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Temperature variations are analysed for two areas of Algeria, lying in a semi-arid region and near the West Coast, respectively, the
Djelfa and Oran areas. This analysis mainly consists in computing the temperature deviations with respect to the reference levels of 18°C
and 25°C. Their time variations are then studied. When summing the temperature deviations per month, the amount of energy, expressed
in degree hour for each month of the year, necessary to heat and cool the houses during cold weather and hot periods, respectively, is
obtained. An economic study of construction material efficiency is associated with the computation of the temperature deviations and
applied to housing in semi-arid regions. It is shown that cheap traditional materials having great thermal inertia can advantageously be

used for housing constructions in these regions.
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1. Introduction

In semi-arid regions, weather is very cold in winter and
hot in summer. In addition, temperature varies strongly from
day to night [1—10]. In such conditions, the houses of these
regions are subjected to important temperature variations.
These dwellings must then be thermally insulated and de-
signed to insure some comfort for people living in them.

The concept of comfort depends on various factors,
mainly external temperature, hygrometric degree and wind
[11,12]. It is also a function of ambient temperature, amount
of energy brought by solar radiation, terrestrial environment
and clothing effect [13-15].

The present study only deals with the effect of air tem-
perature on housing because this parameter is pivotal in the
calculation of the air-conditioning and heating systems. In
general, comfort temperature is the temperature at which hu-
man can live harmoniously [16,17]. According to previous
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studies published in the literature, the climate prevailing in
semi-arid regions can be described as having only two main
seasons, namely winter and summer. These seasons can be
characterised by two types of comfort temperatures. The
thermal deviations measured with respect to each comfort
temperature play an important role in the design of housing.
The number of degree hour necessary to either heat or cool
a house in a semi-arid region can, therefore, be computed
by knowing the times series of these deviations.

In order to discuss the possibility of minimising energy
consumption due to heating and cooling, this calculation
must be completed by evaluating an index quantifying the
protection efficiency of buildings against external tempera-
ture variation from the annual thermal extremes observed in
the region under consideration. Dwellings must be designed
to possess a great thermal inertia [18—20]. In practice, this
means that the construction materials must be chosen so that
the lifetime of these dwellings is increased and energy losses
are reduced.

In Algeria, the building standard presently adopted in the
high plateau of Atlas, is the same as in the coastal plain of the
northern part of the country. In southern Algeria, houses are
usually divided into two life centres. One is used in summer,



and the other in winter. This organisation aims at getting a
better climatic adaptation and an efficient protection of the
houses against heat excess in summer. In the rest of the
country, only aspects such as house orientation in connection
with the incidence angle of the solar rays, the size and shape
of the openings or type of ventilation, are considered in the
architecture of the houses.

In spite of these precautions, thermal insulation repre-
sents about 10% of the cost of construction. In fact, the
temperature effects on housing are ignored by the architects
and buildings contractors, because of the cost of the thermal
insulation. They are only considered in the case of prestige
constructions. However, to get the best conditions of en-
ergy exchanges and to respect the environment, the effect
of temperature variations and the features of construction
materials must be taken into account in the design of the
housing.

The analysis presented hereafter is based on the pro-
cessing of hourly temperature data collected by two mete-
orological data acquisition systems situated in a semi-arid
region and a coastal one, i.e. the regions of Djelfa and
Oran, respectively. The results obtained in both regions are
compared.

2. Data

The data collection system assigned to the characterisa-
tion of semi-arid regions, is an automatic station equipped
with various meteorological sensors. This station is situated
in a steppic region of the high plateau of Atlas, limited by
mountain ranges in the south and north. It is set installed
in the site of Benahar, 8§ km south of Birine, near Djelfa
(Ain Oussera), on a flat sandy area. The yearly cumulative
precipitation amount lies between 100 and 250 mm [21].
Temperatures were measured with a 100 €2 platen resistance
thermometer placed in a small shelter. This sensor can mea-
sure temperature from —40°C to +60°C, with a resolution
of 0.1°C. The minimum, maximum and mean temperature
values are scanned and recorded automatically every 10 min
by the station. Similar measurements were performed in the
meteorological station of Oued Tlilat, situated in the plain,
about 40 km east of Oran. This region is influenced by the
proximity of the Mediterranean sea [22]. Hence, the climate
prevailing in the region is both wet and temperate. For the
two sites under consideration, the experimentation began on
1 April 1999 and ended on 1 April 2000, which means that
temperature measurements have been collected for 1 yr.

3. Methodology

After investigations on the welfare of populations, the
comfort temperature has been fixed at 18°C in winter and
25°C in summer. Taking into account these empirical thresh-
olds, the set of instantaneous temperature deviations, with

respect to the comfort temperatures, for a given location and
period are considered. Next, the deviations, with respect to
the thresholds, observed every hour, are added. The sum of
these deviations is then expressed in degree hour. A degree
hour (DH) is the equivalent of an instantaneous tempera-
ture deviation of one degree observed over an interval of
time of one hour. Consider a month having » days, and let
T(h,d) be the hourly ambient temperature mean, in Celsius
degrees, measured at hour (%) on day (d). If T'(h,d) is below
18°C, the dwellings of the region under consideration must
be heated. In this case, the number of degree hour involved
in the heating (that is the sum of temperature deviations) is
simply:

n 24
SpH=Y"ST(18 — T(hd)Kis(T(h.d)), (1
heat d=1h=1

where 7 is the number of day of the month.
In this expression, the heating hours are totalled by using
a function defined as

Kis(T(h,d))=1 if T(h,d) < 18°C, (22)

Kig(T(h,d))=0 if T(h,d) > 18"C. (2b)

The number of hours involved in the heating during the
month is

Y H=) Kig(T(hd)). 3)
heat heat

The sum (3, ., DH) is calculated for each month of the
year and expressed in degree hour. It enables the evalua-
tion of the heating needs of a house situated in a semi-arid
region.

Similarly, when weather is hot, houses must be cooled
by means of air-conditioning. The number of degree hour
involved in the cooling of a house during one month, is
given by

n 24
ZDH - ZZ[T(h,d) — 25]K25(T(h,d)). (4)
cool d=1h=1

In the case of cooling, the function is written as

Kos(T(h,d))=1 if T(h,d) > 25°C, (5a)

Kos(T(h,d))=0 if T(h,d)<25°C. (5b)

It is found that the number of hours involved in the cooling
per month is

ZH:ZKzs(T(had)) (6)
cool cool

Thanks to this approach, energy needed by a dwelling in a
semi-arid region can be quickly evaluated, provided that a
specific measurements campaign is performed in the region
and the thermal inertia characterising the house is known. In
general, thermal inertia expresses the ability of construction
materials to work as thermal insulators. According to the



different sorts of constructions, four classes of thermal inertia
can be distinguished. They are referred as:

e weak thermal inertia (in the case of huts)

e small thermal inertia (corresponding to rooms made of
light walls and floors)

e mean thermal inertia (characterising rooms consisting of
heavy walls and floors)

e strong thermal inertia (constructions made of double
heavy walls and floors, but without internal thermal
insulation).

In the region of Djelfa, temperature varies widely with
time. Then, the houses of this region must be built with
construction materials having strong thermal inertia. The
design of such houses requires the computation of the max-
imum amplitude of the daily thermal deviations AT (d, m),
monthly extremes of AT(d,m), yearly extremes and the
maximum deviation of yearly extremes. The minimum
and maximum daily temperatures are called Ty, (%, d) and
Tmax(h,d), respectively. On day (d) of month (m), the
maximum daily thermal deviation is defined as

AT(d,m) = Tmax(h,d) — Triin(h, d), (7)
withd =1,...,n.

The maximum amplitude of the monthly thermal devia-
tion AT (m)max for a month (m) is

AT("”)Max = AT(d, m)Max; (8)
withm=1,...,12.

The maximum difference between the monthly deviation
is
AT(.V)Max = AT(m)Max - AT(m)Mim (9)
where AT (m)p, is the minimum monthly thermal devia-

tion, and AT (m)max is the maximum monthly thermal de-
viation as respectively observed.
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4. Heating and cooling needs

The duration and number of degree hour required for ei-
ther heating or cooling in both locations under study, have
been calculated for each month of the year, following the
method presented in Section 3. The plots of Fig. 1 give the
number of hours of heating and the temperature deviations
(°C h) with respect to 18°C, obtained in Benahar, for each
month of the year.

These plots indicate that the constructions in Benahar
must be continuously heated in January and December, with
more than 10,000 and 9000 degree hour, respectively. The
number of degree hour is found to be insignificant in June,
July, August, and September. In May and October, this num-
ber is equal to only 840 degree hour, which means that
houses are seldom heated during these months. For the other
months, the number of degree hour lies between 3000 and
10,000. The plots of Fig. 2 represent the monthly temper-
ature deviations ("Ch) with respect to 25°C and the re-
lated number of hours of cooling in Benahar. Fig. 2 shows
that air-conditioning is useless in January, February, March,
April, October, November, and December. For the other
months, the number of degree hour necessary to cool houses
in Benahar, runs from 1000 to 5000°C h. For example,
1700°C and 1200°C h of cooling are, respectively, needed
in May and September, whereas the maximum of degree
hour is reached in August, equalling almost 5000°C h. In
the region of Djelfa, a yearly amount of 42,347 degree hour
must be brought to insure 3688 h of heating, whereas 14,833
degree hour have to be evacuated to get 2283 h of cooling.

In general, air-conditioning and heating installations are
expensive. To reduce the cost of comfort in the region of
Djelfa, heating and air conditioning in a given house, must
be rationally used over the year. The results given in Figs.
1 and 2 must then be taken into account in the design of the
constructions, and in the choice of their architecture. This
means that the construction materials, air circulation and
house orientation have to be properly chosen. Such construc-
tions are submitted to strong temperature variations. The
plots of Fig. 3 indicate that the daily thermal deviations for
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Fig. 1. (a) Number of hours of heating (3_,.,, /) and (b) Number of degree hour of heating with respect to 18°C (3" peat DH) in Benahar (Djelfa).



Fig. 2. (a) Number of hours of cooling (>__,.; /) and (b) Number of degree hour of cooling with respect to 25°C (3"cooPH) in Benahar (Djelfa).

Fig. 3. Daily thermal deviations (°C) observed in Benahar (Djelfa) from January—December. (Tyax = maximum temperature and Ty, = minimum

temperature).
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Fig. 4. The maximum amplitude of the monthly thermal deviation,
AT (m)Max =Max(Tvax (h, d) — Tnin(h, d)), observed in Benahar (Djelfa).

each month of the year vary significantly from one month
to another. For instance, the minimum daily thermal de-
viations observed in April, July, October, and December
are equal to 6.6°, 11.7°, 7.2°, and 4°, respectively. To ac-
count for the heating effect of climate on a given house
in Benahar, it is more relevant to consider the maximum
monthly thermal deviations than the daily thermal vari-
ations. The monthly extremes observed for each month
of the year, are given in Fig. 4. The maximum value
of monthly extreme AT(m)max reaches 25.1°C whereas
the minimum is 18°C. Hence, the yearly extreme is
AT(y)max = 7.1°C.

Application of the method described in Section 3 to
the temperature data collected in the location of Oued
Tlilat, gives the plots of Figs. 5-8. The duration and
number of degree hour required every month for either
heating or cooling at this location, are, respectively, given
by the plots of Figs. 5 and 6. The latter show that heat-
ing is necessary in winter, for the period running from
November to April and air-conditioning must be em-
ployed in summer, from June to September. During the
year, 9353 degree hour distributed over 1978 h, must be
removed to cool habitations in the plain of Oued Tlilat
and their heating requires 24378 degree hour sprayed over
2898 h.

The monthly variations of daily thermal deviations are
represented by the plots of Fig. 7. For Benahar, important
variations of the daily thermal deviations are observed from
one month to another. The monthly extremes calculated from
the daily thermal deviations, are plotted in Fig. 8. According
to the resulting diagram, the yearly extreme equals 9.3°C
for this region.

All these results show that the climate in the plain of
Oued Tlilat and its temperature variations are very different
from those of the region of Djelfa. In addition, the needs of
heating and air-conditioning are obviously more important
in the semi-arid region than in the temperate ones.

5. Insulation materials

Most architects usually estimate the thermal insulation
of houses, knowing the yearly thermal extremes of the re-
gion under study. Since the yearly thermal extreme val-
ues observed for Benahar and Oued Tlilat, are nearly the
same, it then seems that the same kind of houses can be
constructed in both regions. However, to insure better life
conditions in the dwellings of semi-arid regions, the du-
ration of either heating or cooling and the related number
of degree hour, must also be included in the calculation
of thermal insulation. The construction materials are then
chosen according to their thermal inertia, but also by tak-
ing into account the economic aspects. The thermal iner-
tia of a given material is measured by its time constant.
The latter is calculated by solving the equation of ther-
mal energy exchanges. Considering an homogeneous wall
and assuming one dimension heat flow, this equation is
written as

dT

P+ kS(Ty = T)=mC . (10)

In this expression, P is the incident thermal power, T,, the
ambient temperature, 7, the inner temperature, m, the mass
of the wall, S, its surface and C, its heat capacity. Let . be
the conductivity of the wall and e, its thickness. Its thermal
resistance is then: R = e¢/A and the conductance (k) is given

PR (11)

where %, and h; are the convection coefficients character-
ising the outer and inner thermal boundary layers of the
wall.

Let Ty be the temperature measured at t = 0 s. The reso-
lution of Eq. (10) yields:

T=To+ (Ta—&-]f;—TO) [1—exp(—£)}, (12)

with = mC/kS.

In the case of wall made of N layers, the computation
is the same as previously, but more complicated. Let p,
be the density of the layer (n), e,, its thickness, C,, its
heat capacity and R, its thermal resistance. Neglecting the
contact resistance between to successive layers, the time
constant of the multilayer wall is found to be

N
1

with

U B R

—-=—+4+—+4+ Y R, and R,=¢,/ 14

k  he h ; / (1



800

~~
< 600 |
=
S 400 |
=
W

200

0

J FMAMIJJ ASOND

@ month

12000
= 10000 |
O
< 000 |
=
2 6000 |-
S 4000 |
W 2000 |
0
JFMAMIJ J ASOND
(b) month

Fig. 5. (a) Number of hours of heating (3, ,, /) and (b) Number of degree hour of heating with respect to 18°C (3"peatPH) in Oued Tlilat (Oran).
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Fig. 6. (a) Number of hours of cooling (3,

cool

Table 1 gives the technical characteristics of the thermal
insulation materials currently used in the region of Djelfa.
Five types of walls are then considered, which are:

e A: Double wall made of hollow bricks separated by an air
layer (e, = 10 cm for each brick wall and e, = 5 cm for
the air layer. C=0.34 Wh/m® °C and R, =0.16 m? °C/W
for air)

e B: Double wall made of hollow bricks separated by
polystyrene (e, =10 cm for each brick wall and e, =2 cm
for the polystyrene layer).

e C: Blue stone with mortar (e = 30 cm)

e D: Mixture of clay and straw dried by sun (e = 40 cm)

e E: Double wall with polystyrene and plaster (e, = 10 cm
for each brick wall, e, = 2 cm for the polystyrene layer
and e, = 7 cm for the plaster layer)

Taking into account that (1/A.) + (1/4;)=0.17 m? °C/W,
the time constant (7) has been computed for each of the
five types of wall. The obtained values are listed in Table
2 following their increasing order. The process of thermal
transfer described above, is very slow since it lasts several
tens of hours before reaching its final state. This means
that a room constructed with such walls, is insensitive to
the quick variations of the external temperature and these
walls are very good thermal insulators. In particular, the
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H) and (b) Number of degree hour of cooling with respect to 25°C (3" cooPH) in Oued Tlilat (Oran).

best thermal insulation is obtained when using the E-type of
walls.

6. Cost of insulation

Let us consider the case of a house situated in Benahar
and equipped with an air-conditioning installation. The to-
tal cost of each type of thermal insulation and the energy
invoice have been evaluated knowing the cost of building
surfaces, the gain in energy, the needs of cooling, and the
cost of energy consumed by the air-conditioning instal-
lation. The experimental values of temperature gradient
characterising each type of insulation and the building costs
were provided by the Bureau of Technical Studies (B.E.T.)
of Medea, which often works in the semi-arid regions of
Algeria.

According to the experimentation, air will be renewed
in a room by air-conditioning at a mean rate of 10 m?/h.
Since the specific heat of air equals 0.34 W m—3/°C, the heat
amount to be removed per hour, is: 0 =10 x 0.34 Wh/°C =
3.4 Wh/°C. As explained in the beginning of Section 4, the
number of degree hour necessary to cool a house in the
region of Djelfa, is: DHoo = 14,833°C h, which must be
provided over 2283 h of the year. The calculation of the cor-
responding energy losses yields: O x DHoo = 50,432 Wh.
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Fig. 7. Daily thermal deviations (°C) observed at Oued Tlilat (Oran) from January to December. (Tyax = maximum daily temperature, Tygi, = minimum

daily temperature).

Table 3 gives the numerical values of the thermal devia-
tion (J7) characterising the thermal inertia of each type of
insulation. The energy amount stopped by a given type of
insulation is AE = 2283 ét. The energy amount to be re-
moved by air-conditioning over the year, is then equal to:
AW =50,432—2283 ot. In Table 3, AW has been computed
for the A, B, C, D, and E types of insulation. This table also
gives the energy cost (Cy ), the cost of constructed surface
(Cs) and the total cost of insulation (Ct). The plot of Fig. 9

represents the cost of thermal insulation against the type of
insulation. Following this diagram, the dried clay and straw
mixture is the cheapest and most efficient thermal insulator.
However, an opinion poll carried out by the B.E.T. in the
region of Djelfa, shows that the population of this region
no longer accepts to live in houses made of dried clay and
straw mixture, because of their rusticity and ugliness. Stone
is also a good thermal insulator. But, hewing and trans-
port make this material expensive. The dried clay and straw
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Fig. 8. The maximum amplitude of the monthly thermal deviation,

AT(m)Max = Max(Tvax(h,d) — Tmin(h,d)), observed in Oued Tlilat
(Oran).
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Fig. 9. Total cost of the different type of insulation under consideration
(the cost has been calculated from the local money, by assuming that
18 =80 Algerian Dinars).

Table 1
Density (p), thermal conductivity (1) and specific heat (C) of various
construction materials

Material p (kgr/m?) 2 (W/m°C) C (J/kg °C)
Bricks 1400 0.6 936
Polystyrene 20 0.04 1404
Stone with mortar 2200 1.4 1008
Dried straw and clay 1800 1.15 936
Plaster 1100 0.4 936

mixture can be produced easily in the location under consid-
eration and it requires no armature for the construction [23].
However, further investigations have to be made to improve
the aspect of this material while keeping its thermal features
unchanged.

Table 2
Thermal resistance i + hi‘ + ", R; and time constant (7) for five types
of wall

Type of insulation i + hi, +> R 7 (hours)
(m* °C/W)

A. Double wall (bricks + air) 0.66 48

B. Double wall (bricks+ 0.94 68
polystyrene)

C. Blue stone 0.38 71

D. Dried straw and clay 0.52 97

E. Double wall (bricks+ 1.11 103

plaster + polystyrene)

Table 3

Cost of thermal insulation against the type of construction mate-
rial when using air-conditioning to cool habitations in Benahar (dt =
thermal deviation characterising the insulation, AW = energy removed
by air-conditioning = 50432 — 2283 d1. Cw = energy cost, Cs = cost of
constructed surface, Ct =total cost. Cy, Cs and Cs have been calculated
assuming that 1§ = 80 Algerian Dinars)

Type of ot AW CW CS CT

insulation (°C)  (Wh) $) ($/m2) (%)

A. Double wall 0.1 48,103 1726 150 1876
(bricks + air)

B. Double wall 1 42,670 1500 200 1700
(bricks + polystyrene)

C. Blue stone 5 11,621 223 200 423

D. Dried straw and clay 7 0 0 125 125

E. Double wall 7 0 0 438 438

(plaster + polystyrene)

7. Conclusion

The approach presented above, enables the evaluation of
the effect of temperature variations at two locations in Alge-
ria, namely Benahar and Oued Tlilat, which lie in semi-arid
and temperate regions, respectively. It shows that the tem-
perature variations in Benahar are very different from those
observed in Oued Tlilat, and that heating exchanges at the
earth surface vary significantly in semi-arid regions over the
year. To improve the living conditions of the populations,
these variations must be taken into account in the building of
housing in semi-arid regions. However, as explained in Sec-
tion 4, it is not sufficient to evaluate the yearly thermal ex-
treme when designing such dwellings, but the duration and
number of degree hour of cooling and heating totalled over
the year must also be considered. Thanks to this kind of cal-
culation, the thermal insulation of constructions in semi-arid
regions and their architecture can be suitably managed and
the size of heating and air-conditioning installations can be
optimised.

More generally, such an approach is directly applicable
to the development of industrial and agricultural projects.
It could be extended to the other locations lying in the
semi-arid part of Algeria. However, hourly temperature data
are recorded in only few locations of such a region. Then, it



could be useful to simulate such data in any site of southern
Algeria and build a cartography of degree hour and duration
characterising the heating and cooling for this region.

In the present study, only the effect of temperature on
housing has been considered. However, other meteorologi-
cal phenomena, such as humidity or wind, also influence the
comfort of populations. It is then of great interest to analyse
these parameters and use them so as to improve the living
conditions in semi-arid regions. For example, the location
and orientation of the dwellings in these regions could be
correctly chosen if wind speed and direction were known.
Moreover, damp air blowers could be advantageously used
to increase the humidity rate and improve natural cooling in
these houses [24-27].
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