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Abstract: This paper presents a performance study on a
standalone solar photovoltaic system. The application of
photovoltaic solar cells is increasingly prevalent in Indonesia.
Indonesia is a tropical country, where throughout the year, get
sun exposure. This condition strongly supports the use of
photovoltaic solar cells as a source of electrical energy. Many
small to large-scale solar power generation systems have been
built in Indonesia. On a small scale in the form of a standalone
system, solar power plants are usually used as secondary power
plants, where primary power plants still come from state
electricity companies. In this research, the analysis of the
performance of solar power plants for standalone systems with a
capacity of 400 Wp. Efforts to improve the performance of solar
cells are made by using a mirror reflector. The results showed
that the mirror reflector could increase the output power of
photovoltaic solar cells.
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I. INTRODUCTION

Indonesia is located in a tropical region that is crossed by
the equator [1]-[2]. This geographical position is very
beneficial for Indonesia in terms of potential solar energy
sources. All regions of Indonesia get sun exposure throughout
the year, for 12 hours a day. Thus, solar energy is one of the
sources of electrical energy, which is a priority in the
development of renewable energy sources [3]-[7].

Solar power generation is one type of electrical energy
generation that utilizes the emission from sunlight received by
solar cells, which then form the sun's photon radiation is
converted into electrical energy [8]. The performance of this
solar power plant is strongly influenced by several factors,
namely the PV module temperature factor, environmental
weather conditions, environmental factors, and the intensity
factor of sunlight [9]-[12]. These factors will significantly
affect the electrical energy produced by the solar power plant.
Solar cells that are used to capture the sun's rays will be
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susceptible to the above factors so that the installation of solar
cells is essential to see these factors. One square meter solar
cell can produce 900 to 1000 watts of electricity by installing
solar panels perpendicular to the sun, with the fact that solar
cells are one of the most promising sources of energy

[10]-[15].

II. LITERATURE REVIEW

Solar Photovoltaic System

Solar cells or photovoltaic cells are thin layers of pure
silicon (Si) semiconductors and other semiconductor
materials. This photovoltaic system converts electromagnetic
energy from the sun into electrical energy [16]. Photovoltaics
come from two words from the English language, "photo."
and "volt," "Photo" means light and "Volt" is a unit of
measurement of voltage in electricity. Solar cells are
semiconductor devices with large surfaces consisting of "p"
and "n" type diode circuits, with the ability to convert solar
energy into electrical energy. The work of these solar cells is
highly dependent on the photovoltaic effect to absorb solar
energy and charge current to flow between two opposing
layers [17]-[19].

Solar cells produce DC electrical energy, which will then
be converted into AC electrical energy using an inverter if
needed. Solar cells will always produce electricity as long as
there is still suuliglaevcu in cloudy conditions. The electrical
energy that can be generated by a single solar cell is soa']all
that it requires the combination of several solar panels into a
component called a solar panel or solar module [20].
Therefore, by combining several solar cells into a component
called a solar array, the benefit of this solar array is to increase
the electrical energy of the solar panels [21].

Until now, many types of solar cells have been successfully
developed by researchers. Generally. these types of solar cells
are divided into three types, namely first-generation solar
cells, second-generation solar cells, and third-generation solar
cells, and the following is an explanation of the three types of
solar cells [22]-[23].

a. First Generation

It is the earliest solar cell in production and until now. This
first generation of production and installation still dominates
with a 90% market share. First-generation solar cell material
consists of silicon material, which is disproven into crystals
with a high degree of purity, which is then called crystalline
silicon. Crystalline silicon is divided into two types,
monocrystalline and polycrystalline [24].

Solar cells with monocrystalline type can be seen from their
physical appearance with a dull bluish color and without a
pattern. This type has a high-efficiency value ranging from
16-17% even there are solar
cells of this type, which have
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smaller dimensions. However, of all these advantages, this
type of solar cell has the disadvantage of being more
expensive, given the complicated manufacturing process
[25]-[26]. Also, this type of solar cell is not functioning
correctly when it is cloudy weather, resulting in drastically
reduced efficiency. Figure 1 shows the monocrystalline type
solar panel while Figure 2 shows the polycrystalline type solar
[27].

Figure 2. Polycrystalline type solar panel

b. Second generation

Second Generation This solar cell has a thickness that is
much thinner than the first generation with a size of only a few
microns. This thin layer solar cell is made of a-8i (silicon
amorphous) material, CdTe (cadmium telluride), and CIGS
(Copper Indium Gallium Selenide). Silicon amorphous is
silicon that is simpler than crystalline silicon, CdTe and CIGS
are semiconductor alternative materials that can convert
photon energy to sunlight. This second-generation solar cell
only has a 9% market share [28].

The advantage of this second-generation solar cell lies in
the more straightforward manufacturing process and lower
production costs. However, these solar cells have
fundamental shortcomings, such as a low level of efficiency,
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because only around 6-8%, which is a rare and poisonous
material. So that solar cells of this type are not suitable for use
as power plants. However, it is more suitable for applications
that do not require significant, inexpensive energy such as
calculators and watches.

¢. Third Generation

This third-generation is the last generation of solar cells,
but until now, the status is still being tested. The researchers
developed this third-generation solar cell with the hope of
combining better solar cell performance in terms of efficiency
and easy manufacturing process. So that this third-generation
solar panel will have better quality than the first generation,
and the production costs are cheaper than the second
generation [28]-[29]. Besides having advantages over the
previous two generations, this third-generation also offers
thinner solar cell technology because it belongs to the
thin-film category [30]-[32]. This third-generation solar cell
has three types that have been developed so far, namely
Perovskite, DSCC, and OPV. Perovskite has the function of
an electrolyte to absorb sunlight, and then it will excite
positive charges (holes) and negative charges (electrons).
Electrons will go to Electron Transport Material and act as
n-type semiconductors, the efficiency of this type of
perovskite reaches 20.2%. Organic solar cells are made from
organic semiconductor materials such as polyphenylene
vinylene and fullerene. Dye-sensitized solar cells are made by
coating dyes intended to increase the efficiency of sunlight
conversion. Figure 3 shows the amorphorus solar cell.

Figure 3. Amorphorus solar cell

Installation of Solar Photovoltaic System
The installation of a wiring system in a solar cell consists of
two systems, namely a system using a series circuit and a
system that uses a parallel circuit.
a. Solar cells using a series circuit
In the series of circuits found in the solar cell, the first
solar cell positive pole (+) must be connected to the
negative pole of the other solar panels and so on.
b. Solar cells using parallel
circuits
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In solar cells that use parallel circuits, positive polar (+)
solar cells are connected to positive polar (4) solar cells, as
well as negative polar (-) solar cells must also be connected to
negative polar (-) other solar cells. Figure 4 shows the PV
arrays arranged in parallel series.

Photovoltaic aray

PV panel String

disconnector

Figure 4. PV arrays arranged in parallel series

Some solar modules (a combination of several solar cells)
are arranged in series to increase the voltage to match the
mput specifications of the charge controller/inverter. The
series of solar modules arranged in series is called a PV string.

Parallel PV string aims to increase power according to the
capacity to be installed. Before entering into the charge
controller, the solar module will be protected first in a panel,
which is generally called a combiner box. There is a fuse that
protects each sting, surge arresters to protect from lightning,
MCCB, and some literature using blocking diodes.

1. METHODOLOGY

The implementation of this research took place at the batik
home industry in Yogyakarta, Indonesia. This batik
production activity starts at 08 00 WIB until 16.00 WIB. Ten
workers carry out batik production activities in this batik
home industry. Five workers did the batik tasting process,
three workers did the production of written batik, and two
workers 8] the process of coloring and releasing wax.

The batik production process is also in dire need of
Gctricit),r supply to support the batik production process. The
batik production process is also in dire need of electricity
supply to support the batik production process. So this is
where the utilization of energy sources from solar panels is
needed. Electrical energy is used to turn on lights and water
pumps. Lights are needed when batik production is cloudy so
that the accuracy of the tasting and inclusion process still
produces excellent results. Also, during the coloring process
and lighting, the lights are always turned on while the water
pump is used to meet the needs of water in the process of
removing wax and coloring and afterward washing of batik
cloth so that the supply of electrical energy is necessary
during the production of this batik.
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In this research, we will see the efficiency produced by
solar panels in the batik industry. Next, the reflector will be
installed on the solar panel that has been installed. The steps
of this study was shown in Figure 5.

Start

v

[
h 4

l Test material preparation I

v

Testing of solar cell
without reflector

Is the output
solar cell

voltage optimal?

Yes

Testing of solar cell with
reflector

Is the output
solar cell

voltage optimal?

1
Figure 5. The steps of this study

IV. RESULTS AND DISCUSSION

Research Object Condition Data

The object of this research is a solar power plant located in
the batik industry of Yogyakarta, Indonesia. The solar power
plant in the batik industry is an off-grid type, with a total
capacity of 800 Wp. The primary utilization in the batik
industry is to supply electricity needs in the batik production
area, namely for lighting, electric batik stoves, and water
pumps. The location of the batik industry is in Bergan hamlet,
Wijirejo  village, Pandak
sub-district, Bantul District,
Yogyakarta Special Province,
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Indonesia, as shown in Figure 6.

Figure 6. Location map of the batik industry is in Bergan
hamlet, Wijirejo village, Pandak sub-district, Bantul
District, Yogyakarta Special Province, Indonesia

Testing of Solar Photovoltaic System

In this study, it is testing the use of a reflector from a
different material with a fixed angle of 70 °, as can be seen in
Figure 7. The degree of tilt obtained from the results of
previous studies, which states that at an angle of 70 °,
produces the output of the most maximum solar panels. The
)rk of the reflector is to reflect sunlight radiation so that
more sunlight is received by the solar panels. The thing that
influences this research is the intensity of solar radiation every
day, which is influenced by the weather.

Figure 7. Solar photovoltaic system with reflector

In the solar power plant in the batik industry, there are two
groups of solar panels used; the first is five solar panels with a
capacity of 400 Wp. The second group contained four solar
panels with a capacity of 400 Wp. This research only focuses
on the second group solar panel with a capacity of 400 Wp.
The series of 4 solar panels themselves are arranged in
parallel.

Data on solar radiation irradiation at the location of solar
power plants in the batik industravvels obtained through a
website from NASA, by entering the latitude and longitude
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coordinates of an area on the website via the internet online.
After that, the data that will be sought is the sun's radiation
data for the area in one day. Daily radiation data obtained an
average of 10.25 kW-hr fm/d. Figure 8 shows the daily
radiation in the location of batik industry.

SIS Jae08 3018 Jen 10,2013

Jand8 2009 Janl7 20

Figure 8. Daily radiation in the location of batik industry
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Figure 9. Output voltage of solar photovoltaic system in
batik industry

Figure 9 shows the output voltage of solar photovoltaic
system in batik industry. The measured voltage in this study is
the open-circuit voltage (Vpc). Viewed from the graph in
Figure 9, solar panels that do not use reflectors produce the
highest output voltage. Whereas when a reflector using a glass
reflector produces the lowest output voltage. However, the
voltage difference between the three conditions is not too
significant with the vulnerable voltage of the solar panel
output there is 18.7 V - 20.8 V. This performance shows that
the value of the open-circuit voltage is still below the
specifications of the solar panel that is equal to 21.9 V. This
performance is due to solar radiation not only photon
radiation but also thermal radiation. This increase in surface
temperature will result in a decrease in the output voltage of
the solar panels. Solar panels with the addition of glass
highest
increase of

reflectors have the
average power

0.949 watts.
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V. CONCLUSION

Based on the analysis of the effect of the use of reflectors
on solar power generation systems in the batik industry that
has been done, it can be concluded that the addition of
reflectors on solar panels will also cause an increase in the
surface temperature of solar panels. This fact is due to solar
radiation not only photon radiation but also thermal radiation.
This increase in surface temperature will result in a decrease
in the output voltage of the solar panels. Solar panels with the
addition of glass reflectors have the highest average power
increase of 0.949 watts.
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