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ABSTRACT

The solar photovoltaic (PV) technology used today is one of the most widely used renewable
energy generation technologies. This essay compares the PV panel efficiency for some of the same
environmental factors at three different Indian locations, Mathura, Ladakh, and Bikaner, at the
same time and location. The PV panel has a boost converter integrated in to provide the necessary
voltage at the load side. The PV Panel Simulation model is tested while variations in current,
voltage, and power at the surface of the panel and at the load are tracked by simulating it with
PSIM for different irradiance and temperature. After these figures are obtained, the efficiency of
the current panel will change on the basis of the impact of elevated cell temperature and
irradiance, as well as the earlier determined panel functioning parameter values. The numerical
values of the performance parameters will also dictate the physical dimensions of the PV panel
and the area needed for it to generate 1kW of power.
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1.0 Introduction

Daily technological advancements increase our need for power to operate the machinery that
enables those advancements. But today, both conventional and unconventional methods of electricity
generation are used to meet our energy needs [1]. However, as we are all aware, conventional
techniques rely on resources that are not self-renewing, which means they cannot be replenished
naturally or on their own. However, for them to renew themselves, it would take millions of years.
Natural resources include fossil fuels like coal, oil, diesel, and natural gas [2]. The power companies
use these fossil fuels to generate electricity, but they are high in carbon compounds that harm the
environment. These traditional methods of generating electricity caused changes in the global climate.
Both people and all other living things—on land or in the sea—suffer greatly from the pollution that is
caused by emissions from generating stations. The majority of the electricity in the world is produced
by thermal power plants. The thermal power plant uses a variety of fuels, such as coal, diesel, and
gasoline, to heat a sizable boiler with a lot of water. Water in the boiler heats up to the point where it
turns from liquid to steam, which is very hot, and flows through pipes to the turbine section, where it
rotates the turbine and uses a generator to produce electricity. Fossil fuels, on the other hand, have an
adverse effect on the environment and are not naturally renewable.
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We must effectively use them or save them in order to maximize output. Due to the
abundance and affordability of these sources in nature, scientists are turning to unconventional energy
sources to address the issue of the scarcity of fossil fuels [3].

Consider the energy derived from sources like the sun, wind, geothermal, tidal, and wave.
However, as a novel source of energy, solar energy will be the main focus of this section. We are all
aware that the sun's heat is unrestricted and present for roughly 360 days out of the year. Wherever
you are on Earth, though, determines how intense it is. Scientists created a system that can convert
solar heat energy into electrical energy in order to use solar energy. The photovoltaic effect is the
mechanism that makes it possible to convert heat energy into electrical energy. We need a unique
device, though, to carry out this conversion [4]. The device that utilizes this feature is the photovoltaic
cell. The cell draws energy from the sun to run its processes. Light exists as photons, each of which
has a specific amount of energy, as we are all aware.

The electron receives this energy and is then excited, moving from the valence band to the
conduction band. The circuit's electric current is produced by the movement of the circuit's electrons.
Direct current is the only one that a solar cell can produce. A solar cell will therefore always produce
a direct current, but because a single cell's voltage output is quite low by nature, we need high voltage
to run our machinery. To achieve higher voltages, we must arrange numerous solar cells of this type
in particular patterns. When the cells are arranged in a particular way to produce high voltage, a PV
panel or PV array is produced [5].

Consequently, the total power generated by all of the photovoltaic cells in the panel when it
harnesses solar energy is the same as the total power generated by all of those cells. The performance
of a solar cell is, however, influenced by a number of characteristics and factors. These are short
circuit current, open circuit voltage, fill factor, and efficiency. The equations below demonstrate how
various performance parameters are interdependent on one another.
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Figure 1: Equivalent Diagram of a PV Cell
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An analogous diagram of a solar cell with two different types of resistance—shunt resistance
and series resistance—both of which are supplied by an ideal current source is shown in Figure 1 in
the text below [6]. Series resistance should be as low as practical, in contrast to shunt resistance,
which should be as high as possible.

2.0 Design Considerations of Boost Converter

A boost converter is a device that boosts or raises voltages. In this device, the voltage
acquired at the output side is higher than the voltage acquired at the input side [7]. Even so, a small
amount of power is lost as a result of the converter's internal voltages being raised. But this device
does not include the DC to AC conversion and the subsequent AC to DC conversion because it would
be a time-consuming and inefficient process. This type of converter is referred to as a switch mode
dc-dc converter because it contains a MOSFET switch, a semiconductor component with the ability to
switch on and off quickly [8A source of periodic square waves, an inductor, a diode, and a capacitor
are also present.

Due to the fact that, when compared to the input side, approximately 99 percent of the energy
is acquired on the output side and only 1 percent is lost during the conversion process, such converters
have a very high efficiency [9]. The inductor, which is also feeding the source and load, has reverse
polarity, which is what caused this to happen. Below is a diagram of the fundamental boost converter
model, which consists of an inductor, a diode, a capacitor, a MOSFET switch, and a resistive load.

Figure 2: DC-DC Converter
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Table 1: Characteristics of dc-dc Converter

Sr. No. Variable Parameter Value
1 Cells used Duty cycle 0.6
2 Pmax Fregeuncy 25KHz
3 Vpmax Resistance 60 Q
4 Ipmax avo 0.002
Vo
5 Voc Cmin 0.0001 F
6 Isc Lmin 0.0026 H
7 Temperature Coeff. Of Voc Cused 0.004 F
8 Temperature Coeff. Of Isc Lused 04H
. D{1-D?}R
Lmin = % T
Cmin = —p 8
R{Tf
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3.0 PSIM Simulation Model

The average global warming rate from 1951 to 2012 was 0.11 degrees Celsius [10] per
decade, according to the IPCC's 2013[11] report. The report also points out that the trend for the
preceding 15 years [12], from 1998 to 2012, was only 0.04 degrees Celsius per year [13]; the IPCC

referred to this decrease in global warming as a pause [14].

Figure 3: Simulation Model of PV Panel Integrated with a Boost

Converter with a Resistive Load

Table 2: Specifications of PV Panel

Sr. No. Factors Value
1 Number of solar pv units 38
2 Maximum power 65 W
3 Vpmax 176V
4 Ipmax 3.8A
5 Voc 221V
6 Isc 42A
7 Temp. Coefficient for open circuit voltage -0.42 % /°C
8 Temp. Coefficient for open circuit current 0.0751% / °C
9 Region occupied by panels 0.76 m?

sustainable energy [17], and this solution will be briefly discussed
A. Agra, lr=957 W/m?and T,=74°C

Males use commercial resources more frequently, which has improved their quality of life,
but my issues have also become apparent [15]. The adverse effects on the environment are arguably
the worst. Prior to identifying the specific one, the entire word will be examined [16]. This figure will
help in determining how long it will take for current energy sources to completely replace the need for
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Figure 4: PV Panel Output I-V and P-V Graph

B. Kanpur, Ir=1208 W/ m? and T, = 45.722° C

Figure 5: Performance Parameters for the PV Panel
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C. Haridwar, 1r=918 W/ m? and T¢c = 56.82° C

Figure 6: PV Panel Output I-V and P-V Graph

Table 3: Similarity of PV Panel Performance Characteristics for Various Regions

ST Location Ppanel Pload Vpanel Vioad Ipanel lload
No. (Boosted) (Boosted) (Boosted)
1 Agra 27. W 27.2W 197V 36.50 V 14 A 0.77 A
2 Kanpur 24.1W 22.8W 175V 35.02V 14 A 0.76 A
3 Haridwar 259W 255 W 185V 36.07V 15A 0.75 A
4 Initial 34.8W 324W 208V 3849V 1.7A 0.88 A

The reference conditions, as shown in the above table, are those that are most conducive to
the operation of solar panels [19] because they result in the highest conversion efficiency at a
sufficient voltage.

Table 4: Similarity of PV Panel Performance Characteristics for Various Regions

Sr.No. | Location | Ir(W/m?) | Teen(C) | Pmax (W) Vpmax (V) Ipmax (A) | F.F | n(%)
1 Agra 1200 454.6 58.62 16.22 3.82 0.87 | 10.02%
2 Kanpur 957 72.7 42.25 15.2 3.55 0.99 | 9.16%
3 Haridwar 926 55.6 45.6 16.48 3.12 0.87 | 9.62%
4 Initial 1100 27 58.27 17.73 3.64 0.99 | 11.5%
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The above table displays all of the PV Panel's performance metrics after subjecting it to
various environmental conditions.

Table 5: Space Requirements and Location-specific Panel Specifications for
Generating 1 KW of Power

Sr. No. Region Single unit Solar Plates Size(m?) (Min.)
1 Agra 29.61 29 40
2 Kanpur 24.24 51 41
3 Haridwar 25.87 50 42
4 Initial 34.77 40 45

The table above can be used to deduce a number of things, such as the fact that more panels
are required to produce 1000 W as the power produced by a panel decrease, and that as the area
required by the panels increases, so does the number of panels required.

4.0 Conclusion

The number of panels required to supply a specific amount of power is inversely related to the
power produced by the panels, based on the observations made above. But the quantity of panels
required directly correlates with the space they occupy. Therefore, greater irradiation benefits the
Ladakh region, but it raises temperature, which is bad for us. Our estimates for various cell
temperatures and levels of radiation at various sites also support this fact. high temperatures cause the
semiconductor material's band gap to close, releasing an electron from its bond requires less energy,
this is the case. As a result, as panel temperature increases, open circuit voltage decreases. Males use
commercial resources more frequently, which has improved their quality of life, but my issues have
also become apparent. The adverse effects on the environment are arguably the worst. Prior to
identifying the specific one, the entire word will be examined [16]. This figure will help in
determining how long it will take for current energy sources to completely replace the need for
sustainable energy, and this solution will be briefly discussed.
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