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ABSTRACT

Building sector, in the whole world, drives a considerable role in the environmental crisis
because of its remarkable energy consumpéwohil city of Northern Iraq has witnessed a
rapid development in the building sector since 2003. The design of majority of contemporary
buildings built in Erbil is adapted from different climates and applied without paying
attention to Erbil's hot and diglimate. Therefore, provision and maintenance of thermal
comfort through active cooling and heating systems in these new buildings depends heavily
on electricity. However, due to the lack of electric generating plant and infrastructure in the
city, electical energy is obtained through indivelugenerators that utilize neenewable
resourcegetroleum, which, in return, produce heavy environmental pollution. It is known
that the mankind, through triahderror process of centuries, has developed velaacu
architecturesn perfect harmoy with his natural environmentlimatic characteristics,
available natural materials, etc. Therefore, it is connatural that the elements of the vernacular
and traditional buildings in Erbil, also, introduce solutiongt@nissue of providing thermal
comfort through passive methods, based on the principles of energy effiCitvacgim of

this thesis is to investigate the most effective passive design strategies in the vernacular
architecture buildings which respond te ttlimate of the regiorAs to the methodology of

this study, the scientific sources as books, journals, as well as credible internet sources have
been investigatedn the other hand, the analysis of sel@aase studies in terms of form.
through site obervations and visual recordings have been made. Moreover, the qualitative
method has been applied by developing s&mictured interviews with professionals. The
results have exhibited the most effective passive strategies in vernacular and traditional
buildings that can be utilized in contemporary building design in order to minimize energy
consumption in Erbil's climate. Finally, suggestions about implementation of these strategies
were made. This study can be a considerable guide to prevent excessijec®nsumption

in the contemporary buildings of Erbil.

Keywords: Erbil-northern Irag energy efficiency in buildingshot and dry climate

vernacular and traditional architecture
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CHAPTER 1

INTRODUCTION

1.1 Background and the Significance of the Study

The tremendous increment of energy usage in the world gives a warning about depleting
energy sources and severe effects on the environment (global warming and climate change,
etc.). Buildings play a crucialole in climate changes because of the significant consumption

of energy in this sector. Buildings are responsible on consuming 40% of total energy in the
world and produces 30% of carbon dioxide emissions to the atmosphere (Ozdil, 2010).
Nowadays, theresian argument amongst architects and engineers about the potential of
taking lessons from vernacular architecture by applying the passive design strategies of
vernacular buildings as the proper solution to controlling excessive energy consumption.
Consequetly, this will alleviate the environmental challenges such as increasing of
pollution in atmosphere which leads to global warming (Burton, 2012). Hence, it might be
workable to develop passive solar design strategies in contemporary buildings to promote
energy efficiency. Proceeding from a princi
constructions and actions of today would n
opportunities to use the earth resources.

In vernacular architecture, peogethe hot and dry climates employ suitable strategies of
passive design into the buildings to adjust
be assessed and executed into recent buildings, and taking the vernacular architecture
embodies valuablresults of sagacity for reducing energy consumption in buildings. Gratis
energy sources, could be provided, like the wind and sun to perform comfort inside the
building.

Thus, designing and developing a specific system that can achieve energy effitigrcy
almost entire building, through passive techniques, is a very real possibility. Where, there
are many potentials in applying passive strategies, environmentally, economically, and
aesthetically.

Erbil it is one of the ancient constantly dwelledestand may date back to almost 6000

years (Khalid, 2014). Erbil has achieved a gigantic leap toward the development in building



sectors. The majority of the building in the north part of Iraq, and Erbil as the capital of
Northern part are applying eledity to maintain thermal comfort in the buildings.
Therefore, the majority of the energy consumption in the buildings is employing to maintain
thermal performance. This, consequently, increased the demand for energy in the region
which already facing an ergy shortage especially in providing the electricity power
(Rozhbayani, 2018). Séegure 1.1.

Figure 1.1: Contemporary buildings in Erbil city nowadays (Ameen e8l16

1.2 Problem Statement
The rapid growth of cities is making the demand on energy resources to satisfy people
demands increase tremendously. Dependencan active system inside the buildings is

considered to be the major source of energy consumption.

Due to the economic and political openness of Iraq to other countries after 2003, Erbil has
witnessed rapid development in building sector in the lasidie The economic blossom

in entire Iraq has brought with it the construction besspecially in Erbil of residential
buildings of different typesrom singlefamily dwellings to high rise apartments, mixese



towers, medical and educational buildings. ddowever, in Erbil, absence of electrical
energy and relevant infrastructure is very significant since electrical energy for cooling and
heating these new buildings through active systems, among other facilities, is obtained
through generators that uté nonr renewable resourcgeetroleum, which, in return,

produce heavy environmental pollution.

Disregarding this fact, the companies, architectural firms and their desayeersing
designs which focusnly on so called aesthetics and appearanatrerct clients. Moreover,
they produce buildings which rely on active hvac systems for providing and maintaining

comfortable indoor environments which consume electrical energy.

Although the vernacular architecture of Iraq in general and Erbil in gpecknown to be

very energy efficient through its design and construction characteristics (Rozhbayani, 2018),
lack of awareness about the passive design strategies which have been utilized for centuries,
leads to create high energy consumption buildiagsl, consequently, environmental

contamination.

Therefore, the problem to be deaith in this thesis is to bring out the energfficiency
characteristics of vernacular architecture in Irag and Erbil, with special reference to its

formal peculiarities ahto discuss how they can be applied to the future buildings.

1.3 Research Aim

The study aims to find the most repetitive and effective passive design strategies in the
vernacular architecture the buildings in Erbil, in order to reduce the shortagergy ene
demands in this region of Irag. In other word, to get a proper solution within the vernacular
architecture from Erbil ancient city that can be utilized as a design process in the future
buildings. Within this framework, the study aims to bring out st effective passive
design principles that have been utilized in the vernacular architecture of Erbil and discuss
the ways they can be utilized in the design of the future buildings in the city that will help to

reduce energy consumption in the buildgsgtor in Erbil.



1.4 Questions of the Study

T

What are the most employed passive design strategies in the vernacular and
traditional architecture in Erbil?

How do passive design strategies in vernacular and traditional architecture of the

same climatic contions with erbil control energy efficiency?

How and to what extent can the effective passive design strategies be reconsiled into

contemporary building design so as to provide energy efficiency?

1.5 Objectives of the Study

Within the framework given abe in section 1.4 the objective of the study is to analyze the

characteristics of vernacular architecture in Erbil, with special reference to formal

peculiarities of vernacular architecture of the diyorder tofind the most effective

strategies. In o to achieve the main objective of this study, the following process will be

applied:

M

Analysis of the vernacular and traditional architecture characteristic in hot and arid
climate of Erbil city.

Investigation of the most repetitive passive solar destigriegies which respond to

the hot and arid climate of Erbil.

Discussion of the acceptable and implementable passive design strategies in
contemporary design in Erbil, in terms of reducing demand for use of mechanical

active systems, and consequentlydtactrical energy in buildings.

1.6 Limitation of the Study

There are few limitations delineating the thesis given below:

T

Field of the study will be limited to the climatic characteristicsaueralistricts of
Erbil city;
The study will focus on sdential buildings (houses) vernacular architectuanly,

because they make up the basic category of buildings in Erbil;



1 Since the major amount of energy in the houses is demanded and used for providing
and maintaining indoor thermal comfort, the topf energy consumption will focus
on the energy servin@iis purpose in the study region.

1 Only the most effective passive solar design strategies in form and material level of
the buildings will be investigated according to its repetitive manner, dependi
the literatire review and site observation.

1 Due to the renovation processes inside the citadel of Erbil, it was restricted to get
more than three case studies, according to the authorities and government bodies in

this place.

1.7 The Methodology
The methodology in this thesis can be divided into two main parts, first part is descriptive
and the second is explanatory;
1 The first part that will be discussed in Chapter two, and descriptive part in Chapter
three, will be functional to employ because o thature of this part of the thesis
which focuses on the analysis of passive design strategies (in terms of architectural
form) and their effects on energy consumption in a building's environment in hot and
arid climate areas generally, and Erbilcitypactu | ar |l y. The study i
exploratoryod in natur e, and seeks to wun
strategies in the vernacular houses and how could they be employed or developed to
be used in contemporary houses in Erbil City ineortb enhance their energy
efficiency.
1 The second part that will be discussed in Chapter three, is the methodology, which
is involving the selection and analyzing case studies. This part will involve both
quantitative and qualitative methods. Quantitatimethod is concerning with
analyzing the case studies in terms of form, typology, architectural elements, etc.,
through site observations and description. Whereas, the qualitative method is
including semi structured interviews with the professional pedigke architects and
engineers in order to get understanding about their opinions and attitudes towards

involving passive strategies in contemporary or future design and their suggestions



based on applicability, functionality in architectural view and atad®lity by the

clients. Then, analysis will be carried out between;

a) The data and information about the most effective passive design strategies in
Erbil vernacular houses reached in the literature survey, the theoretical
framework, and gained through Engal observations, and,

b) The attained results of the sestiuctured interview undertaken with expert and
professional people regarding the applicable, functional, and acceptable passive
strategies that could be involved in the contemporary or future $fouse
Consequently, and based on this comparative analysis, the result will be
discussed, and the guideline principles for future houses design will be suggested.

1.8 Thesis Structure

The present research is divided in five chapters.

1 Chapter 1 introducesefthesis and it initiates with a summarized background on the
design of the sustainable building, the heritage of vernacular architectural the
relevance between both of them.

1 Chapter 2, which is the evaluation of literature, focus on the capabilitessifgpas
design strategies in vernacular architecture and buildings energy consumption and
energy efficiency in buildings. Moreover, the chapter will highlight the vernacular
architecture in hot and arid climate of Erbil.

1 Chapter 3, which is the approach noeth to achieve the study are described in detail.
Chapter 4, that is O6discussion and findi
results from qualitative and quantitative methods.

1 Chapter 5 delineate a conclusion of the study.



CHAPTER 2

THEORETICAL FRAMEWORK

2.1 Vernacular Architecture

The term vernacul arVeingulus et ni ewvadd nf r am dwanred
(Oliver ,1997). Vernacular building architecture is a hominid build thataues from the

in relations between social, environmental, material, political and economic factors,
(Asquith & Vellinga, 2006).

Vernacular architecture includes the residences and different buildings of the inhabitants,
compromise with their environmentakettings and accessible resources. All types of
vernacular building architecture are constructed to address the need, offer the standards,
financial prudence, and lifestyles of the culture that produce them (Oliver, T98@ugh

history, several vernatar strategies formed by the domestic culture, climate, and the
location have been utilized around the world. The identification of these methods or
strategies for the building is generally reliant on the economic, climatic and social needs, in
addition tothe skill of builders, and availableness of the native materials. However, the
climate is one of the most essential aspects which affect the development of the vernacular
buildings in general and houses in specific. Through various time ranges, peaplebav
building up their homes so as to accomplish climatic comfort in different climates, hence,
utilization of the character of climate in building construction was deemed since the start of
the history. (Oktay, 2001). Sun and wind orientation, moispressure of air, temperature

and precipitation characterize the climate which affects building form, material, and
orientation of houses. (Yaldiz, 2009). Since northern Iraq and the city of Erbil lies inthe hot
arid climatic zone, next part is devotedit® characteristics and effects ore thernacular

built environment.

2.2 Hot and Arid Climate Characteristics

Hot and arid climates include the areas that are described by dry climates. These are arid and
semiarid regions that have three main characiesisVery low precipitation, where the
lowest rainfall occurs in arid regions in which the precipitation medians are fewer than 35

cm. Hot and dry climate is characterized also, by high evaporation ratio that commonly



overrides precipitation and wide tearpture swings both daily and seasonally. This leads to
lacks in ground moisture because of the low average rainfall and quick evaporation. for
instance, in the Middle East's arid regions the average of rainfall is less than 20 cm per year,
while the annuaevaporation ratio is reaching more than 200 cm. moreover, hot and arid
climate characterized by a wide disparity in seasonal and daily temperatures. Hot and dry
climates are located in everywhere on the globe, especially in Australia area, southern zone
of South America, and western North America, central zone and southern Africa, in addition
to much of Asia. SeEigure 2.1.
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Figure 2.1: Map of climatic regions distribution (CGIARSI, 2018

2.3 Vernacula Architecture in Hot -Arid Climate

The researcher will explore the effect of a hot and dry climate in local architecture. The hot
and arid climate directly affects design development in vernacular architecture. Compacted
urban situations with narrow roadghich are enveloped with arch and other shading
components are the methods in-tog climate for designing vernacular architecture orderly

to shun excessive sun radiations incidence. These sorts of methodslig blothate give

shading to inhabitants bause it is a very important strategy to have in this kind of climates.

There are some vernacular methods that have been provided for hot and arid climates as
cooling and daylight strategies. (Alp, 1991), addressed these methods as a courtyard, wind

catclers (badger), evaporative towers, natural ventilation, stack ventilation, vegetation, as



wel | as v &MoshrabiygpShanasihe§ls @whi ch i s especially

woven timbers and small colored windows, as sediigure 2.2.

v

Figure 2.2: Mashrabyia/Shanasheel in Iraq (Ameen et24l16

2.3.1 The form characteristic of vernacular architecture in hot arid climate

As it is referenced, the forms of houses are impacted by the climatic tehistar In the

hot-arid climate zones, of which the characteristics were given above in the section 2.2, the
main aim is to get minimum solar radiation in summer and to maximize it in winter.
Therefore, the forms of houses are constructed around susibightinsurance and sunlight
allowance based on the needs in various seasons. The optimum shape for a house has the
maximum solar radiation block in summer and the least heat losses in the winter. The
compacted and cubic courtyard is the preferable coenjpoa hot and arid climate so as to

limit the surface uncovered to the sun radiation incidence. Despite substantial spaces around
it, but it has the smallest outside surface which is influenced by the sunlight radiation. Losses
of energy because of exine demand on cooling active systems happens when an uncovered
surface to the sun results in heat gain. The whole uncovered surface to solar radiation can be

controlled by the form of the building. Accordingly, that affect negatively thermal



performance ofhe entire building. It is essential to distinguish design factors, for example,
those that are related to the heat exchange system (Bektas & Aksoy, 2011). Indeed, the
internal form of the courtyard in the center gives air ventilation and shading to ntxbpga
utilizing elevated walls rounding the building's border and planting trees for shading and
fresh air in the middle of the courtyard, (Ghobadian, 2006)Figeree 2.3.

House in Hot-Dry Climate

Compact Cubic
Shape

Tree or
Plants

Courty

Figure 2.3: Climatic respond form of house in a hot and arid clinf@eobadian2006

2.3.2 The material of vernacular architecture in hot arid climate

Material, for example, mud or stone with effective theqphgsical propertie and good time

lag may be a satisfactory material for the -Aotl region. Despite the materialistic
endorsement, the hot air dependably shifts between the cool zones and oppositely. Actually,
the external walls, incident by solar radiation could absodbstore heat for quite a while

amid the day and after that can exchange that to the inside as a result of the lower temperature
in inner spaces amid the evenings in a hot and dry climate. Accordingly, the internal walls
will cool down amid the day and aggants feel comfort thermally, (Zandi, 2006). Climate

has an impact on choosing the materials for building construction.
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Figure 2.4: Building materials selection based on local sources and thermalipbiient
different climates (Kumar & Pushplata, 2014)

Thus, in various regions, the materials that can be adjusted to the climate needs must be
considered. The fundamental features of the materials that ought to be consideerthate th
resistance and thermal capacity. The properties of the materials must be determined based
on the sensitive times in the region during the seasons' changes. For example, in hot and arid
regions with cold winters, the warm days' events are exceedingfid events in chilly days.

In this case, the hot days should be the critical season, so the materials in such sort of climates
must be adjusted to the warmer days. Indeed, outside warmer air must be blocked to enter
the buildings in a hot and dry clineat(Ghobadian, 2006). Segure 2.5.
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Figure 2.5: Thermal properties of building materials (Feshar2gil,8

11



2.3.3 The orientation of vernacular architecture in hot arid climate

The orientation of the houses is relying upon its topography, sufficient private spaces,
acoustic requirement, and sunlight and wind direction. One of the key obligations for an
architect is to take in view the building's orientation toward the careful relationship between

the building and sun path. According to the study and calculation af sadiation in

di fferent seasons, OFelix Marbutind figured
buildings as follow:

1 The building orientation ought to be southern to give indoor condition comfort by;
heat in winter due to direct solar radbat penetration inside the building and cool in
summer due to controlling or blocking solar radiation by overhangs and high path of
the sun.

1 However, the southwest and southeast orientation get similar solar radiation; hotter
in the warm season and conlgold season if compare it with the south orientation
buildings.

1 West and east exterior envelopes are cooler in chilled season and hotter in warmer
season than the southern, southwest and southeast walls (Ghobadian, 2006). See

Figure 2.6.

Summer time

v,

Incoming solar radiation from the south

-]

Incoming solar radiation from the east and west

Figure 2.6: Orientation of the buildings responding to sun path in Northern hemisphere
(Rovers et al., 2014)
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Commonly, courtyard design that set basically on the rsmthh axis get the legxposure

toward west and east to solar lighting in the warm season and the extreme quantity of south
sun ray in cold season, (Zandi, 2006). Also, the-dmgtclimate is directly affecting
composition (form), direction, and used materials in the construcfithus, design
characteristics in hot and dry climates should fit the climate to obtain inner thermal comfort
to the occupants through passive design strategies to reduce energy consumption

(Koenigsberger et al., 2010).

2.4 Passive system in Vernacularldings of Hot- Arid climate

Passive systems in a building are indicating to reduce energy consumption in the building
by utilizing systems that depend on natural features through the source of nature. Passive
design lessens the energy utilization inudding inner space along the lifetime relating to

the microclimatic characteristic of the building location and the interaction design for the
building elements, and, materials. There are several passive systems that have been used in
the vernacular buildgs of a hot and arid climates. In this part will explain some of the most

effective ones.

2.4.1 Thermal mass

The idea of thermal mass as a method for enhancing diurnal temperature swings is a perfect
and appropriate way for regions with a katid chaacteristics, which are known by wide
temperature during the day in summer, and a large number of sunny days during the winter.
Thermal mass is a necessary strategy for internal climate control in hot dry climates zone.
In a hotarid climate, the potentidbr heat gain absorb is a significant goal in controlling

and improving the building indoor environméhteir & Roaf, 2002). SeEigure 2.7.
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Figure 2.7: dThermal Mas8thermal behavior in the nighhd day as passive system in
Hot-Arid climates (Mashhadi, 2012)

Thermal mass case as a passive system has been born a continuous review. It has been
considered as a suitable passive system for housing in hot dry climates, and its advantages
are being reevaluated for free running buildings as well as conditioned ones, in wide
building categories in different types of climates (Szockolay, 1996). Thermal mass potential

in a shaded building capable to lower indoor temperature b$436 of the outdoor

temper&ure when the dwelling is not ventilated (Givoni, 1994).

2.4.2 Natural ventilation

Ventilation can be defined as the replacing of warm air in the building with the cool air of
outside (Szokolay, 1980). The main characteristic ofdnptclimates is longusmmer with

a remarkable difference in temperature between day time and night, low precipitation, and
low relative humidity. The indoor temperature will become higher than the outside
temperature during the day time inhatid climates. Thus, day ventilah will raise indoor

temperatures, while night ventilation (comfort ventilation) will lower them because the

14



outside temperature will drop lower than inside temperature. There are several ventilation
strategies in hedry climates. Ventilation as coolingassive strategies can be divided to;
Stack ventilation, nocturnal ventilation, cresmtilation (convective cooling), and
evaporative cooling. The stack ventilation happens when warm air goes up due to its light
weight and then will be changed by cold laéneath (heavy) so the heat will be shifted and

is replaced by cool air by the stack ventilation from inner spaces of the building and cause a
cool inner space for occupants, (Zandi, 2006). Nocturnal cooling occurs during the night
when the building strture starts to radiate the absorbed heat during the day to the sky so,
which leads to cool down the mass and surface of the building. The cross ventilation or
(convective cooling) is produced in the day by increasing the humidification of the dry air
through the evaporation of water molecules to reduce inner temperature and spread the cold
air which known by (evaporative cooling). These ventilation strategies of cooling as

architectural passive design will be explained in this part as follow;

2.4.2.1 Stackventilation

As mentioned previously, cool air introduces into the building through the openings at a
lower level, whilst warm air is expelling out of the building through higher level. For
instance, the proper position for the stack ventilation placeiméighest part near the roof,
where, warm and light air will rise to go outside from this placed. According to stack
ventilation physical properties, and for more workability for stack ventilation a specified
height is required to be designed betweeniitet openings of cool air below, and the outlet
openings of warm air above. To achieve effective stack ventilation, it is important to increase
the height between floor and ceiling like creating atrium or a chimney or tilt the surface of
the ceiling (Keiven, 2003). Sekigure 2.8.
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Figure 2.8: Stack Ventilation in Buildings (Section: The QuéBuilding, Dc Monfort
University-Leicester EnglandMashhadi, 2012)

Commonly,the positioning and the size of the window drive a key role in cooling inner
space if the movement of air is proper. The inner air velocity is depending on the exterior air
velocity, and the direction angle of the wind incidence on the opening surfackljtion to

the opining size. The following table shows the relationship between location and number
of the openings, and the air velocity as a percentage of the exterior wind speed (Brown and
Dekay, 2001). Se€able 2.1.
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Table 2.1 The effective criteria of location, number, and size for the openings on the air
movement in/out the building (Browsa Dekay, 2001)

Opening width as a fraction of wall height 1/3 1/3 1/3
Opening width as a fracton of wall width 1/3 2/3 3/3
Single opening 12-14% 13-17% 16-23%

Two openings in same wall - 22% 23%
Two openings in adjacent walls 37-45% 33.33% 40-51%
Two openings in opposite walls 3542% 37-51% 47-65%

Range=wind 450C perpendicular to opening

2.4.2.2 Convective cooling (cross ventilation)

As stated previously, convective cooling works in two ways during the evening in hot and
arid climates. In the first way, at night time, cool air isated on the building's roof due to

the long infrared radiation from the sky. Then, cool air (heavy) will move down into the
courtyard and take out the hot air (light weighted). The parapet at the peripheral of the roof
bans the cool air to escape to thsade of the building. Then, the down of the building and

its structures will cool through the mass of cold air (Aksugur, 1988)Fi§aee 2.9.

P,

55 Hot air P
L]
0 |fe]] |0

Figure 2.9: Convective cooling during night time as passive strategy in a hot and arid
climates (Mashhadi, 2012)
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In a second way, the outer cool air will be introduced to the inner space through openings
the outer walls (cross ventilation), or through the wind catchers, which get the prevailed
wind in some hetdry climates. The cool air will enter the inner spaces of the building and
take out the warm air during the night (Rag, al., 2001), as seemniFigure 2.10.

Consequently, during the day, the heat will be taken from the air by thermal mass strategy.
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Figure 2.10: Cross ventilation at night in a hot and arid climate (Mashhadi, 2

2.4.2.2.1 Wind catcher in hot arid climate

Windc at cher s or O6Badgerd is one of t he mor e
strategies in vermallar architectures of halry climates. Winecatchers have been utilized

as a natural ventilation tool in the buildings of the hot and arid region to remove the inside

heat gain during long sunny days. the design of the-aaicher is above the buildinigcing

the dominated wind, to promote the cool air inside the building, because usually, the
windows cannot supply ventilation during the day because of dusty winds that characterized

in these regions which are becoming less dusty as much as get loghgrdund (Kalantar,

2005). In architectural context, the wind catcher designs generally by making an empty
square tower, made with the building fabric, has openings in the upper side and inside
partition in the building space to aid the wind to entemfadl the directions, causing an air
stream in the towerdés shaft to inter to the
has made wind catcher an important architectural element in the vernacular buildings of the

hot and arid climate (Ebhoibagy, 2010). Sekigure 2.11.
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Figure 2.11: Wind catcher in a hot and arid climate (Bahadori & DehgRanB

The height of wind catcher is between 2m and 22m and some time the design arrives up to
thirty meters in some regions like (Yazd) in Iran. The local masonry will be commonly used
in the building of wind catchers to be adjusted to the climate (Zandi, 2006). There are
categories of wind towers according to their opening§Adali, 2002), as seen kigure

2.12.

Someti me, and because of dry air in hot and
outside covers by wet pads in order to evaporate the inlet air for better thermal comfort inside
the buildings. This strategy known as evaporativeliegoand this element known as

evaporative towers.
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Figure 2.12: Types of Windcatchers according their openings and shapes in hot and arid
climates (AtShaali, 2002)

2.4.2.3 Evaporative cooling

As mentoned, the convective cooling is produces during the day by increasing the
humidification in the air through evaporative towers or through placing fountains and
vegetation in the courtyard area. Essentially, the evaporative cooling happens through wind
catchers. The made wind stream will be passed inside wet bodies like a wet pad or a wetted
permeable clay. The evaporative cooling technique for occupants who are identified with the
cooperation of their body and the environment. The evaporation from the ckitme
occupants is quickened by moving the air development upon their body, making them
thermally more comfort. (Zandi, 2006). The air stream speed is depending on the
performance of the evaporative cooling design, for example, the height of the taver a
Cross section area, likewise the resistance to the air flow in the cooling tower (Thompson et
al., 1994). Seé€igure 2.13.
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Figure 2.13: Evaporative towers as a passive strategg¥Waporative cooling system in
hotand arid regions (Soflaei et al., 2017)

The evaporative cooling system produces through moving the breeze above the water bodies
or fourtain inside the building. The heat of air will be reduced by moving the air over the
water surface and gives fresh air to the around ambiance which is adequate hot and arid
climates (Mashhadi, 2012).

Goulding (1992) addresses that as long as the predsuater steam in the shape of droplets

is higher than the fractional pressure of the water steam in the surrounding weather, the
vaporization will happen. The changing condition of water from a fluid to steam coincides
the taking out the warmth from itfraumstance and other neighboring faces. The surface
temperature will be decreased through the vaporization from the inner face of a closed can
such as a pipe. Means, the vaporization cooling happens indirectly when nearby air out of
the pipe is become chey but without an increase in dampness (Goulding, 1992).

2.4.3 Shading
Shading is one of the passive strategies to reduce energy demands in buildings and improve
thermal comfort especially in hot and arid climates (Feagy et al., 2000). This is
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becawse of the high solar radiation incidence on the buildings in these climates, which
characterized by the long and sunny days in summer. The shading of the buildings is related
significantly with the opining size, and orientation of the buildings, and theirsip can be
achieved through many ways, like vegetation (trees), or shading devices like overhangs or
other architectural elements. (Brawm, & Dekay, 2001).

Openings are indispensable for natural lighting in dwelling for ventilation in the hot and arid
climate. And the openings, especially windows must be covered either by shading devices,
roof ext Shadashe@ rt dyr @éduce the direct sol ar
buil ding, as shown in figure 06Xhéwestandeakti s c h
flanks should be lessened in order to reduce heat gains into the house in the early dawn and
late afternoon (Alp, 1991).

2.4.2 Courtyard house

A courtyard can be defined as; a surrounded outdoor or@aishbor space encompassed by
buildings and uncovered by a roof. Courtyards were firstly used in vernacular buildings in
many hot regions like; the Middle East, parts of Asia, Mediterranean area, and South
America. (Khan et al., 2008). SEgure 2.14.

Figure 2.14: Top view for a residential area in hot and arid climate cities, (Baghdad)
(Soflaei, et al., 2017)

22



Courtyard is commonly, a square or rectangular room in the center of the house, and has no
roof. The courtyard may contain a pdveart fountain or pool, trees and vegetation to
improve surrounding ambient and produce a-sefficient microclimate (Soflaei et al.,
2017). Sed-igure 2.15.

Figure 2.15: Courtyard house in Shiraz, Iré¢8oflaei et al.2017)

It could be considered as the most successful prototype of climatic responsive architectural
passive design in the hot and arid climatic regions, which is resmpmadithe climatic
demands. Furthermore, the central courtyard itself is one of key elements in the houses at
the hot regions, therefore, in a hot and arid climate, the courtyard houses are preferred. So
as to reduce the affected surfaces by solar radiatmdence, compact forms are chosen, as
mentioned previously. Shaded areas can be created by organizing the courtyards with
compact forms and the sun path in the hot and arid climates. (Leylian et al., 20 Fiyusee

2.16.
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Figure 2.16: Typical Courtyard and its relationship with the sun path and orientations in a
hot and arid climate (Soflaei, et al., 2017)

The courtyards main function was to enhance comfort performande ibuildings by
adjusting the microclimate condition out of the rooms which surround the courtyard, and

improve the ventilation.

In addition to the climatic benefit of courtyard, there are other benefits, like it can be
considered as the better way t@ ud land. The archetype buildings in the majority of the

hot and arid climate areas were opened all inward toward the courtyard, except the building
main entrance door. The reason behind that was to protect the building from hot and sandy
storms or prevéing winds (AFHemiddi & Al-Saud, 2001). Different shapes and types have
been developed for courtyards design in different regions around the world based on the

specific climaticcharacteristic in each region.

2.5 Passive Buildings as Energy Efficient Budings

Energy efficient building is the building that requires low energy demand for performing
comfort for I'ts wuser s, and their energy
demands. Passive houses are considered as energy efficient houses, pWiich pgassive
design strategies according to their specific climate. Passive buildings are known as
buildings with acceptable thermal comfort for the occupants with low energy consumption.

The passive buil ding doesnibntechnigees anly, it i z e
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recommends several performance standards. Moreover, the architect can choose their
architectural design and building materials to the climatic characteristic of the region and the

required energy target inside the building (Feaki, 2018).

The advantage of the passive building is its flexibility and adaptation in different climatic
conditions. The strategies of each passive building will be different from others based on the
climate that the building is located in. for exampfehot regions more focus will be on
passive cooling strategies, including, ventilation design strategies, shading, and heat gain

control, as explained in hot and dry climates passive strategies earlier in this chapter.
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CHAPTER 3

METHODOLOGY

3.1 Research Methodology

The research questions as assigned in chapter one, section 1.4 were:

1 What are the most employed passive design strategies in the traditional architecture
in Erbil?
1 How do pasive design strategies in traditional and vernacular architecture of the
same climatic conditions with erbil control energy efficiency?
1 How and to what extent can the passive design strategies be reconsiled into
contemporary building design so as to pdevenergy efficiency?
The methodology applied in this study consists of both qualitative and quantitative research

methodsTherefore, the following process will be approached as thesis methodology;

3.1.1 Quantitative method

It is based on inspecting thieks between variables, where the numeric shape is applied in
collecting data, and statistical tools are provided in the analyzing. Hence, this method will
be applied in the theoretical analysis and physical observations, plus documentary analysis

for theselected case studies as will be illustrated later in this chapter.

3.1.2 Qualitative method

The qualitative method is applied in the researches that targeting to implement profoundly
more than wideness (Blaxter et al., 1996). It has provided to conbiglesubjective or
personal experience of the individual within a natural framework (Saunders et al., 2012).
Thus, the qualitative method takes into consideration that individual consciousness inspires
social reality (Burns, 2000). Therefore, this way vii# applied in the interview with

professional people as will explained more in this chapter.
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3.1.3 Case study method

Case study is both a tool and a method for
attempts to gather the parts in suppothefassumption and increase the credibility. A case
study proceeds only for a particular case. It needs a personal observation or objective
method. In fact, the 'case study' method means a study in depth, which means to search
features of the case (Deva@015). So as to approve and improve the credibility of the
research, the real case studies for vernacular houses will be chosen from Erbil, and after that,

the data gathering and investigation will be obtained.

3.2 Data collection
Both primary and secalary data sources were utilized in the implementation of this

research as follow;

3.2.1 Secondary sources for data collection

Secondary sources have been approached to attain a sufficient comprehension about the
principle thoughts and theories relatedhe topic. The survey of literature was conducted
through various sources, for example, archives, government reports, books, indexed papers,

published and unpublished theses, and credible internet sources records.

3.2.2 Primary sources for data collection

Two ways will be used in this part of the research to obtain data from primary sources; the
first is through the analysis of the case studies according to personal site observation to assess
the effective passive strategies. The second way is througksseictured interviews with

experts in order to reach comprehensive understanding about their attitude regarding the
implication of passive strategies recalled from vernacular buildings into contemporary

design.
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