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Abstract
From the current distribution of energy consumption by sector, it appears that 41% of
energy consumption in Algeria is allocated to the building sector. Most of this energy
consumption is due to space heating and cooling. Due to rapid economic growth and
growing desire for better indoor environment, energy demand for heating and cooling
will continue to increase steadily. Thus, building sector has the greatest potential for
energy savings. Direct solar radiation transmitted into the rooms is considered as an
important contributor to building cooling load. At the same time, solar heat gain
through fenestrations contributes to reducing energy demand for heating in winter
period. Above south facing windows, fixed horizontal shading (eaves or overhangs)
are provided as a way of obtaining a good compromise between these two effects
provided that they are correctly sized to block direct solar radiations during summer
but still allowing them to pass through during winter. This study has helped develop a
correlation that optimizes overhangs length projection for a south-facing windows.
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1. Introduction
From the current distribution of energy consumption by sector, it appears that 41% of energy
consumption in Algeria is allocated to the building sector [1]. Most of this energy consumption
is due to space heating and cooling. Due to rapid economic growth and growing desire for
better indoor environment, energy demand for heating and cooling will continue to increase
steadily. Thus, building sector has the greatest potential for energy savings.
In literature, there are many studies on different aspects of building energy efficiency. Jaber et
al. [2] analyses typical residential houses in the Mediterranean region and found that specific
energy consumption can be reduced by 25.31% once proper windows and shading device are
used in addition to insulate the roof and ceiling by 0.2m and 0.13m, respectively. Ferrante et
al.[3] considered that local materials and traditional architecture are solutions for energy
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efficiency in buildings and showed that it is possible to build dwellings with very low energy
consumption and near-zero CO2 emissions in the Mediterranean climate.
Beside the U-value, the thermal inertia of exterior walls and roofs is an important parameter for
designing energy-efficient buildings. Several authors evaluated the influence of the envelope
thermal inertia on the building energy performance; they concluded that the use of high
thermal inertia walls in buildings usually results in a reduction of energy requirements both for
heating and cooling[4][5].
Rising conventional energy prices and environmental considerations increase interest in the
integration of energy efficiency solutions and the use of free and inexhaustible sources of
energy. In the framework of MED-ENEC Project (standing for MEDditerranean ENergy Efficiency
in the Construction sector), two research centers (CDER and CNERIB) have proposed a joint
study for the construction of a rural dwelling with low energy consumption (Fig.1). This
dwelling, considered as pilot project, was established to demonstrate best practices and new
technologies as well as integrative approaches for efficient use of energy and use of renewable
energies in the building sector. Among these solutions, installation of horizontal shading devices
in reducing unwanted solar radiation during summer period.
The main objective of this study is to optimize the horizontal shading by considering the
tradeoff to realize between solar heat gains in winter and unwanted solar radiations in summer.
2. Description of the studied (pilot project) dwelling
The pilot project is a rural low-energy house with 65 m² net floor area; 3 bedrooms, 1 kitchen, 1
bathroom, and lavatories, with a slab on grade. Figure 2 shows the prototype floor plan. The
prototype was designed as a typical single family home, erected in accordance with Algerian
building code [6][7]. The home is located at Souidania (20km southwest of Algiers, latitude
36°7N, Longitude 03°2E). The location is characterized by a temperate Mediterranean climate
with rainy and relatively mild winters and hot and humid summers. The house has a compact
shape and is oriented along the E-W axis. The living room has a medium size window (12% of
floor area) south oriented in order to gain heat from the winter sun in cooler months. A roof
overhang of 75cm was designed for south-facing windows to prevent direct solar radiation in
summer. All openings are efficient double glazed PVC windows (4/6/4) with an overall specific
heat transfer coefficient of 2.6 W/(m².°C). The wall facing west has no openings in order to
prevent overheating. On the other hand, the house is cooled by passive techniques combining
natural ventilation and high inertia of walls and ceiling slab. Prevailing summer winds (sea
breeze) come from N-E direction. The openings are oriented to allow optimal exploitation of
natural ventilation in accordance with prevailing wind pattern. Occupants would have the
possibility of controlling ventilating rate by operating windows.
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Fig.1. The prototype dwelling
2.1. Building envelope and materials
Considering the environmental impacts caused by over exploitation of natural resources for the
production of building materials, the use of cement stabilized earth for load-bearing walls has
been considered. Soil based construction blocks have been used in North Africa for centuries,
especially in rural and Saharan regions[8]. Earth can be used for construction of walls in many
ways. However, there are a few undesirable properties such as loss of strength when saturated
with water, erosion due to wind or driving rain and poor dimensional stability. These drawbacks
can be eliminated significantly by stabilizing the soil with a chemical agent such as cement [9]. In
our case, the foundation soil was used after being mixed with cement (around 5%) and then
compressed manually to have a brick of 29 x 14 x 9cm (see Fig. 2). External walls are in sandwich
structure which consists of an insulation layer of expanded polystyrene in between two blocks
layers. To avoid any heat transfer through the roof, ceiling was insulated with 16 cm of
polystyrene.
The thermal inertia is an important parameter in designing energy-efficient buildings. In order
to incorporate this parameter, inside layer was built to have a thickness of 29cm. The design of
blocks and the construction techniques were performed in accordance with recommendations
of the ministry of housing[10][11].
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Fig.2. Production of stabilized earth blocs
2.2. Analytical study
The studied building was reconstructed as virtual model using TRNSYS Version 16, transient
thermal energy modeling software developed at the University of Wisconsin-Madison. The
building was constructed in TRNYSY with Type 56 using 8 zones: the 3 bedrooms, the kitchen,
the bathroom, the lavatories, the hall, and the attic. Before discussion the impact of passives
techniques on reducing cooling energy demand, the simulation results are first compared to the
measurements. Table 1 demonstrates that there is a good approximation between the
monitoring data and the simulation results.

Tab.2. Comparisons between experimental and simulation results
Min difference
value [°C]

Max difference
value [°C]

Mean error [°C]

Percentage error
[%]

0

0.80

0.22

0.8

2. Optimum of overhang depth
Direct solar radiation transmitted into the rooms is considered as an important contributor to
building cooling load. At the same time, solar heat gain through fenestrations contributes to
reducing energy demand for heating in winter period. Above south facing windows, fixed
horizontal shading (eaves or overhangs) are provided as a way of obtaining a good compromise
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between these two effects provided that they are correctly sized to block direct solar radiations
during summer but still allowing them to pass through during winter.

Fig.3. Window overhang geometry
In the present study, a shading factor ’SF’ is defined; it represents the sum of the transmitted
part of solar radiations during the heating months and the shaded part during the cooling
months. Therefore the optimum projection of overhang corresponds to the largest value of SF,
such as:
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Id is the beam radiation on vertical surface for all sunshine hours under a clear sky day. fs
represent the fraction of window that is shaded. By assuming that overhang extends far beyond
the sides of the window, ‘fs’ can be obtained from the relation developed by Sharp[12]

P. sin( c ) G

H . cos( c ) H
Where αc and θc represent the solar altitude angle and the incidence angle relative to the
window respectively.
fs 

(2)

Fig. 4 gives a mapping of SF for different values of P, G and H. It shows that the optimum value
(maximum) lies along a straight line when P is varied for a given of H; this being true for any
value of G.
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Fig. 4. Shading factor ‘SF’ as a function of ‘G’ for different values ‘P’ and window high ‘H’,
In order to reduce the number of variables and attempt to find a more readable relationship
between SF and the geometric parameters, nondimensional geometric variables are introduced.
The first, π=P/H, represents the nondimensional overhang and the second, =(G+H)/H, the
nondimensional “exposure” length; the window height is taken as the reference length and 
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obviously increases when G increases for a given H. The variation of the optimum value of π
(yielding a maximum SF) as a function of  according to the results given in Fig. 4 is shown in Fig.
5.

Fig. 5. Optimum length of overhang projection
The figure reveals that the points are excellently fitted with a linear curve; with a very high
correlation factor (R2) equal to 0.9926. The linear correlation equation is given by:
π = 0.5646γ - 0.0088

(3)

Based on this result and neglecting the constant term, a recommended guideline for the
optimum overhang length is proposed in a dimensionless form as follows:
P/H = 0.56 (G+H)/H

(4)

Thus, an overhang length of south facing windows taken according to Eq. 4 allows to maximize
the transmitted direct radiations during winter and to minimize the incoming direct solar gains
during summer.
4. Conclusion
Direct solar radiation transmitted into the rooms is considered as an important contributor to
building cooling load. At the same time, solar heat gain through fenestrations contributes to
reducing energy demand for heating in winter period.
This study has helped develop a correlation that optimizes overhangs length projection for a
south-facing windows. This correlation is valid for buildings located at latitudes of about 36 N.
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The study concludes, considering the tradeoff between solar heat gains in summer and winter
to optimize energy consumption as the best option in designing external horizontal shadings.
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