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This study aims to increase the efficiency of thin solar panels and identify
Achmad Raiski Maulana the causes of low power output in thin solar panels. This is a qualitative
Department of Electrical study using an experimental method by adding layers and changing the
Engineering arrangement of solar cells in the structure of thin solar panels. The
Institut Teknologi Padang analysis methods used include measuring electrical productivity under

Padang, West Sumatra, Indonesia  standard testing conditions, electrical power performance, electrical
output power, and voltage-current (V-I) measurement results, which will
be presented in graphs. Data collection was carried out by measuring the
voltage, current, and power generated by thin solar panels in the analysis
of the performance of 100 WP solar panels. This research was conducted
using acrylic thicknesses of 1,5 mm, 2 mm, and 3 mm using light from a
lamp. This test was conducted using conditions of A.r= 484 W/m? and
Twer = 56,25°C. The results of the study show that low surface
temperatures on thin solar panels influenced by acrylic thickness produce
better power output. Acrylic with a thickness of 3 mm and a surface
temperature of 56°C produced an output power of 0,22 W. The best
voltage value was also produced based on testing using 3 mm acrylic
thickness, which was 22,3 V. This study makes an important contribution
to understanding and improving output power through the analysis of the
performance of 100 WP thin solar panels.
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1. Introduction

Energy demand will continue to grow in line with population growth[1]. Electricity demand, in particular, is
increasing rapidly, even beyond estimates. This is due to an increase in all activities that use electricity[2]. There
is an inexhaustible and non-polluting energy source, namely solar energy. Proper utilization of solar energy can
help meet the demand for electrical energy by using solar cells [3][4]. There are three types of solar cells:
monocrystalline, polycrystalline, and thin solar panels. Monocrystalline and polycrystalline types have the
advantage of higher efficiency and output power but have the disadvantage of being thick and rigid in structure.
The thin type has the advantage of being flexible and much thinner in structure but has the disadvantage of low
efficiency and output power. In a study [5], the power generated by thin solar panels did not match the
nameplate. Therefore, the public has not widely used thin panels due to their low efficiency.

Thinner, more flexible, and lighter weight are the advantages of thin solar panels, making them suitable for use
by the public to help meet electricity needs in homes, street lights, and electric vehicles, which are expected to
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increase power output. Research [6] shows that cell temperature, solar radiation, atmospheric conditions, and
the location of solar cells can affect operational results. Then [7] and [8] conducted experiments using a 100
WP polycrystalline type that produced a maximum power of 80 W under optimal sunlight intensity conditions,
and a monocrystalline 100 WP type produced a maximum power of 81,77 W under optimal sunlight intensity
conditions. According to[9], temperature affects maximum voltage. At a temperature of 27°C, the maximum
voltage is 19,35 V, and at a temperature of 54°C, the maximum voltage is 17,77 V. In a study on thin solar
panels conducted by[10], under sunny conditions, a thin solar panel with a capacity of 100 WP only achieved a
maximum power of 15,60 W. The efficiency of thin panels is not as good as polycrystalline or monocrystalline
panels, which is around 6%-12%[11]. Therefore, an increase in temperature on the surface of thin solar panels
affects the output voltage power, which can decrease[12]. In this study, testing will be conducted using light
from a lamp to ensure that the light intensity received is constant. Lamp light is used not because it has better
intensity than sunlight, but because lamp light can produce controlled and uniform intensity conditions.

This test was conducted using the STC method under the conditions A= 1000 W/m? and Te= 25°C [13].
However, in this test, the results obtained were not in accordance with the IEC 61215 Standard Test Conditions.
This is due to less than optimal lighting and inadequate room conditions. So the test was continued using the
conditions Arer= 484 W/m? and Trei= 56,25°C. The addition of structural layers and changes in the arrangement
of solar cells on thin solar panels aims to determine the maximum power that can be generated and the cause of
low efficiency. This research aims to find out how to increase the efficiency of thin solar panels and find out
the cause of the small output power on thin solar panels. So that this research is not too broad and does not
deviate from the formulation of the problem above, it is necessary to limit the problems reviewed. The
limitations of the problem in this study are the panels that will be used only thin panels. Measured variables (P,
V, I, N). Tests are carried out under standard conditions and direct testing methods.

2. Research method

2.1 Research Tools and Materials
The tools used in this research are panels with thin solar panel type 100 Wp, acrylic 1,5 mm, acrylic 2 mm,
acrylic 3 mm, temperature and intensity measuring instruments using Seaward Solar Survey 200R, voltage and
current measuring instruments using Seaward PV 150. The specifications of the solar panels used can be seen in
Table 1.
Table 1. Solar panel specifications
Thin Solar Panel

Poax 100 W
Voe 23,05V

Isc 6,78 A

Vip 17,98 V

Linp 5,57 A
Dimensions 920x678

In a qualitative study using experimental methods, the electrical productivity generated by a thin solar panel
was determined under standard testing conditions. This study involved adding layers and changing the
arrangement of solar cells in the thin solar panel structure. In the test circuit, a thin solar panel with an acrylic
layer attached to its outer surface was connected to a measuring device. The test was conducted by placing a
lamp as a light source at a distance of 100 cm from the panel, in accordance with the Standard Test Conditions
(STC) using a lamp. The thin solar panel test circuit with the addition of acrylic can be seen in Figure 1.
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Figure 1. Thin solar panel testing range with acrylic manufacturing

The addition of a structure on the panel surface aims to determine its effect on output power. Acrylic is a hard
plastic sheet that resembles glass, but its properties are superior to glass. An illustration of the shape and position
of the added structure on the panel can be seen in Figure 2.

Acrylic
Transparent conductive
oxide layer
Absorbent layer
Buffer layer
Rear contact layer
Substrate

Figure 2. [llustration of the addition of a solar panel structure

Based on Figure 2, the addition of acrylic to the solar panel structure is done by attaching acrylic on top of the
transparent conductive oxide layer or on the outer part of the solar panel. Acrylic is added according to its use
in this study alternately, namely with a thickness of 1,5 mm, 2 mm, and 3 mm.

2.2 Measurement Variables
In this study there are variables measuring current, voltage, power, light intensity and temperature. Tests will

be carried out using lamp light with conditions A= 484 W/m? and Trr= 56,25°C. From the conditions obtained
the 100 Wp panel produces 48,4 W. In this study thin solar panels were used to analyze the performance of the

electric power produced.

2.3 Place and Time of Research
The research location for taking the required variables such as measurements of voltage, current, power,

produced by thin solar panels, which are carried out at the Electrical Engineering Laboratory of the Padang
Institute of Technology JI. Gajah Mada Kandis Nanggalo Padang. The data that will be needed in this study,
thin solar panel specifications, test conditions, output voltage specifications, data on voltage, current and output

power produced.

84



SEAJAET Vol. 2, No. 3, September 2025, pp.82-87

3. Results and discussion

Table 2 shows that testing using 1,5 mm thick acrylic with the aid of light produced a voltage value of 19,9 V.
Furthermore, 2 mm thick acrylic produced a voltage of 20,9 V. When using 3 mm thick acrylic, the voltage
produced was 22,3 V, which was the highest value among all the thicknesses tested. The increase in voltage
from the tests conducted resulted in a difference of approximately 1 V to 2 V for each type of acrylic used. The
difference in voltage between 3 mm and 1,5 mm acrylic was 3 V. The voltage generated was influenced by
differences in the surface temperature received. In [9] explained that the lower the temperature on the surface
of the panel during measurement, the better the voltage value. This is consistent with the results of the study,
where it can be observed that the greater the thickness of the acrylic used along with the decrease in surface
temperature, the higher the voltage produced, both in the first and second repetitions. A comparison graph of
the Vo (V) values on thin solar panels using light from a lamp can be seen in Figure 3.

Table 2. Results of testing thin solar panels using light lamps

Acrylic (mm) U,
Test Parameters 15 5 3
Ve (V) 19,9 20,9 22,3
I (A) 0,01 0,01 0,01
Power (W) 0,19 0,20 0,22
Intensity (W/m?) 484 484 484
Temperature (°C) 57 56 56

A comparison graph of the value of V (V) on thin solar panels
using the light of lamps
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Figure 3. Comparison of V. (V) values on thin solar panels using light of lamps

The use of 1,5 mm thick acrylic with light from a lamp produces a power value of 0,19 W. Acrylic with a
thickness of 2 mm with lamp light produces a power value of 0,20 W. Then, acrylic with a thickness of 3 mm
produces a power value of 0,22 W. The difference in power values for each thickness of acrylic used does not
show a significant difference. Low output power and Isc can be affected by high temperatures and internal
damage to solar panels. This is in line with [14], which explains that internal damage to solar panels can affect
the results of solar cell testing, such as cracks in the cells that cause some areas to not receive light intensity
properly and cause the cells to become inactive. Cracks in solar cells are a common form of internal damage in
photovoltaic (PV) modules. These cracks can occur during manufacturing, transportation, installation, A
comparison graph of power values (W) in thin solar panels using lamp light can be seen in Figure 4.
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A comparison graph of the power value (W) on the thin solar
panel using the light of lamps
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Figure 4. Comparison of Power (W) values on thin solar panels using light of lamps
The use of 1,5 mm thick acrylic under lamp light reached a temperature of 57°C. Acrylic with a thickness of 2

mm reached a temperature of 56°C. Acrylic with a thickness of 3 mm reached a temperature of 56°C. A graph
comparing the temperatures (°C) of thin solar panels using lamp light can be seen in Figure 5.
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Figure 5. Temperature comparison (°C) on thin solar panel using the light of lamps

According to [15] [16] damage to one critical part can inhibit the overall flow of current. Cracked or broken
cells, even those that are not clearly visible from the outside, can cause loss of electrical contact or open circuits
in those cells. If one cell in the series is damaged, it can cut off the flow of current for the entire string of cells.
Both microcracks and large cracks affect the efficiency and performance of solar panels. Large cracks can
reduce power by up to 60%, and a 1°C increase in temperature can reduce efficiency by 0,45%. An Isc result of
0,01 A under direct sunlight indicates very high internal resistance in the solar panel due to physical damage to
the solar cell.

4. Conclusions

Output power optimization in thin solar panels can be achieved by controlling the panel temperature and
maximizing light intensity. The addition of a protective acrylic structure with varying thicknesses affects the
efficiency of thin solar panels. Acrylic acts as both a protector and a temperature regulator on the panel surface.
Test results show that lower panel surface temperatures tend to produce better voltage and power. The surface
temperature of the panel decreases as the thickness of the acrylic used increases. A thickness of 3 mm acrylic
produces a better Vo value than other acrylic thicknesses, namely 22,3 V. The power output is also better with
a thickness of 3 mm acrylic, namely 0,22 W.
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