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ABSTRACT

Most of the developed world currently lives above the tropic of Cancer in cold climate
regions. It follows that most of the top architectural firms are from the same countries, and
most of their work is based on that experience. Experience that does not travel well to hotter
countries. This paper is mainly concerned with the climates of the Middle East region,
which are hot in summer and have mild or cold winters, and where the humidity ranges from
dry to humid. It is a review of the factors, designs, and solutions that designers sometimes
ignore, undervalue, or on the other hand, put too much weight on when working in such
climates. An overview of thermal solutions is conducted, and a critique and suitability of
each one for hotter climates are offered. Some of the solutions, which are thought to be
helpful, have little benefit, especially traditional ones, which are not up to present-day
standards and lifestyles. Others, such as courtyards, do more harm than good. A couple of
case studies to evaluate houses with and without thermal measures showed improvements
of 23-48%. The paper will evaluate architectural, cooling, and building design solutions
according to suitability in dry and medium humidity, warm and hot countries.
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appreciate the differences. Designing for hotter climates is not just about knowing the
solutions but also recognizing the priorities (Butera et al., 2014).

A considerable amount of work has been conducted on the various elements involved
in designing for hot climates. Al-Homoud (2016) studied the “impact of building envelope
thermal design on the effectiveness of thermal performance of buildings in hot climates”
in the MENA region. The purpose was to evaluate its effectiveness numerically. Kharrufa
(2008) and Derradji and Aiche (2014) studied the use of earth structures and basements.
Both reached positive conclusions. However, below-ground spaces are not suitable for every
application. Mushtaha and Helmy (2016) studied the effect of building form on thermal
conditions in the Gulf city of Sharjah and suggested that it could reduce energy consumption
by 10%. Fasi and Budaiwi (2015) was concerned with the contribution windows made to
visual comfort and unsurprisingly recommended low energy types.

Evaporative cooling continues to attract attention due to its low energy consumption.
Yang et al. (2019) studied the latest developments in this field and recommended several
technologies to enhance their potential. Sajjad et al. (2021) conducted a comprehensive
review of indirect coolers and concluded that they might be a viable alternative to vapor-
compression cycle air conditioners.

Sustainability and energy saving regulations have been introduced in many MENA
regions countries. For example, Alalouch et al. (2019) assessed the effect of new
sustainability regulations on energy savings in the Gulf country of Oman and concluded
that they save up to 48.2% of energy.

Rackes et al. (2016) simulated building parameters to evaluate thermal comfort.
He recommended ceiling fans and night ventilation. Garde et al. (2011) made similar
conclusions on a specifically built low energy building in La Reunion in the Indian Ocean.
Such simple solutions are only sufficient when the weather is reasonably mild. Ceiling
fans are one of the cheapest methods of achieving thermal comfort in terms of capital and
energy consumption.

Traditional solutions have also been studied. Bagasi and Calautit (2020) investigated
the effect of the Mshrabiay in Jeddah and concluded that it is insufficient to provide thermal
comfort even with some evaporative cooling involved. Wind catchers are a prominent
feature in many traditional buildings in the middle east. Hedayat et al. (2015) measured
their efficiency in a house in Yazd, Iran. They found that it had a significant effect ranging
from 17-70%. However, their measurements were taken in the winter.

This paper will review the factors, and solutions that designers sometimes ignore,
devalue, or on the other hand, put too much weight on. The emphasis will be on technologies
related to designing for the hot, relatively dry areas of the MENA region. More specifically,
hot areas require architectural intervention to make the buildings thermally comfortable.
For a building design to be “suitable,” it should reduce energy consumption using solutions
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relevant to the specific local conditions. The study will review and critique the options
available to designers.

HOT AND COLD CLIMATE BUILDING DESIGN SIMILARITIES

If the climate outside is uncomfortable thermally, and the interior requires artificial
cooling or heating, many treatments are similar between cold and hot weather. In both
cases, the building shell needs to protect the interior environment from the harsh outside.
Good thermal insulation, limiting air infiltration, and thermally efficient windows, are
recommended in both conditions (Hawkes & Forster, 2002).

MILDLY HOT WEATHER

In warm seasons, the design and treatments vary according to how hot the weather is.
If it is relatively mild, good ventilation and a ceiling fan are often sufficient. Ventilation
increases the evaporation of human sweat, which cools the body resulting in improved
thermal comfort (Nicol et al., 2012). In addition, designing for ventilation and air movement
is cheap. The simplest solution, of course, is to use good window and opening designs.
However, to ensure that good ventilation can be had at any time, adding a ceiling fan is a
cheap, low-energy option and is the next solution to consider.

At the time of writing this paper, a ceiling fan costs in the region of $60.00 online
(Amazon, 2017) and does not use much electricity. Compared to a compressor air
conditioner, the $60.00 fan uses 50 Watt/hr while a small, single room, 12000 BTU air
conditioner, needs 3500 Watt/hr (ASHRAE, 2009). Furthermore, a ceiling fan takes up no
space and provides air movement for the whole room. Unlike a standing fan, for instance,
which needs to rotate to do the same, and then only improves comfort for one part of the
space at a time as it does so. It is also noisier, and the air movement is too strong for office
work as it disturbs the paper lying around. Nevertheless, a ceiling fan is always a good
option in hot weather, whatever the circumstances.

HOT WEATHER

Ifthe climate is hot enough to require air conditioning, then the picture changes considerably.
Before solutions are considered, it must first be determined which hot weather is being
dealt with, hot humid or hot dry. In all hot conditions, the effect of humidity is more of a
concern than in cold climates. High humidity reduces sweat evaporation, reducing thermal
comfort (Nicol et al., 2012).
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Hot Dry Weather

If the weather is hot and air conditioning is necessary, especially if the heat is not excessive,
and the weather is relatively dry, an evaporative air conditioner can do a good job (Kharrufa
& Adil, 2012a). Regrettably, the evaporative cooler is only suitable within certain
conditions. Beyond that, a direct expansion compressor air conditioner must be employed.

Literature regarding evaporative coolers is abundant. A large portion of it is concerned
with improving efficiency. Most attempt to achieve this is by modifying the wetting media.
It is a layer that is moistened with water and whose evaporation leads to cooling. Some
papers claim an efficiency of 80% or more (Saleem, 1986). Saleem (1986) tested various
wetting media to raise it. He achieved gains of 87% by using honeycomb cardboard
corrugated sheet layers (ibid).

The evaporative cooler has a well-deserved reputation as a “green” or “environmentally
friendly” appliance. The fresh air it provides is cooled and filtered while using considerably
less energy than a phase change compressor air conditioner (Mehere et al., 2014; Cuce
& Riffat, 2016). Unfortunately, it cannot be relied on to deliver a constant, thermally
acceptable air stream. An evaporative cooler’s performance varies depending on climatic
conditions, including temperature, relative humidity, and the unit’s efficiency. When the
humidity rises, its cooling powers diminish. It is why it is not popular in humid coastal
and tropical areas.

In hot, dry climates, the evaporative cooler can increase the gap between the ambient
exterior temperature and the cooler’s output when it is hotter outside and the humidity is
lower. It seems ideal for hot, dry climates if not for two inherent drawbacks that affect all
evaporative systems and reduce thermal comfort.

1. The cooling unit’s output will carry along with it increased moisture.

2. When the outside temperature passes a certain threshold, the temperature
difference between the outside and the cooler output air will not be sufficient,
even in dry conditions.

Tests were conducted in dry weather on a commercial evaporative cooler, which can
provide an output of 7600m3/h (4500cfm) and maximum cooling of 16kW (54000 BTU)
during the summer of 2006. The results are shown in Table 1 (Kharrufa & Adil, 2012b).

Table 1 shows that while the temperatures were less than the low 30’s, the output air was
quite good. When it exceeded the higher thirties, the comfort value results plummeted, as
shown in Table 2. Based on residential thermal conditions, which were assumed to be (Ibid):

*  Low residential human movement.

* Light summer clothing.

*  Moderate ventilation of 0.5m/s.

*  Aradiant temperature is similar to the ambient.
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Table 1

Performance of evaporative cooler in Baghdad as recorded by Kharrufa. Average cooler efficiency was 67%
(Kharrufa & Adil, 2012b)

Exterior Ambient temp

oC Exterior RH Outside air WB °C Output air temp °C
24.9 58.2% 19.2 223

27 41% 18 23

32 32% 20 23.8

344 27.5% 20.7 25.3

37.5 23.6% 21.8 27

39.8 19.5% 22.1 28.5

3.5 16.2% 24 30.3

443 16.4% 23.8 31.3

Table 2

Thermal comfort conditions from the evaporative cooler output are based on the figures from Table 1. PMV
levels are based on 1SO 7730-1993 (Kharrufa, & Adil, 2012a)

Exterior ambient Interior ambient Interior RH PMV Dissatisfaction
temp. °C temp. °C rates
37.5 27 74.8% 0.28 8%
39.8 28.5 73.4% 0.95 24%
443 31.3 70.7% 1.80 67%

Tables 1 and 2 show that even in dry weather, if the ambient temperature approaches
the 40°C thresholds, the comfort figures start to deteriorate, and at 44°C, it becomes
completely unsatisfactory.

By comparison, in the same conditions but without the evaporative cooling, when the
outside temperature was 37.5°C, thermal measurements in the room revealed the interior
at a very hot 39°C in the daytime (Kharrufa & Adil, 2012a). At this temperature, the PMV
rating rises considerably to 4.4 even with a fan working, and the dissatisfaction rate rises
to 99% (Ibid).

Comparing a compressor air-conditioner with an evaporative cooler reveals big
differences between the two systems. A compressor unit with a capacity of 7kW (24000
BTU) output cooled air to a temperature of 14-16°C, while outside, it was 43°C. The
conditioner also dehumidifies the air inside the room. This same unit required around
15 Amperes of electric current, the equivalent of around 3.3kW of electric power. The
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evaporative cooler, which was used for the tests, required considerably less at only 2.1
Amps and 220V, which equals 0.45kW of electric power (Ibid).

Table 3

Comparison of direct expansion compressor and evaporative air conditioners assuming similar airflow output
(Kharrufa & Adil, 2012a)

Cooler type Flow cfm Cooling Outside Output cooler  Electric Power
kW temp°C air temp°C kW
Compressor 600 7 43 15 33
Evaporative 600 2 43 30.3 0.066

Finally, a comparison of compressor air conditioner performance relative to an
evaporative cooler is provided in Table 3. The measurements of the output flow from the
latter have been converted to match those of the direct expansion compressor AC. The
data are for an ambient outside temperature of 43°C (Ibid).

The conclusion is that the evaporative cooler is much more energy-efficient and needs
considerably less power but within limits. If the temperature or humidity is too high, it
will not provide comfort. The only choice in such conditions is to use a direct expansion
compressor air conditioner or an indirect evaporative cooler (Sajjad et al., 2021).

Excessively Hot Dry and Hot Humid Weather

Once it is determined that neither ventilation nor an evaporative cooler is sufficient to
provide thermal comfort, then direct expansion compressor air conditioners must be
used. These use electrical compressors to forcefully induce a phase change in a suitable
refrigerant (ASHRAE, 2009). The process can deliver the required cooling capacity, but
on the downside, it consumes considerable energy. In many hot countries, such as those
in the Middle East, the energy production of the country may use up to 80% of for air
conditioning of buildings (DEWA, 2015; DEWA, 2018).

Air conditioning is necessary not just for human comfort but also to cool such facilities
as data centers filled with heat-producing electronics, computer servers, and power
amplifiers. It is also used to protect and store artwork (McQuiston et al., 2004).

Air conditioners circulate the air, usually through ducts, to the interior space. It
improves both thermal comfort and indoor air quality. Electric compressor-based units
can be found in many shapes and sizes. The smaller units will only cool a small bedroom
and are light enough to be carried by a single person. The larger ones can be massive and
installed in dedicated spaces to cool entire buildings (Ibid.).
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Considering how much energy this type of air conditioning consumes, as shown in Table
3, it becomes imperative that the designer use all means available to reduce the cooling
load. Many of these are similar to treatments in colder weather and include (Hawkes &
Forster, 2002):

a. Add insulation.

b. Use double glazing and e-energy efficient windows and doors. UPVC windows
in walls not facing sunlight are a good option.

c. Add multiple heavy layers of interior curtains and shades.

d. Protect against air infiltration

The following sections will review the relevant building parts particular to cooling
and explain how each should be treated.

Windows and Shading. Windows and doors are sources of air infiltration, lower insulation
values, and direct and indirect sunlight. Except for the latter, all the other factors should
be treated the same as cold countries. Sunlight, on the other hand, is different and very
important. While it has the same effect as in cold countries in that it results in heating the
building, this is considered a positive contribution in these climates, and completely the
opposite in hot ones. Therefore, the goal here must be to reduce direct and indirect sunlight,
which contains significant thermal energy (McQuiston et al., 2004).

1. The best way to protect against direct sunlight is to use exterior shading. Various
solutions are used. The following rules of thumb are popular (Arasteh et al., 2003;
Lee et al., 2013).

2. North orientations require very little protection and are preferable in the northern
hemisphere.

3. Southis second best as it is easy to shield using horizontal cantilevers or sunshades.
East and West are very difficult to protect completely, but vertical or combined
vertical and horizontal sun breakers are preferable. It is difficult to protect windows
in these two orientations fully, so it remains the designer’s choice to best shade
them.

The north and south conditions are reversed in the bottom half of the globe, south of
the equator. The south becomes best followed by the north.
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Figure 1. Sunshade from a cantilever protruding 1m and facing south, during the four seasons at 12:00 noon.
The geographic position is 25°N. Spring and Fall are the same in terms of shading (Author’s images)

The south orientation is especially advantageous as the sun is less intense during the
summer and more during the winter. This is due to the earth’s tilt and movement around
the sun. Figure 1 shows how a cantilever above a window facing south in the northern
hemisphere can protect it from sun rays during the four seasons.

Figure 2. Thermal image of several occupied buildings. Brighter yellow indicates hot, magenta, then blue
indicates colder. Upper floors are clearly cooler (taken by the author, June 2016, Sharjah, UAE)
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Even after protecting from direct sunlight, indirect or reflected sunlight can still have a
considerable heating effect. A series of exterior, infrared thermal images in Figure 2 reveal
that lower floors, closer to the ground, are always hot than upper floors, which receive
less reflected light, even for three-story buildings. The brighter yellow colors are hotter,
magenta then blue are colder. The images were taken in the UAE during June. Plant cover
surrounding the buildings help (Kanaan et al., 2021).

Drapes and Shutters. Drapes, or any other internal shading devices, are usually less
effective compared to exterior ones, as the heat will have already penetrated the glazing
into the building. All interior shading devices, such as roller shades, Venetian blinds, and
draperies provide less effective shading and thermal insulation. On the other hand, they
offer easy operation by room occupants. Traditionally, internal shading devices have been
primarily intended to provide a varying degree of privacy from the outside. Fortunately,
they also reduce discomfort from radiation through the window. Curtains universally
reduce sunlight and provide protection from glare (Bansal & Mathur, 2006; Ariosto et al.,
2019). Adding layers of protection can improve insulation. The image in Figure 3 shows
a window partially blacked out by a 7mm insulation board, thick dual-layer blinds, then

a curtain covering both.

Figure 3. Window showing three layers of protection.  Figure 4. Exterior shutter from the inside. The strap
1. Insulation covering glass pane (the black surface  on the right slides it up and down. The slits allow light
behind the curtain and the blind) 2. Thick blinds, 3.  in but close when the shutters are completely shut,
Curtain (taken by the author, June 2016, Sharjah, thus improving insulation with the outside. (Taken
UAE) by author June 2017, Amman, Jordan)

Exterior shutters, on the other hand, can be quite effective. They can be found in many
shapes and forms. They cut off the sun before it enters the room and, depending on the
type, they may provide some measure of insulation as well. For example, the shutters in
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Figures 4 and 5 are outside the window but can be opened and shut from the inside, and
they are sealed from the sides too, which improves their thermal performance.

Many solutions for cold weather work
in hot ones too. These include storm panels,
sometimes called secondary glazing, and
good drapes. When fitted with a quilt or

other insulated backing, conventional
draperies become thermal barriers. They
1 will perform as operational insulation
‘ shutters located on the interior. They can
— be in hinged, sliding, folding, or bi-folding.
‘ It is important to provide some form of
] | \ ' the airtight seal around the edges of any
Figure 5. Exterior shutters from the outside. The two  draperies, if possible, to improve its thermal
at th.e bo.ttom are pa.lrtially drawn close, similar to the performance and to prevent condensation
one in Figure 5. (Picture taken by author June 2009, .
Amman, Jordan) (Bansal & Mathur, 2006; Buesing, 1981).

Insulation. Insulation is just as important in hot climates as cold with a slight change
in priorities (Dylewski & Adamczyk, 2011; Kaynakli, 2012). While in cold areas, it is
important to insulate the roof and ceiling to prevent the heat escaping by hot air gravitating
upwards; the situation is reversed in hot ones. In an air-conditioned room with minimal air
movement in a hot climate, the cold air will stay low. The heat transferred through the roof
to the layer of air below the ceiling will be stuck close to the top of the room because the
light hot air will float above the colder layer under it. That changes when air movement and
ventilation are introduced, which is often the case. However, the effect remains relatively
less than in cold countries. Insulating floors become important for the same reason. Heavy
cold air descends downwards and needs to be protected thermally. That is not to say that
insulating the roof is not necessary or important; it is. However, paying more attention to
walls and windows reaps a better return for the investment.

Green Roofs. Much interest has been shown in green roofs recently. Seeing greenery on
top of a roof gives many the impression that the building is “Green.” A green roof rarely
becomes cold enough to act as a cooling element. It does, however, have quite a few benefits,
as well as a few drawbacks (Vijayaraghavan, 2016). Thermally speaking, it is more useful
in a hot climate than in a cold one. Regrettably, in many hot countries, such as those in
the Middle East, the water necessary to irrigate the plants is not readily available. So, it is
also necessary to find plants that can withstand the regional climate, which becomes even
more difficult if it is dry and hot.
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Briefly speaking, in hot countries, the pros and cons of a green roof are as follows
(idib) (Del Barrio, 1998):

Benefits

*  Some evaporative cooling

*  Thermal mass keeps the interior temperature stable

e Absorb sunrays without much increase in mass temperature by plants, which
reduces the heat island effect of the urban surroundings

* Pleasant psychological effect

*  Reduced air pollution

»  Easier to install since almost all roofs in these areas are horizontal.

Drawbacks

* Requires water and maintenance

* Heavy load on the structure

* Requires good waterproofing of the roof construction
*  Occupy space on the roof

Roof ponds and roof cooling. Roof ponds can cool the envelope through evaporative
cooling, radiant cooling, or through the effect of their heat mass (Kharrufa & Adil, 2008;
Sharifi & Yamagata, 2015). In all these processes, the roof acts as a heat exchanger cooled
mostly by surface evaporation. Infra-red radiation may also account for some cooling at
night. Its thermal mass also functions as a heat sink absorbing the building‘s heat and
keeping the temperature relatively steady. Because the ceiling is thermally coupled to the
pond, the interior spaces are cooled by convection and a lower mean radiation temperature
(MRT). Since the roof acts as a heat exchanger and is not in direct contact with the interior,
roof pond evaporative cooling does not raise the humidity inside the building.

roof pond
Insulation Scm
steel frame
ol M Input hot alr
fan
1Scn cement roof

autput
cool alr _3.0m

BT

Figure 6. Roof pool with forced ventilation (courtesy of the author, Kharrufa & Adil, 2008)
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Encouraging tests were done on a ventilated evaporative roof pond in the hot, dry
climate of Baghdad (Kharrufa & Adil, 2008). A diagram of the system is shown in Figure
6. It shows a roof pond in a compartment above the roof with air movement forced
mechanically. The results revealed that the pool installation alone, without a fan, lowered
the average temperature inside by 3.36°C compared to a lone room with no means of
cooling. Adding the fan to ventilate the pond dropped it a further 1.28°C for a final drop of
4.5°C. As a cooling solution, roof ponds are the least popular of all the solutions reviewed
in this article.

Double Skin Walls. Double exterior curtain wall systems, or double skin facades, consist
of an outer glazed skin surrounding the building. The inner wall is usually glazed, fully
or partially. A large air gap between the two walls is left. The width of the gap and its
ventilation are supposed to have a significant effect on the effectiveness of the envelope.
The system often relies on air movement within the gap. Figure 7 shows how such a system
may work. It can be natural, mechanical, or both. The outer wall can be either continued
along the whole of the facade or interrupted every several floors (Boake et al., 2014).
Double skin walls were designed for
office buildings to gain a wholly glazed

facade in the hope that it would, at the same
time, conserve heating energy. They were
also touted as doing the same for cooling
because of the ventilation between the two
leaves of the wall. However, research and

tests have not been able to verify such claims
(Boake et al., 2014; Hashemi et al., 2010).

Boake et al. (2014) wrote that many
independent research projects attempted to

verify the case for or against this solution.

He goes on to say, “The results seem not
Figure 7. Cross-section of a double skin wall showing

ventilation vents at the bottom and top (drawing by
author) conclusive text, meaning that “the jury is

to have been gathered into a definitive or

still out.” However, he goes on to say that
“the construction of double facade envelope systems has continued to increase and persist
in spite of the lack of conclusive hard data to prove the energy benefits”.

In Iran, for instance, which has a hot arid climate in summer, the cavity walls facing
the sun heat up because of the high ambient temperature and the solar incidence. Therefore,
it naturally increases the cooling load requirements rather than vice-versa. As a result, it
is essential to ventilate the cavity at nighttime to cool down the inner facade (Hashemi et
al., 2010).
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The Iranian measurements specifically show that in summer, throughout most of the
day, the cavity temperature was up to 10°C more than the outside temperature. Shading the
cavity has a positive effect on cooling, as might be expected, and reduces such differences
(Hashemi et al., 2010).

Exterior Colors and Surface Reflectivity. Color has an enormous effect on the amount of
heat absorbed and gained by any building. Dark colors reflect less solar energy falling on
a surface and thus absorb more heat than light colors. Therefore, using light color paints,
or reflective surfaces, in exterior walls and roofs in a hot climate can be considered an
important passive strategy to reduce the amount of heat gained by building components and
reduce the amount of heat penetrating inside. This strategy can also be used in moderate
climates, as using light colors will help reduce the amount of unrequired heat gained during
the hot season (Pal et al., 2020; Shi & Zhang, 2011).

Buildings with good insulation will be less affected by exterior color, while light color
and reflective surfaces can be more effective when less, or no insulation, is used.

Both roof incline and color can have a combined effect on the process of heat gain. In
a cold climate, for example, it is highly recommended to use dark, highly pitched roofs to
gain more heat. A hot climate, on the other hand, requires the use of less slope (flat) roof
with light color paint. Flat roofs absorb more heat only when the sun is at its highest point
in the sky during summer mid-day. In the early morning or late afternoon, the sun will be
very low, and a flat white roof will reflect most of the low-angle solar energy falling on it,
reducing the amount of heat gain during the hot season (Pal et al., 2020).

Geothermal Heat Pumps. Geothermal heat pumps utilize the difference between the
temperature above and below ground to improve air conditioning efficiency. The soil
temperature near the ground surface is very close to the ambient temperature of the air
above. On the other hand, the deeper we move underground, the fewer the temperature
variations. It is because earth soil has a large thermal mass. It retains the heat for a longer
period the deeper we go. At a depth of 6m, there will be little or no fluctuation, and a
relatively steady state is reached. As a result, the soil temperature is almost the same
during the whole year. It should be equivalent to the average annual air temperature in
the area (Lechner, 2014). Figure 8 shows how depth affects temperature. At 6 meters, the
fluctuation year-round is no more than & 3°C. It varies, however, according to the type of
earth, cover, and moisture content.
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Minimum Winter Mean Winter Mean annual Mean Summer Maximum Summer
Air Temperature Temperature or Steady-state Temperature Air Temperature
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Figure 8. Graph showing the relationship between depth underground and ground temperatures. At 6 meters,
the temperature is almost steady at the average yearly ambient temperature (Drawing by the author based on
Williams & Gold, 1976)

Depending on the outside temperature and the efficiency of the particular unit, heat
pumps can save from 30 to 60% on electric bills, depending on the geographical location
and the equipment used (Lechner, 2014).

Earth cooling is efficient if the ground temperatures are cold in summer. However, this
happens only if a wide temperature difference between seasons results in cold winters. In
such cases, the ground temperature deep in the ground will be significantly less than the
ambient temperature in summer and higher in winter.

Table 4 shows the example of two hot cities, Dubai and Baghdad (NCM, 2021; Central
Statistics Organization, 2015). Dubai is hot in summer and has mild weather in winter.
Baghdad, on the other hand, while also hot in summer, is cold in winter. Table 4 shows
that the average yearly temperature, which should be close to the ground temperature deep
in the ground, is 28.1°C in Dubai and 22.8°C in Baghdad. During August, the difference
between the deep earth temperatures and ambient would be (36—28.1) 7.9°C in Dubai and
(34.5-22.8) 11.7°C in Baghdad. A heat pump in summer would be more efficient in the
latter, where it can benefit from the more significant temperature difference.

Heat pumps work through the use of heat exchangers in the ground to benefit from the
lower temperature. Pipes will extend from the air conditioner compressor unit above ground
to the underground heat exchangers. However, it costs money and exposes the equipment
and installation to corrosion. In addition, ground temperatures need to be significantly
lower than the ambient air temperature to make it feasible.
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Table 4
Monthly average temperatures in Dubai and Baghdad (NCM, 2021, Central Statistics Organization, 2015)

Month Dubai °C Baghdad °C
Jan 19.3 10
Feb 20.6 12.5
Mar 23.2 15.5
Apr 27.2 22
May 314 28
Jun 33.6 32
Jul 35.7 34
Aug 36 34.5
Sep 334 30.5
Oct 30 25
Nov 25.4 18
Dec 21.3 11.5

Average 28.1 22.8

Earth Structures. Earth structures use the same principles as heat pumps. They use the
thermal mass to stabilize the temperature. They help keep it close to the daily, or even
yearly, average inside a building. Thus, earth sheltering provides a warmer environment
in the winter and a cooler one in the summer (Derradji & Aiche, 2014; Kharrufa, 2008).

Light dry soil reaches a near-constant ground temperature at a shallower depth than
heavy, damp soil. Earth sheltering can stabilize interior temperature swings during all
seasons. Figure 9 shows comparative temperature readings in a building with a basement
and no air conditioning. Its floor is 2 meters below ground level, and its ceiling is above
ground by 1.5m. The basements’ temperature is significantly lower than the ground floor,
without climate control.

The graph in Figure 9 illustrates how the basement temperature was consistently lower
than the average outside by around 5°C during the whole of the summer period. Considering
that summer afternoon in central Baghdad can reach up to 50°C, the basement would be
17-18°C less than that. However, at 32-34°C, it is still not thermally comfortable.

Although the graph in Figure 9 shows some fluctuation in the basement’s monthly
readings, Figure 10 shows that it is stable throughout a single 24-hour day [ibid].

Basements are not for every region, nor are they a universal solution. However, it must
be mentioned that in some places, they are ingrained in the local culture to ease the pain
of hot summers. In many areas in Iraq, for instance, the residents would use the basement
for the afternoon naps, thus avoiding the hottest times of the day (Akram et al., 2015).
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Figure 9. Monthly dry bulb temperature readings for the ambient, ground floor, and basement during the
summer of 2006 in Baghdad (Courtesy of the author, Kharrufa, 2008).
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Figure 10. Basement temperature during a 24-hour in September shows a stable temperature reading (Courtesy
of the author, Kharrufa, 2008).’

828 Pertanika J. Sci. & Technol. 30 (1): 813 - 839 (2022)



A Review of Thermal Design for Buildings in Hot Climates

Evaporative Assisted Cooling. It would be extremely useful if it were possible to use
the energy efficiency of the evaporative cooler to supplement the cooling capability of
the compressor air conditioner to configure a system that could combine the first’s low
energy requirements with the second’s cooling prowess. Regrettably, these two cannot be
used simultaneously to cool an interior space. The evaporative cooler requires that the air
be expelled from the room. The compressor air conditioner re-cools return air. These are
opposing and conflicting workflows.
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Figure 11. Diagram showing how the building structure can be cooled by evaporation (Courtesy of the author,
Kharrufa & Adil, 2012a).

Several researchers have suggested using evaporative systems to cool the building
envelope. One such system is shown in Figure 11. It uses evaporative conditioners and
roof ponds to cool parts of the structure, not the interior. Compressor air conditioners can
support it inside (Kharrufa & Adil, 2012a).

Cooling the walls uses a water spray or output from an evaporative cooler. The roof
may be cooled by a pond, evaporative cooler, or a green roof. The results have been
encouraging. In suitable conditions, savings of up to 80% of electric power have been
calculated through simulation. These are results well worth further investigation (Ibid.).
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The system does have some constraints. Primarily because it suffers from the same
issues that plague all evaporative systems, it works better in dry climates, and its efficiency
varies from region to region. Furthermore, conversion of existing buildings to such a
system is difficult.

MISCONCEPTIONS

Several misconceptions prevail in hot countries about using traditional methods for climate
control that date back to pre-air-conditioning days. However, most of these are no longer
suitable. The changes to how we conduct our daily routines and modern-day expectations
render them obsolete. Often, they may even have an adverse effect.

Courtyards

In many hot countries, and even cold ones, houses utilize an internal courtyard. Usually
included for privacy, it was also part of the thermal solution. The whole house was arranged
to be used as a system that relied on occupying certain areas during certain times of the
day. These would sometimes include a basement or semi-basement, interior spaces, the
roof, a garden, and the courtyard. The roof or the court would be slept on at night when it
would be cold outside and hot inside. The courtyard or garden would be occupied in the
early morning and evenings—the interior rooms and basements in the afternoons (Kharrufa,
2008). Figure 12 shows such a design. The picture is of the former residence of the ruler
of Ajman in the UAE. The view is from the courtyard.

Figure 12. The courtyard of the ruler of Ajman’s former residence. It is a traditional Emirati house that was
occupied until the early eighties (picture taken by author August 2011, Ajman, UAE).
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Modern-day life cannot accommodate such an arrangement. Furthermore, installing
a courtyard becomes a thermal strain. Small houses add to the exterior surface area
considerably and increases the heat transfer into the building.

Windcatchers

These are special duct-type arrangements that can increase ventilation inside the building
(Zarandi, 2009; Hedayat et al., 2015). Before the age of electricity, any design that
encouraged ventilation was welcome.

However, during the hot summer months, an ordinary windcatcher introduces hot
air from the outside. Figure 13 is of such a system. It is an Emirati windcatcher. Its main
purpose is purely ventilation.

Figure 13. Emirati windcatcher (picture taken by the author, October 2009, Dubai, UAE).

More articulate forms of catchers exist. Some will utilize the cooler building mass
surrounding it during the day to cool the air that slowly filters down, as shown in Figure
14. This catcher is common in the southern areas of Iraq and Iran. It is designed to face the
cooler northern breeze. In addition, a small fountain or porous clay water pitcher is often
put at the bottom to cool the air further. Nevertheless, the introduced temperatures remain
relatively high by present-day standards and are not suitable for modern-day comfort.
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Building Mass

Thick 50-80cm walls were the rule
rather than the exception before modern
Roof construction methods (Kharrufa, 2008).
" Introduced because of their mass, these
benefitted from performing like earth
structures. They tended to keep the interior
temperatures close to the daily average
First floor and delay the heat transfer through the
structure. This time lag results in daytime
temperatures inside that are lower than the
outside, but nighttime and mornings would
be higher.

This system is also not suitable for
modern-day architecture. Notwithstanding

Ground floor

Ground level
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picher . . . .
3 material, the heavy building mass requires
Semi basemenl considerable energy to cool. It increases

the cooling load rather than the other way

around.

Figure 14. Cross-section of wind tower cooled by
building mass (drawing by author).

BUILDING REGULATIONS AND GUIDELINES

The building guidelines in the countries of the MENA region vary from one to the other.
The countries of the Gulf have been more diligent in proposing and implementing thermal
and sustainability guidelines. Dubai issued its first decree for thermal insulation in 2003
and followed it by comprehensive green building regulations, 2013 (Dubai Municipality,
2021). These include guidelines for shading and glazing to wall ratio. Other Gulf states
followed. In many other countries of the region, no such rules apply (Al-Taie etal.,2014).

The setback rules also vary and significantly affect both the design and thermal
transmission. For instance, in both Jordan and the Gulf, most buildings are required to
have a three-meter setback on all sides, although the front is sometimes exempt. In Iraq, it
is the exact opposite. There are no setback limitations on the sides, while the front varies
according to size. In addition, having the buildings adjacent to each other reduces the heat
transfer in three of the five exterior surfaces of the building, leaving only the front and
the roof exposed.
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CASE STUDIES

Two cases are compared to assess the effectiveness of thermal measures in reducing the
cooling load. Each was simulated with and without. The analysis was performed using
Ecotect 5.5. The houses are in two cities that represent the main climate zones of the MENA
region: the hot, dry city of Baghdad (NCM, 2021; Central Statistics Organization, 2015),
and the coastal city of Dubai, which has higher humidity levels (NCM, 2021). By necessity,
the design will be different as per municipality rules for each region and city. Primarily, in
Baghdad, there are no setbacks except in the front, while in Dubai, in non-freehold land,
the setback is required on all four sides. The construction of both houses follows local
traditional practices. The design of each is shown in Figure 15.
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Figure 15. Layout of the two houses that were thermally simulated. The one on the left is designed for Baghdad,
and Dubai on the right. The variations in design are primarily due to differences in municipality building
guidelines of each city (Drawings by author)
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The total built-up floor area for the Dubai house was 261m?* and 266 m* for Baghdad.
The indoor temperature was set at 26°C in Dubai, where such a setting results in a Predicted
Mean Vote (PMV) of 0.1. In the drier climate of Baghdad, a higher temperature of 27°C was
sufficient to achieve the same. All other variables, such as clothing and activity, were set
similarly. The weather data was imported from the US Department of Energy, EnergyPlus
website (https://energyplus.net/weather-region/asia_ wmo_region_2). For simulation, the
construction and material are assumed to be:

1. Walls: 20cm thick block concrete with cement plaster finishing and paint on both
sides.

2. Roof: 10cm reinforced concrete with cement tile finishing.

3. Exterior doors: low infiltration 7 cm wood

4.  Aluminum windows.

The parameters of the thermal simulations were Sedentary activity, light clothing of
trousers, and a T-shirt. The air movement was at 0.5m/s, and the radiant temperature was
assumed to equal the interior. Figure 16 shows the Ecotect model of the houses.

Baghdad house Dubai house

Figure 16. Ecotect models of the thermal simulations

The measures that were added to improve the thermal efficiency were:

For the walls, 5—-6 cm of polystyrene thermal insulation and 10 ¢m in the roof.
Windows: Double glazed low-e aluminum frame

Increased airtightness of the envelope

An increase in interior air movement.

A S

Horizontal cantilevers for shading above windows
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These are moderate changes and do not reflect best-case scenarios but rather financially
feasible ones. The u-values of the software were used for both houses, although they differ
slightly according to manufacture and raw material. Slight differences may exist between
the two countries. There are also differences in construction, although both countries use
cement and concrete construction. In Baghdad, the walls are used as load-bearing elements,
while in Dubai, thin columns are hidden inside the walls to carry the load. It should have
a minimal effect on the thermal conditions. The simulations revealed the results as shown
in Table 5.

Table 5

Thermal simulation results of the cooling load of the two case study houses

City Without thermal With thermal Savings
measures measures

Dubai 46.36 kWh 23.86 kWh 48.5%

Baghdad 28.37 kWh 21.6 kWh 23.86%

The cooling load in Dubai is higher primarily because the differences between night
and day are slight, and air conditioning is required almost all year round. In Baghdad, the
weather is cool during the night, and temperatures are cold in winter, requiring no cooling.

The savings are significant, especially in Dubai, where they are higher mainly because
all four sides of the buildings are exposed, which highlights the effect of the added wall
insulation, while in Baghdad, the adjacency to neighboring houses results in less heat gain.

CONCLUSIONS

The design of buildings in hot countries often requires distinct solutions. Sunlight, as one
of the main sources of heat, requires shading and preventive measures to mitigate its effect.
The use of white or light colors for the exterior is recommended. Windows should be
protected from direct sunlight. Horizontal cantilevers should be used on southern facing
walls in the northern hemisphere and on north-facing walls in the southern. Vertical sun-
breakers on the east and west-facing walls are better in most cases; vegetation around the
building is recommended to reduce reflected sunlight.

Climate variations demand different solutions. In mildly hot climates, the priority is
for ventilation. Installing a ceiling fan is both cheap and low on power consumption.

In hot, dry climates, adding evaporative coolers is recommended. If the weather does
not allow for comfortable cooling, then energy heavy compressor air conditioners need to
be used in tandem with measures that ensure the lowest possible electrical consumption.
Insulation should be added; double glazing and e-energy efficient windows and doors.
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Using UPVC windows in walls not facing sunlight is a good option as the frame conducts
less heat. The possibility of using exterior sliding shutters should be assessed, as well
as multiple layers of interior curtains and shades. Protection against air infiltration is
also useful. Geothermal heat pumps may be feasible in many regions. Some innovative
measures, such as roof ponds and evaporative assisted cooling, should be studied.
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