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The traditional and indigenous architecture in Saudi Arabia is being replaced by modern, Western-style buildings, resulting
from the growing influence of Western culture. This change is evident in architectural elements such as Mashrabiya, which

was once a symbol of the country’s Islamic architecture.

Mashrabiya Saudi Arabia energy consumption simulation architectural identity

| 1. Introduction

The Middle Eastern regions, such as Saudi Arabia, are renowned for their harsh climatic conditions characterized by

scorching heat, an arid sun, and minimal humidity levels . To counteract the adverse impacts of such weather conditions,

architects and building experts have put forward a plethora of passive design solutions that leverage indigenous materials and

techniques . Among them, one such innovative and historic sun-shading solution is the Mashrabiya, which was prevalent

during the Middle Ages and persisted until the mid-20th century &I,

“Mashrabiya was a cantilevered space with a lattice opening where small water jars were placed to be cooled by

the

evaporation effect as air moved through the opening. Now the name is used for an opening with a wooden lattice screen

composed of small wooden balusters that are circular in section and arranged at specific, regular intervals, often in a

decorative and intricate geometric pattern” 4l (Figure 1). Figure 2 demonstrates the principal functions of Mashrabiya, which

are: (a) controlling the passage of light, (b) controlling the air flow, (c) reducing the temperature of the air current, (d)
increasing the humidity of the air current, and (e) ensuring privacy 4.
https://encyclopedia.pub/entry/46828 1/13



Mashrabiya’s Impact on Energy Efficiency and Cultural Aspects | Encyclopedia.pub

Hot dir escaping
through upper

openings — —F——

=

Shutter to control
air movement

. T—

Evaporgtive cooling
as the dir passes

over the surface of —
the porous water pot

' Sun shade
P
i-{-:‘_‘_:-..-
E L Porous
water pot

Figure 1. Indoor air-cooling system created by placing porous water jars in the Mashrabiya.
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Figure 2. A schematic of a Mashrabiya showing its features and main functions.
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Saudi Arabia (Figure 3), a nation with a wealth of cultural and historical legacies, has undergone significant transformation in
recent years. The impact of Western culture on the architecture of Saudi Arabia has resulted in a transition towards modern
styles influenced by personal preferences and media exposure B8, This shift has replaced the once-prevalent traditional and
indigenous architecture with Western-style buildings, which is observable in various architectural elements such as
Mashrabiya [, a proud symbol of the country’s Islamic architecture, which has now been replaced by contemporary elements.

SAUDI ARABIA

Figure 3. Map of the Kingdom of Saudi Arabia (8.

The significant economic growth of Saudi Arabia in recent years has led to an increase in domestic energy consumption =29,
The population of Saudi Arabia has been steadily increasing L1, and with it, so is the demand for housing and energy to
power homes and buildings 2118l As of 2021, the volume of residentially consumed electricity in Saudi Arabia was
approximately 142.48 terawatts per hour, which is a significant increase from 120.65 terawatts per hour in 2012 [24],

The government has launched new housing projects and initiatives to address the housing crisis, such as the “Vision 2030”
programme, which aims to build 1.5 million housing units by 2030 131, In an effort to address the increase in domestic energy
consumption, the government of Saudi Arabia has implemented several strategies and measures, one of which is to increase
energy prices for consumers. In 2015, the government announced that it would be raising the price of electricity and water for
households and businesses in order to reduce domestic energy consumption, which was met with some resistance from the
public, as many people expressed that the increase in prices would be too high for them to afford (18],
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| 2. Concept of Mashrabiya

The origin of the Mashrabiya in the Middle East can be traced back to its Arabic root word “Sharab,” meaning “To drink” (41[L7]
(18]191[20] " |njtially, Mashrabiya referred to a location where one could access water from a clay pot. Over time, it evolved into a
functional element that combined wooden lattice panels with a clay pot, serving as a means to keep the water cool and
provide a cooling effect [4[221[20]

Mashrabiya, distinctive features of Middle Eastern architecture, found widespread application in traditional houses due to their
exceptional suitability for coping with the region’s dominant climatic condition: extreme heat. Unlike Western countries, where
such conditions are less prevalent, the Mashrabiya’'s popularity in the Middle East can be attributed not only to environmental
factors but also to the cultural values embedded in the Middle Eastern society, which are heavily influenced by Islamic
principles. Among them, one such value is privacy, which holds significant importance in Middle Eastern culture 192021 Ag g
result, Mashrabiya effectively addressed both environmental and social concerns, making them an integral component of
Middle Eastern architecture.

Over time, the expression of the “Mashrabiya” has undergone significant transformations, adopting diverse forms. Among
these, the most renowned is the projecting bay window featuring timber panels constructed from lathe-shaped wooden
balusters. These balusters are arranged in a lattice pattern, forming distinct geometric designs, and they are positioned at
regular intervals 22,

A Mashrabiya offers occupants the benefit of privacy from external views while enabling them to observe the surroundings
through the lattice. When the Mashrabiya faces the street, the spacing between the balusters is typically narrower at eye
level, while the upper part, situated above eye level, would have a wider arrangement in order to facilitate sufficient airflow 23
(Figure 4). It can permit the passage of ambient light into spaces while preventing direct sunlight. In order to avoid optical
discomfort due to glare, architects are advised to opt for Mashrabiya designs featuring balusters with a circular section, as
specified by Fathy. This choice ensures the creation of gradual shadows, minimizing contrast and distinguishing it from
shading devices utilizing square sectional balusters or similar alternatives 4,
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Figure 4. Components of Mashrabiya (lllustrated by author, referencing Abdelkader et.al. [22),

| 3. Privacy

The significance of social values in Islamic culture cannot be overstated, and among these values, privacy holds a paramount
position in Muslim households [23124125] The traditional Mashrabiya, with its intricate lattice design, offered residents the
necessary protection from outside prying eyes, while still affording them the opportunity to view their surroundings from the
comfort and privacy of their own abode. It is notable that the spacing between the balusters of the Mashrabiya, when facing
the street, is carefully considered, with a more closely spaced design at eye level and a more open design above eye level, as
stated by Alothman and Akcay 23l This intricate consideration of privacy in the design of the Mashrabiya highlights the
importance placed on this cultural value in traditional Islamic architecture.

According to the Islamic religion, to preserve the modesty and seclusion of women, strict segregation between males and
females is deemed necessary to preserve decorum 29, This principle is reflected in the design, form, and function of both
residential and public spaces, providing female occupants with the opportunity to experience outdoor life without attracting

undue attention or compromising their privacy.

The significance of privacy has been further corroborated by a comprehensive study conducted by Alelwani et al. B, which
indicated that a significant majority of participants, amounting to 61.15%, held the strong belief that privacy holds utmost

importance, whereas only a negligible proportion of 1.23% expressed the view that privacy is not a crucial factor.

| 4. Natural Lighting

A Mashrabiya plays a crucial role in regulating the amount of direct daylight that enters a building, with the design parameters
determined by the architect (28], During the summer, it helps block out the harmful sun rays, minimizes internal heat build-up,

and still allows for an adequate amount of light to penetrate into the building. The presence of a Mashrabiya enables ambient
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light to permeate the interior space without admitting direct sunlight, hence reducing excessive glare, which can cause visual
discomfort even though it does not raise the room temperature [27. As a result, a Mashrabiya proves to be one of the most
effective solutions to this issue. According to Fathy [, the architect must select a Mashrabiya with a circular cross-section for
the balusters, as this creates a gradual shadow that minimizes contrast. This is in contrast to square sectional balusters or
similar shading devices that may cause sharp shadows. It is important to note that this condition is often overlooked in
contemporary projects that utilize Mashrabiya, particularly when using steel in their construction, resulting in a recurrent

mistake [28],

Mashrabiya are being reinvented by designers as high-tech daylight systems, often on a grand scale, utilizing computer
technology. Their purposes extend beyond being oriental ornaments for covering tall buildings to being major responsive
daylight systems 191, Giovanni et al. [22 explore the possibility of designing a “Shape Variable Mashrabiya (SVM)” (Figure 5)
for lighting and shading. The study compares its performance with standard Venetian blinds, and diffused daylight, and proves
that, at low elevation angles, it provides sufficient daylighting under direct sunlight, in contrast to typical Venetian blinds.

(b)

Figure 5. Images of the SVM [22]: (a) opened:; (b) closed.

A follow-up research paper by the same authors in 2015 9 demonstrated the SVM'’s ability to provide significant quantitative
advantages in terms of daylighting, energy savings, and visual comfort for users by controlling glare. It reduced the primary
energy required for lighting by up to 65.7% compared to reflective glazing with 16% light transmittance (RG16) and 30.7%
compared to Venetian blinds (VB). The results were identified through simulations, however, a better methodology to gain
insights into the practical implementation of an innovative kinetic Mashrabiya system would be the use of real scale

prototypes, which can provide performance monitoring, as well as insights regarding its potential aesthetic value.

| 5. Energy Efficiency

Mashrabiya can reduce a building’s energy consumption by limiting solar gain, cooling the interior spaces, and ensuring
adequate air flow B, Most of the authors who have studied the lighting, cooling, and thermal comfort effects have also
concluded their findings on the energy performance of the building as well.

Madan and Saxena 22, as well as El Semary et al. 19, conducted case studies on the Al Bahr Tower, Abu Dhabi, and found

that the kinetic Mashrabiya contributed to a 25% reduction in cooling load and a 20% to 50% reduction in solar gain.

https://encyclopedia.pub/entry/46828 6/13



Mashrabiya’s Impact on Energy Efficiency and Cultural Aspects | Encyclopedia.pub

Karamata et al. B9 developed Shape Variable Mashrabiya (SVM), which proved to be a promising innovative technology for
arid climates. Through experimentation in a sample peripheral space, SVM was found to significantly reduce overheating
issues, leading to a decreased primary energy demand for cooling compared to selective glazing and Venetian blinds (17.2%
and 9.9%, respectively). It also minimized the primary energy requirement for lighting (by 65.7% and 30.7% compared to
RG16 and VB, respectively) while simultaneously improving lighting efficiency (the concept is shown in Figure 6), resulting in
a reduction in global primary energy usage by 27% and 16.3% compared to RG16 and VB, respectively, as cited by Bagasi
and Calautit 33,
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Figure 6. Concept of the direct to diffuse light transformation (DDT) function 39,

Taleb and Antony 4 further endorse this in their experiments, which were conducted by adding Mashrabiya as a 75% tinted,
frosted adhesive film to the glazing. A 40% coverage of the glazing unit used the Mashrabiya pattern, and results showed that
this could lower the cooling load by 23%. A survey by Alelwani et al. Bl shows that 78% of the participants ranked aesthetics

as the most critical factor, and for 58.48%, energy efficiency comes second to aesthetics.

The Mashrabiya has evolved from a simple window screen to a highly complex facade system that may work as a possible
shading screen for the entire building, making it more energy efficient 33, When it comes to commercial high-rise buildings,
the most prominent criterion aimed at by contemporary Mashrabiya is their energy efficiency, rather than other functional
factors, such as ventilation, or social factors, such as privacy. However, the findings by Alelwani et al. & imply that
contemporary fagades, modelled after Mashrabiya in smaller structures, such as residences, are built solely for pretentious
and aesthetic reasons, ignoring the functional features that made them environmentally viable in the first place.
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| 6. Material and Construction

The primary traditional material used for the construction of Mashrabiya is wood, owing to its capability to regulate internal
shadows, minimize glare, withstand high temperatures, and influence humidity buffering and airflow cooling B€. The
Mashrabiya was originally constructed using one of three local wood varieties: pine, walnut, or beech. However, craftsmen
also incorporated imported woods, such as oak and walnut, from Europe and West Asia, as well as ebony from Somalia,
South Sudan, and Ethiopia 29,

The construction of Mashrabiya in Bahrain and the Middle East has been notably influenced by the region’s local materials
and skilled craftsmen, making it unique to its region. When solid wood was not available as a local source, gypsum clay was
utilized instead. Gypsum'’s porous quality made it well-suited for use in humid regions. Nonetheless, the design constraints

and decorative features of gypsum-based Mashrabiya were considerably different from those made from wood B2,

Almerbati et al. BZ investigated the feasibility of developing parametric Mashrabiya via 3D printing technology, with the
objective of identifying the implications for new digital craftsmen and fabricators. Their research focused on developing input
data that would enable the generation of assemblies capable of delivering functional performance, while also supporting
cultural development, as cited by Almurbati 28, The emergence of 3D printing technologies over the past two decades has
opened up the possibility of using the performative analyses of existing Mashrabiya to inform the development of new
parametric models, which can be customized for specific sites and produced using large-scale 3D printing 28 (Figure 7).

Figure 7. The use of 3D printing enables the production of parts that cannot be made in any other fashion, 10 cm by 10 cm
test prints 7.

The key findings of Almerbati's 27l research suggest that the utilization of parametric Mashrabiya provides the digital artisan
with the opportunity to integrate advanced construction and production techniques into the conventional art form. Although the
cost of 3D printing the Mashrabiya may currently be equivalent to—or higher than—the cost of traditional fabrication methods,
factoring in factors such as durability and scope, it can be predicted that, as technology progresses, the cost of 3D printing will
decrease. Conversely, the scarcity of skilled craftsmen is expected to increase, thus driving up the cost of conventional
fabrication.

Additive manufacturing is the procedure of solidifying powder or liquid by using a melting laser or a binding agent 8],
Almerbati et al. 22 in their research based in the Middle East, explore the possibility of innovative construction methods, such
as additive manufacturing (AM), for the production of Mashrabiya. The result indicates that creating a Mashrabiya model using
additive manufacturing (AM) technology is feasible, and it would represent an innovative step forward for Bahrain and the

wider Middle East region, as there is a strong appreciation for personalized and craftsman-free products.
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| 7. Cost

The materials used for production heavily affect the cost of Mashrabiya. Traditional Mashrabiya, which are made from wood
(mainly teak), average about $2788, which is almost four times the price of contemporary GRC (Glass fibre Reinforced

Concrete) or marble and granite moulded products 171,

When compared to a standard wood or aluminium window, the cost of Mashrabiya construction has increased. Nonetheless, a
Mashrabiya, according to Alothman et al. [23], still offers advantages over mechanical air conditioners, which waste a lot of
energy and have high operating expenses.

In the most intricate Mashrabiya, a single square yard of latticework can be composed of as many as 2000 components 22,
and an average piece of Mashrabiya latticework can take 2 to 3 days to complete 49, This level of time intensive labour and
skills required to assemble them can result in very high costs of production. The research conducted by Headley et al. 41
seeks to alleviate this problem by replacing craftsmanship with new manufacturing techniques such as 3D printing. According
to Crolla and Williams 42, as cited by Headley et al. 2 it can be hypothesized that additive manufacturing may become cost-

competitive with traditional manufacturing, as the cost of this technology may decrease significantly.

The increase in the cost of production of traditional Mashrabiya has highly influenced users to move on to cheaper
contemporary forms. The study conducted in Bahrain found that most Bahraini locals and residents would be willing to spend
less than $663 on a window treatment, which is about a quarter of the cost of a solid wood Mashrabiya 4. This finding,
compiled with the survey by Alelwani et al. Bl showing that 78% of the users considered aesthetics to be the most important
factor of Mashrabiya, proves that, regardless of the functionality, modern users would turn to contemporary Mashrabiya purely

for aesthetics and the reduction in the initial cost.

8. Exploring Determinants of Public Acceptance of Energy Saving
Initiatives

Over the past few years, there has been a significant surge of interest in understanding consumer perspectives, attitudes, and
opinions regarding green energy, encompassing energy-saving measures as well as the adoption of renewable energy
technologies 43, Wiistenhagen et al. [#4], in his research on the social acceptance of renewable energy innovations, “clarified
social acceptance understanding, distinguishing three dimensions, namely, socio-political acceptance, community
acceptance, and market acceptance”, as cited by 2. These factors can be considered when exploring the adoption and

acceptance of Mashrabiya as sustainable architectural features.

The survey by Alewani et al. 3 revealed that 61.15% of respondents considered privacy to be highly important and influential
in their choice of window or opening for their homes. Experts interviewed in the same study unanimously recognized privacy
as the foremost consideration for incorporating Mashrabiya into the Saudi Building Code. Previous studies have consistently
emphasized privacy as the primary factor when evaluating the importance of Mashrabiya LA[2LM48]  Therefore, the
Mashrabiya’s acceptance in the social context heavily relies on its ability to symbolize privacy, reflecting the cultural values of
Saudi society.

Community acceptance of Mashrabiya can be influenced by various factors, with cost being a significant consideration. The
importance of income level and residence ownership status in the adoption of microgeneration technologies within a

community is highlighted in the research of Karytsas et al. Lower incomes and non-property ownership are identified as
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potential barriers to the installation of such technologies 23!, Previous studies conducted within the Bahraini community of

Saudi Arabia reveal that residents are willing to pay only a fraction of the cost of a traditional wooden Mashrabiya for a

window treatment 1. These findings have implications for assessing the feasibility and acceptance of Mashrabiya, as its

implementation may require certain financial resources, and it may be more suitable for certain communities than others.

The research conducted by Karytsas et al. further emphasizes the impact of subsidies and cost-related factors on the

installation of microgeneration technologies. It suggests that subsidies and incentives can improve market conditions and, in

turn, contribute to the adoption of such systems 431, This finding can be applied to the integration of Mashrabiya in residences,

as it underscores the importance of financial incentives and cost-effectiveness when considering energy efficient initiatives for

the public.
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