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1. INTRODUCTION

Nowadays, the demand for energy consumption has rapidly increased and developed over the world.
Energy demand in the building is increasing, particularly in energy used for heating, lighting, ventilation,
and air conditioning (HVAC). In Malaysia, buildings consumed 48 percent of the country's electricity
generated [1]. Commercial buildings use over 30 percent of the primary energy total [2]. It is estimated that
electric lighting constitutes 20-40 percent of the total energy used in buildings. Consequently, it can raise
greenhouse gas emissions with severe global impacts such as global warming and climate change [3, 4].
Appropriate control strategies can achieve significant energy savings for lighting systems.

Recently, energy saving in the building is the main objective among researchers due to the issue
that gives a big impact on the world which is global warming [5]. The achievement of energy savings and
the pleasing convenience of consumer lighting are two major factors when developing lighting systems.
Furthermore, adequate lighting can give occupants comfort in doing their works. It can be divided into two in
the lighting system, which is artificial light and natural illumination. Based on the statistical data provided by
the International Energy Agency (IEA), about 19 percent of global electricity consumption was captured in
the percentage of artificial lighting use [6]. The lighting system offers several options for cost-effective
energy savings, and one of the common practices is the implementation of energy management in lighting
systems [7, 8].

Journal homepage: http://ijeecs.iaescore.com


mailto:nurhanis@uthm.edu.my

1220 O ISSN: 2502-4752

Daylight is a lighting medium that suits the human visual response most closely. The natural
illumination is by capturing daylight, which can be obtained through windows, skylights, light shelves,
and others. The natural illumination is used to reduce the use of artificial lighting in buildings called daylight
harvesting [9]. The main challenge for daylight harvesting is to provide some amount of reliable indoor
lighting, combined with natural sunlight that is not a stable source of light [10]. The daylight harvesting
system generally divides by two, which is a photo-sensor and controller. The photo-sensor is used to measure
the illuminance levels meanwhile, the controller uses the photo-sensor measurements to adjust the electrical
lights [11, 12].

Daylight Harvesting Systems (DHS) offer the most effective energy saving with adjusting the lights
automatically depending on the amount of daylight in a room space [13]. Furthermore, it may help to reduce
one-third of the total energy costs for buildings with reducing the electricity used for artificial lighting that
can mitigate greenhouse gas emissions [14, 15]. Lighting systems are a significant factor in the comfort of
workplaces, allow employees to be healthier, and have a lower rate of absenteeism and be more productive
[16]. The lighting requirements vary in different work environments, and different types of lighting are
required to conduct different types of work. Additionally, insufficient light intensity can cause severe
problems for occupants. It can influence the use of energy where the source of electrical light generates light
intensity that exceeds the desired quantity and is not suitable for work.

The major problem occurs when artificial light cannot be changed manually or automatically at
the dimming level in the office, hall, or meeting room to regulate the illuminance level according to
the lighting standards, which are European Standard EN12464-1 [17]. The dimming control is necessary to
minimize the illuminance levels of artificial light in order to fulfill the illumination standard. In the lighting
system, the main objective is to minimize the dimming levels. Therefore, the energy consumption for
artificial light will decrease and energy savings will occur in order to mitigate global warming.

According to previous research, the average light energy savings achieved by responsive daylight is
around 60-80 percent [18]. In recent works [19], consider the daylight and occupancy adaptive for smart
lighting control to determine dimming levels to saving energy by using the occupancy sensor at clear sky
condition. In [20], by optimizing the dimming level, it can minimize the use of artificial light by the proposed
iterative method. Furthermore, energy saving up to 34 percent when minimize the dimming level by using an
artificial neural network (ANN) method [21]. There have several strategies that can be implemented in
the lighting system for reducing energy consumption, such as occupancy and daylight-linked controls [22].
In the smart technology that used in the lighting system control, the use of smart devices such as sensors is
very important either dim the lamp automatically or the lamp automatically will be closed when not detect
motion or temperature in the room. Therefore, using the occupancy sensor to save the energy consumption
and daylight sensor used to measure the illuminance level [23-25].

In this paper, the illuminance levels are considering based on the European Standard EN12464-1 to
ensure fulfill visual comfort and performance needs. The case study area was the office room at the QA Block,
Faculty of Electrical and Electronic Engineering (FKEE), UTHM. The case study will be modeled using DIALux
simulation lighting software. Then, the result obtained will analyze the illuminance level and dimming level from
daylight source based on different sky conditions which are the clear, average and overcast sky.

2.  SIMULATION SETUP

The illuminance level proposed in the European Standard EN12464-1 with minimum illuminance
level which is 500 lux and above. The requirement of the illuminance level is for the actual work area instead
of the entire room. All process in order to get the simulation result for illuminance and dimming level was
visualized in the flowchart below. The process has explained and described in detail in the flowchart and
completed this simulation using DIALux lighting simulation software with considering different types of sky
condition which is a clear, average and overcast sky. Figure 1 shows the flowchart the summarization of
the simulation for illuminance and dimming levels that have been used in this research.

The case study area was an office room located at the QA Block, Faculty of Electrical and
Electronic Engineering (FKEE), Universiti Tun Hussein Onn Malaysia. The dimensions of an office are 5.6
m (length), 3 m (ceiling height), and 4 m (wide). The office space is lit with light-emitting diode (LED)
lamps because of the benefits of the lamps such as energy savings, energy efficiency, high luminous efficacy,
controllable, long lifetime and environmentally friendly compared to fluorescent lamps.

The specification of the LED lamps used in the office room is recessed type, total luminous flux
4200 Im, and total connected load 39.5 W. The lighting has added 4 LED luminaires and will be considered
the various sky conditions which are the clear, average and overcast sky. The illuminance and dimming
levels for this case study area were simulated using DIALux simulation lighting software. The top and side
view of an office room is shown in Figure 2 and Figure 3.
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Figure 1. The summarization of the simulation for illuminance and dimming levels
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Figure 2. Top view of an office room

Figure 3. Side view of an office room

3. RESULTS AND ANALYSIS

In this study, the average daylight was simulated using DIALux simulation lighting software under
clear, average and overcast sky conditions. The simulation of average daylight is taken during office hours
between 08:00 to 17:00 on the first day of September for 2019 with different sky conditions. Figure 4 shows
the simulation results average daylight illuminance with different sky conditions, which are the clear,
average, and overcast sky in the office room. Based on simulation results, the illuminance level can change
according to weather and time. It is also possible that daylight change also depends on the movement of
the sun itself. At the clear sky, the illuminance from daylight is highest between other conditions, which are
an average and overcast sky. For average sky condition, the lowest average daylight illuminance is at time
14:00 due to little presence of daylight. The lowest illuminance from daylight is an overcast sky and
the average of daylight illuminance at that condition is remain the same from time 08:00 until 17:00.

Figure 5 shows the result for the average illuminance level with different sky conditions in the office
room, which consider daylight harvesting. The illuminance level considers daylight more efficient and can
reduce energy consumption. The average illuminance level at the clear sky is higher due to the bright
condition of the sky and the presence of high sunlight compared to the average and overcast sky.
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Figure 4. Average daylight illuminance with different sky conditions in the office room
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Figure 5. Average illuminance level with different sky conditions in the office room

Table 1 until Table 3 shows the result of illuminance and dimming level with different conditions of
the sky. From Table 1, it can be seen that the highest dimming level which is 0.47 at times 14:00 due to
the illuminance from daylight entered the room are lowest compared to other times for clear sky condition.
Then, there have several times that no need to dim and open the artificial light due to the highest illuminance
from daylight across the room, which is at time 08:00 until 11:00 and 17:00. The illuminance level at that
time was fulfilled the European standard EN12464-1, which is 500 lux and above.

Meanwhile, Table 2 shows the simulation result of the illuminance and dimming level for
the average sky. The average sky dimming level is more than 0.35, which means the artificial light had to
dim more than 0.35 to reach the 500 lux specification and illuminance requirement. At the time 14:00,
the dimming level is higher than others due to the lowest illuminance of the contribution. Table 3 shows
the result of illuminance and dimming levels for an overcast sky. For the overcast sky, the illuminance and
dimming level remain the same, which is 503 lux and 0.73 dimming level from 08:00 until 17:00 due to
the illuminance from the daylight at this sky condition are lowest. This indicates that the presence of daylight
and weather conditions play an important role in the lighting system.

Based on the result from Table 1 until Table 3, it can be concluded that the differences in the sky
and the brightness of the sky have a significant impact on the lighting conditions. The darker the sky,
the higher the use of artificial light needed for the lighting system. Furthermore, this proves that with
the adaptive daylight, it can reduce the use of artificial light.
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Table 1. The illuminance and dimming levels for Table 2. The illuminance and dimming levels for
clear sky average sky
Time Illuminance levels Dimming Levels Time Illuminance levels Dimming Levels
(lux) (lux)
8:00 797 0 8:00 500 0.35
9:00 754 0 9:00 504 0.38
10:00 663 0 10:00 503 0.45
11:00 570 0 11:00 508 0.52
12:00 500 0.10 12:00 501 0.59
13:00 503 0.35 13:00 503 0.68
14:00 505 0.47 14:00 503 0.73
15:00 503 0.29 15:00 503 0.66
16:00 506 0.10 16:00 500 0.58
17:00 589 0 17:00 506 0.50

4,

Table 3. The illuminance and dimming levels for overcast sky
llluminance levels

Time Dimming Levels
(lux)
8:00 503 0.73
9:00 503 0.73
10:00 503 0.73
11:00 503 0.73
12:00 503 0.73
13:00 503 0.73
14:00 503 0.73
15:00 503 0.73
16:00 503 0.73
17:00 503 0.73

CONCLUSION
This paper has presented the illumination and dimming level with different sky conditions,

which are the clear, average, and overcast sky using DIALux simulation lighting software. In this paper,
the illuminance and dimming level are different due to the weather and time correspond to the type of sky
condition at that time. The results show that suitable illuminance is needed to give comfort for occupancy
based on the working area and scope of works. Based on that, dimming control is significant to ensure
the illuminance level will be minimized and fulfill the standard of illumination.
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