured inside 
the vernacular house, in which the operative temperature 
was 26.4 °C (Fig. 15).

Givoni’s approach has shown that the thermal comport-
ment of the two evaluated houses was outside the comfort 
range during the typical cold day, in which the use of active 
heating systems was essential, to obtain suitable and stable 
ambient temperatures. This result was also confirmed by the 
adaptive thermal comfort approach. The operative tempera-
ture results (7.6 °C and 6.5 °C recorded in the vernacular and 
contemporary house, respectively) and the adaptive thermal 
range demonstrate a large difference of 10 °C. This requires 
an in-depth reflection on the active heating system to be used 
in the two buildings.

It should be recalled, in this regard, that the traditional 
vernacular design was much more intended for warm period. 
However, the contemporary design has often been linked to 
meet the housing needs in the short term (favoring quantity 
over quality) which proves to be less effective or even coun-
terproductive in the medium and long term.

Energy demand (considering the energy 
professional’s method)

The calculation of building energy demand takes into 
account the climate of the region in which it is located, the 
volume to be cooled or heated and its loss coefficient. The 
results provide the basis for estimating energy need due 
to air-conditioning and heating in both rooms evaluated. 
Tables 8 and 9 give the thermal resistances of their con-
structive elements.

Fig. 14  3D views made by EnergyPlus software
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The total thermal losses of the contemporary room 
(whose habitable volume is 47.12 m3) are 126.85 W/ °C, 
where the volumetric loss coefficient is 2.69 W/m3 °C. For 
a habitable volume of 68.97 m3 in the vernacular house, the 
total thermal loss is 77.51 W/°C, in case the volumetric loss 
coefficient is 1.12 W/m3 °C.

Using the energy professional’s method, the resulting uni-
fied degree of summer and winter days is 3.6 °C and 11.6 °C, 
respectively. Taking into account all the results stated previ-
ously, the energy demand for the two evaluated rooms was 
estimated in the typical summer and winter day, to reach the 
minimum level of thermal comfort, a temperature of 30.5 °C 
in a warm period and 17.1 °C in the cold period.

The volumetric loss coefficient is varied from 0.4 W/m3°C 
for a bioclimatic habitat, passing through an average of 1.2 W/
m3 °C to 1.9 W/m3°C for a habitat that is considered as a 

Table 4  Window glass features [10]

Window 
detail

Thickness 
(m)

Thermal 
conductivity 
(w/m °C)

Transmit-
tance

Reflectance

Glass 0.003 0.9 0.8 0.08

Table 5  EnergyPlus infiltration default coefficient [14]

Model Constant 
coefficient

Temperature 
coefficient

Wind speed 
coefficient 
(linear term)

Wind speed 
coefficient 
(quadratic 
term)

Constant 
infiltration

1 0 0 0

Table 6  Comparison of 
measured and simulated results 
of temperature and humidity on 
a warm day

Sample Measured T (°C) Simulated T (°C) Error % Measured 
RH (%)

Simulated 
RH (%)

Error %

Vernacular 27.06 26.29 2.84 44 44.3 0.67
Modern 31.97 31.57 1.25 28.7 29.2 1.71

Table 7  Comparison of 
measured and simulated results 
of temperature and humidity on 
a cold day

Sample Measured T 
(°C)

Simulated T 
(°C)

Error % Measured RH 
(%)

Simulated RH 
(%)

Error %

Vernacular 7.18 7.37 2.57 61 60.75 0.40
Modern 6.6 6.08 7.87 48.2 48.9 1.43

Fig. 15  ASHRAE Adaptive 
chart of summer day vernacular 
dwelling assessment [8]
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thermal bridge [46]. According to the comparisons of the 
results, it can be seen that the vernacular architecture foun-
dations allowed having a bioclimatic habitat (G = 1.12 W/
m3 °C) that ensured thermal comfort during the warm period 
and to reduce heat loss during the cold period. In contrast, 
the principles of contemporary architecture resulted in a quite 
high volumetric loss coefficient, which caused a high-energy 
demand in the two study days (warm and cold), although the 
difference between the habitable volumes of the two cases 
was largely remarkable. The difference between the houses’ 
energy performances was estimated, including a 39% reduc-
tion in energy demand (Fig. 16).

The used calculation method does not take into account 
the resulting internal temperatures, which justify the ver-
nacular room energy demand during the warm day. There-
fore, an energy dynamic simulation was conducted using 
EnergyPlus software (taking into consideration the resulting 
values of air and radiant temperatures). The results (15.84 

kWh and 26.09 kWh estimated in vernacular and modern 
house, respectively) confirmed the energy demand reduction 
percentage on the cold day. However, the summer day simu-
lation reveals a 100% cooling energy efficiency in the tradi-
tional house; nonetheless, 4.93 kWh of energy was needed 
to achieve thermal comfort in the modern house. 

Conclusion

The industrial ideology translates constructive simplicity into 
social poverty. It defines the absence of industrial devices by 
backwardness and pretends that technological modesty is not 
voluntary but reflects delay and inferiority. This new significa-
tion attacks the vernacular architecture, convincing that only 
active systems can satisfy occupant needs.

After the global energy crisis, people’s thoughts have 
changed, and the theme of ecological architecture has been 
widely discussed, focusing on climate and natural sources. 
The notion of the vernacular house has appeared again, a 
notion that has not caught up in Algeria.

On that point, the present paper seeks to highlight the 
thermal comfort aspect and that of energy saving in the 
southern Algerian vernacular habitat that provides an exam-
ple of people living with low-income and theirs solution and 
attitudes about thermal comfort. It concretizes a comparative 
study relating to the thermal and energy performance of two 
types of building; vernacular and low-income modern house.

The thermal behavior evaluation shows that summer ther-
mal comfort can be assured passively, by following the ver-
nacular architecture principles, which present a response to 
mankind’s needs in his climate. The vernacular house was 
comfortable during the warm day, without using the air-con-
ditioning, active systems, which allowed reducing the energy 

Table 8  Thermal loss of the 
contemporary room

Wall1 Wall2 Wall3 Floor Roof Window Door

K (w/m2 °C) 1.06 1 1.8 2.24 1.81 5 2
S  (m2) 19.6 12.32 10.22 15.39 15.39 1.8 2.1
KS (w/°C) 20.77 12.32 18.39 34.47 27.70 9 4.2
Total thermal loss w/°C 126.85
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Fig. 16  The energy demand of studied spaces (energy professional 
method)

Table 9  Thermal loss of the 
vernacular room

Wall1 Wall2 Floor Roof Window Door

K (w/m2 °C) 0.93 1 0.33 0.32 5 2
S  (m2) 28.11 26.2 22.52 22.52 1.02 2.72
KS (w/°C) 26.14 26.2 7.43 7.2 5.1 5.44
Total thermal loss (w/°C) 77.51
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demand. In contrast, the contemporary house, whose use of 
air-conditioning, modern systems were essential to meet the 
occupant needs in terms of thermal comfort, caused a signifi-
cant energy demand. This was also the case during the cold 
day in both houses rated; temperatures outside comfort ranges 
were marked, necessitating the use of active heating systems.

The calculation method presented in the French thermal 
regulation [46] made it possible to count the energy demand 
in heating and air-conditioning of the two study objects. The 
no-take into consideration of resulting ambient temperatures 
achieved unsatisfactory results; however, the difference 
between the houses’ energy performances was estimated, 
including a 39% reduction in energy demand thanks to the 
bioclimatic strategies that are part of the vernacular archi-
tecture. This percentage has, as well, been confirmed by the 
cold day EnergyPlus simulation; nevertheless, the summer 
day presents a 100% energy demand reduction (the thermal 
comfort was achieved in a passive way).

These results demonstrate that vernacular architecture is 
a subject of renewed interest, which must be exerted through 
a stronger involvement of construction actors who benefit 
from all software necessary to evaluate their projects before 
realizing them while guaranteeing an excellent level of 
results precision. Moreover, exerting vernacular architecture 
principles helps in reaching the building heating and cool-
ing energy demand scenarios by 2050 (constructed by the 
Global Energy Assessment team, Fig. 17), which can result 
in significant benefits including mitigation of the building 
sector’s contribution to climate change, improvements in 
energy security and sovereignty, alleviation of energy pov-
erty and improvement of social welfare. 
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