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Abstract: Daylighting in traditional mosques is intricately
linked to local architectural design, which responds to the
unique climate conditions of the region, creating spaces
that balance natural light with the cultural and environ-
mental needs of the community. Traditional mosques in
Indonesia reflect indigenous architectural knowledge that
adapts to local climates. These mosques often feature
designs such as four-sided sloping or pyramid-shaped roofs,
a style known as typical Javanese. This study investigates the
impact of architectural design on daylighting provision in
two traditional and historical mosques in the Gayo
Highlands of Aceh: Asal Penampaan Mosque (M1) and Tue
Kebayakan Mosque (M2). Despite their similar roof styles,
these mosques differ in materials and window designs,
affecting their interior illumination levels. The study is con-
ducted through field measurements to measure the existing
daylight, and simulation utilizing VELUX Daylight Visualizer
to simulate daylight levels (illuminance) and daylight factor
(DF) in both mosques. The results show that M2, which has
been refurbished with modern materials and larger win-
dows, achieves higher illuminance and DF values compared
to M1, which retains its traditional sago palm roof and
smaller apertures. The findings suggest that window place-
ment and interior surface reflectance significantly influence
daylight availability. The dark surface colour of the natural
material, such as the sago palm roof, dominates the interior
and provides little reflectance of daylight, thus minimizing
its distribution throughout the room.

Keywords: mosque, Gayo highland, architectural design,
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1 Introduction

Traditional mosques are similar to traditional dwellings,
which are characterized by indigenous knowledge that
adopts the local climate. This is essential to the reduction of
climate change [1]. The traditional mosque in warm, humid
tropics, such as Indonesia, has a four-sided sloping roof, a
pyramid hip roof in a simple style, or a pyramid-shaped
stacked roof [2]. In Indonesia, this mosque design is known
as the typical Javanese style [2]. The style invites the airflow,
cooling the interior, which also contributes to the indoor light
[3]. The ground plan is square, and themosque does not stand
on poles. Regarding the design,many discussions are attached
to the earthquake fragility, thermal comfort, and visual com-
fort. Some studies on traditional housing indicate that histor-
ical people tend to design a more thermally comfortable
space rather than the more lighted ones [4,5].

In Aceh, as in other parts of Indonesia, the cultural and
religious functions of traditional mosques deeply influence
their architectural choices, particularly regarding materials
and design elements. In terms of religious practice, Islamic
worship requires large, open prayer halls that face the qibla
(the direction of Mecca). This functional need shapes the
interior design, leading to minimal internal partitions and
often a simple rectangular or square floor plan. Traditional
mosques in Aceh feature modest, non-ornate designs to main-
tain focus on worship. This simplicity is reflected in the use of
natural, local materials like wood, which is readily available
and easily shaped into clean, functional forms.

Traditional Acehnese mosques are often built from local
hardwood, reflecting the region’s rich natural resources.
Timber construction allows for flexibility in design, and
wooden structures can be modified or repaired relatively
easily using traditional techniques. The use of materials like
bamboo, thatch, and palm fibres in roof or wall elements
aligns with the need for sustainable, environmentally inte-
grated buildings. These materials are well-suited for both
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thermal insulation and acoustic control, which are important
in communal worship settings.

It has been observed that traditional mosques in low-
land areas feature more roof openings compared to their
counterparts in highland regions. Traditional dwellings in
highland areas are generally characterized by smaller win-
dows and fewer apertures. In mosques, the presence of
windows and other fenestration elements significantly
influences the interior quality and the illumination of the
prayer space. The Gayo Highlands, the highest area in Aceh
province, hosts several traditional mosques. Among these,
the Asal Penampaan Mosque in Blang Kejeren is the oldest,
followed by the Tue Kebayakan Mosque in Takengon.
Although these two mosques share a similar roof type,
they differ in terms of wall and roof materials and window
designs. This study investigates the impact of mosque
architectural design in highland areas on the provision
of natural light within these structures.

The building design above may represent the global
environmental conditions of Aceh. The lowland area in
Aceh Province, Indonesia has a low air temperature com-
pared with the highland. The lowland average air tempera-
ture runs from 26 to 27°C. However, on the highlands
located at the altitude of 900–1,350 m above sea level, the
average air temperature is about 12–23°C, which is around
5°C lower than that in lowland areas [6,7]. In general, the
Gayo Highlands, like other humid tropical climate zones,
experience varying sky conditions, from cloudy to over-
cast, with natural daytime lighting levels reaching up to
5,000–20,000 lux [8]. Within that range, the average solar
irradiance level is between 36 and 91% [9]. Highland areas
typically receive less solar irradiation and, therefore,
experience more consistent and diffused daylight com-
pared to lowland regions [10]. The elevation in highlands
results in lower solar angles, which contribute to softer,
less intense sunlight. Additionally, frequent cloud cover or
mist in these regions further diffuses sunlight, reducing its
direct intensity and creating a more uniform natural
lighting environment. This contrasts with lowland areas,
where clearer skies often allow for stronger, more direct
sunlight, leading to higher-intensity illumination [11].
These differences in solar and atmospheric conditions sig-
nificantly influence natural lighting dynamics in buildings
and outdoor settings [12].

1.1 Daylighting and mosque

Daylighting is obtained from natural light, primarily from
indirect sunlight. It is an optimal light source because it

comfortably aligns with the human visual response [13].
Natural light in buildings represents an attractive compo-
nent of interior life and gives a great psychological benefit
in terms of health and visual comfort [14,15]. Windows
contribute to health and well-being both by delivering light
to the eyes and providing a means to see the outside envir-
onment [16]. Daylighting also improves human psycholo-
gical comfort [17]. However, it does not reach deep spaces,
and this is more acute when there are not enough light-
controlling devices to help increase the penetrated light
level on the external envelope. Mosques are one clear
example where this lighting problem occurs. Therefore,
such architectural spaces need to be installed with sky-
lights throughout to ensure sufficient natural light in the
central zone [18]. Building designs using a natural light
system are considered to have excellent passive lighting
design [19], which thus saves energy [20].

In Islamic Architecture, natural light in mosque design is
necessary to create an environment where the worshipper
can fulfil religious needs and regular visual comfort objec-
tives [21,22]. Mosques are the first Islamic building types
wherever a community is built. As Islam spread, mosque
design changed and became more diverse due to local influ-
ence. For example, Byzantine and Persian architectural styles
differ for multiple reasons, such as building materials, tech-
niques, and elements of the environment. Light, regarded as
the ultimate representation of Divine Unity, plays a crucial
role in the design of openings within Islamic architecture
[23,24]. In mosques, these openings transform natural light
by shielding its direct source, producing a dramatic interplay
of illumination between indoor spaces and the external envir-
onment [25]. Therefore, the strategic positioning of openings
is essential for achieving this effect and enhancing the overall
spatial experience [26].

1.2 Traditional and historical mosques in
Gayo Highland

In this study, two traditional and historical mosques in the
Gayo Highlands region were evaluated, namely Asal
Penampaan Mosque (M1), located in Blang Kejeren, Gayo
Lues, and Tue Kebayakan Mosque (M2), located in
Takengon, Aceh Tengah (Figure 1). The study focuses on
the highland area rather than the lowland region, where
most of the population resides, due to the distinct architec-
tural and environmental challenges presented by highland
environments. These areas are characterized by lower
solar angles and cooler temperatures, which influence day-
light availability and intensity.
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In the highlands, cooler temperatures and unique day-
light conditions require more specific architectural responses
to natural light, ventilation, and insulation [28]. By focusing
on these highland mosques, the study aims to provide a
deeper understanding of how traditional architecture in
this unique environment has evolved and how it can inform
sustainable design strategies for similar regions. Additionally,
the highland context offers an opportunity to explore how
these traditional designs can be adapted or preserved in
modern times, contributing to broader discussions on heri-
tage conservation and climate-responsive architecture.

M1, a historic mosque dating back to 1412, stands as a
testament to the spread of Islam in Indonesia. Situated
approximately 900m above sea level and just 10m east of
the Penampaan River, themosque features a timber structure
with a roof made of sago palm. Encircled by a stone wall, its
original design has been preserved (Figures 2a and 3a). The
mosque’s floor measures around 11.5m by 11.5m, with four
central pillars serving as the main support for the roof [7].

The Tue Kebayakan Mosque (M2), established in 1903,
holds the distinction of being the earliest mosque constructed
in Takengon, Central Aceh. Located 1,270m above sea level
and roughly 500m from Lut Tawar Lake, the mosque was
originally crafted using traditional materials, including a
timber structure and a roof made of serule leaves [7].

However, it was refurbished with a concrete wall and zinc
corrugated roof (Figures 2b and 3b). The floor size of Tue
Kebayakan Mosque is similar to Asal Penampaan mosque,
i.e. 11.5m × 11.5m [6]. In contrast to the Asal Penampaan
mosque, The Tue Kebayakan Mosque does not have addi-
tional pillars in the middle to support the roof load. Instead,
the rooftop structure is supported by two trusses that are
directly connected to the pillar at the wall structure [7].

M1 with the enclosed characteristics is also similar to
some other highland mosques in Indonesia, such as in
Lombok (Bayan Baleq Mosque). Bayan mosque is built
using thatched roofs and timber structures. The difference
is the wall that is made from bamboo [29].

1.3 Quantifying daylight

To quantify the amount of light level accepted on a surface,
illuminance (E) must be measured. Illuminance is the mea-
sure of the amount of light received on a surface, which is
typically expressed in lux (lm/m2). In the mosque, activities
in the reading area require illuminance of up to 250 lux
[17]. Daylight factor (DF) is an indicator for quantifying the
amount of daylight and its relationship to energy and over-
heating due to the light [30–32].

Figure 1: The location of M1 and M2 (the map is modified from the study of Iskandar et al. [27]).
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DF is a measurement that quantifies the proportion of
natural light available within a room, expressed as a percen-
tage of the daylight present outdoors under overcast skies.
Several factors influence the level and spread of DF within a
space, including the dimensions, placement, arrangement,
and transparency of windows in the facade and roof; the
spatial layout and dimensions of the interior; the reflective

qualities of both interior and exterior surfaces; and the extent
to which external obstructions block the view of the sky [13].
The higher the DF, the more daylight available in the room.
According to CIBSE (BS EN 17037) and standard practices,
recommended DF values are as follows:
• >5% (ample daylight, rarely requiring artificial lighting
during the day)

Figure 2: The historic traditional mosques evaluated in the study: (a) Asal Penampaan Mosque (M1) and (b) Tue Kebayakan Mosque (M2) [7].

Figure 3: The interior of (a) Asal Penampaan Mosque (M1) and (b) Tue Kebayakan Mosque (M2) [7].
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• 2–5% (adequate daylight, artificial lighting occasionally
needed)

• 1–2% (minimal but acceptable daylight, frequent need
for artificial lighting)

• <1% (insufficient natural light; primarily dependent on
artificial lighting).

DF can be measured using Equation (1):

= ×DF Ei/Eo 100%. (1)

Notes:
• Ei is the indoor daylight illuminance level,
• Eo is the outdoor daylight illuminance level from an
unobstructed overcast sky on a horizontal plane.

The daylight illuminance level at the point is also the
sum of the internally reflected components (IRC), exter-
nally reflected components (ERC), and sky component
(SC), as shown in Equation (2):

= + +DF SC ERC IRC, (2)

where IRC is the internally reflected components, ERC is the
externally reflected component, SC is the direct light from the sky.

In the context of daylighting, IRC, ERC, and SC are essen-
tial factors that elucidate how natural light penetrates and
illuminates interior spaces. IRC pertains to the fraction of
daylight that enters a building and subsequently reflects off
internal surfaces such as walls, ceilings, and floors. This
reflection enhances light distribution within the space, miti-
gating high-contrast areas and thereby improving overall illu-
mination. ERC denotes the segment of daylight that is
reflected into the building from external surfaces, including
nearby structures, ground surfaces, and other reflective ele-
ments in the vicinity. SC, or direct light from the sky, refers to
the portion of daylight that enters a building directly from the
sky, without any intermediary reflections.

For optimal daylighting, architects and designers must
take into account IRC, ERC, and SC to create environments
that are well-lit, energy-efficient, and comfortable. Strategic
window design and the use of reflective surfaces both within
and outside the building are crucial for maximizing natural
light while minimizing issues such as glare and heat gain.
This comprehensive approach ensures the effective integra-
tion of natural light, enhancing both the functional and aes-
thetic qualities of indoor spaces.

1.4 VELUX Daylight Visualizer

VELUX Daylight Visualizer is a comprehensive tool dedicated
to lighting simulation, commonly used for design phases [33].

It is also widely trusted for daylight simulations in both
research and professional applications [12,34]. The software
allows architects and engineers to conduct daylighting ana-
lyses and perform simulations, modelling daylight behaviour
to predict factors such as illuminance, daylight autonomy,
and useful daylight illuminance (UDI) in various building
spaces [35]. Additionally, the tool supports the calculation
and visualization of the DF, a crucial measure of natural light
that indicates the ratio of indoor to outdoor illumination
under overcast conditions. Numerous case studies and
research papers highlight the tool’s effectiveness in simu-
lating DF and other daylight metrics. Moreover, VELUX Day-
light Visualizer adheres to international lighting standards,
including CIE and LEED, ensuring reliable and standardized
results for daylight analysis [33].

2 Methods

This study builds upon the research conducted by Sari et al.
[7]. In a previous study, the results focused on the general
descriptions of sustainability values in the old mosque
architecture. In the current study, we investigate the day-
lighting performance of mosque interiors. The perfor-
mance of natural light levels (illuminance) and the DF in
two historic mosques was assessed using the data obtained
from both field measurements and simulations. The field
measurements were conducted on 21 September 2023, at
09:00, 12:00, and 15:00 over 3 days. A digital lux meter (Ben-
etech, GM1010) with a measuring range of 0–200,000 lux was
utilized. The meter was set at a height of 0.75m above the
floor surface. The illuminance data were contoured on the
floor plan using Surfer 19 software. Measurements were

Figure 4: Nine measurement points run at M1 and M2.
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recorded at nine spots (Figure 4), with points A, B, C, D, and E
positioned facing west.

A simulation was also conducted using VELUX Daylight
Visualizer software. The illuminance rendering was set at
the same height as the field measurement, i.e. 0.75 m above
the floor surface (Figure 5). The types of rendering used
were a plan view and a false colour technique. Illuminance
simulations were carried out at 09:00, 12:00, and 15:00 on 21
March. This date was selected because it coincides with the
sun’s trajectory during equinox conditions (21 March/21
September). Overcast sky conditions were used in the
simulation. Meanwhile, the DF was simulated at 12:00
when the sun is directly overhead. At this time, the distri-
bution of light tends to be more uniform, minimizing the
effects of shadows cast by surrounding objects and struc-
tures. This uniformity simplifies the calculation of the DF
and makes it easier to analyze the overall daylighting effec-
tiveness of a design.

The field measurement and the simulations for both
mosques were conducted with open windows. The
Indonesian standards (SNI) were utilized to evaluate the
quality of the daylight. Specifically, SNI 03-6575-2001 was

applied to assess daylight levels (illuminance-E), while SNI
03-2396-2001 was used to evaluate the DF. Additionally, the
Illuminating Engineering Society (IES) Handbook [36] was
referenced as an alternative for the recommended illumi-
nance levels.

3 Results

3.1 Illuminance (E)

Table 1 and Figure 6 show the field measurement data of
daylight illuminance in M1 and M2. During the measure-
ments, the sky was overcast, and the outdoor illuminance
was approximately 20,000 lux. From both the field mea-
surements and simulations, we observed that the amount
of daylight (illuminance) entering the interior of M2 is
higher than that of M1. Figure 6 shows the high illumi-
nance of daylight entering at 12:00, which is distributed
near the openings. M2 has higher illuminance, as shown
in Table 1, where the average daylight level is around

Figure 5: Plan view and cross-section: (a) Asal Penampaan Mosque (M1), and (b) Tue Kebayakan Mosque (M2) set in VELUX visualizer.
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216.46 lux, while M1’s daylight level ranges from 100.29 to
159.09 lux.

Figure 7 shows the contour of the measured illumi-
nance distribution in M1, generated by Surfer 19. From
morning to afternoon, the daylight illuminance received
in the room ranges from 60 to 250 lux. The highest illumi-
nance is mostly near the openings on the west and east
sides. In the centre of the room, the illuminance ranges
from 70 to 86.5 lux at 09:00, 85 to 110 lux at 12:00, and
54.2 to 160 lux at 15:00.

M2 has higher indoor illuminance, ranging from 120 to
600 lux from morning to afternoon (Figure 8). Similar to M1,
the highest illuminance occurs near the apertures. In the
centre of M2, the illuminance ranges from 138.8 to 195.1 lux
at 09:00, 120.4 to 171.3 lux at 12:00, and 128.3 to 172 lux at 15:00.

In order to identify how the two mosques handle day-
light, the same outdoor illuminance value (600 lux), ignoring
any possible external distractions, was applied in the VELUX
Daylight Visualizer to predict the illuminance levels, and to
calculate the predicted DF. The VELUX simulations showed

results consistent with the field measurements, where M2
demonstrates a greater ability to bring more daylight into
the interior. Figure 9 shows the rendering of the VELUX
simulation for M1, where the openings along the wall peri-
meter and the attic openings are open. The illuminance (E)
values ranged from 63 to 250 lux. While not significantly dif-
ferent, we observed that at noon, natural light predominantly
enters through the fenestrations, either from the wall peri-
meter or the roof ventilation.

Figure 10 shows the illuminance rendering value of the
M2 mosque when the door and the windows are left open.
Illuminance (E) values were in the range of 63–500 lux. The E
value was quite high near the opening zone because of the
large size of the windows that gave the light access from
outside. At noon, all the zones had high illuminance, which
was around 250–500 lux. The VELUX simulation shows a
higher value of illuminance compared with field measure-
ment data. It is because VELUX software uses idealized con-
ditions for simulation, such as consistent weather patterns,
perfect material properties, and no interference from sur-
roundings. Field measurements, on the other hand, are sub-
ject to real-world variables like weather fluctuations, unex-
pected shading, or imperfect material conditions.

The primary function of the mosque was originally
prayer, which did not require a particularly bright envir-
onment. According to IES [36], the simple function can be
justified as requiring around 50–100 lux. Therefore, in gen-
eral, the daylight illuminance levels in the interiors of M1
and M2 comply with this standard. However, the function
of the mosque has since evolved to include more complex
activities, such as Islamic study circles, marriage contract

Table 1: Daylight illuminance values (lux) received in the interior of the
mosques

M1 M2

09:00 12:00 15:00 09:00 12:00 15:00

Avg 100.288 159.092 137.876 216.46 283.956 235.384
Max 160 250 250 400 600 450
Min 70 69.7 54.2 138.8 120.4 128.3
SD 26.57 61.43 55.18 82.24 171.73 97.76
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Figure 6: The average indoor daylight illuminance (lux) from three days of measurement in M1 and M2, distributed across nine measurement points
(A–Y) throughout the rooms.
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Figure 7: Distribution of daylight illuminance (lux) in the floor plan of M1 run by Surfer at (a) 09:00, (b) 12:00, and (c) 15:00.

Figure 8: The distribution of daylight illuminance (lux) in the floor plan of M2 run by Surfer at (a) 9:00, (b) 12:00, and (c) 15:00.

Figure 9: Distribution of daylight illuminance throughout the interior of M1.
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ceremonies, and celebrations of Islamic events, all of
which require more light to support these activities. In
response to this, the Indonesian standard (SNI 03-6575-
2001) sets the average illuminance value (E) for mosques
at 200 lux.

3.2 DF

The average value of the DF obtained in the two mosques
from the simulation is various, and follows the daylight level

in the interior. Themean value of DF in M1 is 0.25%, while the
minimum and the maximum are 0.02 and 4.98%, respectively
(Figure 11). In contrast, M2 has a higher DF, which is up to
10.77% at the maximum level. The mean value is 2.09% and
the minimum one is 0.9% (Figure 12).

Based on SNI 03-2396-200 and CIBSE (BS EN 17037), the
average DF in M1 falls below 2%, indicating a need for
additional artificial lighting. However, certain spots may
exhibit DF values that meet the daylighting standard.
Conversely, in M2, the average DF is notably higher at
2%, indicating well-lit conditions overall.

Figure 10: Distribution of daylight illuminance throughout the interior of M2.

Figure 11: DF distribution in M1 at 12:00.
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4 Discussion

4.1 Architectural features and their
influence on daylight distribution

4.1.1 M1 (Asal Penampaan Mosque)

The dark interior of M1 can be attributed to its traditional
design elements, which prioritize functionality and cultural
values over maximizing interior brightness. The central four-
pillared timber structure and sago palm roof highlight the
mosque’s traditional craftsmanship and the use of light-
weight, natural materials. While the open roof structure
and timber elementsmay allow for diffused daylight patterns,
they are not optimized for maximizing light penetration,
instead focusing on reducing glare and maintaining a serene
atmosphere suitable for worship. The compact dimensions
(11.5m × 11.5m) and single-volume space, combined with
limited openings for natural light, further contribute to the
subdued interior brightness. The mosque relies on carefully
positioned windows or small gaps in the roof structure to
provide daylight, but the surrounding stone wall restricts
external light reflection, reducing the overall luminosity
inside. This interplay between architectural design and the
environmental setting emphasizes the role of indirect light
diffusion in creating a balanced yet intentionally dim lighting
condition. As a largely unaltered fifteenth-century structure,
M1 exemplifies traditional Acehnese architecture, with its
reliance on natural materials aligningwith sustainable design
principles.

4.1.2 M2 (Tue Kebayakan Mosque)

The interior of M2 gains more daylight compared to M1
primarily due to the modern architectural adaptations
introduced during its renovation. The zinc corrugated
roof, a significant departure from M1’s traditional sago
palm roof, plays a critical role in this increase. Zinc, being
a metallic material, has a reflective surface that enhances
internal light diffusion, creating a brighter interior envir-
onment. This contrasts with the sago palm roof of M1,
which absorbs more light and produces a softer, more
subdued lighting effect. Additionally, the absence of central
pillars in M2, replaced by two trusses supporting the roof,
opens up the interior space. This unobstructed layout
allows for a better distribution of light throughout the
mosque, especially from windows or other openings. In
contrast, M1’s four central pillars may create shadowed
zones, contributing to its darker interior.

These design changes in M2 reflect a shift towards
addressing practical considerations such as durability,
maintenance, and accommodating community preferences
for brighter spaces. However, while the increased daylight
in M2 offers functional benefits, it may come at the cost of
disrupting the traditional lighting patterns that were inte-
gral to the spiritual ambience and cultural identity of mos-
ques like M1. The more reflective zinc roof and the removal
of structural elements that traditionally influenced light
and ventilation highlight the tension between the preser-
vation of heritage and modernization to meet contem-
porary needs.

Figure 12: DF distribution in M2 at 12:00.
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4.2 Effect of the window area and type on
daylight provision

M2 has a brighter interior and a higher daylight level com-
pared to M1, which has a darker interior. The percentage of
window or ventilation area to floor area in both mosques is
relatively similar, approximately 22.8%. However, the type
and placement of openings significantly influence the dis-
tribution and quality of daylight within the interiors.

In M1 (Asal Penampaan Mosque), the design features
ground-level wall ventilations that are 50 cm high and
26.4 m2 wide along the 140 cm high perimeter wall.
Additionally, it incorporates clerestory ventilation with a
total area of 10.56 m2, which remains uncovered by glass.
These open clerestory windows can deliver up to 40–50%
of the required daylight for a room under clear sky condi-
tions. The placement and type of openings in M1 – com-
bining ground-level ventilation and high-level clerestories
– contribute to a balanced distribution of daylight.
However, the relatively smaller openings and reliance on
a diffused light result in a dimmer, more subdued interior
ambience, which aligns with its traditional and spiritual
setting.

On the other hand, M2 incorporates roof openings but
also features larger wall windows compared to the nar-
rower windows in M1. These windows use jalousie designs
with horizontal, wood-carved awnings that remain open.
The larger openings in M2 allow for significantly more
daylight to enter, creating a brighter interior. However,
the uneven distribution of daylight becomes a concern.
The wall windows, positioned lower and without clerestory
counterparts, allow direct light penetration, which may
create bright spots and areas of contrast, disrupting the
uniformity of lighting within the space.

Thus, while M2 benefits from greater daylight levels
due to its larger openings, the traditional design of M1
ensures a more even and functional daylight distribution.
This comparison highlights the trade-offs between maxi-
mizing daylight and maintaining balanced interior lighting
when adapting traditional architectural features. It also
emphasizes the importance of carefully considering
opening types and placement to achieve both functional
and aesthetic goals in mosque design.

This study also indicates that the height of windows
from the floor significantly influences interior daylight
levels. Higher window placements may reduce brightness
during specific morning and afternoon periods. The
140 cm-high and 80 cm-deep walls in M1 result in sunlight
rejection before 9 am and after 3 pm. Conversely, M2
receives more daylight than M1, with windows positioned
around 40 cm high and extending up to 100 cm, facilitating

longer daylight exposure across a larger area. This study
agrees that building forms would impact the performance
of indoor daylight [37].

4.3 Ceiling surface impact on daylighting

The type and size of apertures/windows also influence nat-
ural light and DF values [16]. Larger aperture surfaces
enhance interior light levels [38]. Additionally, this study
highlights the IRC as a critical factor contributing to bright-
ness. M2 achieves a higher DF percentage, attributed to its
polished corrugated zinc ceiling with a light reflective
value (LRV) of 75%. This contrasts with M1’s sago palm
ceiling, which has a lower LRV of 18% due to its brown
colour.

4.4 Building orientation and daylight quality

Building orientation significantly impacts daylight avail-
ability, with east-facing sides receiving more morning light
and west-facing sides benefiting from afternoon light [30].
Both mosques are oriented towards Mecca, located close to
the west at 295° clockwise from the north in Aceh, with
minimal fenestration on the qibla side to reduce afternoon
glare and maintain focus during prayer. Openings are pre-
dominantly situated on the east, north, and south sides to
maximize daylight penetration. The interior surface reflec-
tance values also play a crucial role in determining day-
light quality.

4.5 Constraints on modifying traditional
designs

Traditional mosques hold significant historical value, but
several constraints make it easier to replace them with
modern buildings. One challenge is the lack of natural
materials, such as hardwood and palm fibres, to preserve
the structure. Additionally, the shortage of skilled artisans
who can work with these materials complicates efforts to
modify the mosques while maintaining their original
style and integrity. This issue is compounded by the typi-
cally dark interiors of traditional buildings, as highlighted
in this study. However, there may be other factors that
older generations consider beyond simply brightening
the interior.
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Modern materials like zinc roofing offer durability and
weather resistance, but they can diminish the mosque’s
connection to local heritage. Similarly, new windows might
disrupt the original design, which was adapted to the high-
land climate and cultural needs, affecting both aesthetics
and function. This can alter the mosque’s historical and
cultural continuity, disconnecting it from the past.

In Aceh, preserving traditional and historical buildings
is challenging because many aspects of old structures no
longer meet modern needs. People tend to prioritize com-
fort, including visual comfort. Without strict government
regulations to protect them, there is a significant risk that
these buildings, such as mosques, may be lost.

4.6 Improving daylight and design in
historic architecture

To improve daylight and design in historic architecture, based
on the study of traditional mosques like M1 and M2 in Gayo
Highland, several aspects can be considered. First, optimizing
window placement is key; the design of openings should be
enhanced to capture more natural light while maintaining
thermal and acoustic performance. Strategically positioning
windows, such as clerestories or larger wall openings, can
increase daylight penetration without compromising the build-
ing’s aesthetics or structural integrity.

Additionally, material selection plays a crucial role in
light distribution – traditional materials like wood can be
complemented with light-reflective surfaces, such as light-
coloured walls or ceilings, to evenly distribute daylight
within the space. Preserving the mosque’s cultural identity
while incorporating modern materials, like glass and sus-
tainable technologies, is essential. This can be achieved by
integrating these modern systems discreetly, ensuring they
blend with the traditional design.

Finally, to prevent harsh sunlight from entering
directly, light diffusion techniques, such as frosted glass
or louvred systems, can be used to ensure an even distri-
bution of daylight throughout the interior. By combining
these strategies, it is possible to enhance the daylighting
and design of historic mosques while preserving their cul-
tural and architectural integrity.

5 Conclusion

This study evaluates the design of historic mosques located
in Gayo Highlands, Indonesia. There are two mosques with

distinct designs: Asal Penampaan Mosque (M1) in Blang
Kejeren, constructed in its original form with a sago
palm roof, stone walls, and long apertures along the walls
and roof. The other mosque is the Tue Kebayakan Mosque
(M2) in Takengon, which has been renovated with concrete
walls, zinc corrugated roof, and different ventilation types,
including awning jalousie windows. The percentage of
opening area to floor area is similar in both M1 and M2.
M1 features long apertures along the walls and roof, while
M2 utilizes modern awning jalousie windows.

This study reveals that the mosque with the original
sago palm roof, stone walls, and traditional ventilation
(M1) has lower levels of natural illuminance and DF com-
pared to M2. M2 benefits from a brighter interior due to its
window type and zinc ceiling surface. However, the lower
values of illuminance and DF in M1 still support basic
activities. This study demonstrates that the reflectance of
interior surfaces significantly affects indoor brightness.
The brown colour of the sago palm roof diminishes
internal reflection values, resulting in lower brightness
compared to the shiny metal zinc surface used in M2.

This research has broader implications for architec-
tural design and daylight in historic buildings. However,
due to the limitations of this study, which focuses solely on
daylight assessment, further research is needed on the
relationship between historic mosque design, daylight,
and thermal comfort. Generally, light can bring heat, so
future studies should explore how the integration of
modern building practices can improve light access
without undermining the thermal benefits of traditional
designs. Additionally, addressing the limitations of this
study, such as its focus on only two mosques, highlights
the necessity for further investigations across a wider
array of traditional buildings to validate these findings.
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