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ABSTRACT
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building energy needs to be optimized. This is because, low-rise
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buildings with large volumes require specific strategies for proper
light distribution throughout the space. Hence, this study aims to
explore and compare the effectiveness of daylighting in the openings
design of skylight, roof monitor, and sawtooth in large-volume
buildings in Bandung. The effectiveness is assessed by examining
lighting performance based on distribution patterns, the value of
Daylight Factor (DF), and the Coefficient of Uniformity (CU).
Experimental research method with simulation program known as
Velux Daylight Visualizer 3.0 is used to present and analyze the
lighting data. The results showed that the type, position (openings’
height and distance), as well as the opening direction affected the
distribution patterns and daylighting performance. Based on the
simulation, the skylight opening is the most effective in meeting the
standard value of Daylight Factor (> 2%) and Coefficient of
Uniformity (CU min. 0.3 and DF min. 0.8%). Thus, space and
openings model with a percentage roof area of 16.3% in the
simulation can be used as a reference for large-volume buildings
because, it meets the requirements of Daylight Factor value and
sufficient Coefficient of Uniformity.

Introduction

consumption (Chen et al. 2014). For instance, in
low-rise buildings such as industrial buildings
with large volumes, daylighting strategies are

Daylighting is an important factor in building
design in the tropical countries because, sun
exposure is abundant throughout the vyear
(Anthony et al. 2020). Based on this, passive
design can be carried out by adjusting the light
holes openings in order to maximize the potential
of daylighting and reduce the lamp's utilization to
save energy (Zain-Ahmed et al. 2002). With the
right strategy, the daylighting implementation can
reduce the utilization of the electrical energy in
the buildings to 40-60% (Lawrence et al. 2008).
The researches on daylighting design for the
visual comfort in buildings are often carried out
for office functions but are very limited to
industrial buildings with higher electricity

effective in reducing energy instead of using
artificial lighting (Lapisa et al. 2020). Openings in
the roof of buildings have the potential to permit
daylighting to reduce energy, but can also increase
heat (Lapisa et al. 2020). Therefore, processing
openings need to be adjusted to minimize negative
impacts and improve daylighting performance for
user's comfort (Rahmah and Agli 2020).

There are different types of toplighting,
namely, the skylight, roof monitor, and sawtooth
(Lechner 2008). Researches have been widely
carried out on potential opening design strategies
for skylight types both in comparison of number
and openings area, as well as the glazing types
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used (Al-Obaidi, Ismail, and Abdul Rahman
2014; Lapisa et al. 2020; De Luca et al. 2018;
Nezamdoost et al. 2017). Based on this, the
analysis of various dimensions on sawtooth
openings shows the potential for the types of
openings to be applied in industrial buildings
(Asdrubali 2003). For instance, on flat roofs in
tropical areas, skylight types with additional
reflectors are most effective at illuminating the
room and reducing heat, while the roof monitor
type can produce the evenest light distribution but
has the potential to receive higher heat (Beltran
2005).

In this paper, various types of toplighting were
explored to determine the daylighting
performance in large-volume buildings in
Bandung. The roof is slanted in order to respond
to the tropical climate in Indonesia with high
rainfall. Likewise, the positions and variations in
the openings types in the roof plane are also varied
to determine the most effective strategy. The
analysis is studied from the mapping of light
distribution patterns to the zoning formation in
space and daylighting performance analysis
(using Velux Daylight Visualizer 3.0 software) in
the form of fulfillment with light illumination
standards reviewed from Daylight factor (DF) and
Coefficient of Uniformity (CU) values. Opening
design exploration is included in passive design
control which is one of the early strategies for
energy-efficient building design.

Over the past 50 years, light science has
shifted from physics to engineering and has
subsequently  become part of building
environment design (Mansfield 2018). The
urgency of using daylighting as a material in
architectural design has been recognized by
architects for a long time. Previous researches
have surveyed how to respond to the need for
daylighting (Farley and Veitch 2001), and it all
led to the same conclusion that daylighting is
essential and preferred. In addition, the
application of an optimal daylighting system has
been shown to provide various benefits for
improving the health, productivity, and safety of
the building users (Edwards and Torcellini 2002;
Lawrence et al. 2008; Heschong 2002; Barret
2009; Singh 2018).

On the other hand, the parameters affecting
daylighting include, sky conditions and building
data (Mandala, Ritva Santoso, and Gunawan
2016), while the data rsegarding buildings are, site
and building conditions (from facades processing
to inner space). The opening to the north or south

is the best building mass orientation in the
geographical location of Bandung City. This is
because the sunlight obtained has good quality,
relative irradiation time throughout the day, with
a smaller radiation level when compared to other
orientation directions. Basically, the position,
geometry, and opening shape determine which
parts of the space get direct sunlight and produce
light distribution patterns.

Also, the arrangement of the inner space and
the color utilization will affect the light reflection
that will occur (Singh 2018). Reason being that,
the light colors does not only function as
reflection areas, but also diffuse light to reduce
dark shadows, glare, and light that is too bright.
Hence, the color arrangement of the interior
enclosure will have a significant effect on
illumination and light distribution (Egan and
Olgyay 2001).

The three basic forms of including natural
light into buildings are, side openings, upper, and
atriums (Egan and Olgyay 2001). One of the
daylighting strategy is to place the opening in a
high place (roof or higher wall area) to get a
brighter skylight (Phillips 2004). The high
aperture position can also increase the reach of
light into more space and get a more even light
distribution (Egan and Olgyay 2001). According
to the rule of thumb, the distance between the light
holes in the roof should be 1-1.5 times the ceiling
height (Egan and Olgyay 2001). To increase
illumination, light openings in the horizontal roof
plane receive more light than vertical openings
but can cause haunting, glare, and heat problems

(figure 1).
E‘\—. _J"]
Figure 1. Types of uppers .openings (from Ieft‘to right:

roof monitor, sawtooth, skylight)
Source: (Lechner 2008)

There are various types of uppers opening,
namely roof monitor, sawtooth, and skylight. The
roof monitor opening is done by increasing the
roof height and adding a vertical or inclined
opening element. This strategy has the potential to
reduce overheating compared to the skylight types
(Lechner 2008). On the other hand, the sawtooth-
type composition is used to distribute natural light
uniformly over a large space. The orientation of
the openings in this type can be determined,

224



Ariani Mandala, E. B. Handoko Sutanto, Amirani Ritva Santoso:

The effectiveness of daylighting through the toplighting design in large-volume building models

therefore its position can take the maximum
natural light and reduce the entry of heat radiation
into space.

The various forms of skylights consist of the
dome, pitched, and flat (Lechner 2008). Although
it is the most economical in the installation stage,
yet this opening has the potential to cause uneven
distribution of light, high heat, and glare. This is
because, it receives direct sunlight during the day,
hence the energy consumption for cooling is
greater (Ander 2003). The skylight opening type
is more effective at increasing the illumination
value, but the light uniformity is worse than other
types. Meanwhile, the sawtooth type (with two-
way openings orientation) has the opposite
performance (Ali 2014).

The earliest, easiest, and most commonly used
natural light indicator is the Daylight Factor (DF)
value because, it is calculated in the worst sky
conditions (overcast sky) (Acosta et al. 2015).
The Daylight Factor is calculated by comparing
the values of indoor and outdoor illumination (in
evenly distributed sky conditions), and the
comparison ratio is expressed as a percentage.
The average DF value requirement is around 2%
for industrial buildings such as sports halls,
laboratories, multipurpose halls, etc. (BRE Global
2013).

The three components in calculating
daylighting are the sky, the outer, and the inner
reflection (Barbrow 1964). Although the skylight
component is the largest determinant of the DF
value, the reflection also contributes to the
illumination (Acosta et al. 2015). A space painted
white (reflection level 70%) can increase the
Daylight Factor value up to 3 times compared to
the one with black paint (Mandala and Ritva
Santoso 2018).

Apart from illumination, the requirement for
good daylighting quality is evenly distributed
throughout the indoor space (Mandala 2020). One
of the design strategies for equality in light
distribution is by positioning openings and
selecting the interior material. Light distribution
measurements can be stated in the Coefficient of
Uniformity (CU), which is the ratio of the
minimum value to the maximum or average DF in
a space (lversen et al. 2013). The minimum
standard of BRE (BRE Global 2013) for equitable
distribution is DF min/average = 0.3 or a
minimum DF value of 0.8%.

Although, previous research have been
dominated by the exploration of each opening
type (especially skylights) in the climate context,

based on different locations. The comparison of
the effectiveness of the three toplighting has not
been widely studied, especially in the sloping roof
shape with variations in the openings’ placement
position in the roof plane. Therefore, this research
can contribute to being a reference for designers
to determine the type and position of roof
openings in optimizing the inclusion of natural
light in wide-span building models in Bandung
City.

Method

This section consist of an exploratory research
with experimental methods in which the spatial
model simulated is based on several
considerations. For instance, the efficient spans
(reinforced concrete structures) for industrial
buildings are 10-30 m (Neufert and Neufert
2000). In accordance to the sports infrastructure
standards from the Regulation of the Minister of
Youth and Sports (Permenpora), the minimum
size of a type C building (general) is 20m wide
and 9m high (2014) (Kementrian Pemuda dan
Olahraga RI 2014). This 9m is also the maximum
height of the single-span of shed type wide
building (Neufert and Neufert 2000). The
building length considers the provisions for the
industrial plot module system application of
width: length = 2: 3 or 1. 2 for effectiveness
(2010) (Kementrian Perindustrian Rl 2010).
Therefore, the space model used is 40.00m
(length) x 20.00m (width) x 9.00m (height). The
space volume is large enough for industrial
buildings and meets the minimum height
requirements for public sports buildings. Due to
the physical aspects of light, the calculation
results and daylighting patterns are also identical
when applied to different scale building models
with the same proportion.
The model space, openings, and parameters
used in the simulation are detailed as follows:
1) The angle of the roof (typical slope of the roof
in the tropics) = 30°;
2) The space color is white with a reflection
value of 80%;
3) Location setting = Bandung city (6° LS, 107°
East);
4) North-South opening orientation;
5) The height of the work plane from the floor =
0.85 m;
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6) The aperture module uses the product standard
from the Velux program, with a length x width
=94.2 x 160 cm (glass area = 0.94 m?). Total
modules in 1 building = 80 modules
(longitudinal linear arrangement) with glass
transparency = 70%;

7) Specification of 'Daylight Factors' rendering
type in ‘overcast' sky conditions with 'high'
render quality.

skyfigt

e L
CCC
/A\ //\\ ,/\\

saw loath

NN, A NNV

Figure 2. Experimental variants of exploration types
and top lighting positions

Figure 3. The module openings arrangement in the
skylight type

The simulation of daylighting performance is
done on a computer with Velux Daylight
Visualizer software version 3.0. The reference DF
value is 2% with standard CU = 0.3 or DF min.
0.8%. The analysis of daylighting performance
was studied from the results of visualization and
computation, and was calculated in the form of

light distribution patterns, Daylight Factor (DF)
values, and CU values as seen in table 1.

Table 1. Data collection techniques
Variants of

Top . Data
;jrgtg 0] lighting 2;2';:?\3 i collection
type direction TG
Light Skylight  Position of Computing
distribution upper, middle,  simulation
pattern and roof using
(CU) and openings Velux
DF value Roof The distance daylight
(min, max,  monitor  between the visualizer
and openings is 6 3.0
average) m, 10 m, and software
16 m
Sawtooth  The opening
direction is to
the North,
South, and a
combination of
both

Result and discussion

Comparison of DF value and light uniformity on
skylight type aperture

Table 2. Comparison table of light contours and
skylight-type daylighting visualization
Skylight openings position

Roof top Middle of the Roof edge
roof
|
t i
|
r w
= =
Average DF = Average DF = Average DF =
3.76% 4.25% 4.17%
DF min = DF min = DF min =
1.85% 1.81% 2.61%
Max DF = Max DF = Max DF =
5.07% 5.74% 4.96%
CU=0.49 CU=043 CU=0.63
DF above 2% =  DFabove2% = DF above 2% =
99% 99% 100%

226



Ariani Mandala, E. B. Handoko Sutanto, Amirani Ritva Santoso:

The effectiveness of daylighting through the toplighting design in large-volume building models

Figure 4. Color description of light contours

DF comparison (skylighttyoe)

DF min

DF max

® DF mean

DF Value
o = N w > wv (<)) ~

roof top middle of the roof roof edge

Opening Position

Figure 5. Comparison graphic of DF value on skylight
type

Uniformity comparison (skylighttype)

0,7

0,6

0,5

= 04

03

8 DFmin/max
0,2
0,1

DFmin/mean

middle of the
roof

roof top roof edge

OpeningPosition

Figure 6. Comparison graphic of the uniformity value
of the skylight type

The light distribution pattern formed, follows
the placing openings (linear to the longitudinal
direction of the building). Skylight types 1 and 2
are higher in the part directly below the opening
with a light gradation to the edge of the building.
While the type 3 has a different distribution
pattern because, the distance between the
openings is far enough to divide the space into two
(symmetrical), according to the opening position.
Also, skylight type 1 and 2 are suitable for a
spatial planning that tends to be centered (activity
in the middle of the room), while the one
positioned on the edge is suitable for a linear
spatial arrangement with a circulation path in the

middle of the space (dividing space into two
functional zones).

NAKY

Figure 7. The light distribution visualization of the
skylight opening type

> i

The value of Daylight Factor is higher in
skylights type 2 (average DF = 4.25%), with the
opening position in the middle of the roof/space
because, the opening height is lower than its
position at the rooftop. Also, the opening position
in the middle of the space causes the light
accumulation from the two openings to gather in
the middle, thus, the maximum and average DF
value is higher than the skylight type 3. The
skylight on the roof edge causes the middle area
of the space to be dark therefore, the average DF
value is smaller. Consequently, these three types
of skylight openings are quite capable of meeting
the standard DF value of min. 2% for office,
classroom, or stadium function in almost all
rooms with 99-100% fulfillment. It should be
noted that the average Daylight Factor (DF) value
in the three skylights types is quite high, reaching
3-4%. Hence, to reduce the potential for glare and
heat due to direct sunlight, a reflector can be
added to the skylight or change the glass material
to opaque which can also improve light
distribution.

All the three spaces have sufficient light
uniformity values that are above the general light
uniformity requirements (above 0.3). For
instance, high indoor reflection value has a big
contribution to produce light uniformity, and
skylight type 3 has the highest value (CU
min/average = 0.63). The position of the openings
is on the edge of the roof with a distance of 16 m.
Distance ratio between the opening and the room
height (16: 9) is 1.78 close to the strategy of
toplighting which ensure uniformity in light
distribution (1-1.5 x). In this type, skylight
directly hits the wall element which then becomes
a reflector to help spread light evenly throughout
the space. Skylight type 2 also has an opening
distance according to the strategy of 1.1x the
height of the space. However, the width of the
building is large enough therefore, light
penetration does not reach the edges of the
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building. Furthermore, the two toplighting
positioned in the middle of the space produce a
maximum DF value greater than the skylight type
1 (the distance between the opening and the
working plane is further away). This results in
greater light contrast when compared to other
types of skylights.

Comparison of DF value and light uniformity on
openings with roof monitors’ type

Table 3. Comparison table of light contours and
daylighting visualization on roof monitor type

Position of the roof monitor opening
The distance The distance
between the between the
openings of 10 openings of 16
m m

The distance
between the
openings of 6m

Average DF = Average DF = Average DF =
1.55% 2.24% 2.25%

DF min = DF min = DF min =
0.96% 1.10% 0.88%

Max DF = Max DF = Max DF =
1.81% 2.84% 3.22%

CU =0.62 CU=0.49 CU =0.39

DF comparison (roof monitor type)

[

=

< H DF min

w

o M DF max
©® DF mean

16 m distance

6 m distance 10 m distance

The distance between the opening

Figure 8. Comparison graph of DF value on the roof
monitor type

Uniformity comparison (roof monitor type)

o
204
o
> .
- 03 DFmin/max
o

0,2 M DFmin/mean

6 m distance 10 m distance 16 m distance

The distance between the openings

Figure 9. The comparison graph of the light uniformity
value on the roof monitor type

The opening position on the roof monitor is in
the vertical plane of the building, while that of
skylight type is in the horizontal plane. This
causes the light distribution pattern formed to be
different. Also, in the roof monitor types 1 and 2,
the light is higher in the part directly below the
opening with a light gradation to the edge of the
building. The roof monitor type 1 has a different
distribution pattern because, the vertical plane
position of the openings is close together,
therefore, the light penetration is directed far to
the edge of the space, thereby dividing it into two.
The roof monitor type 2 and 3 are more suitable
for a spatial planning that tends to be centered
(activity in the middle of the room), while the
position of the roof monitor type 1 is more
suitable for linear space arrangement with a
circulation path in the middle of the room
(dividing space into two functional zones).

P N

RIrE )

type 1 type 2 type 3

Figure 10. Light distribution visualization of roof
monitor opening type

The Daylight Factor (DF) value is greater at
openings with a longer distance (types 2 and 3)
because, its height is lower according to the roof
shape. Meanwhile, the opening type 1 position is
far at the rooftop, therefore it has the smallest DF
value. Roof monitor type 1 does not meet the
minimum Daylight Factor value requirements for
school, office or stadium functions. But, types 2
and 3, when viewed from the average DF value,
still meet the requirements. However, the
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minimum DF value is still below that of the
average recommended natural light factor.

The three types of roof monitors have a
sufficient light uniformity value which is above
the general standard requirements. For instance,
high indoor reflection value has a significant
contribution to produce light uniformity.
Likewise, roof monitor type 1 has the highest light
uniformity value (CU min/average = 0.62).
Meanwhile, the reference to the distance
comparison between the openings and space
height cannot be used to assess the opening type
of the roof monitor because, the area is not in the
horizontal plane. Basically, the opening position
on the roof monitor type 1 is higher than the other
types, thus, it causes a wider light distribution to
space and increases the light uniformity value.
The incoming light also accumulates on the
central ceiling and is reflected throughout the
space to help with light distribution. The aperture
position in type 3 tends to direct light towards the
space center, thereby causing light accumulation
in the center of the space and increasing contrast.
Therefore, the light uniformity value is lower than
other types, although it can still be categorized
fairly evenly because it is close to the standard
value.

Comparison of DF value and light uniformity at
sawtooth opening type

Table 4. Comparison of light contours and
visualization of sawtooth type daylighting
The position of the sawtooth opening
Direction facing Direction facing  Direction facing

_north south north-south

| |
\ . AN Ny f

11 ‘ il 7 \\ v
Average DF = Average DF = Average DF =
2.95% 2.96% 3.53%
DF min = 0.69% DF min = DF min =
Max DF =4.43%  0.80% 1.52%
Cu=0.23 Max DF = Max DF =
4.35% 4.91%

The position of the sawtooth opening

Direction facing Direction facing  Direction facing
north south north-south

Cu=0.18 CU=043

DF comparison (roof monitor type)

6
5
v 4
=2
o
>3 ® DF min
E 2 seerecrenc S . coererenrereeo B oo oeeennenaee . SN, ...
B DF max
1 - ® DF mean
0

facing north facing south facing north-

south
Opening Position
Figure 11. Comparison graph of DF value at the
sawtooth type

Uniformity comparison (roof monitor type)

0,4

° 0,35

S 0,3 sasesasssssssssssssssssssssssssssssssssss e dRe

80,25

> 02 -

=] 015 DFmin/max
0,1 B DFmin/mean
0,05

0

facing north

facing south  facing north-
south

OpeningPosition

Figure 12. Comparison graph of the light uniformity
value on the sawtooth type

The distribution pattern is formed according to
the opening direction, for example, at opening to
the north, light in the horizontal plane
accumulates in the southern part of the space, and
vice versa. Also, in the direction of the north and
south combination openings, light is more evenly
distributed throughout the space. Therefore, type
3 sawtooth has the potential for flexible inner
space zoning arrangement compared to the other
two types. Likewise, sawtooth types 1 and 2 will
be more suitable for space functions that require
lighting in the vertical plane (walls).
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saw tooth

type 1 type 2 type 3

Figure 13. Light distribution visualization of sawtooth
opening type

The Daylight Factor value is slightly larger in
the direction of the combination opening because,
the incoming light directly illuminates the
horizontal plane. Whereas, in the other two types,
some of the incoming light is reflected first
through the wall plane before illuminating the
horizontal plane. The three types of sawtooth
openings had an average DF value of more than
2%, however, the sawtooth type that was oriented
in one direction had a dark area with a fairly low
minimum DF value.

The sawtooth type with the combination
opening direction has the highest light uniformity
value of 0.43, because, the distribution is more
evenly distributed throughout the horizontal
direction of the space. While the other two types
only have one orientation toward the aperture,
thus, the light builds up in one direction, thereby
causing dark areas in the other.

Comparison of daylighting performance on
skylight, roof monitor, and sawtooth openings

DF Value Comparison

II II o B I‘
M2 RM3 ST1 ST2 ST3

EDFmin MDFmax @ DFmean

Now s B N

0

H
¢
2

2
'y
2

g

“

2

8

. —
= bk
2

»

Figure 14. Comparison of DF values on the three types
of toplighting

CU Value Comparison

[UEJIERTER  RAPRRNBAPIVR  PRRRE BRRPRAPRRRN . PPRPRPRPRRRRRRRRRRRT .

” I I
0
STl ST2 ST3

SK1 SK2 SK3 RM1 RM2 RM3
DFmin/max M DFmin/mean

Figure 15. The CU values comparison of the three
types of toplighting

Table 5. Designation description of the toplighting type
Code  Toplighting type Opening Position
Opening position on the

SK1
rooftop
. Opening position in the
SK2 - Skylight center of the roof
SK2 Opening position at the

edge of the roof
RM1 Opening distance 6 m
RM2  Roof monitor Opening distance 10 m
RM3 Opening distance 16 m
The opening direction

STl towards the north
ST? The opening direction
Sawtooth towards the south
The opening direction
ST3 towards the north and

south

Based on the distribution patterns analysis and
performance of the three openings types above,
the following points of comparison were found:
1. Distribution pattern

Variations in distribution patterns are
influenced by the type, position (height and
distance between openings), slope, and opening
direction. The designer can determine the type of
toplighting to be used based on the needs of the
space orientation/zoning division.

Table 6. Recommendations for selecting types of

openings according to spatial orientation requirements
Space zonin .
rsquirementgs ezt
Orientation in
all directions
(flexible)

Orientationto  Light

Recommendation

Bright evenly in
all directions ST3

the center of concentrated in SK1, SK2, RM 2,
space the center of RM3
space
Orientationto  Light on both
both edges of edges of space RM1, SK3

space
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Space zoning

A Light need Recommendation
requirements
Orientationto  Light on one
one edge of edge of the
the space with  room and high
an emphasis contrast on one ST, ST2
on one of the wall
wall planes

2. Daylight factor value

All aperture variants (except type RM1) meet
the requirements for an average Daylight Factor
(DF) value of 2%. As well as the minimum,
maximum, and the highest average DF values for
the skylight opening and the lowest on the roof
monitor. This is because the vertical opening in
the sawtooth and roof monitor types includes a
less direct skylight and a lot of reflected light,
hence it is reduced (reflections from the roof-
ceiling-work area). The variation in openings
position on the roof monitor type is also placed
higher than the sawtooth (following the slope of
the roof), therefore, the DF value is getting
smaller (the farther away from the work plane).

3. Light uniformity value

Light uniformity for all types of the skylight,
roof monitor, and sawtooth openings is
considered good because, it is quite even (almost
all CU values are above 0.3 and DF min. Above
0.8%). This emphasizes the role of the toplighting
design strategy of achieving an even distribution
of light throughout the space. Only the ST1 and
ST2 types have light uniformity values slightly
below 0.3, and the minimum DF value for ST1
types is below 0.8% because, openings orientation
is only in one direction. The light uniformity is
also influenced by the value of indoor space
reflection which in the simulation parameter is set
with a high reflection coefficient.

Conclusion

Based on the exploration and evaluation of the
three types of toplighting and comparing the
distribution patterns of natural light and their
performances, it can be concluded that the
toplighting placement in a horizontal (skylight
type) and a vertical position (roof monitor and
sawtooth type), opening position (opening height
and distance), as well as the opening direction are
factors affecting the daylighting performance. In
the early stages, the designer can choose from the
three types of toplighting, based on orientation

requirements according to the space function. The
module used is an opening with a 16.3% of the
effective roof area to meet the standard value of
the Daylight Factor (above 2%) for all variants of
the toplighting (except for type RM1). In essence,
the three types of openings have good light
uniformity performance (CU values above 0.3
and DF min. above 0.8% in accordance to
BREEAM requirements, except for ST1 and ST2
types). Therefore, it can be concluded that the
opening type on the skylight is more effective in
accommodating the daylighting performance of
both the DF value and light uniformity. Space and
openings model can be used as a reference for
large-volume industrial buildings with the
functions of sports halls, laboratories, and
multipurpose rooms.

On the other hand, this research has
limitations in the openings types and daylighting
indicators. Hence, further findings can compare
other openings types, variations in modules, or
different composition arrangements. There are
different types of space visualization and the
opening position affects the brightness level of the
elements that cover the space and creates a
symmetrical and asymmetric light pattern. Thus,
these results can be continued by carrying out
research on the effect of light composition
(dark/light) produced (through various types of
opening designs) on the space perception or
impression.
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