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Abstract: The increasing demand for sustainable energy solutions has fueled extensive research in
solar cell technologies to harness solar energy effectively. Among the various solar cell types,
monocrystalline, polycrystalline, and amorphous silicon technologies are the most widely used. This
research paper aims to provide a comprehensive comparative analysis of these three silicon-based
solar cell technologies with a primary focus on efficiency and their potential for sustainable energy
applications. The literature review explores the development, working principles, and efficiency
records of each technology, highlighting their individual strengths and weaknesses. The study also
examines the influence of environmental factors on the efficiency of solar cells to identify their
suitability for various applications. Empirical data is obtained through a series of experiments under
real-world operating conditions. Efficiency, power output, and stability metrics are measured for each
solar cell type, allowing for a direct comparison of their performance. The results of these experiments
contribute valuable insights to the field of renewable energy and assist in selecting the most suitable
technology for specific sustainable energy applications.

The findings of this research contribute to informed decision-making in the renewable energy sector,
facilitating the integration of high-efficiency solar cell technologies for sustainable power generation
and reducing the carbon footprint of our energy systems.

Keywords: Evaluating, Monocrystalline, Polycrystalline, Amorphous Silicon Solar Cells, Sustainable
Energy Applications, Performance.

1. Introduction:

A solar cell is a semiconductor material Since the sun is the brightest light source that may
composition that takes the shape of a p-n be used to power solar cells, photovoltaic cells are
(positive-negative) diode junction and may be frequently used to refer to solar cells; however,
utilized as a generator of electrical energy because photovoltaic cells can also be used to refer to
when exposed to light, it causes an electron flow. "lightelectricity”. In a specific region known as
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the solar panel, a number of solar cells are
integrated to achieve the required electron flow
capacity. The photovoltaic effect refers to the
movement of electrons, or so-called current,
caused by sunlight exposure between two layers
of photovoltaic cells that are opposite one another
in a solar panel.

The performance of the solar panels or the amount
of electrical energy produced is impacted by the
environment, which also has an impact on the
solar panel modules. The Five Parameters
approach is used in this study to compute the
performance of solar panels with a single diode
model, and it shows that monocrystalline solar
panels are the most effective and ideal choice.

The biggest issue with using solar panel modules
now available on the market is how responsive
each type of module is to environmental
variations, including weather changes throughout
both the dry and wet seasons. Due to this, a
comparison of the effectiveness and lifespan of
monocrystalline and polycrystalline solar panels is
made in order to serve as a reference for the
development of solar panel designs

2. LITERATURE REVIEW

Al: ZnO was purportedly utilized as the front
contact of Discs/CdTe dainty film solar cells, as
per Akhlesh Gupta et al. (Compaan et al. 2004).
Using a RF magnetron faltering interaction, Al:
ZnO was covered on the solar cell.

The electrical and optical characteristics of Al:
ZnO films that had their surfaces chemically
etched before being deposited using a mid-
frequency magnetron sputtering process were
addressed by Zhu et al. (2009). Glass substrates
that were fixed over rotatable ceramic targets were
used to create the coatings. It should be
emphasized that chemical etching roughens the
coated surface, improving its capacity to capture
light.
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At room temperature, RF sputtered ZnO thin-films
were studied by Roy Paily and Gaurav Saxena in
2018 (Saxena & Paily 2018). The distance
between the target and substrate, RF power, and
sputtering power all had an impact on the ZnO
depositions. They claimed that the ZnO coated
films have the lowest resistance of 1.3107 cm and
the maximum transmittance of 86% in the visible
band. For CIS solar cells, this thin-film can be
used as a buffer layer.

The deposition of ZnO thin films using the RF
magnetron sputtering technique at temperatures
ranging from 100 °C to 400 °C was jointly
examined by Dong Hyun Hwang et al. (2012)
(Hwang et al. 2012). The ZnO particles were
found with an orientation of (111), according to
the XRD examination. Additionally, when the
substrate's temperature rises, the diffraction
pattern becomes sharper. The most ideal
transmittance was attained at a temperature of 350
°C, where the band gap energy is around 3.79 eV,
and was closer to 80%.

Muralidhar Singh et al. (2016) explored the
impact and appropriate application of metallic
aluminum coatings over a variety of substrates,
including solar cells, sensors, over windows,
reflectors, etc. The ideal control of Ar flow has an
impact on the deposition of Al coatings using DC
magnetron sputtering. As a result, the AFM
topography showed the surface's texture and
roughness, which ranged from 2 to 20 nm. The
deposited Al films had 96% reflectance in the
wavelength range of 250 to 2000 nm, according to
UV visible NIR spectrophotometer results.

By using the sol-gel synthesis method, Shui-Yang
Lien et al. (2006) created AR material that was
applied to the surface of silicon solar cells. The
spin coating method is favored because it
distributes materials across surfaces uniformly.
TiO2 monolayer, SiO2/TiO2 dual layer, and
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Si02/Si02-TiO2/TiO2 triple layer materials are
used to cover ARC; the triple layer material
exhibits a 39% increase in the PCE of solar cells.
3. METHODOLOGY

. Location of study

The preliminaries were directed at the my college
solar office at Ahmedabad. The two test boards
were mounted on indistinguishable independent
edges with practically identical PV module
tendency points (Fig. 1). The PV modules were
introduced on a south-bound structure at a set
slant point of 34° with the level plane in light of
the place of Ahmedabad city (30.40° N, 55.99° E).
This point is near Ahmedabad's yearly ideal slant
point, which conveys the most yearly occurrence
solar radiation.
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Figure:1 Ahmedabad’'s My University has a

solar power facility
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e Test systems

PV exhibits, an information assortment and
observing framework, and a DC to AC inverter
make up such a PV framework. The independent
PV unit's power result can be utilized to drive the
fitting burden. The solar PV boards are
subsequently transforming solar radiation into
energy simultaneously. The Radiant Web Box and
Bright Sensor Box, which are associated with an
information gathering board, are important for the
power observing framework. The block estimated
the result of electric flow and voltage throughout a
specific measure of time and logged the outcomes
in a SMA radiant web box. The module's
temperature, yield current, yield power, everyday
energy creation, and by and large energy creation
was undeniably observed and recorded
simultaneously.

A Pyranometer Kipp & Zonen was used to
measure the sun irradiation on a worldwide scale.
The data monitoring system's schematic diagram
is shown in Fig. 7. For basically all year long,
monocrystalline  and  polycrystalline PV
frameworks with five and six boards, individually,
fire up all the while at 6:30 AM and switch off at
6:30 PM. The physical dimensions and technical
details of the PV modules employed in this

experiment are displayed in Table 1.
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Figure:2 The data monitoring system's schematic diagram.

Table:1 The technical specifications of PV modules.

Mono-crystalline Poly-crystalline
Type silicon silicon
Module dimensions (mm x mm) 1536x 996 1685x 889
Maximum power 255W 265W
Maximum power voltage (Vmpp) 28.7V 26.98V
Maximum power current (Impp) 7.39 A 7.46 A
Open circuit voltage (VVoc) 37.1 38.8
Short circuit current (Isc) 7.66 A 9.1A
Maximum system voltage 1000 V 1000 V
Maximum series fuse 15 A 15 A
Maximum load 5400 5400

4. RESULTS AND DATA ANALYSIS

Around 359 days of 2014 are addressed by the
solar irradiance, surrounding temperature, and
module temperature information. As indicated by

the month to month normal worth of the everyday
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recorded integrals, the single month to month
worth of every boundary not entirely settled.

Our tests give a device to gauge the performances
of the given plants with semi-bone-dry district
explicit climatic qualities, which prompts a broad

assessment of their performance corresponding to
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the ward climatic factors on the grounds that the
given photovoltaic gadgets work simultaneously
in a real climate under shifting irradiance, climate,

and environment conditions over time.

e Simple evaluation of key data

Efficiency and power production in relation to
illumination.

The irradiance is the most significant
environmental factor that affects how well the PV
modules work. The result force of PV modules
has been normalized with their result power at
STC, as expressed in recipe (1), on the grounds
that every sort of PV module utilized in this study
has an alternate evaluated power.

Normalized Power Output Efficiency:

P
n, = ———x 100%
Pmax(STC)

Therefore, the module efficiency, which describes
a panel's capacity to transform sunlight into useful
energy, is utilized for comparative purposes. The
module effectiveness is characterized as the result
of the deliberate power yield and the occurrence
solar power input on the module's dynamic region,

as displayed in recipe .

n X 100%

~ pvaH
e Temperature analysis

Since the temperature of a PV module

straightforwardly relies upon the inward and
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outside heat move coefficients, which are
generally influenced by the encompassing
temperature and irradiance, the surrounding
temperature essentially affects the effectiveness of
the PV modules.

The module effectiveness is considered for a
couple of working circumstances where the solar
radiation is kept up with steady and the
surrounding temperature varies to detach the
impact of temperature on the performance of the
PV module.

Comparative conduct has been seen in crafted by
Nonetheless, the  effectiveness of  the
polycrystalline modules slants in a less rate than
one of the monocrystalline; as the encompassing
temperature increments from the monocrystalline
and polycrystalline PV modules both experience a
decrease in productivity under the functioning

circumstances with a proper illumination.
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Figure:3 The module effectiveness versus the
surrounding temperature of the chose

information with worldwide radiation.

e Energy output analysis

The month-to-month normal explicit energy
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(KWh/kWp), which is characterized as the
complete month to month energy delivered by a
PV framework (Em in kWh), separated to the PV
evaluated power (PO in kWp), is utilized in this
segment to portray and survey the month-to-
month energy yields of the modules. The
accompanying condition is utilized to register the

month-to-month normal explicit energy.

The most unambiguous energy is made for the two
modules during the most splendid midyear
months, June and July, which seem to have the
most daylight while the least sum is created for
the two modules during the most obscure cold
weather months, November to February.

The discoveries may likewise be contrasted with
show that the monocrystalline module has a lot
more noteworthy explicit energy than the
polycrystalline  module during non-midyear
months.

e Module efficiency analysis

The immediate effectiveness of the boards is
arrived at the midpoint of across the testing days
from 06:30 a.m. to 06:30 p.m. with a time frame 5
min. to give a gauge of the month to month
arrived at the midpoint of effectiveness of the PV
modules. For each given month, the everyday
typical worth of all suitable testing days with the
full dataset is then added. The subsequent worth is
then separated by the quantity of days. The last
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figure gives a gauge of the PV modules' month to
month normal productivity for each given month.
The month to month arrived at the midpoint of
upsides of the effectiveness are figured utilizing
the recorded information of the days that are
accessible, with the notion that the accounts are
commonplace of the entire month, for the months
with halfway informational collections. This is

likewise expressed in EQ.

1 Z”’z”n *x At
n, =—
m M j j Dtime

Figure:3 Month to month module proficiency

over the checked period.
M is the quantity of estimated days in a month
with complete datasets, N is the quantity of
estimating focuses in a testing day, t is the
estimation time span, and Dtime is the all-out
length of the estimations on the predetermined
testing day. M represents the month-to-month
normal productivity. Table 2 shows similar
information; the last line shows the absolute
productivity for the two modules throughout the
span of the year. These discoveries show that for
the entire objective time, the monocrystalline

module outflanked the polycrystalline module.
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Table:2 Varieties in the month-to-month module

effectiveness during the year 2014.

Monocrystalline Monthly module
Month efficiency (% Polycrystalline
Jan 15.16 12.54
Feb 14.56 12.44
Mar 14.23 11.23
Apr 15.26 11.45
May 12.56 12.44
Jun 15.22 12.85
Jul 15.96 12.89
Aug 13.78 12.78
Sep 13.44 12.44
Oct 13.78 11.83
Nov 12.45 11.22
Dec 15.23 11.85
Total 15.93 12.33
PR = -
e Performance ratio analysis , fistc
The PR is determined to survey the performance nsYs = pyaH and Msrc=_Psrc_

of the PV modules since the genuine electrical
qualities of the PV boards stray from the reference
STC attributes. To measure the general effect of
misfortunes brought about by different ecological
and functional variables like range, module
bungle, optical reflection, module temperature,
and wind speed, PR — characterized as the
proportion between the genuine energy creation
and the item energy at STC — is as a matter of
fact a valuable instrument. Accordingly, it shows
how much energy that is really available
subsequent to representing energy misfortunes.
The area of a PV plant and the solar radiation
episode on the PV have minimal bearing on PR.
Eq gauges the prompt performance proportion.

Paper 1D: 2024/1JEASM/5/2024/1965b

PvAGsTC

The supposition given additionally for the month
to month arrived at the midpoint of upsides of the
effectiveness is utilized to decide the PR's month
to month found the middle value of values.
5.CONCLUSION

The assessed input power depends on the solar
radiation estimations, and the determined result
force of the boards depends on the noticed upsides
of created current and voltage. Notwithstanding
the information and result of the PV boards,
ecological data was assembled to associate with
how well they tried PV boards performed.
Through the accounts more than a vyear,
specifically, the reliance of module performance
on solar irradiance and encompassing temperature
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has been shown.
Disregarding the way that both PV modules act in
basically the same manner under immediate solar
irradiance, the examination of  module
effectiveness shows that the month-to-month
normal module proficiency of monocrystalline
modules bit by bit decreases in the months with
higher solar irradiance and temperature, while
polycrystalline modules display the contrary way
of behaving.
Like month-to-month normal effectiveness, month
to month PR of monocrystalline modules declines
over the late spring a very long time because of
more noteworthy temperatures and solar light,
though the month-to-month PR of polycrystalline
modules increments throughout the cold weather
months.
In this manner, it very well may be derived that in
Iran's semi-dry climate, polycrystalline solar
modules are more appropriate for utilization in the
mid-year and monocrystalline solar modules are
more powerful in the cooler months.
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