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Abstract  

Natural light in building represent an attractive component of 

interior life. It is a phenomenal link between interior and 

exterior spaces. In addition, it improves the human 

psychological comfort. Moreover, it plays an essential 

economical role in saving energy during windows. However, 

it does not operate efficiently in deep spaces. This is also 

more acute where there are not enough light controlling 

devices to help in increasing the penetrated light level on the 

external envelope. The mosques are one of the clear example 

where this lighting problem occur. Therefore, such 

architectural spaces need to be installed with skylight through 

to insure sufficient natural light in the central zone. However, 

the question is whether the light is enough especially with 

such space of large volume and height. This paper intends to 

identify light contribution through the dome as one of the 

devices that are usually used in mosques. This will be 

explored using a survey study and experimental process. 

  

INTRODUCTION 

Natural light is one of the most influencing environmental 

factors in building interiors [1-5]. This will be guaranteed if 

efficiently controlled sunlight contributes in saving energy 

consumption and visual performance [1-3]. Daylight is one of 

the most environmental parameters that contribute towards the 

human comfort in buildings for its visual performance and the 

energy load of electricity bills. The controlled daylight 

systems reduce heating load that affect the air-conditioning 

system. Although the light contribution through top openings 

is very low, Architects intend to use these devices particularly 

in deep spaces as penetration of fenestration light is very 

limited [1, 2].  However, controlled devices may help to 

control the light distribution. Dome is one of the most 

distinctive components that had been used in many mosques. 

Therefore, skylight devices such as domes, monitors were 

provided in most of mosques now days [6, 7].  

In the recent decades, the development of architectural design 

theory and structural systems has obviously affected mosque 

design [6, 7]. Although, many necessary design requirements 

still to be considered, like orienting towards Mecca, the 

argument regarding the necessity of other elements, like dome 

and minaret, still experienced [5, 8]. Dome is considered to be 

an essential environmental control device in buildings as 

thermal, lighting, and acoustical controllers [5]. Recently; 

Artificial Intelligence (AI) algorithms were widely used for 

solving difficult problems, such as information retrieval and 

patterns recognition [9-20], image segmentations [21-29], 

nurse rostering problem [30], medical image analysis [31-35] 

and river flow forecasting [36-38], furthermore many 

researchers employed AI algorithms in mosque architectural 

design and development [39-41] and architectural design of 

other buildings [42-45]. 

 

THE DEFINITION OF THE PROBLEM 

It is crucial to express the Islamic identity of the Muslim 

societies across the world. Preservation of mosque historical 

typology even in recent modern ones represent the most 

obvious building type to ensure this expression. One way of 

achieving this target is to explore the environmental potential 

architectural elements of mosques [5, 6]. 

Domes had become an essential architectural symbols in 

mosques that had been traced through the different Islamic 

civilizations in various geometries [46, 47].  Recently, this 

component had been used intensively in mosques to identify 

its location besides the minaret. Among the 34 selected 

mosques to be nominated for the mosques’ prize of Alfouzan 

during its first period (2014), 23 mosques contain domes on 

the roof of the prayer area [48]. 

Due to mosque dimensions, side windows may not be 

efficient for satisfactory light. Therefore, skylight devices 

such as domes, contributes positively in various 

environmental parameters. It was considered to be an essential 

environmental control device in buildings as thermal, lighting, 

and acoustical controllers in most of mosques now days [49]. 

Many researches had been conducted the investigation of the 

Environmental performance of domes in mosques. Daylight 

contribution through such component is one of them. Thus; 

most of these studies using a software investigation models 

that had been implemented in specific case studies. However, 

deep investigation of the openings' configurations contained 

in the dome itself is not sufficiently explored, especially in 

modern mosques [50, 51]. Therefore, the aim of the paper is 

to investigate the optimization of the use of the dome 

according to its different openings' configuration in the 

provision of daylight. 

 

THE PRESENCE OF DOMES IN THE MOSQUE 

Domes had been known earlier in Mesopotamia and rural 

areas. It also had been found in Nineueh as a conical shape to 

cover the roof of houses. In Egyptian architecture, domes had 

been built over the tombs.  The pantheon, Rome, represent the 
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use of the dome during the Roman age.  The Byzantines 

developed the dome with ornaments such as [52]. 

As an important symbol in Islam, a mosque is built with 

architectural grandeur. Among the characteristics is its high 

ceiling and typical spherical dome shape.  Dome had been 

used specifically as a structural system to support the large 

spans; supported by either circular and/or square base [46, 

53]. 

During the Islamic period, the dome design had been 

characterized by different shapes depending on their local 

culture such as pyramidal, as found in mosques in Malacca, 

Malaysia [54].  Dome of the Rock in Jerusalem is the earliest 

example in Ommiad period (661 – 750), where it contains 

octagonal base of 95.2. m and a height of 31.5 m. It has a nick 

where 16 arched windows installed for daylight. Ottoman 

period represent one of the most flourishing ages in the use of 

domed mosques where mostly supported by stalactites 

(mogarnas). 

  

 

Modern Domes in Mosques 

Recently, the dome had been used for other building types 

rather than religious buildings. They had been used in office 

buildings, commercial complexes and governmental 

buildings. In the recent decades, the development of 

architectural design theory and structural systems has 

obviously affected mosque design [54].  

It is crucial to preserve mosque historical typology in order to 

keep this building type linked to the Islamic history, and to 

express the Islamic identity of the Muslim societies across the 

world. This means that even when mosque design is intended 

to be modern, it should reflect the historical architectural 

identity [7, 54].   

In Turkey, as a large Islamic country with a rich Islamic 

heritage of Ottoman mosques, many architectural designs 

expressed the trend of modernism [55]. As shown in Figure 1, 

domes of contemporary mosques had been built in various 

geometries. Traditional domes have been built in the center of 

the prayer hall in different configuration of the opening at the 

base of the dome. Moreover, dome had been built covering 

the prayer hall. 

 

 

Figure 1: Domes of contemporary mosques has been built in various geometries. 
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ENVIRONMENTAL CHARACTERISTICS 

The dome as one of the most characterized architectural 

features of mosques that could be used as a potential 

environmental element for acoustical, light and thermal 

treatment [56]. This is briefly stated in the following 

paragraphs. 

 

Thermal Contribution 

Dome remains the distinguished architectural feature due to 

its ability of large area coverage and favorable thermal 

performance [52].  On this account, the current research 

studies investigated the role of shape in roofs towards energy 

loss, specifically throughout a day or year to achieve an 

optimized form.  The results show that the dome with lower 

rise has a more acceptable thermal performance since it has 

the least surface area; the result shows that the more external 

area is the rate of heating load and consequently the rate of 

heat transfer flux will be more. The thermal performance is 

better than the building with flat roof, particularly when the 

dome covered with glazed tiles [57].  In addition to their 

aesthetic values, they have thermal benefits of keeping the 

inside air of these buildings relatively cool during the 

summer. Moreover, openings in domes cause passive air flow 

across the interior space.  The average monthly utilization of 

energy in 5 selected mosques indicated that air conditioning to 

cool the space utilized 73% of the electrical consumption 

while lighting system utilized 22% [58]. The average annual 

energy use index for a typical mosque is around 182 KWh/ 

Cm2-yr [58]. This means that energy conservation measures 

should be applied in mosques. If controlled daylight devices 

are considered in such buildings, this will help to cut off the 

energy cost by 22%. One such technique could be the use of 

domes with windows.  A case study was conducted in six air 

conditioned mosques in Kuwait during the summer [59]. An 

analysis of prayer hall thermal comfort sensation indicated 

that the neutral temperature of the prayer was found to be 26.1 

C [59].  

 

Acoustical Contribution 

The acoustics treatments in mosque considered to be one of 

the important environmental issues. Many mosque activities 

cannot perform without it; such as individual and/or group 

Quran reading, especially during the holy Ramadan. In 

addition to the Friday sermon and the other sermons made 

occasionally [60]. 

A number of researches had been conducted for the acoustical 

treatment and in particular, the effected architectural 

components such as walls, windows and their properties of 

materials. A research was aimed to investigate the acoustical 

characteristics of typical constructed mosques without domes 

[61]. The study conducted into two most common geometries 

of prayer halls in the absence of concrete frame systems. 

Those are the rectangular and the square geometries. It had 

been concluded that the square geometry shows the positive 

impression of uniform typical sound distribution in all rows of 

prayer hall [62]. However, the rectangular layout indicates a 

negative impacted sound field in the front rows [63]. Another 

study conducted mosque prayer halls of five different 

geometries that represent the most common ones used in such 

type of building. These geometries are rectangle, trapezoid, 

square, Hexagon and octagon. Preferred ranges of RT values 

at mid-frequencies for a variety of activities are well 

established. Despite the fact that no major differences were 

found, the square mosque showed the merits of uniform 

spatial distribution.   

 

Light Contribution  

Daylight is one of the environmental parameters that 

contribute towards the human comfort in buildings. Besides 

its visual performance, daylight affects the energy load of 

electricity. The controlled daylight systems reduce the heating 

load which affects the air-conditioning system. Electrical 

lighting can add as much as 16% to the cooling energy bill 

[64]. Daylight alone can reduce total energy use by 25 -30% 

[65]. 

Daylight devices had been found in various types of the 

building components. Some are side lighting systems and 

others are top lighting systems. Depending on the climatic 

characteristics, the suitable system will be selected as part of 

the building design parameters. In hot climates, where the 

illuminance level at the horizon is more sufficient than the 

azimuth, the vertical openings such as glass panels and 

windows are more practical.  However, the excessive 

openings reduce the visual performance inside the space due 

to the brightness difference between outside and inside. 

Rawshan screens cut off 50% of direct sunlight while 

maintaining standard light level for reading purpose [66]. 

Although the light contribution through top openings is very 

low, architects intend to use these devices particularly in deep 

spaces as fenestration light is very limited; because layout 

configuration is high (ratio of width to length). However, 

controlled devices may help to control the light penetration. 

Religious buildings are well known as a buildings using 

natural light through domes and large windows. Dome as one 

of the most distinctive features in mosques, will be 

investigated as natural lighting device. In addition, it improves 

the users’ mode towards the outside environment. However, 

due to mosque dimensions, side windows may not be efficient 

for satisfactory light. Therefore, skylight devices such as 

domes and clerestory windows were provided in most of 

mosques now days. 

 

Investigation of Daylight Contribution in Domed Mosques 

The researcher conducted a pilot field investigation of 

daylight performance through domes for more than 10 domes 

mosques in the Eastern province of Saudi Arabia. The area of 

their prayer zone ranges between 225- 400 m2. All selected 

domes contain side openings with different dimension and 

shape configurations. The light measurement investigation 

carried out on the floor plane; parallel to the Qibla wall, 

across the dome zone where there is no contribution from side 

openings. The field investigation carried out using portable 

light meter.  The result indicated in Figure 2 concluded that all 
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light level contributed through the central dome for most of 

the selected cases indicated lower level than the standard level 

of 500 lux for reading purposes [66]. However, there are a few 

cases where the light level indicated higher reading up to 1000 

lux. This is due to the penetration of direct sun patches. The 

light level during the period of 1-4 PM, the most occupied 

period in the mosque during the day, is between 350 – 500 

lux. However, the dome according to the specification of the 

selected cases was not efficient enough to reduce electric 

consumption as supplementary artificial sky needed. 

 

 

Figure 2: Pilot study to investigate natural light level across 

the prayer area. 

 

The Daylight Investigation of Selected Case Study 

The pilot study made in the last paragraph for the chosen 

mosques indicates the positive contribution of light through 

the domes. However, the investigation had been made only in 

one section through the domes’ zones. Moreover, the results 

recorded as an average of the ten cases. Therefore, one of 

these case studies was selected for more detailed 

investigation. 

 

The Light Contribution Analysis 

Alarfaj mosque in Alkhobar was chosen for this investigation 

because of its architectural style is similar to the Ottoman 

period style; Figure 3 shows the external views of the selected 

mosques. 

 

 

Figure 3: External views of the selected mosques. 

 

The light introduced in this mosque through two vertical 

openings of (1.2 m 6.65m) each on both ends. In Addition, 

there are two large tinted 10 mm glass panels of (7.40 x 8) 

each on both north and south walls.  The dome on the roof is 

the other device that light introduced through its 28 side 

openings of 0.97 m by .60 m. Figure 4 shows the sections 

through the mosques indicating the opening through the 

central dome. 

 

 

 

Figure 4: Sections through the mosques indicating the opening through the central dome. 
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The light level performance contributed through the dome in 

this mosque had been measured using portable measured tool, 

Figure 5  reads in a range of 0 -100000 lux of 1 lux resolution 

up to 32000 lux and 10 lux resolution up to 100000 lux. 

 

Figure 5: The portable light meter used for measurements 

[67]. 

 

The readings were taken at three sections of the prayer hall at 

an interval of 1m as shown Figure 6. The position of reading 

points had been made at three sections where about 24 -26 

points were recorded in each section. Section A-A was in the 

front part of the prayer hall, parallel to the Qibla wall. The 

light contributed of this zone were influenced on both ends 

with vertical windows of (m2) facing North -East and South -

west. Section B-B in the middle part of the prayer hall is 

crossing through the zone under the dome. Major daylight 

contribution was gained through large glazing panels through 

both ends Section C -C was in the back zone of the prayer hall 

near the main entrance. There is no side light contribution in 

this section. The results and analysis of light contribution will 

be stated in the following: 

 

Figure 6: Plan of the tested mosques illustrating the points of 

readings. 

 

Section A-A:  

The section located near the front zone of the prayer area 

where the light was penetrated only through small vertical 

windows on both sides facing North-East and south – West. 

There is no clear evidence of any light contribution through 

the opening of the dome in this section; Figure 7 indicates that 

the maximum light level of 580 lux near the windows was at 

8:00 AM. The light level is below 250 lux during the period 

between 10: 00 AM and 4:00 PM. The central part of this 

zone measured a very low level of 180 lux during the whole 

period. 

Light level recorded as low as 50 lux up to 370 lux through all 

the day hours. However, light level recorded up to 650 Lux at 

8:00 AM near the vertical window. The central zone indicates 

very low light level of less than 160 Lux. 

 

Figure 7: Measured light level at section A-A 

 

Section B-B: 

This section located across the middle part of the prayer hall 

where the light is contributed through the dome openings as 

well as through the large glass panel on both sides of North-

East and South -East walls.  Regardless of the high recorded 

light level up to 8 m on both ends near the large glass panel, 

the light level at the central zone is between 100 – 300 lux 

maximum as shown in figure 8. The light level near the glass 

wall panel on the north- east side was recorded very high 

between 1000 – 8800 lux during the morning period within 

the first 8 meters. These results were omitted from the 

analysis since it was not during the normal prayer time period. 

Moreover, the aim of this study is to investigate the light 

contributed through the dome only. The maximum light under 

the dome on both ends was recorded as 480 lux while it was 

much reduced under the dome of up to a maximum of 180 – 

200 lux. 

 

Figure 8: Measured light level at the Section B-B. 
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Section C-C: 

The light level contributed at this zone is very low (100 -250 

Lux) through all the section. However, a Light level at 370 

Lux recorded at 3- points in one end which is due to light 

beam penetrated through the dome opening at 12:00 PM as 

shown in Figure 9. 

 

 

Figure 9: Measured light level at the section C-C. 

 

The Conclusion of the Field Study 

The field measurements of the above case study indicate that 

high light level contribution through the side opening, 

whatever the area of the glazed panel is limited to the adjacent 

zone to these opening of up to 8 M. Moreover, the light 

contributed through the dome with side opening is still 

inefficient. This may be due to the limited glazed area within 

the dome. In addition, this may be a result of the direction of 

the beam penetrated through those opening which only affect 

a specific reference point on the floor. This means that 

controlling devices needed to be adapted to the opening to 

redirect the light beam in the inner ceiling of the dome or the 

interior vertical walls. 

 

THE EXPERIMENTAL PROCESS 

The field investigation of the selected case study indicates that 

the light level penetrated through the dome need to be 

increased as it was below the standard (500 lux). The increase 

in area of glazed opening on the dome could help to reach this 

objective. Therefore, an experimental investigation using a 

physical model of the same case was considered. A physical 

model was made for the prayer hall in the model making labs 

at the Imam Abdurrahman Bin Faisal University. It was setup 

according to the site orientation of the real location. As shown 

in Figure 10; four movable domes were prepared for this 

investigation with different glazing area of 25, 50, 75, and 

100%.  The light level was measured using the Megatron light 

meter available in the light lab at the Imam Abdurrahman Bin 

Faisal University for 5 hours through the day.  The readings 

were recorded at 7 points at the central zone under the dome. 

The light contribution represented only through the dome with 

the windows completely blocked.  

 

 

Figure 10: The physical model used for the experiment. 
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Results and Analysis 

Light level found was lower than the standard level for 

reading purposes (500 lux) in all types of tested domes 

through the day. There was an indication of very high level 

(650 – 2500 Lux) at point 5 and 6 only in all types of domes 

as shown in Figure 11. This means that sun patches were 

falling on these points at the hours between 10 Am -2 PM.  

However, light level during these hours on those two points 

was lower with the dome of 25% of openings (650 Lux) and 

higher with the 100% of openings (2500 Lux).  

The light that penetrated through the dome was not enough for 

reading purpose in the mosque, where most of light depend on 

the side windows. This was due to the fact that luminance 

level at the zenith of the sky dome in hot climate area is very 

low [68]. In order to get benefit of light from the dome, 

further treatments could be investigated. Controlling devices 

could improve light distribution over the central zone of the 

prayer hall. Another treatment is to increase the reflectivity of 

the roof area around the external part of the dome to reflect 

the light beam at the inner ceiling of the dome of a reflective 

material. The calligraphy belt with gold or white colors 

usually found at the bottom of the dome could act as a 

reflective material to distribute light further into the other 

parts of the central zone. Moreover, light sensors could be 

installed around the base of the dome to reorient the light 

beam.  

 

 

Figure 11: Measured light level in the physical model at various areas of openings. 

 

CONCLUSION 

Natural light in building represent a vital component of 

interior life. It is a phenomenon that link interior and exterior 

spaces. The utilization of natural light in building through side 

opening and window does not penetrate into in deep spaces. 

This also becomes worse where there is not enough light 

controlling devices to help in increasing the penetrated light 

level on the external envelope. The mosques are clear 

examples where this lighting problem occurs. Therefore, such 

architectural spaces need to be designed with skylight to 

insure sufficient natural light in the central zone. However, the 

question is whether the light is enough especially with such 

space of large volume and height. The purpose of this paper is 

to identify light contribution of the dome as one of the roof 

devices that positively contributes in various environmental 
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parameters. This will be explored using a survey study and 

experimental process. The researcher conducted a pilot field 

investigation of daylight performance through domes for more 

than 10 domes mosques in the Eastern province of Saudi 

Arabia. In all cases, light level is higher at the central zone 

than near the side opening zones. The light level during the 

period of 1-4 PM, the most occupied period in the mosque, is 

between 350 – 500 lux. However, the investigation had been 

made only in one section through the domes’ zones. 

Therefore, one of these case studies was selected for more 

detailed investigation. The field measurements of the above 

case study indicate that high light level contribution through 

the side opening, whatever the area of the glazed panel is 

limited to the adjacent zone to these opening of up to 8 M.  

Four movable domes were prepared for this investigation at 

different glazing area of 25, 50, 75, and 100%.  Therefore, an 

experimental investigation using a physical model of the same 

case was considered. The light penetrated through the dome is 

not enough for reading purpose in the mosque, where most of 

light depend on the side windows. In order to get benefit from 

the dome as light concerned, further treatments could be 

investigated. Controlling devices could improve light 

distribution over the central zone of the prayer hall. Another 

treatment is to increase the reflectivity of the roof area around 

the external part of the dome. 
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