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Abstract:

The increasing environmental repercussions and depletion of nonrenewable energy resources
have cautioned and enabled researchers to incorporate renewable energy systems. Amongst the
renewable energy resources, the solar energy system has been utilized in most parts of the world
due to cheaper, reliable, robust and sustainable energy resource than other resources. The
Maximum Power Point Tracking (MPPT) techniques are used for increasing the power output
of the PV array. The Perturb and Observe (P&O) technique is a widely used MPPT technique
due to its higher efficiency and ease of implementation. The proposed “Perturb and Observe
(P&O)” MPPT technique is incorporated through MATLAB Simulation software on PV arrays
of various companies. The results are then compared through comparative analysis and optimum
results are recommended for the manufacturing companies.

Keywords: Perturb and observe; Maximum power point tracking; Photovoltaic; MATLAB;
simulation; comparative analysis; renewable energy; power & efficiency

1. Introduction

The vast usage of non-renewable energy
resources around the world has implicated
hazardous effects on the environment and
become a chief cause of the depletion of fossil
fuels [1]. The growing environmental impacts
and depletion of conventional energy
resources shifted the focus of many countries
from conventional energy resources to
renewable energy resources. The conventional
energy resources made it possible to reduce the
dependency on non-renewable energy
resources and became a considerable cause for
the economic growth of the world [2]. In
renewable energy resource, Solar energy is
free of pollution, robust in its operation, with a
low maintenance cost required, considerable
useful life and is widely available with

comparable efficiency and reliability [3-4].
Many applications such as thermal power
production, pumping system, electric power
generation, battery charging stations and
electric vehicles employ solar energy system
for their operation [5]. PV cells are composed
of different semiconductor materials and when
posed to the sunlight become electrically
conductive and transform a part of solar
irradiance directly into electrical energy [6].
Solar arrays are made by interconnecting PV
modules in combined series and parallel,
whose characteristics are the same as that of a
single module [7]. The V-I characteristics of
PV cell are non-linear and depend upon the
intensity of sunlight and its temperature, due to
the  continuous  varying  atmospheric
conditions, the efficiency of solar modules
changes [8-9]. Several MPPT techniques have
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been utilized for improving the efficiency and
reliability of PV modules such as Perturb &
Observe technique, Fuzzy logic control
technique, Incremental Conductance
technique etc. The Perturb & Observe (P&O)
technique offers greater efficiency and
reliability with robust in construction and
simple in operation [10].

The P&O technique is widely used to
improve the performance and efficiency of PV
module using the MPPT algorithm. This
technique utilizes a feedback approach in
which output power is continuously compared
with the previous perturbation cycle [11]. It
follows the previous value, if the present
output power is greater than the previous value
then its power will remain in the same
direction while its direction will be reversed if
the current value of output power is lesser than
the previous value [12]. The authors J. Ahmed
et al., researched to enhance the efficiency of
the existing P&0O MPPT system by controlling
steady-state fluctuations and proper tracking of
direction [13]. The efficiency was improved by
mitigating  steady-state  fluctuations and
removing the possibility of divergence from
the MPP locus [14]. MPPT technique for
extraction of optimum power from PV module
by locating the operating point at maximum
level [15]. These authors have also set a
classification of various MPPT techniques
based on variables and algorithms which are
important for selecting a suitable technique for
the PV modules [16-17].

The above papers have extensively
discussed and compared the various MPPT
techniques but none of them has compared the
manufactured PV models, so this paper
compares the voltage and power output of
various PV models of different companies and
validates the best model among them by using
P&O MPPT technique.

2. Proposed Model Description

A model was developed in the MATLAB
software in which two PV arrays each of 100
kW are used at a constant sun irradiance of
1000 W/m2, The output voltage of each PV

array was amplified to 500 Vpc by utilizing a
boost converter.

Two MPPT controllers based on (P&O)
technique were incorporated in the boost
converters which amplify the output of PV
arrays to 500 Vpc employing a function block
that generates programmable C code. These
boost converters are then connected to a single
three phase voltage source converter (VSC)
which changes the incoming voltage of 500 V
DC to 260 V and maintains the unity power
factor. There are two control loops in a system:
an outer control loop that maintains the DC
voltage to +/- 260 V and an inner control loop
that maintains active current (ID) and reactive
current (1Q). 1Q is used for maintaining the
unity power factor.

Three modulating reference signals
utilized by a three-level pulse generator are
produced by changing active and reactive
voltage outputs of the current controller.

From t=0 sec to t=0.05 sec of simulation,
pulses to VSC and Boost are not functionalized
and the open-circuit voltage of PV models has
appeared at output terminals, that charges the
capacitors above 500 V DC after passing
through diode rectifiers.

At t=0.05 sec of simulation, the VSC and boost
converters are included in the simulation. The
duty cycle of boost converters is fixed at D=0.5
and sun irradiance is set to 1000 W/m?. Steady-
state is reached at 0.25 sec. The resulting PV
voltage is given by (1):

Vo = (1 = D)Vq, €y

Therefore,
Vpon = (1 —10.5) %500 = 250 V

At t=0.4 sec of simulation, MPPT is enabled.
The MPPT controller starts controlling PV
voltage by adapting the duty cycle for
extracting maximum power. At 0.485 duty
cycle, the maximum power of 100.7 kW is
achieved.

From t=0.7 sec to t=1.2 sec of simulation,
irradiance is reduced from 1000 W/m? to 250
W/m? and at t=1.2 sec, when irradiance has
reduced to 250 W/m?, duty cycle is 0.485.
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Equivalent PV voltage and power are Vmean =
255V and Pmean= 22.6 KW respectively.

From t=1.5 sec to 3 sec, several irradiances are
applied for elucidating the better performance
of the MPPT controller and the unity power
factor was observed on the scope grid

The controlling system utilizes a discrete
time of 100 microseconds for voltage and
current  controllers and the harmonics
produced by the voltage source converter is
filtered by utilizing the capacitor bank of 20
kVAR. Furthermore, the terminal voltage of
VSC (260 V) is stepped up to 25 kV by using
a 200 kVA three-phase coupling transformer.
The 25 kV output voltage of a stepped-up
transformer is then transmitted to a utility grid
of 25 kV distribution feeder as depicted in Fig.
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Fig. 1. Utility Grid System

3. Results and Discussion

The data of eight different PV models were
simulated under the Standard Temperature and
Pressure (STP) condition and at a constant
solar irradiance of 1000 W/m2.

The comparison of two PV models was
done at a time and one particular PV model
was taken as a reference model (Canadian
Solar CS5P-220M). The complete data of
simulated models are given in Table 1.

TABLE I. Manufactured models data at
STP

(pp. 59 - 66)
Input
Sr. Model Irradiance Teorgp.

(W/mZ) ( )

1 Canadian Solar 100 25
CS5P-220M

2 First Solar FS- 100 25

272
3 Sanyo HIP-225 100 25
HDE1
4 Sun Power 100 25
SPR-305-WHT

5 Sun Tech 100 25
STP270S-24

6 Mitsubishi PV- 100 25
UD190MFS

7 Kyocera 100 25

KD205GX-LP
8 BP Solar 100 25
SX3190

The graph of constant irradiance (1000
W/m?) is shown in Figure 2. The irradiance for
each PV model was kept the same but varies to
time so that the output power and voltage can
be analyzed and compared simultaneously.
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Fig. 2. Solar Irradiance (W/m?)

The Canadian  Solar  CS5P-220M
(Reference model) is simulated with First
Solar FS-272 and simulated voltage and power
graphs are shown in Fig. 3 and Fig. 4
respectively. It is depicted in Fig. 3 that the
output voltage of First Solar FS-272 fluctuates
initially and gets damped after some time. It is
also observed that CS5P-220M is more
sensitive to FS-272 with respect to varying
irradiance. Despite irradiance sensitivity, the
output voltage of FS-272 is more than the
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CS5P-220M. The power output graph of Fig. 4
shows that the output power characteristics of
CS5P-220M are far better than the FS-272 due
to sensitivity and current capacity.

The Canadian Solar CS5P-220M
(Reference model) is simulated with Sanyo
HIP-225 HDEL. Simulated voltage and power
graphs are shown in Fig. 5 and Fig. 6
respectively. It is clearly shown in Fig. 5, the
output voltage of Sanyo HIP-225 HDEL is
impulsive initially but gets damped after some
time and the output voltage of Sanyo HIP-225
HDEL is more than the Canadian solar as
shown in Fig.8. The power output graph in Fig.
6 shows that the output power characteristic of
Sanyo HIP-225 HDEL is better than Canadian
Solar CS5P-220M.
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Fig. 3. The output voltage of CS5P-220M
and FS-272
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Fig. 5. The output voltage of CS5P-220M
and FS-272

The Canadian  Solar  CS5P-220M
(Reference model) is simulated with Sun
Power SPR-305-WHT and simulated voltage
and power graphs are shown in Fig. 7 and Fig.
8 respectively. In Fig. 7 the output voltage of
First Solar FS-272 is largely fluctuating
initially but gets damped after some time. So,
Sun Power SPR-305-WHT is more sensitive to
Canadian Solar CS5P-220M due to varying
irradiance. Despite irradiance sensitivity, the
output voltage of Sun Power SPR-305-WHT is
more than the Canadian solar CS5P-220M as
shown in Fig.7. The power output graph in Fig.
8 shows that the output power characteristics
of Sun Power SPR-305-WHT are quite better
than Canadian solar CS5P-220M.
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Fig. 4. The output power of CS5P-220M and
FS-272
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Fig. 6. The output power of CS5P-220M and
FS-272
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The Canadian  Solar  CS5P-220M
(Reference model) is simulated with Suntech
STP270S-24 and simulated voltage and power
graphs are shown in Fig. 9 and Fig. 10
respectively. It is clearly set out in Fig. 9 that
the output voltage of Sun Tech STP270S-24 is
highly impulsive at the initial stage but gets
damped after some time. The output voltage of
Sun Tech STP270S-24 is considerably more
than Canadian solar as shown in Fig. 9. The
power output graph in Fig. 10 shows that the
output power characteristics of Sun Tech
STP270S-24 are far better than Canadian Solar
CS5P-220M.

The Canadian Solar CS5P-220M
(Reference  model) is simulated with
Mitsubishi PV-UD190MFS and simulated

voltage and power graphs are shown in Fig. 11
and Fig. 12 respectively. It is clearly shown in
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Fig. 7. The output voltage of CS5P-220M
and SPR-305
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Fig. 9. The output voltage of CS5P-220M
and Suntech STP270S-24

Fig. 11 that the output voltage of Canadian
Solar CS5P-220M s better and is observed
that both PV models have adaptive
characteristics to varying irradiance. The
power output graph in Fig. 12 shows that the
output power characteristics of Mitsubishi PV-
UD190MFS are superior to Canadian Solar
CS5P-220M. The Canadian Solar CS5P-220M
(Reference model) is simulated with Kyocera
KD205GX-LP and simulated voltage and
power graphs are shown in Fig. 13 and Fig. 14
respectively. It is shown in Fig. 13 that the
output voltage of Canadian Solar CS5P-220M
is better and is analyzed that both PV models
have fairer characteristics to varying
irradiance. The power output graph in Fig. 14
shows that the output power characteristics of
Kyocera KD205GX-LP are better than
Canadian Solar CS5P-220M.

120

T T T
[ Canadian Solar CS5P-220M
== _=Sun Power SPR-305-WHT | |

Power(kW)

I L L . .
0 0.5 1 15 2 25 3
Time(sec)

Fig. 8. The output power of CS5P-220M and
SPR-305
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Fig. 10. Output power of CS5P-220M and
Suntech STP270S-24
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Fig. 11. The output voltage of CS5P-220M
and Mitsubishi P\V-UD190MFS
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Fig. 13. The output voltage of CS5P-220M
and Kyocera KD205GX-LP
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Fig. 15. The output voltage of CS5P-220M
and BP Solar SX3190

The Canadian Solar  CS5P-220M
(Reference model) is simulated with BP Solar
SX3190 and simulated voltage and power
graphs are shown in Fig. 15 and Fig. 16

(pp. 59 - 66)
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Fig. 12. The output power of CS5P-220M
and Mitsubishi PV-UD190MFS
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Fig. 14. The output power of CS5P-220M
and Kyocera KD205GX-LP
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Fig. 16. The output power of CS5P-220M
and BP Solar SX3190

respectively. It is cleared from Fig. 15 that the
output voltage of Canadian Solar CS5P-220M
is more than BP Solar SX3190 with respect to
similar sun irradiance. The power output graph
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in Fig. 16 depicts that both PV models have
common varying nature and BP Solar SX3190
has far better power output than Canadian
Solar CS5P-220M. The cumulative chart
showing output voltage and power of all
simulated PV models are shown in Fig. 17 and
Fig. 18, respectively. After analyzing and
comparing all simulated PV models voltage
profiles, Kyocera KD205GX-LP showed the
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Fig. 17. Cumulative chart of the output
voltage of all simulated PV models
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4. Conclusion

The model was developed in the Matlab
software for simulating the PV models of
different manufacturing companies at constant
solar irradiance and Standard Temperature and
Pressure (STP) conditions.

4+ The output voltage of simulated
manufactured models was amplified by
boost converter and remained persistent
irrespective of varying atmospheric
conditions by using the (P&0O) MPPT
technique.

The harmonics produced by power
semiconductor devices in VSC were
mitigated by utilizing a reactive power
compensator, thus unity power factor
was maintained at the output.

The output voltage and power of each
manufactured model were analyzed,
and it was concluded that the voltage

lowest voltage output while Sun Tech
STP270S-24 possessed the highest output
voltage profile among all simulated PV
models. And it is also observed from output
power graphs of simulated PV models that
First Solar FS-272 showed the lowest power
output and Suntech STP270S-24 proved to be
a PV model with the highest power output
among all simulated PV models.

Output Power (kW)

140 124.52

120 106.59

91.04 92.62 92.81

100

7251
80 62.58
60
0
17 58
20
0
»
"
&
N Q
&> o '\1\ S e" £
6’“’ '”” é’“ & &
R &€

Fig. 18. Cumulative chart of the output
power of all simulated PV models

and power profiles of “SUNTECH
SPR-400-WHT” are the most efficient
among all simulated manufactured
models.
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