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Abstract

Educational buildings in Depok City typically have deep classroom plans, which pose a
challenge in achieving good uniformity of lighting distribution throughout the room. Therefore,
this study aims to investigate the integration of daylight and artificial lighting to achieve lighting
uniformity, especially in classrooms of educational buildings in Depok City. This paper simulated
the combinations of Light Shelves (LS), horizontal blind curtains, and artificial lighting dimming
systems through Dialux software to explore and discuss the illumination distribution of daylight in
the classroom. The combinations were arranged in 7 different strategies and were carried out in
average sky conditions. The strategy simulation results show that lighting uniformity is optimally
achieved in strategy 3 with 0.74 lux and strategy 7 with 0.72 lux. These results prove an increase
in the uniformity of daylight in the classroom by 0.49 lux with LS and 0.58 lux with horizontal

blinds but still requires artificial lighting with 50% dimming.

Keywords: Dimming; Horizontal blind curtain; Light shelves; Lighting uniformity.

Introduction

Artificial lighting in buildings is accountable
for a significant portion of overall energy
consumption. (Shankar et al., 2021). While
other sources mention that school buildings
consume 20%-45% of energy consumption
for lighting (Martinopoulos et al., 2018) and
consume 17% of the non-residential building
total consumption (Lautsen et al., 2009). Depok
City, Indonesia, which is located in a tropical
country, still has this issue. As part of the
tropical area, Depok City has daylight intensity
that can be assumed to be more constant
throughout the year compared to other regions
(Fitriany et al., 2019). By this condition, Depok
City is supposed to have something other than
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an energy overconsumption issue (Fitriany et
al., 2019).

According to Lechner (2015), the space
planning or floor plan of the building with open
space is very profitable for bringing natural light
into the space. While in general, educational
buildings in Depok City have a typical wide
floor plan to maximize classroom size.
Consequently, daylight is difficult to reach the
entire classroom area due to the deep depth
of the classroom. Only the perimeter area near
the window can be benefited from daylight
(Bernardo, 2017), even when it uses a fully
glazed facade. This situation shows an uneven
distribution of daylight in the classroom area
(Kim et al.,, 1999). For such cases, artificial
lighting is usually used to support the interior
areas because sunlight cannot reach spaces
far from the facade (Ganslandt, 1992).

In the design stage, average horizontal
illuminance or uniformity is one of the lighting
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parameters that need to be considered (Rea,
1991; Skarzynski, 2020). It can be verified
by utilizing appropriate  measurements
recommended by lighting standards
(Skarzynski, 2020). In rooms that are unevenly
illuminated, there are possibility that the
immediate task area is much brighter than
the surrounding area which may elevate the
discomfort effects (Osterhaus, 2005).

Luminaire's strategy to produce lighting
uniformity must precisely concern the condition
of the walls and the ceiling (Samani, 2012).
The simplest procedure to achieve good
lighting performance is by combining daylight
and artificial lighting (Slater et al., 1990). The
light shelves strategy and the blind curtain can
increase the range of natural lighting that enters
the room with accurate light shelves element
factors (Abimaje et al., 2018). Therefore, this
study aims to investigate and discuss how
integrating light shelves, internal blinds, and a
dimming system achieves uniformity of lighting
in the classroom, especially in an educational
building in Depok City.

Literature Review

Due to the issue of this paper, the immediate
solution is to expose daylight in the deeper
classroom area to increase uniformity.
Therefore, this paper investigates the basic
lighting design principle and the standards used
to evaluate solutions of several sustainable
lighting control strategies that increase
uniformity.

1. lllumination and Lighting Uniformity in
Educational Buildings

The Indonesian National Standard (SNI 6197:
2020) states that the illuminance standard
for educational buildings is 350 - 750 lux
depending on classroom activities. Another
recommendation stated by The Chartered
Institution of Building Services Engineers
(CIBSE)in2022isthattheillumination uniformity
range is 300 lux to 500 lux depending on the type
of classroom; those values help restrict glare to
reasonable levels. Those recommendations are
the minimum illumination and the range level,
which may produce comfort. On the opposite,
the high level of illumination may lead to glare.
Therefore, Heerwagen et al. (2004) said there
is some evidence of increased discomfort at

http://journal.uii.ac.id/index.php/jards

Daylight And Artificial Lighting Integration In Achieving
Lighting Uniformity In Educational Building

Hazimah Ulfah Az Zaky, Ova Candra Dewi, Widyarko,
Coriesta Dian Sulistiani

41

illuminance above 1000 lux in uniform light.
Freewan (1990) investigated the illuminance
uniformity and the ratio was found to be
between 0.5-0.7 for different variation of tasks
on a desk. Another recommended uniformity
levels for classroom by CIBSE (2022) are
within a range of 0.6.

The uniformity can also be calculated
according to European Standard Specifies
Lighting Requirements for Humans in Indoor
Workplaces (DIN EN 12464-1) using the
formula:

E .
Upy= m% (1)

Where Emin denotes the minimum and E
denotes the average measured illuminance
values.

2. Daylight and Artificial Light Integration

Some of the best lighting details combine the
effects of daylight and electric light sources
(Slater et al., 1990).

Light Shelves and Blind Curtain

Light shelves are either internally or externally
horizontal or inclined surface that is built on a
window and placed above eye level (Ganslandt
et al., 1992). It is the simplest light distribution
system among daylighting systems, which
is capable of controlling and redistributing
incoming daylight through reflection on its
upper surface (Ganslandt et al., 1992; Haq et
al., 2014). Due to the opening, the LS position
divides the window into two parts; the top
(clerestory) which serves to pass sunlight, and
the bottom of the window for outdoor views
(Abimaje et al., 2018).

According to William (1986), the types of light
shelves can be applied to buildings by placing
horizontal elements such as a continuous
canopy into the building on the window so that
light reflection can occur and can still see the
view outside the window (figure 1). This type
of light shelf is usually used in buildings facing
north-south and is usually used for buildings
that are difficult to get light from outside the
building (Kontadakis, 2017).
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Figure 1. cross-section of an opening with an extended
light shelf.
Source : Kontadakis (2017)
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Figure 1 shows the static horizontal light
shelves which is the simplest form of a light
shelf. It usually provides the best compromise
between daylight distribution and shading
requirements compared to other LS forms.
Tilting up will increase the penetration of
reflected sunlight and reduce the shading effect
while tilting the LS down will reduce the amount
of light reflected onto the ceiling. (Leccese et
al., 2020). During its development, there were
many forms of light shelves, namely curved,
chamfered, sloped up and sloped down ceiling,
and can be tilted with mirrored or diffuse upper
reflecting surfaces (Bean, 2004). The movable
systems provide more flexibility on controlling
the operation and on the application, however,
it is more expensive.

Figure 2. natural light range with and without light shelves
Source: Green Building User Guide Jakarta (2012)

As stated by Green Building User Guide
Jakarta (2012), interior shading: blinds and
roller shades are very efficient at preventing
glare. Nevertheless, with similar material,
blinds may perform similarly to light shelves
which distribute the daylight to the deeper area
through material reflection. Figure 2 explains
that the use of light shelves can increase the
range of natural lighting that enters the room
by twice the height of the floor to the window
through the material reflection. Light shelves

are most effective when placed on the south
position of the building rather than the West/
East part, especially when the sun is low in the
sky (Li et al., 2019).

Dimming System on Artificial Lighting

The dimming system has a more remarkable
presentation for energy saving (Xu et al., 2016).
Although this can be done manually, greater
size energy saving is possible by strategically
placing a light sensor in the room (Escuyer
et al., (2001). This sensor dims or turns off
the lights to maintain the desired light level.
Continuous dimming results in more significant
savings than dimming stepped on-off, but also
more expensive to implement (Xu et al., 2016).

Dimming system can be designed in daylighting
schemes as an on-off control by switching
electrical lighting automatically through a
predetermined level of the lighting levels fall
and rise (Danny et al., 2010). A unique problem
that may occur with this control type is the rapid
and frequent switching of lights, particularly
during unstable weather conditions when
daylight levels change around the switching
illuminance, moreover, these conditions can
be unbenefited for occupants and unsustain for
the lamp life (Danny et al., 2010). On the other
hand, the dimmer can be set on the electric
light component, so a photo-sensor can be
implemented to control the exact quantity of
electric light being contributed and to detect
variation in daylight levels (William, 1986). Such
systems ensure that the electric light is not
wasted. Therefore, changes in lighting levels
occur slowly and are usually not perceived by
the user (Green Building User Guide Jakarta
,2012). With opposite dimming controls, further
energy conservation can be achieved when the
total light output from the light fittings exceeds
the target values (Xu et al., 2016).

The simplest control can be a double switch
which can turn off some lights in one lamp
housing or several lighthouses in one room.
This manual control system is simple with low
installation costs (Green Building User Guide
Jakarta,2012). However, the effectiveness of
this manual system is highly dependent on
user behavior (Escuyer et al., (2001). If the
user does not turn off the lights when it is not
needed, saving energy will not occur. This
strategy is to place some light switches in
several locations, so users cannot turn on all
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the lights simultaneously (Galasiu et al., 2004).
In situations where the pattern of room use
occurs consistently, automatic time control may
be used to turn off the light at a particular time.

Methodology

This paper uses a quantitative approach with
field measurements under existing conditions
to investigate the uniformity of lighting in a
case study. Furthermore, strategy simulations
were carried out to investigate the effect of
uniform lighting performance of each strategy
compared to the existing results.

As stated on the Standard of SNI 7062:2019,
the south classroom was measured by 36
points (room area is more than 100 m2), and
the north classroom was measured by 25
points (room area between 50 m2 to 100 m2).
Measurements were set at the tool sensor's
height of 0.8 m from the floor. Figure 3 shows
the position when measuring the classrooms of
the case study.

Figure 3. Position when measuring with a lux meter in the
classroom of case study
Source: Author

S — - =

i XX OO0 58

XPPPODDOON] |

= KPR PDOO0R]  #
‘I g x-‘) X 3t
i -

5 f
& = = s.mn.lfm:ou - il R g

CEILING PLAN 4TH FLOOR
Al 11 188

In addition to manual measurements, DIAlux©
software was used to simulate alternative
research strategies. The simulation requires
case study material and climate data at the
site simultaneously as manual measurements.
Table 1 shows the finishing materials in the
classroom with the reflectance values of these
materials to be applied in the DIAlux simulation.
This paper simulated seven strategies,
combining LS, horizontal blind curtain, and
dimming system.
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Table 1. The material used in the classroom

Room Element Materials Reflectance (%)
Floor Light Brown Granite 50 %
Wall White painted 65 %
Red painted 0.5 %
Ceiling White Gypsum 85 %

Window Glass Clear Glass 8mm 8 %

Whiteboard, desk, White Melamic 45 %

Door, Window 30%

frames, Chair

Source: Author

Data collection of manual measurement and
Dialux simulation was carried out in the S
building on Mei 28th, 2022. Measurements
are made to determine the intensity of
lighting on objects, work objects, equipment
or machines and production processes, and
specific work areas where activities require
different lighting intensities (SNI 7062:2019).
This paper measures the incoming lighting on
the classroom's fourth floor facing north and
south. The consideration for choosing the 4th
floor, apart from the floor in the middle of the
building floor, is because the view from the
window was not obstructed by trees and roofs
of the surrounding buildings, so natural lighting
is maximally entered into the classroom on
the 4th floor. (as shown in figure 4 a-b). It may
not give a different result from the simulation,
which is not inputting the trees around the
building model. In this study, the data obtained
was sourced from the measurement results
from direct observation of the object study.

The educational building used as a study case
in this paper is the S Building at the Faculty
of Engineering, Universitas Indonesia (FTUI).
The University of Indonesia is a campus in
Depok City that is trying to implement the
concept of green campus design. The building
complex consists of a mass of buildings that
are integrated with the natural environment and
apply the concept of natural lighting.
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Figure 4. (a) The trees around the building. (b) Section of
the S building from the east.
Source: Author
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Currently, there are windows in the classrooms
along the north and south sides of the building
facade, which can maximize the sunlight
entering the room. However, the deeper side
of the classroom requires additional lighting,
which still uses artificial lighting. On the other
hand, the existing artificial lighting is a single
switch system, causing different lighting
intensities between the area near the window
and the area far from the window during the
day due to the room's depth. When the light
is on, the area near the glass will be dazzled,
whereas if the light is off, the area inside will
be dark. Therefore, the classroom in S Building
is fitted to the problem of this paper, and it is
essential to observe the building's sunlight
potential, support the performance of artificial
lighting, and what strategies to achieve uniform
lighting in the classroom.

Result and Discussion
1. Existing Measurement

Table 2 shows the result from manual
measurement using a lux meter in clear sky
conditions at 12 am. The result of lighting
uniformity in the classroom with natural
daylight only is 0.149 and 0.173. The condition
of minimum illumination is under 350 lux, which
verifies the dark side of the classroom, which
drives the students to switch the lamps on.
When the artificial light is on, the minimum
illumination passes 350 lux, which passes
the standard for studying activity. Meanwhile,
the lighting uniformity is at 0.23 and 0.324. It
is due to the high maximum illumination in the
area near the window that receives both direct
daylighting and artificial lighting.

Table 2. Result of manual measurement

E min E max E Av Uo
Classroom Facing South
Natural Daylight 255 5863 1704  0.149
Natural and Artificial Light ~ 502 6399 2186 0.23
Classroom Facing North
Natural Daylight 183 4911 1057 0.173
Natural and Artificial Light ~ 503 5271 1553  0.324

Source: Author

From the condition of the study case, the
simulation strategies require  minimizing
illumination in the area near the window while
still giving enough illumination in the deeper
area. Therefore, as stated at the beginning of
this paper, integration strategies are needed
to increase the lighting uniformity of severe
classroom cases. Those strategies are
obtained in seven different strategies as shown
in table 3.

Table 3. The Strategies

Lighting Strategies

Analysis Condition

Strategy 1 Grouping and Artificial Lamp with
Dimming 50% Dimming 50%
Strategy 2  Statis Horizontal Light ~ Daylight only
hel

Strategy 3 OoVes Daylight and Dimming
50%

Strategy 4  Inclined Light Shelves  Daylight only

Strategy 5 Daylight and Dimming
50%

Strategy 6  Blind Daylight only

Strategy 7 Daylight and Dimming

50%

Source: Author

2. Dialux simulation

The first lighting control strategy is to intervene
in the window to minimize the contrast of high
illumination in areas near the window. The static
horizontal light shelves (strategy 2) used were
2 cm in thickness, 80 cm long, and positioned
180 cm above the floor (figure 5a). The
material used is Translucent Polycarbonate of
diffused type, and the reflection level is 82. The
second light shelves strategies simulated have
different forms, which have 2 cm of thickness
with three layers and are rotated 10 degrees
(figure 5b). The first layer is 80 cm long and
positioned 180 cm above the floor, the second
layer is 60 cm and placed 150 cm above the
floor, and the third layer is 40 cm long and 130
cm above the floor.
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The simulation result in table 4 shows that
strategy 2 gives maximum illumination on 743
Ix and an average illumination value of 343 Ix.
Nevertheless, there is an area that still gets 110
Ix the lowest. It may conclude that illumination
is under the recommendation in the deeper
classroom area. Meanwhile, the inclined light
shelves (strategy 4) simulation results show
lower values for minimum, maximum, and
average illumination. The minimum illumination
value is 99 Ix, the maximum illumination is 522
Ix, and the average illumination is 210 Ix.

Figure 5. (a) Static Horizontal Light shelves section. (b)
Inclined Light shelves section, (c) Blind section.
Source: Author
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Moreover, for strategy 2, the light uniformity
reaches 0.42. For strategy 4, the light uniformity
reaches 0.47, which verifies that the case
study's light shelves strategies may increase
the uniformity close to the recommendation.
Nevertheless, to reach the minimum standard
of 0.6 uniformity, the deeper area still needs
the support of artificial lighting with dimming
control.

In other consideration, light shelves need
extra effort for construction and material when
applied to the classroom. Therefore, the blind
curtain is easier to install and more common
in public buildings as a window intervention.
According to Zumtobel (2006), the blind has
a similar function to light shelves that can
distribute daylight evenly and minimize glare.
The simulation strategy uses 100% opened
blind (strategy 6), as shown in figure 5(c).
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Figure 6. (a) Dialux Simulation of Strategy 1. (b) Dialux
Simulation of Strategy 5.
Source: Author

The simulation result shown in table 4 shows
that strategy 6 gives the light uniformity that
reaches 0.51. It indicates that blind curtains
may increase the uniformity of lighting. While
the minimum illumination value is 81,5 Ix,
maximum illumination is 382 Ix, and average
illumination is 161 Ix. It indicates that the
illumination is lower than the result of light
shelves strategies. It may conclude that a blind
curtain has glare prevention that worked well
as a function of the blind curtain but could not
distribute the daylight into the deeper side of
the classroom.

Figure 7. (a) Dialux Simulation of Strategy 3. (b) Dialux
Simulation of Strategy 7.
Source: Author
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The daylight optimization strategies above
give a better result of lighting uniformity than
the LS strategy. Nevertheless, there is still an
area that gets low illumination when the area
near the window gets a good illumination
level. Therefore, it needs the support of
artificial lighting with dimming control for the
different needs of illumination intensity. This
case study uses the dimming settings of
0% (the artificial lamp was off) for the area
near the window and 50% dimming for the
deeper classroom area (strategy 1). The
artificial lamps were grouped in two rows. The
simulation result is shown in table 4; strategy
1 gives the minimum illumination value of 471
Ix, maximum illumination of 1233 Ix, and an
average of 648 Ix. The light uniformity reaches
0.73 when the number under or above 50%
gives low uniformity performance (under 0.6),
which is caused by high intensity of maximum
illumination or low intensity of minimum
illumination according to the standard. From
the result of the simulation above, the lighting
uniformity value can reach the recommendation,
but the maximum illumination is above the
1000 Ix recommendation. Therefore, it needs
consideration to give combination intervention
on the window to minimize glare or contrast
high illumination with collaborating LS and
blind curtain and support them with a dimming
system.

Strategy 3 gives minimum illumination on
428 Ix, maximum illumination on 1121 Ix, and
average illumination on 601 Ix. At the same
time, the light uniformity is 0.71, which meets the
standard excellently. Nevertheless, both results
are unfit if we see the minimum and maximum
illumination. The minimum illumination of
daylight simulation is 110 Ix under the standard,
while the maximum illumination of the artificial
simulation is 1121 Ix above the standard. While
strategy 5 shows that minimum illumination
is 420 Ix, maximum illumination is 688 Ix,
average illumination is 564, and uniformity
is 0.74, all results fit the standard. Moreover,
the simulation of strategy 7 gives minimum
illumination on 354 Ix, maximum illumination
on 648 Ix, and average illumination on 467 Ix.
The result shows that minimum, maximum, and
average illumination fits the standard. At the
same time, the light uniformity is 0.76, which
meets the standard excellently.

Table 4 shows the overall result of all the lighting
control strategies. The marked red denotes an

unfit result from the recommended standard,
and the marked bold denotes the fit result that
passes the recommended standard. From
the simulation result shown in the table, light
uniformity is reached on strategy 1, strategy
3, strategy 5, and strategy 7. Furthermore, the
illumination result that fits the standard is shown
in strategy 3 and strategy 7. While considering
the energy consumption, strategy 6 performed
best *(the highest number), but the illumination
performance was low. Therefore, the classroom
still needs artificial light performance to reach
the overall standard. The simulation results
can also be seen from the colors that represent
the level of illumination in figure 6 and figure 7.
These figures depict the floor plan of the study
case room.

However, this paper has mentioned the
importance of lighting uniformity as a parameter
that indicates good design (Skarzynski et al.,
2020). It indicates the ratio of the minimum
lighting lever to the average lighting level, which
is a quality parameter for overall illuminance
distribution. If the illumination uniformity is low,
we can conclude that there are areas of contrast
with low levels of illumination and areas of high
illumination. Classroom plans require general
learning activities with flexible study layouts, so
the screen area is the only specific area that
does not require uniform lighting. Otherwise,
this area requires a low illumination level for
the screen to be visible. Therefore, minimum,
maximum, and average illumination results
must also be analyzed carefully.

As stated in the study of Lesecce et al. (2020),
the Amount of Light consists of the indicators
1) the average illuminance over the task area,
2) the uniformity of the illuminance, and 3)
the illuminance distribution ratio is the first
luminance criterion of the luminance evaluation
indicator. As shown in table 4, the strategies
of Static Horizontal Light Shelves, Inclined
Light Shelves, and Internal Blind Curtains in
daytime conditions almost meet the lighting
uniformity. However, it should be noted that
the minimum illumination output is well below
350 lux. In addition, the strategy managed to
set the maximum exposure not far above 1000
lux [24] as recommended. It also shows that it
can manage glare in areas near windows with
the highest amount of daylight. With the study
of Lesecce et al. (2020), it is also appropriate
that glare, the second evaluation factor, has the
indicator to avoid Overhead llluminance.
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Table 4. Table Discussion
Artificial Lighting Control Illumination lllumination lllumination lllumination
Minimum Maximum Average Distribution
SNI Standard (Office/ Classroom) 350 Ix 1000 Ix 0.6
o Manual Daylight 255 Ix 5863 Ix 1704 Ix 0.14
£ Measurem
)7 ent Artificial 502 Ix 6399 Ix 2186 Ix 0.23
o Light
Grouping Dimming Strategy 1 471 Ix 1233 Ix 648 Ix 0.73
and 50%
Dimming
2 50%
S Static Daylight Strategy 2 110 Ix 734 Ix 343 Ix 0.42
o Horizontal
% Light With Strategy 3 428 Ix 1121 Ix 601 Ix 0.71
K] shelves Dimming
g 50%
g Inclined Daylight Strategy 4 99 Ix 522 Ix 210 Ix 0.47
b Light Shelf
.E.. With Strategy 5 420 Ix 688 Ix 564 Ix 0.74
s Dimming
< 50%
£ Blind Daylight Strategy 6 81.51x 382 Ix 161 Ix 0.51
£
o
3 With Strategy 7 354 Ix 648 Ix 467 Ix 0.76
Dimming

50%

Source: Author

*The marked red denotes an unfit result from the recommended standard, and the marked bold denotes the fit result

that passes the recommended standard.

Therefore, this research case study still needs
artificial lighting with a dimming system in the
classroom. Due to the depth of the class, the
Light Shelves and Blind strategies still have
not succeeded in distributing sunlight to the
most profound areas. The dimming strategy
successfully increased the minimum lighting
levels in the deeper classroom areas. With the
combination of Light Shelves and Blind Curtain
Strategies, it achieved the amount of light
(minimum illumination, maximum illumination,
average illumination, uniformity) and avoided
glare.

Conclusion And Recommendation

The simulation results show strategies that can
achieve uniform lighting: strategy 1, strategy
3, strategy 5, and strategy 7. These strategies
still use artificial light as support of LS and
blind curtains to reach areas far from windows.
Meanwhile, The Light Shelves and Blind
Curtain Strategy effectively distribute daylight
to deeper classroom areas and maximizes
overhead lighting in areas near windows. This
makes it practical to avoid glare in areas with
the highest daylight exposure. The dimming
strategy effectively increases the minimum
illumination in dark areas.

http://journal.uii.ac.id/index.php/jards

This study does not consider the type of
artificial light, which can also affect the
uniformity and energy consumption of light in
the classroom. The results and analysis from
this research strategy may also apply only
to this case study or to buildings with similar
conditions. Furthermore, further research may
consider other better-performing strategies and
integrations. Organizing data at different times
of the year is also recommended.
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