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Abstract

Lighting control integrated with daylighting is recognized as an important and useful strategy in energy efficient building design. One
of the right factors to reduce energy consumption for artificial lighting during the day is the maximum utilization of sunlight. The aim
of this research, distribution of daylight into the building analysis with five models of building facades and value of illuminance in the
morning, afternoon and evening with orientation of the window openings to the northeast and southwest. Bank Mega is one of the tall
buildings in Makassar Indonesia, which is located in a coastal area that is not blocked by other tall buildings, so this building is the
object of research as a basis for designing fagade models on building envelopes. The methodology this study is quantitative, analyzing
the performance of sunlight as a source of daylighting in office buildings. This paper presents field measurements in office buildings,
namely in rooms that are oriented northeast and southwest. The analysis in the two spaces is a reference to determine the effect of
sunlight on the orientation of the building. In this study also conducted visual perception experiments by submitting questionnaires to
43 respondents. the results show that there are some complaints for employees, because of the high illuminance value in certain areas.
Furthermore, simulate using the Radiance Illuminance Program software to determine the illuminance value of room in the morning,
noon and afternoon with five building facade model designs, i.e., massive glass, vertical, horizontal, diagonal, and vertical-diagonal
model. The results presented in this paper show that the distribution of daylight in an east-oriented room is higher in the morning than
in the evening and noon. Whereas in the southwest orientation it is inversely proportional, the value of light distribution is higher in the
afternoon than in the morning and noon. Accordingly, orientation of the building affects distribution of daylight. The massive glass
facade model without using sun shading has the highest light distribution value compared to other facade models, but can cause glare
and excessive brightness. Furthermore, the second highest distribution of daylight with the vertical facade model, but there are also areas
that exceed the standard illuminance level for workspaces, but only in areas near window openings. The combined model of the vertical-
diagonal facade which also has a high distribution of illuminance value and to redirect daylight deep into building interior simultaneously
in the morning, afternoon and evening. Accordingly, fagade model on envelope of building affects distribution of daylight. The aesthetic
value of architectural design shows that the appearance of the building does not look monotonous or massive, when using the building
facade models because there are attractive areas in the building envelope.

© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license
(https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Utilization of sunlight as a source of daylight is one way to
minimize the consumption of electrical energy in buildings.
Climate change also has an impact, because solar radiation causes
excessive heat and light. This results in increased energy

“Corresponding author.
nuruljamala@unhas.ac.id (N. Jamala)
baharsyah@unhas.ac.id (B. Hamzah)
rosady@unhas.ac.id (R. Mulyadi)
istythecat@gmail.com (I. Cahyani)

requirements as a cooling load as well. In terms of lighting, it can
reduce energy consumption when utilizing daylight, but still
consider the negative effects it causes, including glare, high
brightness and illuminance value ratio. The percentage of
utilization of daylighting can be different, if the architectural
design of the building facade is also different. This is the basis for
knowing the level of lighting in space by designing a building
facade model and can be a reference in designing energy-efficient
based buildings. The purpose of this study was to determine the
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effect of the shape of the building facade on the distribution of
daylight that can enter the building. In this study analyzed five
different forms of building facades, namely the massive glass, sun
shading vertical, horizontal, diagonal and vertical diagonal
models. This facade design is to find out the facade model that can
distribute daylight into the building, so as to minimize energy use.

The daylight factor during the day is the ratio of the level of
lighting at a point in the room to the level of illuminance at open
field, this is a measure of the performance of the opening window
on building. The standard recommendation for illuminance levels
in office workspaces is 350 lux [1]. The requirements for natural
lighting codes and guidelines, do so from two different points of
view. The Standard General Skies of the World Organization for
Standardization (ISO) and Commission International de
I'Eclairage (CIE) are a set of standard skies that can
mathematically represent the distribution of brightness in a sky
[2]. Standards and regulations are the first considerations and
subsequently focus on the development and scope of climate-
based daylight modeling [3].

The aesthetic qualities are influenced by both the lighting
system and the kind of sky, and the strong interaction effect
suggests that the aesthetic perception of the daylighting system is
dependent on the sky type. According to subsequent statistical
data, the natural lighting system that performs best under both
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clear and cloudy sky situations is made up of high-reflective blinds
[4]. The fagade opening design has a significant impact on how
well a building performs in terms of daylighting, solar heat gain,
and natural ventilation. Under various housing conditions, the
positions before opening are the most important influential factor
on overall energy consumption. Meanwhile, natural ventilation
and daylighting are significantly impacted by the east and west
sheltering walls [5].

The results of past research show that in both climates,
adaptability leads to higher energy savings, consistent with the
current very low energy building definition [6]. The sunshine
occurrence analysis also determined similar results using three
weather statistical approach data files daylight autonomy (DA),
useful daylight illuminance (UDI) and maximum difference was
5% independently of orientation [7]. Annual calculated dynamic
daylight metric indicates variations of up to 13% under the
different weather files analysis. This is a relevant topic since the
accurate prediction of daylight levels for indoor environments
guides daylighting design [8].

In addition to design solutions aimed at enhancing occupant
comfort, controlling physical environmental variables like heat,
light, and sound should be taken into account during the design
process [9]. Previous research has shown that different facades and
building facade styles affect the distribution of daylight. While the
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Fig. 2. Floor plan 6th and position and measurement point of room A and B in Bank Mega Makassar Indonesia.
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area massif glass fagade in workspace has the highest level of
illuminance, the vertical and horizontal strip facade models are
more illuminated than the hyperbolic parabolic facade models.
[10] Subsequent studies on the performance of buildings with
different physical configurations and facades [11,12].

According to previous research, the building facade model
affects the distribution of daylight into the room [13-15] Likewise,
the orientation of the building also affects the distribution of
daylight into the room [16]. This system and algorithm assess the
efficiency of a smart facade, which is made up of a number of
kinetic grids that respond to artificial light and take occupant
preferences into account [17]. These reducing envelope
technologies enable meeting the need to enhance indoor
environmental quality and to simplify the building scale utilization
of renewable energy sources. Because they can respond to external
stimuli and change their behavior and functioning as a result,
adaptive building envelopes can actually be seen as the next major
advancement in facade technology [18].

The importance of building envelope design is increasing, and
in this situation, the usage of passive and climate-adaptive
building shells (CABS) is being looked into as a potential for
energy savings and improved thermal and visual comfort for users.
The findings demonstrate that systems that undergo continuous
mechanical changes as a result of temperature changes offer a
higher level of adaptation, energy efficiency, and thermal and
visual comfort in the spaceg [19]. The model-based control (MBC)
method was created and is being used for lighting and shading
activities. The intention is to reduce lighting energy use and
prevent glare. At an early point of the design process, the offered
approaches and tools can assist the designer in examining the
effects of various louver designs and operational options.
Comparing the potential effects of various dynamic louver
movement situations on the interior lighting is another option. This
can make it easier for designers to assess and contrast different
dynamic systems, which can lead to more cost-effective designs
[20].

Distribution of daylight will cause glare, if the illuminance
value is very high. The building facade is one of the forms that
prevent glare on the building. Analysis of the quantity of daylight
glare, it is better to use the CSWD(C) or Meteonome files in
normal climate conditions and the Chinese average year weather
file when considering extreme weather conditions [21]. It's
possible that the traditional physical and photometric criteria used
in glare indices and formulas are insufficient to accurately define
and forecast the frequency and intensity of uncomfortable glare
from both natural and artificial lights [22]. Several previous
researchers have discussed glare in buildings [23-27]. Fagade and
shading systems have evolved into major building features that
play an important role in passive design strategies [28]. Louvre is
a common type of shading devices and has been increasingly used
in office [29].

Those who felt more satisfied with their access to daylight
were also more likely to perceive their productivity and
contentment as being higher [30,31]. According to its dynamic
luminous properties, sunlight is a multisensory phenomenon that
can improve occupants' comfort, health, and connection to their
surroundings[32,33].

Explanations from several previous studies are closely
related to this research, so it can be understood the need to analyze
various models of building facades for the utilization of daylight.

2. Method

The research method is a quantitative, namely describing the
simulated data into a statistical program, namely SPSS to
determine the increase or decrease in the illuminance value of the
result on measurement in workspace. This research used the
Autodesk Ecotect export to Radiance Illuminance to determine the
distribution of daylight into the building.

Bank Mega Building in Makassar Indonesia is the object of this
research and it’s located in the coastal area of Makassar city in
Indonesia. The building has 12 floors with various functions
including work space, meeting room, conference room and others.
On the 6th floor there is a work space that is directly related to
window openings in the building envelope. The Promotional Staff
workspace (Room A) is oriented towards the northeast and the
processing credit card workspace (Room B) is oriented towards
the southwest, so this space is the object for measuring of
illuminance value in this building, as shown in the following Fig.
1.

In this research conducted simulation Radiance Illuminance
Program with Makassar position is latitude of -5.1° longitude
119.5° (+8.0 DPL). All of the facade models used in this study
were simulated using Makassar weather in June (23°27' North
latitude) at 8.00 (morning), 12.00 (noon) and 16.00 (afternoon).

The building's floor plan and position of the measurement points
in rooms A and B are shown in Fig. 2. Building orientation is
northeast (behind the building) and southwest (front the building).
The distribution of daylight into the building is very excessive,
especially in the building envelope area, because the building
facade is massive glass and does not use sun shading. Figure 2
shows the condition of room A and B. Room A only has window
openings on one side of the building envelope while room B is on
two sides of the building. The layout of the workstation is arranged
according to the shape of the room and does not pay attention to
the condition of the distribution of daylight which can cause glare
and brightness are possible effect and interfere with the activities
of users.

This study analyzes the distribution of daylight into the space,
with several facade models i.e. massif glass, vertical, horizontal,
diagonal and vertical-diagonal facade. The distribution of daylight
illuminance value for these five facade models was analyzed in
room A at measuring points zone 1-5 and zone A-G in room B.

3. Result of research

3.1. Measurement result analysis of illuminance value in
workspace of northeast orientation (Room A)

Measurements point on the 6™ floor workspace, namely points A1-
A5 to G1-G5 (Room A). Measurement of the illuminance value in
the room was carried out for 3 days in the morning, noon and
afternoon. The graph of the average value of the measurement
results in room A is shown in Fig. 3.

The measurement results show that the illuminance value
decreases from morning to afternoon and evening, especially at
the building envelope area, namely points A1-G1 (Zone 1) in the
morning an average of 2356 lux, afternoon of 1302 lux and
evening of 530 lux. The results of average illuminance value in the
morning measurements are A1-G1 (zone 1) of 2356 lux, A2-G2
(Zone 2) of 791 lux, A3-G3 (Zone 3) of 439 lux A4-G4 (Zone 4)
of 214 lux and A5-GS5 (Zone 5) of 137 lux. This shows that the
illuminance value decreases based on the depth of space or the
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distance from the measuring point to the window opening in the
building envelope.

Figure 3 shows that there is a decrease in the percentage of
illuminance values for measuring points A1-G1 to A5-G5 in the
morning, afternoon and evening. Point of zone 1 to 2 is 61%, point
of zone 2 to 3 is 41%, point zone 3 to 4 is 46% and point zone 4-5
is 12%. Likewise, the measurement of the illuminance value
during the noon and afternoon decreases the farther from the
window opening on the building envelope. To clarify the decrease
in illuminance value from the morning to afternoon, it can be seen
in the following graph. Then analyze the illuminance value in the
area closest to the window, namely points A1l to G1 to determine

the distribution of daylight in that area in the morning, afternoon
and evening (Fig. 4).

Figure 4 shows a graph of the illuminance value at point A1l the
highest illuminance value is 2971 lux in the morning and the
lowest is 523 lux in the afternoon. The illuminance value at points
B1 to G1 is also highest in the morning and lowest in the afternoon
and noon. The average illuminance value at points A1-G1 is 2356
lux (morning), 1302 lux (noon) and 530 lux (afternoon). The
results of the analysis show that if the orientation of the building
is to the northeast, then the distribution of light in the morning is
higher than in the afternoon and noon at the same position.
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Fig. 3. (a) Mean value of measurement results in room A in the morning, noon and afternoon and (b) graph of decreasing illuminance value average at measuring points
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Fig. 4. The illuminance value of points A1-G1 in the morning, noon and afternoon.
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3.2. Illuminance value analysis in workspace of southwest
orientation (Room B)

Measurement of the illuminance value in the room was carried out
for 3 days in the morning, noon and afternoon. The measuring
points in room B are points A1-N1 to A1-N3 and F4-N4 to F6-N6.
The measuring point in room B consists of zones A-F as follows:
zone A (A1-N1), zone B (A2-N2), zone C (A3-N3), zone D (F4-
N4), zone E (F5-N5) and zone F (F6-N6).

Figure 5(a) shows a graph of the illuminance value of all
measuring points and Fig. 5(b) shows a graph of the average value
in Zone A-F. This space is oriented to the southwest and shows
that in the evening the illuminance value is higher than in the
afternoon and evening. Based on the average illuminance value,
zone A to C is also higher in the evening compared to morning and
afternoon. But in Zone C to Zone F on the inside of space is higher
in the morning.

Figure 5 shows the illuminance value in the northeast
orientation workspace is inversely proportional to the south west
orientation, especially at the measuring point in the window
opening area. The graph shows that the illuminance value
increases from morning to afternoon. The results of the analysis
show that there are differences between rooms A and B due to

N. Jamala et al. / Journal of Daylighting 10 (2023) 6071

different orientations. Based on the results of this analysis, it can
be seen that the orientation of the building affects the distribution
of daylight in to the room.

Next, we analyze the percentage of decrease in the value of
illuminance against the distance of the measuring point to the
window opening, this can be seen in Fig. 6. The average value of
the percentage decrease in the value of illuminance for points zone
A-Bis 41%, zone B-C is 22%; zone C-D is 29%; zone D-E is 33%;
and zone E-F is 1%. The results of the analysis show that the
farther the measuring point is from the window opening, the lower
of daylight distribution. Then analyze the illuminance value in the
area closest to the window, namely points A1-N1, to determine the
distribution of daylight into the room in the morning, afternoon
and evening (Fig. 6).

Figure 6 shows that the room illuminance value in the window
opening area is 549 (point F1) lux to 1240 lux (point C1). This
shows that the zone A area has an illuminance value above the
standard recommendation. In Fig. 5 it can be seen that in zone B
it is the same, but it is not overly high, whereas zones C and F have
very low light levels, ranging from 301 to 100 lux. Based on this
description, it appears that it is necessary to analyze the
distribution of daylight into a room, in order to approach the
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Fig. 7. Graph of result experiment of visual perception.

Table 1. Frequency of respondents' subjective complaints against workspace
lighting.

Subjective complaints Frequency Percent
Eyes feel painful 20 46.5%
Watery eyes 18 41.9%
Eyes itchy/dry 18 41.9%
Eyes feel sleepy 37 86%
Eyes feel strained 17 39.5%
Eyes often rubbed 11 25.6%
Headache 17 39.5%
Blurred vision 14 32%

standard illuminance recommendations for the whole space, by
seeking uniformity in the distribution of daylight. To understand
how daylight affects space users, it is required to conduct a visual
perception experiment prior to analyze the distribution of daylight
with various building fagade model designs.

3.3. Visual perception

Respondents are employees who work on the 6th floor of the Bank
Mega building, totaling 43 people and aged between 22-52 years.
Respondents consisted of 33 men and 10 women. Most employees
work more than 8 hours a day and use computers for work, with a
duration of more than 4 hours of computer use. Employees who
use glasses are 27.9% and do not use glasses 72.1%. Those who

—
A
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A1

s nn -

X
=5

had a history of eye disease were 16.3% and those who did not
have a history of eye disease were 83.7%.

The visual perception experiment was carried out by answering
the questionnaire, namely: (1) Q1: Good lighting for work; (2)
Q2: lighting helps concentration; (3) Q3: lighting helps vision
when working; (4) Q4: lighting makes eyes glaring; (5) Q5: the
workspace lighting is very bright; (6) Q6: lighting makes eyes
tired. Before analyzing the questionnaire data, validity and
reliability tests were carried out. The validity test is r count > r
table (df=41 and r table= 0.3008) and the validity value of Q1-Q6
is between 0.534-0.796, so it can be said that all questionnaires are
valid because the value is> 0.3008. The reliability test used the
Cronbach's Apha method and showed a result of > 0.6, namely
0.807.

Based on the results of this test, the 7 questionnaires were
declared valid and reliable. Figure 7 shows that respondents
perceive their work space as follows: a lighting system is needed
to work but the lighting in their work space disturbs their work
concentration. Lighting really helps vision when working, but
makes eyes dazzle because it is very bright and makes eyes tired.

Based on the light conditions in the room, it can be concluded
that space users in certain areas feel disturbed because the
illuminance value is above 1000 lux which causes glare. In Table
1, a questionnaire related to employee complaints about the
lighting in their work space.

Based on the results of this questionnaire, it can be perceived
that many space users complain about very high lighting in their
work space at certain times. Based on this, the research is
continued with an analysis of the value of illuminance in the work
space, with the alternative of using sun shading on the facade of
this building so as to create a different building facade model.

3.4. The shadow of the building

Building shadows are related to the distribution of daylight,
because they cover direct sunlight, so it is necessary to analyze
building shadow. The shadow of the building is different in the
morning, noon and afternoon, because the sun rises in the east and
sets in the west. In the morning, the shadow of the building is on
the front of the building, and it can be assumed that the illuminance
level in the behind area of the building is higher than the front area
of the building (Fig. 8). Meanwhile, in the afternoon, the front area

(b) Noon

(c¢) Afternoon

Fig. 8. The shadow of the building in the morning, noon and afternoon.
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of the building is higher than the behind area of the building. Based
on the shadow that occurs in this building, it can be assumed that
time and orientation affect the illuminance value in space.

The Radiance Illuminance Program is used to simulate the
illuminance value based on this shading model in order to
calculate the distribution of daylight inside the room, particularly
at points A1-G1 (Room A) and A1-N1 (Room B) in the morning,
noon, and afternoon. The simulation's findings demonstrate how
the position of the building's shadow fluctuates according to where
the sun is shining. Room A is located at the back of the building
(Northeast) and the shadowing in the morning occurs on the front
of the building so that the distribution of direct light is not
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Fig. 9. Simulation results of illuminance values (a) room A and (b) room B.
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N. Jamala et al. / Journal of Daylighting 10 (2023) 6071

obstructed by shadows and the illuminance value is relatively high
compared to noon and afternoon, and conversely in room B.
Figure 9(a) shows the illuminance values in the building
envelope area, namely points Al-Gl to AS5-G5 (northeast
orientation). The distribution of daylight at points A1-G1 with the
highest value in the morning of 2496 lux, noon of 1402 lux and
afternoon of 762 lux. Overall at points A1-G1 to A5-GS there is a
decrease in the illuminance value in the morning, afternoon and
evening. Figure 9(b) shows the illuminance value at points A1-N1
(Southwest orientation) and highest in the morning of 606 lux, 821
lux in the afternoon and 1884 lux in the afternoon. The results of
the analysis show that buildings in northeast and southwest

_--Point AI-N1
"9 (Afternoon)

Point A1-N1 to F6-N6 (Afternoon)

60 80 100

Point A1-G1
762, 3 —(Af\temoon)

Point A1-G1 to A5-G5 (Afternoon)

60 80 100

Fig. 10. Result of simulation of radiance illuminance of contour line.
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Fig. 11. (a) Simulation result of illuminance value point A1-G1 to A5-G5 and (b) Massive glass facade model.
Table 2. The average of illuminance value massive fagade model.
Time Illuminance value (lux)
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Morning 3262 4460 3779 3346 1074
Noon 3342 1958 1235 904 711
Afternoon 1694 1153 808 662 589

orientation are inversely proportional to the light distribution
value. Northeast orientation decreases from morning to evening
and otherwise of southwest orientation is increasing, so that it can
be seen that the orientation of the building affects the distribution
of daylight. Furthermore, to find out the value of the illuminance
distribution of daylight, a simulation is carried out as shown in Fig.
10.

3.5. Fagade building models

This study uses a sun shading of facade model on the building
envelope to assess the distribution of light in to building. To
evaluate the distribution of daylight inside the building, this study
applies a sun shading of facade model to the building envelope.
The building facade model will appear more inventive when sun
shading is employed. Nonetheless, caution must be used to prevent
glare from being caused by the distribution of daylight. Next, an
analysis of the illuminance value of the distribution of light in
room A was carried out using several models of building facades.

3.5.1. Massive facade mode

A graph of the simulation results in the shape of a massive glass
facade is shown in Fig. 11.

The brightness value for this facade model ranges from 589 lux
to 3342 lux, with zone 5 in the afternoon having the minimum
illuminance and zone 1 in the noon having the maximum
illuminance.

The illuminance value in the room that is oriented to the
northwest and on the windows openings using massive glass
material will distribute daylight into the tallest building in the
morning, as shown in Fig. 11. The average illuminance value in
zones 1-5 has the highest illuminance value in zone 2 in the
morning which is 4460 lux and the lowest in zone 5 in the
afternoon of 589 lux, as shown in Table 2.

3.5.2. Vertical facade model

The vertical facade model is a model that reflects the formal value
of the building and looks like the height of the building. The
simulation was carried out at 8 am o’clock so that the back area of
the building has a higher illuminance value than the front area of
the building. The illuminance values in room A (Northeast
orientation) are points A1-A6 with illuminance values of 1337-
1402 lux in the morning, 754-8997 lux during the day and 689-
762 lux in the afternoon (Fig. 12). The analysis's findings
demonstrate that the distribution of daylight is influenced by the
time of day and the direction of the building.

Table 3 show that daylight distribution into the room and
illuminance value is not uniformity, especially at point Zone 1-5
in the morning. Daylight distribution in the afternoon and noon is
more even in the illuminance value.

3.5.3. Horizontal facade model

The horizontal facade of the model shows that the value of
daylight distribution decreases until the afternoon, for example at
measurement point Al is 697 lux (morning), 644 lux (noon) and
355 lux (afternoon) (Fig. 13). The horizontal facade model has an
effect on time, even though at all points there is only a slight
difference in the illuminance value between morning and noon,
with an average value between 759 lux and 683 lux or 11%.
Meanwhile, between noon and evening there is a relatively high
difference in illuminance value of 68%.

Figure 13 shows that the value of illuminance distribution of
daylight with a horizontal model of the building facade. The
highest illuminance value in this space is in the morning, but not
evenly distributed in zones 1-5. During the noon and afternoon,
there is a steady descent from zone A to the next. But in the
afternoon, this space gets low light distribution in zone 1-5. The
average illuminance value in zones 1-5 has the highest
illumination value in zone 3 in the morning which is 1654 lux and
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Fig. 12. (a) Vertical fagade model and (b) Simulation result of illuminance value at point A1-G1 to A5-GS5.
Table 3. The average of illuminance value vertical fagade model.
Time Illuminance value (lux)
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Morning 2300 3210 2777 2458 694
Noon 602 440 332 287 283
Afternoon 708 531 410 365 362
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Fig. 13. (a) Simulation result of illuminance value at point A1-G1 to A5-G5 and (b) Horizontal facade model.
Table 4. The average of illuminance value horizontal fagade model.
Time Illuminance value (lux)
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Morning 778 733 1654 1527 365
Noon 688 547 390 299 256
Afternoon 391 401 348 330 340

the lowest in zone 5 in the afternoon of 330 lux, as shown in Table
4.

3.5.4. Diagonal fagade model

The sun sets in the west so that the front of the building that is
oriented towards the southwest produces more light distribution,
height compared to the rear of the building or northeast orientation.
When the sun sets in the west, a building's front that faces
southwest will create greater light dispersion and height than a

building facing northeast or its back. Based on the results of this
analysis, it can be seen that the orientation of the building and time
affect the distribution of daylight. The distribution of daylight is
affected by the building's orientation and the time, as shown by the
analysis's result.

Figure 14 shows that the diagonal and horizontal facade models
have relatively the same decrease, but the diagonal facade model
has a higher value. The illuminance value on the diagonal facade

2383-8701/© 2023 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https:/creativecommons.org/licenses/by/4.0/).


http://creativecommons.org/licenses/by/4.0/

69 N. Jamala et al. / Journal of Daylighting 10 (2023) 6071

2500 2,143
E
=5 1
g WolY 1,122
8 1000 716
5 1,035 595 542
g 372
g NN
=
= 0 211
0 20 40 60 80 100
Morming Noon Afternoon
(a) (b)
Fig. 14. (a) Diagonal fagade model and (b) Simulation result of illuminance value at point A1-G1 to A5-GS5.
Table 5. The average of illuminance value diagonal fagade model.
Time Illuminance value (lux)
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Morning 1054 1815 1614 1601 414
Noon 1022 720 466 345 282
Afternoon 616 542 441 402 400

is between 408-759 lux while diagonal facade is between 536-
1040 lux.

The distribution of daylight with a diagonal sun shading model
on the building envelope (Fig. 14). The highest illumination value
in this space is in the morning, but the illumination value is uneven
in zones 1-5. During the day and evening, there is a steady descent
from zone A to the next. But in the afternoon, this space gets low
light distribution in zone 1-5. The average illuminance value in
zones 1-5 has the highest illumination value in zone 2 in the
morning, which is 1815 lux and the lowest in zone 5 in the
afternoon, which is 400 lux, as shown in Table 5.

3.5.5. Vertical-diagonal fagcade model

Figure 15 shows a design with a vertical-diagonal model and a
graph of the illuminance value point A1-A6 with illuminance
value of 667-894 lux in the morning, 549-844 lux during the day
and 689-762 lux in the afternoon. This model shows that the
distribution of light entering the space is lower, because the
building envelope is covered by this facade model.

The average of illuminance value of the vertical-diagonal facade
model (Table 6) shows the highest illumination value in the
morning, afternoon and evening is 1203 lux and the lowest is 306
lux.

3.5.6. Analysis of building facade model (Room A/ northeast
orientation)

In this study, the design of the facade model of the Bank Mega
building with the form of a massive glass, vertical, horizontal,
diagonal and vertical-diagonal facade. These five models have
architectural aesthetic values, each of which gives a different
impression, for example the massive glass facade model reflects
the formal principle of an office building. Other facade models can
give the impression of a tall/wide/ attractive building in the
vertical/ horizontal/ diagonal facade model. The vertical-diagonal

facade model can be perceived as an impressive building model
that is inviting and does not seem monotonous.

In this study, in addition to the perception of the building facade
model, an analysis of the distribution of daylight values was also
carried out on the five facade models using the Radiance
Illuminance program. The simulation results show different
illuminance values for each facade model, as shown in the
following Fig. 16.

Figure 16 shows a decrease in the value of illuminance on each
facade model in the morning, afternoon and evening. The massive
facade model has the highest illuminance value every time,
namely the lowest 589 lux (zone 5 in the afternoon) and the highest
4460 lux (zone 2 in the morning).

4. Discussion

Research on building facade models has been carried out by
several previous researchers [5-8], but did not measure the
research object as a performance parameter of daylight
distribution in buildings. In addition, previous research did not
conduct visual perception experiments to find out the perceptions
of space users regarding the light in their workspaces.

The experimental results show that room employee feel that
visual comfort is not created in the existing light conditions in this
building. From the results of direct measurements in the field it is
known that there is glare and a high level of brightness, so the
window is always closed with curtains which results in areas far
from the window opening being dark, so artificial lighting must be
used. In this study is to analyze how the influence of the building
facade model on the illuminance value of the distribution of
daylight into the building. The facade model of the Bank Mega
building uses massive glass on the building envelope and the
measurement results show that the illuminance value is very high.
Based on this, it is necessary to know how the natural light
conditions are when using sun shading on the building envelope.
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Fig. 15. (a) Simulation result of illuminance value at point A1-G6 and (b) vertical-diagonal fagade model.
Table 6. The average of illuminance value vertical-diagonal facade model.
Time Illuminance value (lux)
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Morning 822 1302 1150 1203 344
Noon 734 534 370 285 245
Afternoon 390 369 323 306 328
2500 5000
E 4500
> 2000 4000
E]
.§ 3500
2 1500 3000
.g 2500
E 1000 2000
= 1500
500 1000
500
0 0
0.5 1 1.5 2 2.5 3 35 4 4.5 5 55
Measurement zone point
—&—Noon —@&— Afternoon —&— Morning —@—

Fig. 16. Illuminance values on five building fagade models.

The research results show that among the facade models, it is
known that the vertical model is higher than the horizontal,
diagonal and vertical-diagonal facade models. However, in terms
of room lighting uniformity, it is known that the vertical-diagonals
can even out the distribution of daylight in the morning, afternoon
and evening. The research results can be a guide in designing
buildings that can maximize the distribution of daylight into space,
and can minimize the consumption of electrical energy as a source
of artificial lighting.

5. Conclusion

Sky condition, orientation, and building facade model affect the
distribution of sunlight and its amount entering the building.
Radiance illuminance program is a software used to determine the
value of daylight distribution with various facade model designs
on building envelopes. The results showed that in addition to the

existing Bank Mega Makassar model, namely the massive glass
facade model, it has the highest light distribution value compared
to other models. from the utilization of energy is very beneficial,
but it is necessary to pay attention to the negative effects such as
glare, excessive ratio of illuminance and brightness.

The results also show that the distribution of natural light in the
vertical facade model has a higher illuminance value than the
horizontal, diagonal and vertical-diagonal models. This vertical
facade model still exceeds the illuminance standard for work
spaces recommended by SNI, which is 350 lux and the morning it
causes a glare effect in the work space. The researcher presented
the results of the analysis that among the five facade models, the
vertical-diagonal facade model is the best choice in terms of
architectural aesthetics and an even illuminance level in the
morning, afternoon and evening, but still above the workstation
illuminance standard. However, there is still an alternative
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furniture layout design that does not approach the window opening
area in the building envelope, due to a decrease in the illuminance
value in areas far from the window opening, which is around 400-
500 lux and does not yet cause glare in the work space. Based on
the results of this study, it is hoped that it can become a guideline
in planning the design of building facades that have architectural
value and meet recommended standards illuminance for
workspace.
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