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Toward Sustainable Building Design in Hot and Arid
Climate with Reference to Riyadh City, Saudi Arabia
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Abstract—One of the most common and traditional strategies in
architecture is to design buildings passively. This is a way to ensure
low building energy reliance with respect to specific micro-building
locations. There are so many ways where buildings can be designed
passively, some of which are applying thermal insulation, thermal
mass, courtyard and glazing to wall ratio. This research investigates
the impact of each of these aspects with respect to the hot and dry
climate of the capital of Riyadh. Thermal Analysis Simulation (TAS)
will be utilized which is powered by Environmental Design
Simulation Limited company (EDSL). It is considered as one of the
most powerful tools to predict energy performance in buildings.
There are three primary building designs and methods which are
using courtyard, thermal mass and thermal insulation. The same
building size and fabrication properties have been applied to all
designs. Riyadh city which is the capital of the country was taken as a
case study of the research. The research has taken into account
various zone directions within the building as it has a large
contribution to indoor energy and thermal performance. It is revealed
that it is possible to achieve nearly zero carbon building in the hot
and dry region in winter with minimum reliance on energy loads for
building zones facing south, west and east. Moreover, using
courtyard is more beneficial than applying construction materials into
building envelope. Glazing to wall ratio is recommended to be 10%
and not exceeding 30% in all directions in hot and arid regions.

Keywords—sSustainable buildings, hot and arid climates, passive
building design, Saudi Arabia.

[. INTRODUCTION

HERE are several techniques to control a building’s

energy performance passively, for example through
courtyards. Courtyards emerged in hot regions. However, it is
now transferred across the world for various reasons [1]. The
thermal satisfaction of courtyards in buildings was assessed by
many authors globally [2]-[5]. They are mostly looking at the
typical rectangular courtyard shape in hot or temperate
climates. The most common revelation is that outer surfaces of
a courtyard have to be shaded from direct solar radiation.
There are various aspects that influence the execution of a
courtyard; length, shape and height are among the most
important factors. Manioglu [6] and Abdulbasit [7] conducted
some research in hot and dry climate regions and they have
realized that width and depth of courtyard (CY) has a
considerable leverage on energy loads. With respect to CY
orientation, in hot and humid regions, orienting the long axis
of CY towards the northwest and southwest is preferable,
similarly to north-south axis as well [5], [8].
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The shape of the CY has bounded impact on the amount of
sunlit areas exposed to the outer surface of CY in winter,
whereas in summer the impact is more noteworthy [9].
However, considering all methods discussing which target to
improve the performance of the CY, elevation is the leading
aspect [6], [8], [10]. Similarly, a recent study done in Baghdah
[10] and Iran [11] are also supporting this. Canton [12] has
observed that in hot and dry regions, CY should be protected
from direct sunlight especially in harsh climates of summer to
provide a more comfortable environment.

Insulation is one of the most effective processes for high
energy efficiency in buildings [12]-[17]. It is also important to
obtain comfort satisfaction, and it reduces any unwanted heat
loss [18]. The density of the material is associated with
thermal conductivity. Higher insulation density resulted in
lower thermal conductivity (k-value); hence, better
performance of the insulation is expected. One variable which
influences thermal insulation is thickness [19], it will result in
a decrease in the energy consumption for cooling and heating,
however, this will lead to an increase in the cost of building
construction. As a result, optimum thickness is a must where
the efficiency of building fabrication and cost could meet.
Reference [20] has pointed out that the optimum orientation
thickness in warm climates for south, north, east and west are:
3.6, 3.1, 4.0 and 4.0cm, respectively.

II. METHODOLOGY

The research uses one of the most powerful energy building
tools (TAS EDSL). There are three major building designs and
techniques which are using CY, thermal mass and thermal
insulation. The same building size and fabrication properties
have been applied to all designs. However, the CY design
opening is looking toward the hall of the court while the other
two face the outdoors. This is the result of the design
technique. The research has taken the city of Riyadh as a
sample of the hot and dry climate of Saudi Arabia.
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Fig. 1 Views of the examined buildings, where (A) is the CY design shape and (B) is the thermal mass and thermal insulation design shape

TABLEI
PROPERTIES OF ALL MODELS EXAMINED
Layers Width (mm) Conductivity (W/mK) Total U value (W/m2.°C)
Properties of CY building
External wall Block 200 999.9 3.1
Internal wall Block 100 175.9 4.4
Ground Concrete 200 0.87 142
Crashed brick aggregate 75.0 0.55
Roof Acoustic Panel 15 0.056 1.6
Concrete 200 1.13
Asphalt 3.0 0.42
Properties of thermal insulation building
External wall Brick 100 1.33 0.294
Polystyrene expanded 100 0.033
Brick 100 1.33
Internal wall Block 100 175.9 4.4
Ground Polystyrene expanded 50 0.04 0.316
Screed concrete 50 1.28
Concrete 150 0.87
Crashed brick aggregate 75 0.55
Soil 1000 0.7
Roof Acoustic Panel 15 0.056 0.274
Concrete 100 1.13
Polystyrene expanded 125 0.43
Asphalt 3.0 0.43
Properties of thermal mass building
External wall Concrete 400 0.2 0.46
Internal wall Block 100 175.9 4.40
Ground Concrete 200 0.87 1.42
Crashed brick aggregate 75.0 0.55
Roof Acoustic Panel 15 0.056 1.6
Concrete 200 1.13
Asphalt 3.0 0.42

Type of glazing Width mm
Glazing Single 10.00

Glazing properties in all models
Solar reflectance Solar absorptance Solar transmittance Emissivity ~ Total U value (W/m2K)
0.070 0.115 0.7 0.845 5.53
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Fig. 2 Heating and Cooling Loads of various glazing to wall ratio in
zones 1 (A), and 2 (B) 1
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Fig. 4 IAT of various building fabrication of zones 1 (A), 6 (B) in
both summer and winter

III. RESULTS AND DISCUSSION

With respect to the influence of glazing to wall ratio in the
city of Riyadh, it can be noted that each direction has
performed differently. The main leverage was the access of
direct solar gain. In the north-west facing classroom, it was
noted that it has worst zone in comparison to the others. This
is due to the limited access of sunlight in north orientation in
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winter, and high access in the west after 12 o’clock noon in
summer (Fig. 1). On the other hand, the south-west has a
similar cooling load, but considerably lower heating in winter.
This is attributed to high solar gain in the southern facing
zone. The south-facing zone has the lowest amount of energy
loads. Since north-facing zones are not considered in this
research, this finding seems to be reasonable. These findings
support the outcomes revealed by [21]. The impact of cooling
with respect to glazing to wall ratio was more constant than
the impact on heating.

The discussion mentioned above shows that glazing to wall
ratio is recommended to be 10% and no more than 30% in any
direction in hot and dry climates. Alwetaishi [21] shared a
similar view as well. Moreover, it is possible to achieve zero
carbon building in this region in winter with no reliance on
energy loads if most of the building faces south, west and east.
Regarding the most appropriate passive technique which can
be used in hot and dry climates, results revealed in Fig. 3
indicate that using CY is more beneficial than modifying
building fabrication such as thermal mass and thermal
insulation. This is justifiable due to blocking external building
envelope from direct sunlight.

IV. CONCLUSION

The work has investigated the influence of various passive
techniques which can improve the performance of buildings in
the hot and arid climate with reference to the city of Riyadh.
Usage of thermal mass, thermal insulation, CY and glazing to
wall ratio were investigated. One of the most common
findings of this research is that glazing to wall ratio is
recommended to be 10% and no more than 30% in any
direction in hot and dry climates. Furthermore, it is possible to
achieve nearly zero carbon building in hot and dry region in
winter with no reliance on energy loads if most of the building
faces south, west and east. Moreover, using CY is more
beneficial than modifying construction of building envelope.
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