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Abstract—In modern times, it is indicated that renewable energy will meet energy needs to support human activities in the near future. But
renewable energy sources are still dependent on the weather and climate which is certainly uncertain and will have a lot of variability making
renewable energy still doubtful to be sufficient to meet the energy demand that humans need, especially in a modern living culture which very
dependent to electricity in many aspects, including the future of human transportation. To overcome the uncertainty problem of renewable
energy, a hybrid power plant is created by combining solar, hydro and wind energy. Given the importance of solving these problems, this paper
review begins with a brief of the research that have been made, formulates detailed definitions and key concepts, summarizes the direction of

current research and ends with views on prospective research in the future.
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. INTRODUCTION

In recent times the term variable renewable energy sources
(VRES) can appear which can be used as an alternative to
being a supplier of additional energy power to the human
electricity grid. VRES consists of solar, hydro and wind
energy. However, VRES has problems for its dependence on
weather, climate and the environment in the process of
producing energy making VRES can only make a small
contribution in increasing the supply of electrical energy to
support human needs, most of which still depend on fossil
energy.

Before discussing the problem of VRES dependence on
the weather, it is necessary to first discuss how to make
VRES, one of which is VRES that relies on solar or solar
energy to convert photons into electrical energy using solar
cells. Discussing solar panels, at present many types of solar
panels are found that have different material specifications and
efficiency, which will certainly affect the amount of power
produced by solar panels [1-6].

The cost of making high-cost solar panels has also sparked
a research competition to create low-cost solar panels with
high efficiency. Until now, there are 5 types of solar panels
that are widely known and have been used in a variety of
applications.

Solar panels in the last ten years have become one of the
production commaodities in the industrial world because they
have quite attractive sales prospects. In the process of
producing solar cells themselves are designed to convert solar
energy into electrical energy without using chemical reactions
or moving parts, and all research on solar cells is currently
almost entirely focused on improving the efficiency of solar
panels.

The solar panel itself consists of several types of
semiconductor materials where this material itself is a material
that can conduct electricity when supplied with light or heat
but can be an insulator when at low temperatures, almost 95%
of solar panels in the world today are made with silicon (Si)
material but some are made with Cadmium Telluride and
Copper Indium Diselenide which have relatively low prices
with efficiencies below 20% [7].
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TABLE I. Comparison of Solar Cell Efficiency [7].

Experimental Real Production

Material Efficiency Efficiency
Monocrystalline Silicon 24% 14%-17%
Polycrystalline Silicon 18% 13%-15%
Amorphous Silicon 13% 5%-7%

Il.  DISCUSSION

Silicon is the second most mineral material on earth and in
its processing silicon will not have a serious impact on the
environment. Silicon, when combined with other materials
that have a positive or negative charge, can very easily
become a solar panel production material at an affordable
price. The process of making solar panel products (Fig. 1) is
done by combining two silicon layers that have been
combined with mineral elements other than silicon, the
process of combining these two silicon layers will produce a
p-n junction [8-13].

anti-reflection film

contact

n-semiconductor
layer

p-n junction

consumer

p-semiconductor
layer

Rear metal
contact

Fig. 1. Solar Cell Components [14]

By forming a p-n junction (Fig. 2), an electric field will
arise due to differences in carrier charge on the two layers
produced by light. If the p-n junction circuit is a closed circuit,
then the current will be able to flow, the amount of current and
voltage generated depends on the type of semiconductor
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material used. Silicon can usually produce 2A per 100 cm?
when getting radiation of 1000W/m? [14].
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Fig. 2. Voltage and Current of Solar Cell [4]

The output voltage and current of solar cells are strongly
influenced by temperature. High cell temperatures will cause
lower output, thus reducing the efficiency of solar cells, low
cell temperatures will give the opposite result. The level of
efficiency itself is how much the amount of light radiation or
photons from the sun that can be converted into electrical
energy.

Many kinds of research were carried out to improve the
efficiency of solar panels. It is undeniable that differences in
material used or certain material combinations are only
suitable for a particular range of the light spectrum, certain
spectrum ranges cannot be used because photons do not have
enough energy to activate the carrier charge, so in the end,
some energy that does not turn into electricity it turns hot. In
addition, there are also optical inefficiencies that occur such as
the occurrence of shadows on the cell surface or the reflection
of sunlight coming on the cell surface (Fig. 3), inefficiencies
like this occur due to electrical resistance in semiconductors
and cable connections are also included [15].
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Fig. 3. Solar Cell Efficiency on various band gaps [15]

Good solar panels [16-17] in addition to being determined

by the selection of material is also determined by (Fig. 4):

1. The surface structure design to reduce deflection
inefficiency can use pyramid-designed materials such as
gallium arsenide (GaAs), cadmium telluride (CdTe),
copper indium selenide (CulnSe2) so that the incoming
light can bounce off the surface several times.
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2. Tandem or stacks cells can be used on a wide spectrum of
radiation.

3. Inversion Layer Cells so that the electric field inside the
cell is not produced by the p-n junction, but by the thin
oxide layer junction in the semiconductor.

4. Gratzel cells to increase light absorption/photons.
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Fig. 4. Solar Cell Layers of Silicon Crystal [18]
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With the existence of solar panels, solar energy can be
utilized so that humans can create new types of plants that are
environmentally friendly and economical by utilizing solar
panels, these new types of plants use renewable energy not
only from the sun but also from water and air which is
certainly environmentally friendly and can save the
environment from the exploitation of agricultural products on
a large scale, all types of energy sources are called VRES.

However, VRES also has a natural problem that until now
has not been solved, namely the problem of its dependence on
weather, climate and the environment that can affect its ability
to produce energy. The natural problem of weather
dependence on VRES has led the world to a research
competition to solve the case [19].
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Fig. 5. The number of research article production of solar panels
in each country [19]

Based on Fig. 5, it can be seen that countries on the
American continent such as Brazil and the US are the two
countries that produce the most written scientific research on
research on solar panels and solar energy. Research conducted
by the two countries on the American continent has also
triggered China to research about solar panels and solar energy
so that China becomes the third country in the world that
produces the most scientific writing and is a leader in research
on solar energy on the Asian continent, while the four are on
the European continent [19].
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It is undeniable that the development of research on solar
panels in the American continent has made the United States
as a country that has research on the most advanced solar
panels in the world, its progress in this research allows the
United States to create products that rely on renewable energy.
For example, Tesla's electricity is a production electric car that
can be purchased by consumers worldwide (Fig. 6).

Charging Station facilities that are made scattered in
America by Tesla rely on solar energy obtained from solar
panels produced by solar panel manufacturing companies with
efficiencies approaching 45% where such efficiency is
achieved by solar panel technology utilizing FAPBX3
(Formamidinium lead halide nanocrystals) [20].

e

Fig. 6. Tela-'s Charging Station which is spreadacross America can charge
Tesla cars for free because it gets a free supply of electrical energy from the
sun by utilizing solar panel technology [10]

I1l.  CONCLUSION

In summary, solar panels can be used as a tool for
supplying electrical energy in the future. However, the
problem of efficiency and its dependence on weather and
climate is still a barrier for humans to gain full advantage of
the potential of the sun. This has an impact on the delay of
fossil energy to be immediately replaced with renewable
energy. Many countries are competing to solar panels research
due to sunlight to be a source of energy in the future. At this
time, research on solar panels can be done because of its ease
in producing solar panels with research costs that are still
affordable with extensive results and have excellent prospects
for the future.
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