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Abstrak

Sumber energi alternatif dan penyimpanan energi memainkan peran penting dalam menjaga dan menyediakan
energi. Penerapan indoor photovoltaic menjadi salah satu alternatif dalam pengelolaan energi menggunakan sumber
cahaya buatan. Namun, salah satu kendala utama yang dihadapi dalam pengoperasian panel photovoltaic adalah
masalah signifikan dari efisiensi listrik yang rendah pada sel photovoltaic. Tujuan dari penelitian ini adalah untuk
mengetahui kinerja indoor photovoltaic dengan variasi lampu LED dan CFL dengan kapasitas 5W dan 10W, serta
variasi jarak yang diberikan yaitu 25 cm dan 30 cm. Metode penelitian yang dilakukan adalah melakukan pengujian
sensor temperatur menggunakan sensor MAX 6675 dan sensor tegangan dan arus listrik menggunakan sensor MAX471.
Intensitas cahaya yang dihasilkan lampu dibaca sensor. Daya listrik yang dihasilkan oleh photovoltaic disimpan pada
baterai. Hasil yang dibaca oleh sensor-sensor ditampilkan pada serial monitor. Hasil penelitian menunjukkan bahwa
peningkatan jarak antara lampu dan bidang cahaya mengakibatkan penurunan intensitas cahaya. Hal ini dapat dilihat
pada lampu CFL jarak lebih jauh antara sumber cahaya dan modul solar cell yang mengakibatkan intensitas cahaya
pada lampu CFL 5W 30 cm rendah. Penurunan efisiensi pada sistem photovoltaic dalam ruangan berpengaruh pada
temperatur bahwa peningkatan temperatur photovoltaic menyebabkan penurunan efisiensi arus dan tegangan keluaran
listrik.

Kata kunci: energi terbarukan, photovoltaic, LED, CFL, jarak

Abstract

Alternative energy sources and energy storage play an important role in maintaining and providing energy. The
application of indoor photovoltaics is one alternative in energy management using artificial light sources. However,
one of the main obstacles faced in the operation of photovoltaic panels is the significant problem of low electrical
efficiency in photovoltaic cells. The purpose of this research is to find out the performance of indoor photovoltaic with
variations of LED and CFL lamps with a capacity of 5W and 10W, as well as the variation of the given distance which
is 25 cm and 30 cm. The research method used is to test the temperature sensor using the MAX 6675 sensor and the
voltage and current sensor using the MAX471 sensor. The light intensity produced by the lamp is read by the sensor.
The electricity produced by photovoltaics is stored in the battery. The results read by the sensors are displayed on the
serial monitor. The results of the research show that increasing the distance between the lamp and the light field results
in a decrease in light intensity. This can be seen in the CFL lamp with a longer distance between the light source and
the solar cell module which results in the light intensity of the 5W 30 cm CFL lamp being low. The decrease in the
efficiency of photovoltaic systems in the room has an effect on the temperature that the increase in photovoltaic
temperature causes a decrease in the efficiency of the current and voltage of the electricity output.
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. INTRODUCTION global energy needs [4], [5]. Renewable and

environmentally friendly energy sources, such as

Nowadays, alternative energy sources such as  solar-based photovoltaics are one of the most

water energy, wind energy, and solar energy have promising OptionS due to their lower cost, ease of
become very popular [1]-[3]. Alternative energy  installation, and economy[6]-[8].

sources and energy storage play an important role Many researchers are studying the efficiency of

and providing high-quality energy to about 20% of  thermal devices associated with solar energy by
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conducting laboratory tests using artificial light
sources as heat sources commonly called Indoor
Photovoltaic (IPV). The application of IPV can
significantly reduce the maintenance costs of indoor
electrical devices [9]. In a building or office
environment, reliable surrounding lighting usually
comes from power sources such as light bulbs, neon
lamps, compact neon (CFL) lights, halogen lamps,
and LED lamps [10].

However, one of the main obstacles faced in the
operation of the photovoltaic panel is the significant
problem of the low electrical efficiency of the
photo-voltaic cell [11]-[13]. It is important to note
that the efficiency of Photovoltaic plants is also
affected by the operating temperature of
Photovoltaic panels. Overheating caused by
excessive light sources and high operating
temperatures are the main reasons for the low
electrical efficiency of photovoltaic cells [14].

In addition, to increase the intensity of light
produced from artificial light sources, it is necessary
to apply variations in distance to determine how
much light intensity is produced [15]. Bayu et al
conducted previous research on Indoor Photovoltaic
experiments with 20° and 90° inclination variations
and distances between 0.3 m — 1.5 m [15]. The type
of module used is monocrystalline silicone with 50
W)p dimensional Pmas (530 x 670 x 30) mm. The
source of fluid comes from tungsten halogen. The
result of the study was that the light of the lamp
from the halogen is stable after reaching 10 minutes
with the wavelength range (380-780) nm, does not
meet the BS EN 60904-9 standard radiation
distribution calcification, the angle of inclination
20° and 90° has a degree of consistency with the
test distance of 0.3 m and more than 0,3 m.

In addition, other research was conducted by
Rapeepong Peamsuwan et al [14] on the application
of heat sources from halogen lamps and sunlight.
This study used 25 300 W 220 V tungsten halogen
lamps. Halogen heights of 0.37, 0.67, 0.97, 1.27,
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and 1.57 m. resulted in increased distance between
light and light field (Hd) resulting in a decrease in
average light intensity. A comparison of the thermal
efficiency of a solar collector under natural sunlight
and artificial sunlight for a light field of 0.9 m x 0.6
m (absorbent plate) shows a percentage difference
in thermal effectiveness of 3.98%

Another research conducted by Mengata et al
[16] Characterized solar photovoltaic modules
powered by artificial light for use as smart sensor
sources. The types of modules used are
monocrystalline  silicon and  polycrystalline
modules. Meanwhile, the types of lamps used CFL,
Halogen, LEDs, and light bulbs with values of 100-
2000Ix were evaluated with an uncertainty of + (3%
+ 8) Ix. The best performance results were recorded
for the PV4 m-Si module that reached a power of up
to 555.83 uW/cm? at 2000 lux under a light bulb.
The lowest performance was achieved on the p-Si
PV3 module of LED and CFL lamps with a power
density range of only 0.16 pW / cm? at 100 lux.

The purpose of this study is to investigate indoor
photovoltaic performance with the limitation of the
problem regarding the given variation of LED and
CFL lamps with capacities of 5W and 10W. As well
as the given distance variation is 25 cm and 30 cm.
The outer range of this research will produce
parameters such as temperature, voltage, current,
power, light intensity, and efficiency of indoor
photo-voltaic systems.

Il. RESEARCH METHOD

A. Experiment Setup

This photovoltaic experimental study was done
in indoor conditions. Photovoltaic cells are placed
on indoor photovoltaic test devices. The light source
for photovoltaic testing is obtained from CFL and
LED lamps. The CFL lamps used use capacities of
5W and 10W.

Indoor Photovoltaic

—~ ~
25 ¢m ‘ | 30 em | 25 em ‘ ‘ 30 em |
Watt Lampu__—" ™~ -~ T T
5 Watt 10 Watt 5 Watt 10 Watt 5 Watt 10 Watt 5 Watt 10 Watt

Figure 1. Scheme of the research

272



Dessy Ade Pratiwi: The Effect of Light Type and Distance on Indoor Photovoltaic System ...

Serial Monitor
Temperature Sensor Control Unit

Irradiance- Sensor®

.J

l Electrical-Sensor
Photovoltaic [T1

Load Battery

(b)

Figure 2. Scheme of the indoor photovoltaic system:
(a) design, (b) implementation

Similar to the CFL light, the LED light used in
this study uses a capacity of 5w and 10w. In this
study, the distance between photovoltaic and light
was set at 25 and 30 cm. Figure 1 is a test scheme of
this photovoltaic research. The temperature sensor
uses the MAX 6675 sensor and the voltage sensor
and electrical circuit use the MAX471 sensor. The
power generated by the photovoltaic is stored in the
battery. The results read by the sensors are
displayed on a serial monitor.

Photovoltaic can generate electric energy from
the conversion of light intensity to photovoltaic
[16]. To find out the power generated by the PV can
use the formula [17]:

P=V.I (1)

where P is the power generated by photovoltaics, V
is the voltage of photovoltaics, and | is the current.
Photovoltaic efficiency is the ratio of the power
produced by the energy of the intensity of light [18].

n= 7 x100% )

T'

where m is the photovoltaic efficiency, Ir is the
intensity of light and A is the perimeter.

Figure 3. LED and CFL lamp

Figure 4. Photovoltaic module

Table 1. Photovoltaic specification

Specification Value
Length (mm) 142
Width (mm) 88
Capacity (Wp) 5

B. Procedure Test
The test process is carried out in the following

stages:

1. The test is performed by installing a lamp on the
fitting of the test device.

2. The light is lit at the same time as the start of the
data recording. The resulting data are module
temperature data, voltage, and current as well as
light intensity. The test scheme can be seen in
Figure 2. Parta.

3. The type of light used is LED and CFL as shown
in Figure 3.

4. The light distances are also varied in this study
in each type of lamp. The distances given are 25
cmand 30 cm.

5. The capacity of the lamps attached to each
distance is 5W and 10W. The illustration of the
study can be seen in Figure 1.

6. The test was carried out for 60 minutes for each
type and distance of the light.

Figure 4 is a photovoltaic module used in this

research. The Photovoltaic has a capacity of 5 Wp.

The photovoltaic specifications used in this study

are shown in Table 1.
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Table 2. Uncertainty value

Parameter Uncertainty
Temperature (°C) +0.36
Voltage (V) +0.03
Current (A) +0.004
Power (W) +0.013
Light Intensity +0.63

C. Uncertainty Analysis

Measurement error is defined as the difference
between the true value and the measured value.
Uncertainty refers to the value that an error may
occur. Uncertainty analysis provides a rational
means of evaluating repeated data [15].
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I11. RESULT AND DISCUSSION

From the results of the tests that have been carried
out, the first graph results regarding light intensity
and temperature are obtained. In Figure 5(a) shows
the results of measuring the intensity of indoor
photovoltaic light for 60 minutes with 2 types of
lamps, namely CFL and LED, and variations in
distance of 25 cm and 30 cm. From the graph, it can
be seen that the light intensity for the 5W CFL lamp
30 cm has the lowest value of 93 lux, while the
10W LED lamp 25 cm has the highest light
intensity value of 375 lux. This happens because the
CFL has a longer distance between the light source
and the solar cell module which results in a lower
light intensity for the 5W 30 cm CFL lamp.
Research on the effect of this distance was also
conducted by Bayu et al [19], where an increase in
the distance between the lamp and the light field
resulted in a decrease in light intensity.
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Figure 5. (a) Light intensity against time, (b)
temperature against time

The temperature Figure 5(b) shows the
temperature  measurement  results of the
photovoltaic module. The temperature graph shows
that the 5W 30 cm LED lamp has the lowest
temperature value of 25°C. In contrast, the highest
temperature was recorded for the 10W 30 cm LED
lamp at 29°C. This occurs because the value of light
intensity in the 10w 30 cm LED lamp is higher,
resulting in a higher photovoltaic module
temperature.
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Figure 6. (a) Power against time, (b) current against
time

In Figure 6(a), we can observe the graph of the
power measurement results generated by different
lamp types and distances. The power graph shows
that the 5 W CFL lamp 30 cm has the lowest power
value of 0.251 watts. While the 10W 25 cm LED
lamp has the highest power value of 2.98 watts.
This happens because the CFL has a longer distance
between the light source and the solar cell module
which results in low power on the 5W 30 cm CFL
lamp. Figure 6(b), shows the current measurement
results of the indoor photovoltaic system. The graph
shows that the current for the 5W 30 cm CFL lamp
has the lowest value of 0.129 A.
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Figure 7. (a) Voltage against time, (b) efficiency
against time

While the 10W 25 cm LED lamp has the highest
current value of 1.138 A. This happens because the
power obtained is very low and results in the
current in the 5W 30 cm CFL lamp being low as
well.

The graph shown in Figure 7(a) illustrates the
voltage measurement results produced by 2
different lamp types and 2 different distances. The
voltage graph shows that the 5W CFL lamp 25 cm
has the lowest voltage value of 1.7141 V. In
contrast, the highest voltage is recorded for the 10W
LED lamp 30 cm which is 2.7021 V. In contrast, the
highest voltage was recorded for the 10W 30 cm
LED lamp which was 2.7021 V. This happens
because the current produced by the 10W 25 cm
LED lamp is higher than the other variations.
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The graph shown in Figure 7(b) illustrates the
efficiency measurement results. The efficiency
graph shows that the 10W 30 cm CFL lamp has the
lowest efficiency value of 0.00292%. The highest
efficiency was recorded for the 10W 30 cm LED
lamp at 0.01169%. This happens because the 10W
30 cm LED lamp has a more stable temperature
value. Research on the effect of temperature has
been conducted by Dhassa et al. [17] which
explains that an increase in photovoltaic
temperature causes a decrease in the efficiency of
the current (A) and voltage (V) output.

IV. CONCLUSION

The research that has been done regarding 2
types of distances that are varied, namely 25 cm and
30 cm with 2 different types of lamps, namely CFL
and LED. In addition, the difference in lamp power,
namely 5W and 10 W, shows that increasing the
distance between the lamp and the light field results
in a decrease in light intensity. This can be seen in
CFL lamps with a longer distance between the light
source and the solar cell module which results in
low light intensity in the 5W 30 cm CFL lamp. The
decrease in efficiency in indoor photovoltaic
systems affects the temperature and an increase in
the temperature of the photovoltaic solar cell causes
a decrease in the efficiency of the current (A) and
voltage (V) of the electrical output. Further research
focuses more on a closer distance to the light source
to produce higher light intensity. In addition, if the
temperature rises, you can use a cooling method on
the indoor photovoltaic.
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