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Abstract

The effectiveness and accuracy of two different MPPT methods of solar
photovoltaic (PV), namely Perturb & Observe (P&O) and Constant Current
(CC) have been investigated in this study. The main objective of this study is
to test the impacts of temperature and solar irradiance (insolation) variations
on solar PV output power which are achieved through these methods. Usually,
solar insolation and temperature are the two most important influencing
factors that have a significant impact on the output power (Pout). Here, the
two conventional MPPT techniques have been applied to analyze the response
through power characteristics curves of solar PV systems subject to changing
environmental conditions. The MPPT techniques have been implemented on
the solar PV system using MATLAB®. Additionally, the output power curves
at various irradiances are shown in this work. The research demonstrates that
the P&O-based MPPT method outperforms the CC-based MPPT method.
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1 Introduction

Due to its widespread availability and ecologically benign characteristics,
solar photovoltaic (PV) generation using renewable energy is the ideal
replacement for conventional energy sources. PV arrays, which typically
collect electric power from solar energy [1], exhibit non-linear I-V charac-
teristics. They also have the benefit of not requiring maintenance and being
pollution-free, but they are limited by the fact that the solar cell efficiency
is very low and the low efficiency of the solar PV system is a significant
issue. If the weather is bad, the system’s efficiency hardly rises above 20%,
and the conversion efficiency is even worse. Generally speaking, the two
most important elements that influence a PV system’s efficiency are solar
cell temperature and irradiation. In order to gain 20-30% more energy, the
efficiency can be increased by applying the MPPT technique. The primary
goal of MPPT algorithms is to decrease oscillation brought on by changing
weather conditions while achieving quick and precise tracking performance.
In general, a solar system’s output power is influenced by cell temperature
and solar irradiation.

The characteristics of a PV array at uniform irradiation levels are shown
in the Figures 1 and 2. When both parameters are altered, the output charac-
teristics change. The P-V & I-V characteristic curves of a solar PV system are
shown in Figures 3 and 4 under various irradiance conditions. Utilizing envi-
ronmental conditions, MPPT aims to dynamically obtain maximum power.
To increase the effectiveness of the solar PV system, a variety of MPPT
approaches have been presented. Typically, this technique is classified into
two categories, namely offline and online methods. Fractional open-circuit

40

Current in amp
o w
= =

T T
1 L

>
T
1

0 I | ! ! | ! ! | !
0 5 10 15 20 25 30 35 40 45 50

Voltage in volt

Figure 1 I-V characteristics with uniform insolation.
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Figure 2 P-V characteristics with uniform insolation.
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Figure 3 1-V characteristics with different insolation.

voltage (FOCV) [2-6] and fractional short circuit current (FSCC) [7-12]
are offline techniques, while Perturb and Observe (P&O) [13-16] and
Incremental Conductance (INC) are online techniques [17-27].

Figures 3 and 4 depict the impact of change in solar insolation on the
MPP of P-V & I-V curves. The following observations can be highlighted in
Figures 3 and 4:

I. Decrease in Pout with a decrease in the magnitude of insolation.
II. The P-V characteristics curve is shifting to the left with a decrease in
insolation.

Similarly, the I-V characteristics curve is shifting to the left with a
decrease in insolation.

It is worth mentioning at this point, that the short circuit current (I.) of
solar cells is a function of irradiance; hence it decreases in proportion to the
reduction in irradiance.
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Figure 4 P-V characteristics with different insolation.
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Figure 5 Single diode model.

2 Mathematical Model of Solar PV System

The basic goal of PV module modelling is to reproduce the behaviour of
the PV modules. A number of panels connected in series and/or parallel
combinations make up the PV array current. Figure 5 depicts the analogous
circuit for the single diode model, which consists of a diode, parallel and
series resistance, and resistance (D).

V+IRS> _1} _ V+IR,

_ 1
ns AV R, M

I:IL—IO [exp(

A = Diode ideality factor,

V1 = Thermal voltage,

ns = number of cells in series,
R, = Parallel resistance,
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Table 1 Manufacturer datasheet of solar PV module [28]
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Parameters Values
Power at MPP (Pmax) 62.006 Watt
Voltage under OCC (V) 10.9 VoIt
Current under SCC (I5.) 7.82 Amp
Voltage at MPP (Vmax) 8.6 Volt
Current at MPP (I1nax) 7.21 Amp
No. of series cells (ns) 18
Diode saturation current (Io)  3.0763 x 10~ 'A
Diode ideality factor (A) 0.89864
Series resistance (Rs) 0.14761 Q
Parallel resistance (Rp) 38.1127 Q2
Photo generated current (I7,) 7.8503A

R, = Series resistance,
Iy = diode dark saturation current,
I, = light-induced current,

The thermal voltage of the solar PV array is given by
Vr =nsKT/q 2)
Where;

q = Electric charge,
K = Boltzmann constant (i.e., 1.3806452 x 10723 J/K,)
T = Operating Temperature for PV system (in Kelvin),

3 Constant Current (CC) Method

This method is based on the same working principle of the constant voltage
method Which is fractional to short-circuit current MPPT method [29, 30].
The highest power point in this technique reaches between 78% and 92%
of the short circuit current (I;.) while the PV array runs at constant
current [31, 32]. Therefore, the sensed parameter is short circuit current
(Equations (3) and (4)).

Inpp = Ise x K (3

ITvpp
ISC

=K 4
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Figure 6 Flow diagram of CC method.

Where I;pp is the current at maximum power point and I, is the short
circuit current of the PV system.

Figure 6 depicts the constant current method’s flowchart. Compared to the
constant voltage technique, this method is more precise and effective [33].
The CC method’s fundamental flaw is that it depends on the measurement
of the short circuit current value. To test the short-circuit current’s value,
the module must be disconnected and short-circuited. There is a loss of
power when the PV module is unplugged. This method is typically combined
with other MPPT techniques since the short-circuit current fluctuates with
changing weather circumstances like irradiation level. As a result, a hybrid
version of the current methodology can readily track MPP under all operating
situations [34].
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4 Perturb and Observe (P & O) Method

This approach measures the PV voltage and current first and then calculates
the related power. Iterative methodology essentially describes this process.
Because it is simple to implement, this method is used. By changing the
operating voltage and monitoring the changes in power both before and after
the perturbations, this method allows for the tracking of MPP. Then, based on
variations in power, it produces the duty cycle perturbations. Figure 7 depicts
the P&O method’s flowchart.

If the power change to the voltage change is positive, the MPP shifts to
the left; otherwise, it shifts to the right. Additionally, this process continues
until (dP/dV) equals zero [35-38]. This method’s primary flaw is that it
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Figure 7 Flowchart of P&O method of MPPT.
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deviates from the maximum operating point when atmospheric conditions
are quickly changing. The tracking speed and oscillation are traded off to
get the perturbation magnitude in the P&O. When a minor perturbation is
applied, oscillations close to the MPP are reduced with a slower tracking
speed, and when a big perturbation is applied, a rapid tracking speed with
more oscillations is the consequence.

5 Results and Discussion

The results are presented in this section. In Figures 8 and 9, the red waveform
and blue waveform depict respectively the input power and output power.
Step variations in input power correspond to changes in irradiance, and it is
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Figure 8 Power Waveform obtained through Constant current method.
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Figure 9 Power Waveform obtained through the P&O method.
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clear from the data that output power tracks these changes as well. In both
Figures 8 and 9, the input power is the output of the PV panel used. However,
the output power is the power at the output of the converter. From the analysis,
it is observed that the CC technique is failed to eliminate the transients at
every step change. It is also observed that CC is less efficient in tracking
the input power (the response is depicted in Figure 8). On the other hand,
Figure 9 depicts the response of the model through P & O technique. It is
observed that the P&O technique is efficient in tracking the input power. Also,
there are almost negligible transients at every step change. On comparing the
results obtained through CC and P&O techniques, it is observed that the P
& O technique provides better tracking and power extraction than the CC
technique.

The values of input and output powers as obtained from CC and P&O
techniques have been given in Table 2.

Figure 10 shows the waveforms of the output power obtained using both
techniques (red waveform — CC technique and blue waveform — P & O

Table 2  Values of the power and percentage extraction

Input Output %Age Extraction
Technique Power (W)  Power (W) of Power
Constant Current (CC) 12.86 12.11 94.17%
Perturb and Observe (P&O) 23 21.68 94.26%

Comparison of Output Power (Po)
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Figure 10 Comparison of the output power.
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technique). The zoomed part in Figure 10 shows the presence of transient in
the output. The waveforms also depict that at every step change, CC technique
exhibits transient which are major between 0.35 s to 0.4 s (as shown in
the box in Figure 10). However, the P&O technique gives almost a smooth
output with almost negligible transients. This comparison shows that the MPP
tracking produced by the P & O technique is better and has fewer transients
than that produced by the CC method.

6 Conclusion

The performance of the CC technique (also known as the Fractional Short
Circuit Current (FSCC) technique) and the P & O technique, two well-known
conventional MPPT procedures, has been briefly studied in this research.
The P & O methodology of MPPT is an online technique, whereas the CC
technique is an offline method. The study’s goal was to comprehend how a
solar PV system’s output power behaved when the two methodologies were
used on it. From the results obtained, it is observed that the P & O method
gives better and more stable MPP tracking and power extraction with fewer
transients.
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