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Comparative Study and Simulation of P&O Algorithm using
Boost Converter for a Photovoltaic System
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{Abstract)

The excessive need of power is creating an unbalance situation in power sector,
where solar energy is one of the best solutions among other energy sources to
mitigate this demand. It is globally accepted because of its flexibility and long life
compared to others. A lot research is going on to enhance the energy efficiency by
introducing photovoltaic (PV) power generation technology, but still irradiation of PV
power is the major problem. In this manuscript, we have designed PV module using
single diode methodology and also the solar conversion efficiency was boosted with
maximum power point tracking (MPPT) by using perturb and observe (P&O) algorithm.
The simulation was done for 1000W/m’ and 800W/m® at solar irradiance in cell
temperature of 25C and 40C degree levels in PSIM tool.
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1. Introduction

that the
consumption of petroleum and its products

Last decade, it is noticed
are increasing rapidly, and if quickly it is not
controlled then there would be large scarcity
of the products in coming year 2040[1]. So,
to overcome the crises and environmental
pollution, researches are going on to generate
electricity by some other medium, which is
such as PV

Photovoltaic(PV) power generation technology

not  hazardous system.
is capable to convert light into electricity
without any emissions[2,3]. The factors which
is affecting PV module is solar radiation
intensity, cell temperature and the output
voltage. Therefore, we must consider the
same factor before designing PV arrays [3,5].
Previously many research groups have
preferred circuit-based approach to depict PV
module but it results, not prominent in the
[2,6]. Thus,
(MPPT)

technology has been incorporated to avoid

varying atmospheric conditions
maximum power point tracking
such interference.  In-spite  of  many
algorithms, perturb and observe (P&O) based
algorithm is used because of its simplicity
and effective implementation [7,9]. The paper
focuses on the successful simulation of P&O
(perturb and observe) MPPT algorithm by the
boost converter for maximum utilization of

available power using PSIM software. The
comparative study of the solar irradiance
with 1000W/m* and 800W/m* was also done

at the cell temperature of 25C and 40C.

The organization of this papers is as
follows: Introduction 1, Section 2, describes
the PV module, Section 3, Boost converter,
Section 4, explains MPPT tracking, Section
5, Designing and results and  Section 6,

concludes the paper.

2. Modelling of photovoltaic module

The photovoltaic (PV) cell is fabricated by
the semiconductor materials, with sandwich
structure of n-type
The
produce power in exposing to sun rays by

junction and p-type

junction. photovoltaic ~ system  can
the photovoltaic effect as depicted in Figure
1(@). The mathematical description of I-V
characteristics of the solar cell is given below
Figure 1(b): The V-I characteristic of a solar

cell is given by Eq.(1)

qv+1xRs)

- X
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Rsh Sy
Where:

V and I represent the output voltage and
current of the solar cell respectively. Rs and
Rsh are the series and shunt resistance of the
cell.

q - the electron charge, (1.6>x107")

Io : the reverse saturation current(A)

I, : Light-generated current(A)

T @ Cell temperature in Celsius(*® C)

nk : Ideality constant and Boltzmann’s

constant, (1.38x 10" % J/k)
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Fig. 1(a) Structure of Photovoltaic cell

Fig, 1(b) Equivalent circuit of Solar cell.

3. Boost converter and fundamental
operation

The boost converter or step up converter
controls the DC output from the unregulated
DC input source by simply regulating its duty
cycle. Duty cycle (D) of power device is the
ratio of ON-time to the total time of any
cycle, it can be calculated from equation 2.

Dutycycle D=1— IZZZt @)
inductor D1
- ::C1 1 H3 = 2 -g
Vin Switching H) Ql .3
controller

Fig. 2 The diagram of boost converter

Figure 2 shows the mode operation of
boost converter, where the boost converter is
connected to the solar panel and resistive
load.
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Fig. 3 The output waveforms of boost
converter

Figure 3 shows the output waveforms of
voltage, and inductor voltage, diode current
and inductor current.

4. Model of MPPT tracking and P&O
algorithm

The P&O algorithms are generally practiced
in MPPT because of its simple structure and
ease in the implementation. It is depending
on the incrementing and decrementing the
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perturbation of Voltage(V) and Current (I) and
also perceiving results of disturbance on
measured power.

MPPT techniques are used to increase the
effective utilization of solar panels. Here in
the maximum power is extracted from the
module and transferred to the load. The
interfacing device(DC/DC converter) is used,
by changing the duty cycle, load impedance
to match with source impedance for
receiving maximum power.

The formula of impedance matching is
given in equation 3, where Reff presents the

effective resistance of module.

W”_m:(l—DQ)leoad 3)

B = Iin 1,
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Fig. 4 P&O algorithm implemented by analog
blocks

PERTURB & OBSERVE TECHNIQUE It is
very prominent technique, which can be

implemented by utilizing very less number of

sensors. Two important points need to be

considered before the applying P&O method.
The algorithm should
sampling rates and second the response time

imply with high

of the MPPT power converter should be very
fast, although keeping the switching frequency
in low mode. Hence the algorithm is
produced by perturbing very small increment
in voltage of PV and witnessing resultant
change in power. If AP is positive, then
perturbation will lead towards maximum
power point and if AP is negative, then
operating point has moved away from
maximum point. So, perturbation should be
reversed to return back to maximum point
[4]. The flowchart of P&O technique is
represented in Figure 5, here in the voltage
perturbation is corresponding to change in

duty cycle.

€
§ Measuri V(R IERY

.calculat\cn of pnwnr-'

P(K)=V(K) * 1K)
i 1
No = e Yes
<TP(K)=P(K-1)
- (K)>P(K-1) — 3
No_. . Yes No P Yes
f: VAK)>V(K-1) —* l— V(K)>V{K-1)--‘—l
s J-Dec:reasé. el e
| Duty Ratio Duty Ratio Duty Ratio Duty Ratio

-Return:

Fig. 5 flowchart of P&O algorithm

P&O algorithm is implemented and shown
in flowchart Fig. 5.
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5. Simulation model and Result

A The Model

Simulations of proposed model is carried
in PSIM tool.
interface make PSIM a noble

out Fast and affable user
simulation
platform in this process. Figure 6 shows the
Block diagram of simulation model, designed
by panel specification in this solar module

utility, available in powersim.

DC-DC Power
Converter

Photovoltaic
Module

of booster and
different
temperature level are shown in Table 2 and 3.

and ratings the output

parameters  for irradiance  and

Table 2. Output parameters of PV array for
temperature (T=25C) and different imradiance

Cell temperature T=25C
Imp(A) | V1(V) | Pmax1(W)
Solar irradiance
S 800 W 28 | 164 46.2
Solar irradiance
S— 1000 12 3.5 | 162 56.8

Table 3. Output parameters of PV array for
temperature(T=40C) and different irradiance

controller
Fig. 6 Block diagram of MPPT controller using
boost converter

The parameters of the MSX-60 are given
in Table 1, which is essential to model the
PV array.

The specification(Table 1) of PV panel,
Boost converter used for PV module (MSX-60),

Table 1. Spedfication of photovoltaic panel

Cell temperature T=40C
Imp(A) | V2(V) | Pmax2(W)
Load Solar irradiance
=l p 2.8 153 42.9
Solar irradiance
S 1000 W] 347 | 151 52.7

Parameter Variable Value
Typical Maximum Power | P(max) | 60W
Voltage at Max.Power Vimpp) | 17.2V
Current at Max.Power Ilmpp) | 3.5A
Minimum Power Rating P(min) 58W
Short circuit current I(sc) 3.8A
Open circuit voltage V(oc) 21.2v
Number of cells in array | Nc 36

Figure 7 shows the 1-V and P-V array power
for 1000W/m?* and 800W/m? insulation intensity
at fixed temperature. It is observed that the
output voltage of PV module has great effect
with the temperature. The increment in PV
module temperature, decreases the output
power.

And at 1K temperature leads to approx-
imately 0.6 to 0.8% decrement in electrical
efficiency while PV output current shows the
linear relationship. Maximum power point
(MPP) is a main factor for I-V and P-V array

curve.
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Fig. 7 The typical IV and P-V curve of solar
cell with different irradiance

we need to track the MPP
continuously under different

Therefore,
environmental
variations to receive the maximum output
from PV array.

Table 4. Spedfication of boost converter

B. Waveforms showing simulated
output for different irradiance
and temperature levels

The proposed model is simulated for two
different irradiance: 1000W/m?* 800W/m’ at
of 25, 40-degree
simultaneously. The simulated waveforms of
output power without MPPT and with MPPT

cell temperature levels

algorithm, at 0.5 duty cycle is shown in

Parameters Values Unit
Input voltage(Vin) 10-20 W) Figure [9, 10, 11, 12, 13]. It is quite feasible
Max.output voltage(Vour) 24 W) from the output waveforms with MPPT
Load resistance (R) 14 ) algorithm can efficiently track the output
Switching frequency (Fsw) 25kH ) power to provide maximum outputs different
Inductor (L) 220u (H) irradiance and temperature.
Capacitor (C) 270u )
Input capacitor (Cin) 15u ®
Duty cycle (D) 0.58 _
£
E 9200 4
On the other hand, the simulation of boost E
converter is carried out using resistive load .

MPPT in PSIM (Figure 8). The PV panel
output is boosted to 24V DC by using boost
converter.

time(s)
Fig. 9 The irradiance levels during simulation with
time[1000W/m2. 800W/m?].



From the wvarious simulation results for
different solar irradiance and constant cell
temperature it is clear that output power of
the PV module and Boost converter increases
with increasing solar irradiance.

For these levels of irradiation and the
following figure represents the maximum
power in the output of PV array and boost
converter.
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Fig. 10 PV array power of without P&O algorithm
for different irradiance level at T=25C.
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Fig. 11 Output power of with P&O algorithm for
different irradiance level at T=25C,

The change of cell temperature 40 degree
is presented in the Figure 12, 13, for
different irradiance.
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Fig. 12 PV array power of without P&O algorithm
for different irradiance level at T=40C,
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Fig. 13 Output power of with P&O algorithm for
different irradiance level at T=40C,

Table 5, 6 shows the comparison between
PV array power and output power, with
MPPT and without MPPT algorithm under
two different (25° and 40° ) cell temperature.

Table 5. Comparing PV power and output power
under cell temperature T=25C

Irradiance(W/m? | no MPPT | With MPPT
800 27.3W 28.5W
1000 28.3W 29.6W

Table 6. Comparing PV power and output power
under cell temperature T=40C

Irradiance(W/m? | no MPPT | With MPPT
800 23.1W 25.4W
1000 24.9W 26.5W
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6. Conclusion

In summary, the P&O algorithm with MPPT
and without MPPT under current regulation is
implemented using boost converter. The PSIM
software with boost converter as power
conditioning unit and also results at constant
duty cycle of 50%. The simulation result that
the P&O algorithm can be achieved and
maintained by the operation of PV at
maximum power point. Irradiation increment
gradually increases the PV power, but on the
hand

decrease the PV power slowly. The effect of

other increase in temperature will
variation in temperature and irradiance in
output power is also noticed. The output
result reveals that the output power for
1000W/m?* and 800W/m? at solar irradiance
in cell temperature of 25 and 40-degree
this
process the results were also verified with

maximize with MPPT algorithm. In

the theoretical calculations. Finally it may be
concluded that the proposed system with
MPPT algorithm is capable to track the PV
module efficiently for receiving maximum power.
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