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Abstract

Passive lighting design plays an important role in providing natural lighting to save electricity consumption in buildings. This study
aims to investigate the performance of natural lighting and the potential of alternative designs through sidelights with 3 shading device
models and light shelves with different sizes in north, west, east, and south orientations. This research method is quantitative, which
describes the measurement results in existing conditions and radiance illuminance software simulations. The results showed that at the
beginning of field measurements, it was known that there were rooms with lighting intensity too high, too low, and uneven distribution.
The simulation results use Radiance Illuminance software to determine the illuminance value of light distribution into space in the
morning, afternoon, and evening. Improvised designs are applied with shading device models on the building envelope, namely
horizontal, vertical, and egg-crate models in spaces oriented toward the East and West. This study also applied an interior-exterior light
self-model measuring 50 cm, 100 cm, and 150 cm of space with the orientation of window openings towards the North and South. The
simulation results in this study, show that without a shading device and using a horizontal model, there will be a decrease of 0.4% at a
distance of 2 m from window openings oriented to the East, while to the West will be able to increase the illuminance value by 11.5%
at a distance of 10.5 m from the window opening. Buildings without using light self and using interior-exterior light shelves measuring
50 cm can increase the illuminance value by 0.5% at a distance of 10.5 m from window openings in a space oriented towards the North,
while the orientation towards the south, which can be increased the illuminance value by 0.4% at a distance of 6 m from the window
opening. Based on this research analysis, it concluded that the best-improvised design in rooms oriented toward North and South is a 50
cm interior-exterior light shelf and horizontal shading device models are the best for spaces oriented to the East and West. This study,
also concluded that the orientation of the building, the passive device model, and the distance of the measuring point in the building
envelope, affect the intensity and distribution of daylight entering the building.

© 2024 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

Natural lighting is a technology that plays an active role in
reflecting heat load, error, light variation and availability, and the
penetration of sunlight into buildings [1]. Buildings designed with
natural lighting must meet minimum lighting requirements,
usually on overcast skies, to achieve acceptable visual conditions
[2]. Daylight is used as luminous efficacy, which is visible light
about the total energy of radiation and its unlimited availability
[3]. This luminous efficacy that will be received by the building,
needs to be designed to be utilized properly. Good natural lighting
conditions i.e. with controlled glare, appropriate contrast and
color, proper lighting and distribution in the working field [4].
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Efforts in achieving good natural lighting conditions are by
applying the right natural lighting system as needed. Natural
lighting systems can change the conditions of the sky and transmit
or reflect sunlight from the angle of occurrence. The system is
used for solar shading, protection from glare, and daylight
diversion [5]. Natural lighting in buildings is useful for reducing
the use of artificial lighting, so it is expected to save electricity
consumption to energy consumption. Electricity consumption in
Indonesia increases from 1,173 kWh/capita in 2022 to 1,285
kWh/capita in 2023 [6]. Natural lighting also affects a person's
social skills. The social behavior of students in classes with natural
lighting is higher than the social behavior of students in classes
that are not illuminated by natural lighting in pre-school students

[7].
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The Pangkep State Agricultural Polytechnic Integrated Lecture
Building is a building intended for lecture activities that are
integrated with four floors. Initial observations made by
researchers during the day when the clear sky conditions on the
3rd floor showed, that one of the measuring points contained in
the east side room reached 2,324 lux, the north side room 450 lux,
and the south side room 567 lux. While in the room on the west
side, one of the measuring points is only 9 lux, this is because there
is a facade that closes the windows in the room on the west side to
block the entry of sunlight. In the case of this lecture building, the
fagade that functions as a filter and aesthetic element becomes a
barrier to the entry of sunlight and views, which causes problems
in the room, which is dark in the room on the west side. On the
other hand, some of the incoming sunlight causes glare in the
afternoon. Natural lighting in lecture buildings can be optimized
in the morning to evening period, according to the time of lecture
activities that refer to recommended lighting standards [8]. This
study will analyze lighting in buildings based on quantitative
lighting objectives. In general, natural light is distributed into the
room through side lighting, top lighting, or a combination of both
[9].

The distribution of natural light in buildings with high visual
requirements such as lecture buildings can be obtained by
applying an advanced daylighting system design. Advanced
daylighting systems can be useful if: performance tasks are
difficult to perform and a high level of visual control; complex
building geometry, such as blocked facades or deep rooms; need
for thermal load control (adjustable solar shading can be an
effective way in this strategy) [5]. Passive design strategies should
be implemented to reduce energy consumption, to provide
alternative sources of natural ventilation and thermal comfort.
Such design strategies may include but are not limited to design
issues that affect the height, shape, and orientation of buildings
[10].

Natural lighting serves both qualitative and quantitative
purposes. Qualitatively that is minimizing errors, minimizing
hidden reflections, and avoiding excessive brilliance ratios.
Quantitatively it is to collect light for visual performance and
minimize artificial lighting according to the needs of a particular
activity. This is reviewed through the illuminance value, daylight
factor value, and its distribution or uniformity [11]. Minimum
recommended lighting level (illuminance value) for 250 lux
classrooms and 350 lux department/director rooms [8]. Natural
lighting guideline requirements are based on the World
Organization for Standardization (ISO) General Sky Standards
and the Commission International de I'Eclairage (CIE), a set of
celestial standards that can mathematically represent the
distribution of brightness in a sky [12]. Initial considerations were
standards and regulations, further focusing on the scope of
climate-based daylight lighting modeling [13]. In addition,
daylight factors can be categorized if less than 2% means
inadequate lighting (artificial lighting is needed all the time) and
if more than 5% means sufficient lighting (artificial lighting is
generally not necessary, except at dawn and dusk but glare and
sunlight can cause problems) [14]. Similarly, the uniformity ratio
is at least 0.4, which is 0.4 parts or 40% of the floor area. The
recommended value is at least 0.4, which is 0.4 parts or 40% of
the room has an illuminance value or has a value expressed in df
according to the standard and a maximum of 1, which is the entire
area of the room or 100% of the room area has an illuminance

value or a value expressed in df according to the standard. In
designing natural lighting, it is very important to know the
availability of natural light received at the location [15]. The
distribution of light is influenced by the depth of field, the position
of the building, the height of the building floor, and the condition
of the sky [16-18].

The first improvised design assignment is the shading device. A
shading device is a device that controls heat due to sunlight
blocking sunlight that enters the building and providing
shadowing that can reduce heat [19-22] Types of sun shading are
divided into external, interface, and internal. Among the three,
external sun shading is the most effective for summer [23].
Indonesia, which has a tropical climate with high average
temperatures, it is very appropriate to use sun shading placed
outside buildings, including horizontal louver screening, egg-crate,
and vertical louver devices [24]. Shading horizontal louver
screening effectively reduces the effects of glare at low sun angles
and is effective in East-West building planes. Shading egg-crate
and vertical louver serve as windbreaks, important for areas with
a lot of wind, and effective for East-West fields. Furthermore, the
size of the shading device and parapet can be determined by the
angle of altitude and azimuth of the sun's position using a solar
chart. The angle of fall of the sun is determined by the relative
position of the sun and the place of observation on Earth and
depends on the geographical latitude of the place of observation,
the season, and the length of daily irradiation, which is determined
by the geographical longitude of the place of observation [25]. The
position of the sun towards the building will form vertical and
horizontal angles. Shading geometry will be formed through two
shadow angles, namely the vertical shadow angle (VSA) which is
the angle between the orientation of the wall with the vertical line
taken perpendicular to the tangent, altitude, and the horizontal
shadow angle (HSA) which is the horizontal angle of the sun to
the orientation of the wall [26].

The use of three types of shading devices, namely shading that
is different orientation with Low-E glass, shading all facades +
Low-E glass, and shading all facades + clear glass respectively
produces cooling energy of 1.0% - 3.4%, 5.0% - 9.9%, and 5.6%
- 10.4%. The use of egg-crate shading devices saves energy higher
than vertical and horizontal. Its application to the West-East
orientation saves energy more than South-North [27]. The use of
shading device louvers can optimize the performance of natural
lighting and reduce energy consumption, by repeating design
variables to perform the process of finding shapes, rather than
creating shapes. There were UDI increases for Birmingham,
Jakarta, and Sydney by 80%, 146.26%, and 79.48%, and cooling
energy consumption by 28%, 3.26%, and 2.99% respectively [28].
The model of the fagade on the building envelope affects the
distribution of sunlight. The combined vertical-diagonal facade
model in addition to producing high illuminance values is also
capable of directing distant sunlight into the building
simultaneously in the morning, afternoon, and night [24,29,30].

The next improvised design assignment was the light shelf. The
use of light shelves in windows can reduce the overall daylight
factor in the working area throughout the interior space compared
to windows without light shelves of the same size [31-33]. Light
shelf interiors, both full-scale and scale models, have been shown
to reduce the factor of sunlight in the work field throughout the
room compared to conventional windows [33]. In some cases, the
use of exterior light shelves increases the total amount of daylight
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compared to conventional windows [5]. One effort to improve the
quality of daylight is to use light shelves as an advanced
daylighting system. Properly designed and placed light shelves can
be an effective element to improve the quality of daylight in
tropical buildings. Light shelves placed at a height of 2 m above
the floor with a ceiling of 3 m perform better than alternative
locations, including locations without lights [34]. Furthermore, the
best distance from the wall to the light shelf is at a distance of 0
cm with an angle of 30° upwards, judging from the spread of the
illuminance value [35]. The use of an exterior light shelf
effectively shades the window plane area, this can reduce
brightness and eliminate discomfort due to glare. The use of an
interior light shelf works well to reflect the natural lighting

[ Initial Observation ]

v

obtained into the inner room. Then, the use of interior-exterior
light shelves can provide the best lighting distribution [36]. The
South Staffordshire Water Company office building has horizontal
internal light shelves and external shelves sloping upwards. Both
highly reflective and specular surfaces enhance the penetration of
natural lighting, and high ceilings help light shelf work effectively
[14].

Based on this, this study examines the performance of natural
lighting illuminance and efforts to optimize natural lighting
through alternative side light simulation designs, to find out how
natural lighting performs and the potential of alternative shading
devices and light self-model designs in buildings.
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Fig. 1. Flowchart of research.
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Fig. 2. Polytechnic Pangkep Lecture Hall, Indonesia (a) front view; (b) floor plan; and (¢) back view.
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Fig. 4. (a) Position of Measuring Point (left & middle); (b) Explanation of Distance d (right).

2. Method

The research method used is quantitative, which describes data
from measurements of existing conditions and data from computer
simulations. Computer simulation using Radiance Illuminance
software. This building is shaped like a rectangular area, which
has a lighting well (atrium) in the center of the area. The lighting
is from the side (four window orientation areas) and from above
(dome roof). In this article we only focus on side lighting from
four orientations. Sunlight obtained from the side produces
different lighting effects from each side of the building. The
shading effect that appears in the room becomes a benchmark for
determining the size of alternative shading device designs. The
angles are measured from the imaging results, then the design
alternatives are calculated, then applied to simulations using
building modeling in Ecotect and the rendering process in
Radiance.

The simulation process uses shading devices and light shelves
in four different settings. The simulation stage begins with
building modeling using Ecotect software, then the lighting
rendering stage uses Radiance software. Ecotect is an
environmental analysis tool for simulating building performance
from the earliest design stages, while Radiance is a lighting
simulation and rendering system that is widely recognized and
validated by lighting professionals [37]. Radiance addresses
specular diffusion and directional diffusion of reflection and
transmission using a backward ray tracing method of light with
transmission extension in any combination to any level in any
environment [38].

The research process consists of field measurements and
computer simulations. Data were analyzed using Microsoft Excel
software to look for graphs of increases or decreases in
illumination values from measurements for each room in the
lecture building. The data obtained is primary and secondary.
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Table 1. Materials in the lecture building.

Item Material

Floor White ceramic flooring

Wall Brick + plaster + wall paint interior/exterior
Ceiling Gypsum + wall paint interior/exterior

Door Wood

Table 2. Simulated parameters in the model of shading device and light shelf.

Information Room A (East Side) Room B Room C Room D
(West Side) (North Side) (South Side)
Room geometry Area S5mx 12 m=60m? 12mx 18 m=216 m? 6mx12m=72m? 9mx 12 m= 108 m?
Height 35m 35m 35m 35m
Window Geometry Width 10.2 m 5.1m 34m 34m
Height 29m 2.1m 2.1m 2.1m
WWR 70 % 17 % 34 % 34 %
Shading device material Stainless steel 1.5 mm 1.5 mm - -
Shading device geometry Cantilever 0.3x11.2m;and 0.5 1.3mx 8 m; - -
X 14 m;
Fin 0.4mx3m 13mx3m; - -
Shading device reflectance Cantilever 80% 80% - -
Fin 80% 80% - -
Shading device U-Value Int. - Ext. 5.55 Wm’K 5.55 W/m’K - -
Shading device admittance Int. - Ext. 5.55 W/m?K 5.55 W/m?K - -
Shading device solar Int. - Ext. 28% 28% - -
absorption
Shading device visible Int. - Ext. 0% 0% - -
transmittance (VT)
Light shelf material Clear glass - - 0.6 mm 0.6 mm

Light shelf geometry Interior 0° - - 0.5mx 3.4 m; or (0.5mx 3.4 m)x 2;or
Imx3.4m;orl.5mx (Imx3.4m)x2;or
3.4m. (1.5mx34m)x2.

Exterior 30° - - 0.5 mx 3.4 m; or (0.5mx3.4m)x2;or
I'mx3.4m;or (I1mx34m)x2;or
1.5 mx 3.4 m. (1.5mx3.4m)x2.

Light shelf reflectance Int. - Ext. - - 90% 90%

Light shelf U-Value Int. - Ext. - - 5.7 W/m?K 5.7 W/m?K

Light shelf admittance Int. - Ext. - - 6 W/m*K 6 W/m*K

Light shelf solar absorption Int. - Ext. - - 46% 46%

Light shelf visible Int. - Ext. - - 25% 25%

transmittance (VT)

Primary data consists of the results of existing measurements in
the form of: lighting measurements (illumination values and size
of imaging angles) and spatial geometry measurements; computer
simulation results that are similar to existing conditions
(illumination values and isometric 3D rendering images); and
computer simulation results for improvised design (illumination
values and isometric 3D rendering images). Meanwhile, the
secondary data is in the form of theoretical studies. Research flow
diagram is shown in Fig. 1.

We have selected Polytechnic Lecture Building, Pangkep,
Indonesia for the current research (Fig. 2), which is a building
located in the coastal area of Pangkep Regency in Indonesia. This
building has three floors and functions as a lecture hall,
department room, director's room, auditorium, and others. This
building is the object of research, which is the basis for designing
buildings using shading devices and lighting. Various models will
be applied in simulating the building of this building, as a basis for

designing other buildings, to determine the potential of the best
model for the distribution of natural light into space.

Measurement of illuminance values in several spaces oriented
towards the West, East, South, and North located on the 2nd, 3rd,
and 4th floors. The spread of natural light in this building depends
on the position of the room, in Western-oriented classrooms, the
existing condition of the windows is closed by the facade of the
building which results in the obstruction of natural lighting from
entering the room, resulting in the space becoming dark. The East
orientation room with existing conditions without shading devices
gets very high sunlight, especially in the morning. The North and
South orientation rooms have a mesh on the exterior, they have a
space that extends and widens so that the distribution of light is
not evenly distributed to the inner space.

Measurements were carried out in the room selected as the
object of research from July 17, 2022, to July 31, 2022, every
morning (09:00-10:00 WITA), during the day (12:00-13:00
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WITA), and afternoon (15:00-16:00 WITA). The geographical
position of this building is at a latitude of -4.6° and a longitude of
119.6° (+8.0). The orientation of the front of the building facing
West (279° West) and the rear of the building facing East is shown
in Fig. 2.

The tool used to measure lighting intensity inside or outside a
building uses a digital lux meter (Fig. 3). The illumination value
is recorded every 5 seconds then the mode button (hold) on the lux
meter measuring instrument holds the visible illumination value.
Before use, a calibration process is carried out with several lux
meters to maintain conditions according to specifications. The
location of the measuring point outside the building is in the
middle of a field that is not blocked by buildings, the height of the
measuring instrument is 75 cm from the ground (Fig. 4). The
position of the measuring point in the room is at a height of 75 cm
from the floor surface. The maximum distance between the grilles
in each room is 2 m, with a distance of 0.5 m from the edge of the
wall, and a distance of 1/3 d from the effective light hole (d =room
width) [37]. The measurement points in the building correspond
to the points and grids specified in the measurement plan drawing
for each room.

This study analyzed the distribution of sunlight into space using
light shelves for North and South rooms, and shading devices for
West and East rooms (Tables 1 and 2). Improvised design on the
light shelf with four models, namely the massive glass model
(without light self), the interior-exterior light shelf size 50 cm, 100
cm, and 150 cm. The improvised shading device design applies
four models, namely the massive glass model (without the shading
device), horizontal, vertical, and egg-crate shading devices.
Materials and simulation parameters are as follows.

(@

L. Bellia et al. / Journal of Daylighting 11 (2024) 247-267

In this research, measurements were taken in the field and then
simulated using Radiance Illuminance to determine the
illumination values on various shading device models. Before
carrying out the simulation, validation is first carried out between
the field measurement results and the building simulation results
according to existing conditions. The simulation results show
suitability with a difference below 20%, namely: (1) the East side
room, which is between -3.4% to 0.5%; (2) classrooms on the
south side, namely between -2.7% to 0.08%; (3) classrooms on the
north side, namely between -7.3% to 0.07%; and (4) classrooms
on the West side, namely between -1.2% t00.8%. Based on the
results of these validation calculations, the data from this
simulation is worthy of research.

Natural lighting (daylighting) uses light from the sun and sky.
Natural lighting can also be influenced by weather, temperature,
and air pollution. The Daylight Natural Lighting Factor concept
has been established as a metric that describes the limits of natural
light in buildings. Daylight Factor at a point indoors is the ratio of
the horizontal illuminance in the indoor work plane (Ei [1x]) to the
horizontal illuminance in the open field outdoors (Eo [Ix]) at the
same time, assuming standard cloudy sky conditions that have
been established. The International Commission determines the
lighting model (CIE).

Excessive sunlight in a building can cause undesirable glare and
visual contrast for residents. Therefore, the availability of natural
light in buildings must be considered, not only in the daily time
domain but also throughout the year. For this reason, natural
lighting metrics based on climate-based daylight modeling
(CBDM) can be used to determine the availability of natural light
throughout the year in a space.

(b) ©

Fig. 5. Shadow of the building: (a) in the morning; (b) during the day, and (¢) in the afternoon.

(@)

(b)

(© (d)

Fig. 6. Daylight condition in the building: (a) The existing conditions of the East side department room in the morning; (b) the North side classroom during the day; (c)
The Southside classroom during the day; and (d) The West side classroom in the afternoon.
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Spatial Daylight Autonomy (sDA) is to measure the annual level
of adequate illuminance in a room.

sDA300/509 = 2RA3001x=50%

Atotal ( 1 )

Annual Sun Exposure (ASE) is a quantity that indicates the
presence of glare and additional heat due to excessive direct light

ASE1000,250 = 23E1000=250h . 1 0005 (2)

ntotal
Useful Daylight llluminance (UDI) is the percentage of time spent
when the lighting target at a point in space is filled with daylight

tE100—-30001xT % 100% (3)

X 100%

UDI100 — 3000 =

3. Results of research
3.1. Sky conditions and building shadows

This study was carried out in July, where the moon is the closest
distance between the sun and the earth (aphelion), where the
position of the sun is on the northern equinox of the equator.
Measurements were made in clear, intermediate, and cloudy sky
conditions, namely between 19,430 lux - 20,150 lux (morning),
24,280 lux - 159,100 lux (afternoon), and 43,360 lux - 53,550
(afternoon). Figure 2 shows the shadow of the building where

shadowing occurs on different mornings, afternoons, and evenings.

The shadow of the building is related to the distribution of sunlight
because at certain times it covers direct sunlight so it is necessary
to analyze the illuminance value in the room in the morning,
afternoon, and evening.

The building model is shown in the Fig. 5 and the space chosen
as the object of this research is a space directly connected to the
outside space, so it is necessary to consider the distribution of
natural light entering the space. Next, it is essential to analyze the
shading device model so that natural light does not cause glare and
brightness, and lighting should be used light-self to evenly
distribute natural light in the space.

Figure 6 shows that in the morning the position of the sun is in
the East at a low angle, where illuminating the back of the building
(East) and shadowing at the front of the building (West) is seen in
Fig. 5(b). As a result, sunlight enters and there is a shadow in the

®Morning ®=Noon = Afternoon

4000 365
3
§ 3000 2212 2361
£ 2000
© 1000
3

0

Grid Grid Grid Grid Grid Grid
A B A B A B

2nd Floor =~ 3rd Floor = 4th Floor
Measurement Point
(a)
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Department room as shown in Fig. 6(a). Then at noon, the position
of the sun is on top of the building at a high angle, slightly inclined
to the North so that there is a collision in the South part of the
building, Fig. 5(b). Because during the day the sun is above the
building, the shadowing only occurs near the window of the North
side room while in the South side classroom sunlight does not
enter, Fig. 6(b) and (c). In the afternoon the position of the sun is
in the West at a low angle, illuminating the front of the building
(West) and shadowing the back of the building (East), Fig. 5(c).
So that the afternoon sunlight enters the classroom as shown in Fig.
6(d). Based on the projection that occurs at three different times,
it can be assumed that time and orientation affect the illuminance
value in space.

This building already has shading in the form of hats/cantilevers
on the 2nd and 3rd floors, and canopies on the 4th floor measuring
0.5 m — 2.5 m. The cantilever can block sunlight from hitting the
opening directly. Especially when the sun is at a high angle during
the day. When the sun is at a low angle such as in the morning and
evening, this cantilever has not been able to block direct sunlight.
So other shading alternatives are needed to overcome glare and
excess intensity.

3.2. Analysis of the results of measuring existing conditions and
simulation

The research objects in this building are the classrooms (rooms A,
B, and C), and the Department work space (room D) which are
located on floors 2, 3, and 4. Room A with window openings is
oriented towards the South, room B towards the West, room C
towards the North, and Room D towards the East. Before carrying
out the simulation, measurements were carried out in the field in
the morning, afternoon, and evening, and validation was carried
out between the field measurements and the initial conditions of
the simulation. Radiance Illuminance software is used to
determine the illumination value of light distribution in the room
in the morning, afternoon, and evening. The simulation was
carried out by designing shading devices on the building envelope,
namely horizontal, vertical, and egg-crate models in spaces
oriented towards East and West. Next, apply an interior-exterior

2450

2149
2100
=
2 1750 1626
o
2 1400 1329
g 1075
£ 1050
% 763 g8
- 700
3
~ 350
0
A B A B A B
2nd Floor 3rd Floor 4th Floor
(b)

Fig. 7. (a) Graph of the average measurement results of 3 days in the East side lecture hall and (b) Graph of the average result of 3 days measurement 3x in the East

side lecture hall.
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light self-model measuring 50 cm, 100 cm, and 150 cm in space
with window openings oriented towards North and South.

3.2.1. Orientation of window towards the East (Room A)

This space measures 5 x 12 m and has the same size for all three
floors 2, 3, and 4. The illuminance value of this space is at the

position of the orientation of the window opening towards the East.

Placing measuring points A1-B6 on all three floors for three days
of measurement ranged from 294 — 6,653 lux. Based on the
measurement results in Fig. 4, the 2nd floor of grid A shows the
highest average illuminance value in the morning (3,654 lux) then
the afternoon (1,516 lux), and the lowest in the afternoon (1,275
lux). This room obtains a very high lighting intensity on average
above the standard of 350 lux (for department rooms), this is
influenced by wide window openings and openings facing the
rising sun in the East orientation.

It can be seen in Fig. 7 that the illuminance value on grid A is
higher than grid B for floors 2, 3, and 4. On the 2nd floor, there
was a decrease of 0.4% from 2,149 lux in grid A to 1,329 lux in
grid B. Similarly on the 3rd floor there was a decrease of 0.3%,
and on the 4th floor a decrease of 0.1%. This indicates that the area
near the opening has a higher illuminance value than the area far
from the opening. Judging from the acquisition of the intensity of
the three floors of the same size, it can be concluded that the
intensity of the 2nd floor is the highest, then the 3rd floor, and the

lowest 4th floor. The higher the floor level, the lower the lighting
intensity.

Figure 8 shows the spread of light with cloudy sky conditions,
this is done to see the spread of light at the worst conditions
(morning outdoor illuminance 19,430 lux, afternoon 24,280 lux,
afternoon 53,550 lux). Based on Fig. 8, almost all measurement
times show grid A is higher than grid B, except for the morning
and evening times on the 4th floor the results are evenly distributed.
The average daylight factor value of the 2nd floor ranges from 1.3%
- 6.2%, the 3rd floor is between 1.56% - 5.27%, and the 4th floor
ranges from 0.63% - 4.2%. The measurement time that falls within
the scope of the daylight factor standard is the daylight factor
measurement time, while the morning time is above the standard
and the afternoon is below the standard, where the office building
daylight factor standard is 2% - 4%. The uniformity ratio value of
this room has met the standards on the 2nd floor (44.6% - 80.5%),
3rd floor (50.9 - 86.2%), 4th floor (56.9% - 89.2%) where the
uniformity ratio standard is at least 40% of the room area.

3.2.2. Orientation of window towards the West (Room B)

This room has different sizes on each floor, 2nd floor (9 x 6 m),
3rd floor (18 x 12 m), and 4th floor (12 x 6 m). The illuminance
value of the East side Department room per-measuring points on
all three floors for three days of measurement ranged from 2 —
1,264 lux. All three rooms showed that the average illuminance
value was below standard (minimum 250 lux for classrooms) (Fig.
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Fig. 8. Daylight factor profile of East orientation: (a) 2nd floor (left); (b) 3rd floor (center); and (c) 4th floor (right).
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Fig. 9. (a) Graph of 3-day average measurement results in West side class (b) Graph of the 3-day average measurement result in 3x in West class.
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Fig. 10. Daylight factor profile of West classroom: (a) 2nd floor (left); (b) 3rd floor (center); and (c¢) 4th floor (right).

9). The substandard intensity is because the window openings of
the West side rooms on the 2nd and 3rd floors are covered by the
facade of the building and only part of the opening plane can
introduce natural light into the room. In addition, lighting that can
enter in the afternoon causes excessive glare. This is because the
opening field of this room faces the West side where it is exposed
to the afternoon sun. On the 4th floor only the area near the
opening, grid A, meets the 250 lux standard and the decrease
occurs in the area further away from the opening. The high graph
in grid area B on the 2nd floor is caused by some sunlight entering
part of the window causing high intensity and excessive glare.
Neither the daylight factor values of the 2nd, 3rd, and 4th floors
on day 3 nor the uniformity ratio values (3-day measurements) met
the standards (Fig. 10).

3.2.3. Orientation of window towards the south (Room C)

The illuminance value of this space is oriented towards the North
with an illuminance value between 9 — 1,873 lux. The graph shows
the decrease in illuminance value from grid A to F as well as from

grid A to G. Only grid area A or B is above standard (minimum
250 lux for classrooms) (Fig. 11). This indicates that the closer the
opening, the higher the illuminance value (grid A near the
opening). In addition, the more the number of grids indicates the
size of the depth of room is deep, the graph shows the lower the
intensity of lighting away from the openings. The three floors have
the same width of space and the same opening area so that they
can be compared with the average illuminance value per grid, the
3rd floor is 6 X 12 m and the 2nd and 4th floors are 6 X 15 m. On
the 2nd floor of the AB grid, it drops by 0.5%, the further away
from the opening the intensity decreases. Decreases in the BC grid
were 0.4%, CD 0.3%, DE 0.3%, EF 0.3%, and FG 0.2%. Similarly,
floors 3 and 4 experience a decrease in intensity the further away
from the opening. On the 2nd floor of grid A when compared with
the morning, afternoon, and evening measurement results from the
three days of measurement, the morning measurement results are
the highest (610 lux), then the afternoon (465 lux) and evening
(239 Iux). The graph of the average measurement of three days
with morning, noon, and evening shows an increase in intensity in
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Fig. 12. Daylight factor profiles in Northside classrooms: (a) 2nd floor (right); (b) left, 3rd floor (right); and (c) 4th (lower) floor.

grid A from the 2nd floor (438 lux), then the 3rd floor (475 lux),
and the 4th floor (756 lux). The higher the floor level, the higher
the of level illuminance.

Figure 12 shows that the daylight factor graph is no different
from its illuminance value. The graph shows the height near the
opening then drops significantly and descends gently to the end of
the chamber, indicating the room is elongated. The elongated

space results in the closer the measuring point to the opening, the
higher the illuminance value, and the farther the area of the
opening, the lower the intensity. The average daylight factor
values that met the standard were grid A in the morning (3.79%)
and afternoon (2.34%) measurements measured in the cloudy sky
on day 3. While the uniformity ratio value (for 3 days) none of
them met the standard.
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Fig. 14. Daylight factor profile of Southside classrooms: (a) 2nd floor/ left; (b) 3rd floor/ center; and (c) 4th floor/ right.

3.2.4. Orientasi of the window toward the south (Room D)

This room is located on the 2nd floor with a size of 6 x 12 m and
the 3rd and 4th floors measuring 9 x 12 m. The illuminance value
of the measurement results for three days on three floors ranged
from 71 — 1,780 lux. Figure 13 shows a graph of decreasing

illuminance values from grid A to C as well as from grid A to D.
This shows that the closer to the opening, the higher the lighting
intensity. The 2nd floor area is above standard (minimum 250 lux
for classrooms), while the 3rd floor and 4th floor have some grid
areas that are below standard.
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Fig. 15. The 3D image shows the shading device orientation East model: (a) vertical fin; (b) horizontal louvers; and (¢) egg-crate.

Table 3. Details of shading device cut east side classroom — 3rd floor (a) existing condition, (b) egg-crate, (c) vertical fin, and (d) horizontal louver shading device.

Section and detail of model shading device

Fasade massive (existing condition)

4th Floor
FL +15.00 5.0 !
CH +14.00]) ——2.0
Sunlight
Shadow

Sunlight
Shadow

Room A
12.0 FL +10.50 112
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6 Y ..A Y
|
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CH+14.0
. el
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Section C - C
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T
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4.5 Qverhan; —I&ﬁ
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Room A L 06
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FL +10.50 4 Fin
Section B-B

Horizontal louver model

FL +10.50

4th Floor
FL 115.00 5.0 105
CH +14.0 ) 01
Top —i—
45 Overhang
3.5 06
2906
Room A Odert =30
3rd Floor erhang
FL 110.50 i
Section D - D
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Result of simulation on shading device model -east orientation
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Fig. 16. (a) Improvised design profile average illuminance value per grid, East side department room and (b) Graph of the average illuminance value of the East side

department room improvisation design.

The 3-day measurement graph shows that the morning and
afternoon measurement results tend to experience a constant
decrease, while the afternoon measurement results fluctuate from
grid A to C or grid A to D. Based on the average 3-day and 3x
measurement graphs, it shows a higher level of illuminance on the
4th floor than the 3rd floor (except for the 2nd floor, because the
size of the room is smaller with 2 window openings). So, the
higher the floor level, the higher the illuminance level. Both floors
2, 3, and 4 experienced graphs of decreasing lighting intensity

from high near openings to decreasing as they got farther away
from openings. On the 3rd floor Grid AB fell 0.5%, BC Grid 0.3%,
and CD Grid 0.3%, as did the decline on the 2nd and 4th floors. It
can be concluded that the farther from the opening, the lower the
illuminance level.

Figure 14 shows that average daylight factor measurement
results (cloudy sky) that meet the standard are the 2nd floor
(morning measurement time), the 3rd floor in grid A (2.89%), the
4th floor in grid B (2.5%), and C (2%), where the standard
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daylight factor of office buildings is 2% - 4%. The light
distribution of the 2nd floor tends to be evenly distributed while
the 3rd and 4th floors are high in intensity near the openings.
Furthermore, within 3 days of measurement, several uniformity

ratio values meet the standards on the 2nd floor (ranging from 42.5%

- 78%) to the 4th floor (ranging from 41.9% - 47.2%), where the
uniformity ratio standard is at least 40% of the room area.

3.3. Analysis of simulation measurement results resembles
existing conditions

In this study, using the Radiance Illuminance application and the
beginning of the simulation, the suitability of measurement results
in the field and then building simulation using several shading
devices and light shelf models. The simulation results show
measurement results that resemble existing conditions with a
relative difference in error below 20%. If the relative error rate is
less than 20%, then the simulation data is suitable for research.
The relative value of error for 3x within 3 days of measuring the
2nd, 3rd, and 4th floors, that is, the East side department room
ranged from -3.4% to 0.5%; Southside classrooms ranged from -
2.7% to 0.08%; Northside classrooms range from -7.3% to 0.07%;
and West side classrooms ranged from -1.2% to 0.8%. Based on

(@) (b)

L. Bellia et al. / Journal of Daylighting 11 (2024) 247-267

the results of these calculations, the data from this simulation is
worthy of research.

3.4. Improvised analysis of shading device and light self-design
models

3.4.1. Shading device model (Eastern and Western orientation)

Table 3 shows the cut and details of the East side department room.
Seen in Fig. 15(a) is the description of natural lighting in existing
conditions in the morning on the 3rd floor as well as details of
improvised design sizes (b) egg-crate, (c) vertical fin, and (d)
horizontal louver. The condition of the East side room has a
narrowed room with wide openings, to obtain high lighting
intensity throughout the day. In the morning the position of the sun
is on the east side, where directly facing the department room
resulting in the entry of direct sunlight with high intensity, glare,
and excessive heat. So, a passive lighting system is needed that
blocks direct sunlight but indirect sunlight can still enter, so a
shading device is applied to the East side room. The sunlight
looming on the window is measured and calculated with
horizontal shadow angle and vertical shadow angle to determine
the size of the fins and overhangs. Furthermore, the measurement

(©

Fig. 17. The 3D image shows the shading device orientation West model: (a) vertical fin; (b) horizontal louvers; and (c) egg-crate.
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Fig. 18. (a) Detail floor plan of the West orientation room and (b) Detail of Existing condition - West orientation.
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Table 5. Detail floor plan of West orientation room — 3rd floor (a) existing conditions, (b) egg-crate, vertical fin, and horizontal louver shading device.

Shading device model on Room-West orientation

Eggcrate Model Vertical Fin model Horizontal louver model
4th Floor 4th Floor 4th Floor
FL +15.00 FL +15.00 FL +15.00
— I — - I - — I T
(0.1 —13§7cH +14.00 13-4 7CH+14.00 (01113 §cH 1400
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0.7 ( ‘ ( Y.
07 2021 1 KT
s ; 2.02.1 07 | 2l02.1
3.0 ;
07 ‘ t 3 07 1] ‘ Room B
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1 ge [FL 41050
Section B- .
B Section C-C Section D-D
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T el
03 6 e
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Table 6. Isometric room with west window orientation under a cloudy sky.

Result of simulation on shading device model -west orientation

Massive Fasad (Existing condition) Eggcrate

Vertical Fin Vertical Louver

results then produce egg-crate models (a combination of vertical
fins and horizontal overhangs), vertical fins (vertical fins), and
horizontal louver (horizontal overhangs) which are applied to
Radiance illuminance simulations.

Table 4 shows the isometric 3D East side Department space
displaying the morning rendering of Radiance Illuminance. It can
be seen that when the room in the setting resembles the existing
condition, the level of illuminance is high with red markings

almost all over the floor. After the room is installed shading device,
part of the floor is green and part of the wall is blue, this shows
that the intensity of light received in the room has decreased.

After applying the improvised design with the simulation of four
models, the measurement results obtained are as follows (Fig. 16).
At a distance of 2 m from the opening, the lighting intensity can
be lowered to 889 lux using horizontal shading of the louver and
1,038 lux if using vertical fin shading at the same distance, which
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Fig. 19. (a) Improvised design profile average illuminance value per grid, West side classrooms and (b) Graph of the average illuminance value of the improvised

design of the West side.
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Fig. 20. 3D view of the North orientation light shelf model: (a) interior-exterior light shelf 50 cm; (b) interior-exterior light shelf 100 cm; and (¢) interior-exterior light

shelf 150 cm.

was originally 1,544 lux. The best shading consideration is that it
can reduce the sensitivity of lighting that is too high but still above
the minimum illuminance standard of 350 lux for Department
rooms. The percentage decrease that occurred from the three
models included the existing — crate at 0.6%, the existing — vertical
fin at 0.4%, and the horizontal louver at 0.4%. Furthermore, if the
whole is averaged, the highest to lowest order is the existing
vertical fin, horizontal louver, and egg crate. The results of the
uniformity ratio can be taken into consideration by measurement
results, which initially in existing conditions is 9% and can
increase to 43% (egg-crate), 45% (vertical fin), and 45%
(horizontal louver) above the standard. This shows an increase in
the evenness of lighting in the room and an increase in light quality.

Based on the results of these measurements, it can be analyzed
that there is an improvement in light quality by decreasing the
intensity of lighting in the room after the three types of shading
are applied. But it is worth considering the order of the best results.
The use of egg-crate shading gets the lowest illuminance value and
uniformity ratio but one of the grid's average illuminance values
is below standard. While between horizontal or vertical shading,
seen from the lowest intensity near the opening is horizontal
shading. Then the best order of results is horizontal louver,
vertical fin, eggcrate, and existing without shading.

Figure 17(a) shows a picture of natural lighting in existing
conditions in the afternoon on the 3rd floor as well as details of

improvised design sizes (b) egg-crate, (c) vertical fin, and (d)
horizontal louver. The condition that occurs in this lecture hall is
that part of the window is covered by a massive facade with
aluminum composite panels and some transparent glass on the
exterior front window of the West side room resulting in a dark
room throughout the day. In the afternoon the position of the sun
is on the West side, where it directly faces the lecture hall.
Afternoon sunlight entering part of the window causes high
intensity, glare, and overheating. So, a passive lighting system is
needed that dispels direct sunlight but indirect sunlight can still
enter, so a shading device is applied to the West side room. The
application of shading devices on the three models was
accompanied by the removal of the exterior fagade in front of the
West room opening. Next, shadow angle measurements are carried
out to determine the size of fins and overhangs to be applied in the
simulation.

Figure 18 shows a floor plan and section of the West orientation
room. The massive facade in this room almost covers all the
windows and causes very little sunlight to enter. The simulation
experiment for this space is to eliminate existing shading
conditions and add shading device designs with egg-crate shading
models, vertical fin shading, and horizontal louver shading.

Table 5 shows a space section in the west orientation using an
egg crate, vertical fin, and horizontal louver model design. In this
research, a simulation was carried out in a room oriented towards
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Table 7. Details of the north orientation - light self-model.

Light self-model on fagade building -north orientation

Interior-exterior
measuring 50 cm

Non-Light self
(existing condition)

4th Floor 4th Floor
FL +15.00 FL +15.00
‘ Fksterior —
Hollow T TTA 0 Lightshelf | S —
60 x 40 mm 'ICH 114.00 3(‘)%-5; :m %
30°Q0D_ Lightshelf
45 ]{ T T 0050 em
35 T é
Room Room C 225
3rd Floor 3rd Floor
FL +10.5 L 1. FL+10.50],
- ——
Section A - A Section B - B
1.0
Eksterior
p 02011(;"‘: o Lightshelf
30°-50 cm
6.0 3.4
A A B B
Overd  Room C Room C
hangl gy 41050 FL+10.50
Detail of Eksisting Detail of Room C -
Condition Room C Interior-Exterior 50 cm
Light shelf

Interior-exterior
measuring 150 cm

4th Floor
FL +15.00i

Interior-exterior
measuring 100 cm

4th Floor

Eksterior —
Lightshelf |
30150 ey |

Tksterior
Lightshelf
30°-100em |

‘ T
CH +14.00
Interior

57 | Interior Lightshelf
0°-150 cm

30° i Lightshelf 300
| l ‘ 0°-100 cm.
+0.911.0 . 1.5

Room C 225 Room C 225
3rd Floor i 3rd Floor
FL +10.50 FL 11050
Section C - C Section D - D

Interior
Lightshelf
' 0°-150 cm

Eksterior
Lightshelf
30°-150 em |

Interior
Lightshelf

Eksterior
Lightshelf

30°-100 cm 0°-100 cm
3.4
(¢ C D D
Room C Roo:l C
FL +10.50 FL +10.50
Detail of Room C - Detail of Room C -
Interior-Exterior 100 cm Interior-Exterior 150 cm
Light shelf Light shelf

Table 8. Isometric room with north window orientation under a cloudy sky.

Result of simulation on shading device model -east orientation

Existing Condition Light shelf-50 cm

the west. Next, a Radiance illumination simulation is carried out to
determine the value of natural lighting illumination in the space
using 3 shading device models, as in Table 3 below.

Table 6 shows the isometric 3D of the West side Department
room displaying the results of the afternoon Radiance [lluminance
render. It can be seen that when the room in the setting resembles
the existing conditions, the illuminance level is very low with blue
markings throughout the room. After the fagade is removed and
the room is installed with shading devices, some rooms are green
and some are blue, this shows that the intensity of light received
in the room has increased.

The results of the existing simulation at a distance of 10.5 m
from the opening were originally 3 lux with (existing conditions
of the fagade closed opening) increased to 15 lux (egg-crate), 26
lux (vertical fin), and 37.6 lux (horizontal louver) (Fig. 19). These
three shading devices are also higher than the existing conditions.
The percentage increase that occurred in the three models included
existing — crate at 3.2%, existing — vertical fin at 11.2%, and
horizontal louver at 11.8%. Furthermore, the uniformity ratio

Light shelf -100 cm Light shelf -150 cm

[

values in these four types of shading include existing shading at
46%, egg-crate at 17%, vertical fin at 12%, and horizontal louver
at 23%. It should be understood that the uniformity ratio of
existing conditions is very high due to almost even dark conditions,
in this case, it does not meet uniformity standards because the
illuminance value does not meet the minimum standard of 250 lux.
So the best result order is horizontal louver, vertical fin, egg-crate,
and existing without shading.

3.4.2. Light shelf model (North-South orientation)

Table 7 shows the details of the light shelf pieces with four
simulation models (Fig. 20). The condition of the North side
classroom is elongated. The lighting obtained by this space is high
near the opening and low in the space far from the opening. So, it
is necessary to apply a passive lighting system that forwards light
into the room, namely the application of a light shelf. Model
applications include the light shelf-to-wall distance of 0 cm,
interior light shelf angle of 0° and exterior light shelf angle of 30 °

2383-8701/© 2024 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/

264 L. Bellia et al. / Journal of Daylighting 11 (2024) 247-267

~~
e = 300 266
45 =
25 e T 229
L | | F | ¥ ] 2 200 183 [ 195
750, o —o— Existing Conditions E
\ B} 4 —m— Lightshelf 50 cm =
L= 5 74 =i Lightshelf 100 cm et 100
| 5.‘500_‘. p ——Lightshelf 150 cm 45 :
Interior - g 2 )
Eksterior " ‘ >
Lightshelf B --- - 151 89 66 :]’ 0 “‘—“‘
k= e 1 % 1| . o
woce e L i m Existing Conditions
= thSide) T 3rd Fi . . .
2 h o6 | TN 33 | | Interior-Exterior Lightshelf 50 cm
L GRID AREA A GRID AREA B GRID AREA C GRID AREA D GRID AREA E u Interior-Exterior Lightshelf 100 cm
10— 120 t ™ 101- 1 1
Detail Section Class Room (North Side) - 3rd Floor Interior-Exterior nghtShelf 150 em

(@

(b)

Fig. 21. (a) Profile of the average illuminance value per grid of improvised designs in the North orientation space and (b) Graph of the average illuminance value of the

improvised design in the North orientation.

@

R
Z ~—
_—

Fig. 22. 3D view of the South orientation light shelf model: (a) interior-exterior light shelf 50 cm; (b) interior-exterior light shelf 100 cm; and (c) interior-exterior light

shelf 150 cm.

and above, shelf height position 2.25 m from the floor surface, and
ceiling height 3.5 m from the floor surface. Light shelf size
variations include an interior-exterior light shelf of 50 cm, an
interior-exterior light shelf of 100 cm, and an interior-exterior light
shelf of 150 cm.

Table 8 shows the isometric 3D of the North orientation
displaying daylight renderings of Radiance Illuminance. It can be
seen that when the room in the setting resembles the existing
conditions, the level of illuminance is high near the opening. After
the mesh is removed and the room is installed light shelf, the
illuminance value increases more into the space, marked by a
green color that is getting to the center of the space.

The percentage increase in lighting intensity that occurred in the
three models included the existing — light shelf of 50 cm at 0.5%,
the existing — light shelf of 100 cm at 0.3%, and the existing — light
shelf at 150 cm at 0.1%. The simulation results in Fig. 21 shows
an increase after using an interior-exterior light shelf of 50 cm at
a distance of 10.5 m from the opening which was previously 43
lux to 66 lux. With an average of 183 lux to meet the minimum

standard of 250 lux to 266 lux. As its pdf value increased from 2.7%

to 3.1%. Judging from the uniformity ratio value of the four
models, including the existing 31%, light shelf 50 cm 19%, light
shelf 100 cm 22%, and light shelf 150 cm 29%, there is a decrease
in uniformity in the room. This is a drawback that also occurs
when there is an increase in illuminance value simultaneously,
namely an increase in high light intensity near the opening.
Although uniformity decreased, the illuminance value and
daylight factor increased so that the best order of results was

obtained from light shelf sizes 50 cm, 100 cm, 150 cm, and
massive glass (without light).

Table 9 shows the details of the light shelf cut with four
simulation models. Applications of this light shelf model include
a light shelf shelf-to-wall distance of 0 cm, interior light shelf
angle of 0° and exterior light shelf angle of 30 © and above, shelf
height position 2.25 m from the floor surface, and ceiling height
of 3.5 m from the floor surface. Light shelf size variations include
interior-exterior lightshelf 50 cm, interior-exterior lightshelf 100
cm, and interior-exterior lightshelf 150 cm (Fig. 22).

Table 10 shows the isometric 3D of the south orientation
displaying daylight rendering results of Radiance Illuminance. It
can be seen that when the room in the setting resembles the
existing conditions, the level of illuminance is high in the window
area. After the mesh is removed and the room is installed light
shelf, the increase in illuminance value gets deeper into the space,
characterized by the green color that is getting to the center of the
room, and the intensity of lighting in the window area decreases.
The simulation results showed a room without a light shelf that
was previously 202 lux at a distance of 6 m from the opening, an
increase reaching the standard occurred after using an interior-
exterior light shelf of 50 cm to 275 lux. With a total average from
347 lux (existing) to 488 lux (interior-exterior 50 cm). The
increase also occurred in the daylight factor value from 3.7% to
4%. The percentage increase in lighting intensity that occurred in
the three models included an existing — light shelf of 50 cm of
0.4%, an existing — light shelf of 100 cm of 0.1%, and a decrease
in existing — light shelf of 150 cm of 0.02%.
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Table 9. Detail of the South orientation - light shelf model.
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Light self-model on fagade building -south orientation

Non-Light self (existing Interior-exterior measuring 50 cm
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34
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The uniformity ratio values obtained include without light self
of 16%, light shelf size 50 cm: 12%, 100 cm: 9%, and 150 cm:
13%. Although uniformity decreases, the illuminance value of the
inside of the chamber increases and the daylight factor increases
so that the best order of results is obtained. The order of the best
results of the four light shelf sizes is 50 cm, 100 cm, without light
shelf, and 750 cm lights (Fig. 23).

4. Discussion

Research on natural lighting through side lighting has been carried
out by previous researchers [19,21,24,28,34,36]. However, this
research has yet to analyze model the entire namely, horizontal,
vertical, and egg-crate models and light self-model measuring 50
cm, 100 cm, and 150 cm, as was done in this study. Previous
research has also concluded that the distribution of natural light
influences the timing, but orientation of building openings and the
simulation was carried out only according to the existing shape of
the building [16,17]. It did not evaluate how if the building used
shading devices or light-self. In this research, we analyze the
influence of shading devices and light-self models, and the
orientation of buildings. The models to find out what model and
orientation is best in designing buildings to optimize and evenly
distribute sunlight entering the building.

Previous research also analyzed shading device and light-self
models in buildings but did not combine them with the orientation
of building openings. In contrast, in this research, shading devices
and light-self models analyzes the orientation of building openings.
The uniqueness of this research is that it analyzes shading device
models with various sizes and exterior and interior light-self
models with different sizes. In contrast, previous research focused
only on building facade models.

The space oriented towards the east has a very high illuminance
value and glare occurs, so this research simulates the building by
adding shading devices to the building envelope with massive
glass, horizontal, vertical, and egg-crate models [24]. Especially
in the object of this research, the west-oriented room has a low
light distribution at a certain time so the room tends to be rather
dark because it uses a facade on the building envelope that covers
the window openings as a whole, so it is generally known that in
planning buildings not only think in terms of building aesthetics
but need attention to how much natural light distribution value can
enter the building [16,17].

The shading device model is the motivation to avoid the
negative effects of glare and brightness from natural light sources
and the light self of the model is to even out the distribution of
natural light into the space [20]. This study analyzed the shading
device model based on the orientation of the window opening and
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Table 10. Isometric room with south window orientation under a cloudy sky.
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Result of simulation on shading device model - south orientation
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Fig. 23. (a) Improvised design profile of average illuminance value per grid, Southside classrooms, and (b) Southside classroom improvised design average illuminance

value graph.

the simulation results of the improvised shading device design
showed that among the Horizontal, vertical, egg-crate, and no
shading device models, the best result was the horizontal louver
model in the space oriented towards the East and West. The use of
horizontal shading devices in the East orientation was able to
reduce the intensity of overlighting by 0.4% at a distance of 2 m
from the opening and prevent glare. The evenness of the lighting
also increased, with a uniformity ratio value of 45%. Although still
below the standard illuminance value, there is a significant
increase in the illuminance value. Using a horizontal shading
device in the west-orientated room was able to increase the
illuminance value by 11.5% at a distance of 10.5 m from the
opening and prevent glare and excessive light intensity.

In spaces that have a considerable depth from the window
opening [18], it is necessary to use a light self to distribute light
evenly. In this study, the simulation results of the improvised light
shelf design were shown, which concluded that among the
interior-exterior light shelf sizes of 50 cm, 100 cm, 150 cm, and
without light self, the best result was the interior-exterior light
shelf of 50 cm for spaces oriented towards the North and South.
The disadvantage of the improvised design results of using light
shelves in the North and South orientation spaces is the decrease
in the uniformity ratio value, meaning that the uniformity of light
decreases. This is due to the increase in light intensity that occurs
simultaneously, if the higher the intensity inside the room, the
higher the intensity near the building envelope. The advantage is
that both in the North and South side classrooms, one point of the

average grid area has increased the illuminance value, which was
previously below the illuminance standard to be above the
minimum illuminance standard. The North orientation room was
able to increase the illuminance value at a distance of 10.5 m by
0.5%. While the South orientation can increase the illuminance
value at a distance of 6 m from the opening by 0.4%.

The results of this study can be a guideline for designing
buildings by using shading devices to optimize the distribution of
natural lighting into the space and using the Light self-model to
flatten the distribution of natural light in the space. In general, the
results of this study can be a guide in planning buildings by
minimizing the use of electricity consumption in buildings to
create energy-efficient buildings.

5. Conclusion

The improvised design model on the building envelope is to use a
shading device, there will be an increase in the illuminance value
of natural light distribution into the room, and the best model is a
horizontal louver shading device, especially in the east and west
building orientations. The simulation results show that the rooms
oriented towards the North and South have an uneven distribution,
which is high intensity near the opening and low in the part far
from the opening. Improving the design using the light shelf, will
increase the illuminance value, and from the four simulation
models concluded that the best model is the interior-exterior light
shelf size of 50 cm.

2383-8701/© 2024 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/

267 L. Bellia et al. / Journal of Daylighting 11 (2024) 247-267

The orientation and model of passive devices (advanced
daylighting system: light shelf of model, and shading device
model), as well as the distance of the measuring point to the
opening affect the intensity and distribution of sunlight entering
the building. The results of this study can be used as a reference
for designing buildings in terms of providing optimal daylighting
through passive devices. This research is expected to reduce the
use of electricity and energy reduction in buildings and become a
guide in designing energy-efficient buildings.
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