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Abstract — This paper proposes a modified perturb and observe algorithm approach to
increase the output power of an independent photovoltaic system. Today, photovoltaic
application as renewable energy power plant has been prevalent. This popularity is
because photovoltaic power plants are easy to apply on-grid and off-grid schemes. In
standalone power generation applications, the increased photovoltaic output power is of
great help to users as it contributes to increasing overall system efficiency. The perturb
and observe algorithm has been known as a reliable and inexpensive method. However,
the performance still needs to be improved. Therefore, this study proposes a modified
perturb and observe algorithm approach. The research results show the superiority of the

proposed method.
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I. Introduction

Penetration of renewable energy power
generation has been increasingly encouraging in
recent decades [1]. The main problem that causes it
is the depletion of fossil energy reserves, namely oil,
natural gas, and coal. Another problem the world
faces is carbon emissions, or, more broadly,
environmental issues [2]-[3]. Many parties have
campaigned for the use of clean and environmentally
friendly energy [4]. The choice is a renewable energy
power plant. One type of potential renewable energy
power plant worldwide, including in Indonesia, is a
solar photovoltaic power plant [5]. Indonesia's solar
energy potential is 207.898 GW, and the target for
developing solar photovoltaic power plants in 2025
is 6.5 GW [6]. Solar power plants using solar
photovoltaics are promising alternative power plants
for sustainable energy development, as well as
environmentally friendly and low operational and
maintenance costs [7]-[9]. However, due to weather
conditions and the non-linear nature of solar
radiation, this power plant fluctuates significantly,
requiring additional devices, such as power
converters.

An essential problem with photovoltaic power
plants is their low efficiency and significant energy
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loss during operation [10]. Therefore the main
challenge of solar photovoltaic operations is
extracting the maximum power generated. The
technique commonly used for maximum power
extraction is maximum power point tracking (MPPT)
[11]-[12]. MPPT is an effort always to get the
maximum power point in various solar irradiation
conditions. In order to get the maximum power point
of solar photovoltaic, optimization is carried out by
utilizing a boost-type dc-dc converter [13]. The dc-
dc converter is used in solar photovoltaic systems to
regulate photovoltaic voltage by varying the duty
cycle through the MPPT technique to maintain the
solar photovoltaic operating point at the maximum
power point. The output of this converter is
controlled using a controller so that the output
voltage and current will produce maximum power
under various conditions of electrical load and solar
irradiation that hits solar photovoltaic [14]-[15].
Researchers worldwide are competing to find a
solution for maximum power extraction from solar
photovoltaics using the MPPT technique [16]-[17].
However, the problem often encountered in the
MPPT methods developed in these studies is the
system's stability when the electrical load changes.
The greater the electrical load solar photovoltaics
serves, the ability to extract maximum power
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decreases. These studies include those in Ref. [18],
which describes a power monitoring method with
conventional MPPT techniques designed to operate
under uniform environmental conditions. In contrast,
non-uniform conditions do not give the desired
results.

Furthermore, in  reference [19], using
microcontroller-based control techniques, maximum
power extraction with fewer oscillations is carried
out. In references [20] and [21], mathematical
modeling of solar photovoltaics must consider
variations in solar illumination, voltage, and output
current. This modeling is advantageous in further
MPPT method development. The most widely used
MPPT maximum power extraction method in the
literature is the perturb and observe (P&O) method,
as described in Refs [22]-[24]. The P&O method
operates by periodically varying the terminal voltage
of the solar photovoltaic and correlating the previous
fault cycle with the generated power. Perturbed will
inform the pattern of changes in solar photovoltaic
voltage and current, while observing will calculate
the generated power. The addition or reduction of
voltage in the next step is evaluated by comparing the
power generated before and after the perturbed
process [25]. This procedure continues until the
output power reaches the maximum level. The
weakness of this method is that it could be faster and
more accurate in finding the optimal duty cycle
operating point due to the many steps of the
procedure. In addition, this method will not work
correctly when the measured data contains noise or
weather conditions change rapidly. At a steady state,
the resulting power output continuously oscillates
around the peak point with a significant losses.

Based on the literature review described above
becomes the basis for carrying out this research. In
this research, a control strategy is carried out in
optimizing the power of the converters used in solar
photovoltaic systems using perturb and observe (PO)
algorithms.

I1. MPPT of Solar Photovoltaic

11.1. Maximum Power Point Tracking

The photovoltaic's maximum power point
changes in the photovoltaic radiation and
temperature. Photovoltaic reach its maximum

working point is not done automatically but needs to
be controlled. MPPT is a method of finding the
optimum  photovoltaic  working point and
maintaining the photovoltaic work at that point.
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Many methods have fundamentally different
characteristics. Each of the methods used has
different characteristics. The use of MPPT increases
the value of the output power to determine the
difference factor from using MPPT.
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Fig. 1. Current voltage (1V) curve of a solar cell [26].
Operation at the point of maximum power is required to

get the maximum power output of the solar cell.

11.2. Solar Photovoltaic Specification

The type of solar photovoltaic module used in this
study is 1Soltech 1STH-215-P which has a
maximum output power of each solar photovoltaic
module of 213.15 watts peak. This type of solar
photovoltaic module is polycrystalline. The module's
open circuit voltage is 36.3 volts, while the voltage
at the maximum power point is 29 volts. The
temperature coefficient of the open circuit voltage set
is -0.36099 %/°C, where the number of sets for each
module is 60 pieces. The short circuit current of the
solar photovoltaic module is 7.84 amperes, with the
current at the maximum power point being 7.35
amperes. The specified short circuit current
temperature coefficient is -0.102 %/°C.

Figure 2 shows the characteristics of the 1Soltech
1STH-215-P solar photovoltaic type at 25°C used in
the simulation in this study. The graph above shows
the relationship between the solar photovoltaic
output current and the output voltage at various solar
irradiations.  The  current  versus  voltage
characteristics in the graph are shown for solar
irradiation of 0.2 kW/m?, 0.4 kW/m?, 0.6 kW/m?, 0.8
kW/m?, and 1.0 kW/m?2, In the figure, it can be seen
that solar irradiation significantly affects the current
generated by solar photovoltaics. Solar irradiation of
0.2 kW/m? can produce an electric current of 3.5
amperes.

In comparison, solar irradiation of 0.4 kW/m?, 0.6
kW/m?, and 0.8 kW/m? can produce a current of 3.8
amperes, 4.6 amperes, and 6.8 amperes. Maximum
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solar irradiation of 1.0 kW/m? can produce a current
of 8 amperes. The higher the solar irradiation that hits
the solar photovoltaic, the greater the current that can
be generated. From these characteristics, it can also
be seen that the applied working voltage has a wide
range, which can be used at 1 volt to 35 volts to get
the same current at the same solar irradiation. A
working voltage of more than 40 volts will cause the
current to decrease, and the lowest point is in the
range of 37 volts.
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Fig. 2. Characteristics of the solar photovoltaic

I11. Modified Perturb and Observe
Algorithm

Figure 3 shows the flowchart of the modified
Perturb and Observe (PO) algorithm. The PO
algorithm works in 2 stages, and perturbation is the
disturbance of the Vref value. At the same time, the
observation process observes the power value that
has changed due to the previous perturb. When the
algorithm works, it is positive if there is a change in
the observed power. The following perturbation
process will continue in the same direction. If the
observed process occurs, the power value changes
negatively, and the perturbation process goes the
opposite. An algorithm (P&O) with the Hill
Climbing method can be used to control maximum
power point tracking. The method in this algorithm
is based on Figure, there are three types of section
points, and their positions are located in three
different parts. On the left peak section AP/AV > 0,
the peak of the AP/AV = 0, and on the right peak
AP/AV < 0.

This method works based on the perturbing
(increasing or decreasing) duty cycle. When there is
a change in the duty cycle value, the power changes
will be seen. If the current power is greater than the
previous power, the duty cycle value will increase.
The duty cycle value will be reduced if the current
power is less than the previous power. Therefore, this
method requires an input value of the output power
to determine the power that falls on the load.

Copyright © 2022 Journal of Electrical Technology UMY

114

e ™
[ Start )

i
v

Input the data:
V(n) and I(n)

|

‘ P(n) = V(n)*I(n) ‘

|

AV =V(n) - V(n-1)
AP =P(n) - P(n-1)

!

AN

y N N
< AP>0 >
\ Vi
i 4 l
FaN N
, N v ) X

G\

[N

Y N

CAave0

AN
L AD = AD*C

‘ D-AD ‘ ‘ D-AD ‘

v

P(n-1)=P(n)
V(n-1)= V(n)

Fig. 3. Flowchart of the modified Perturb and Observe
(PO) algorithm [6]

1VV. Results and Discussion

The modified PO algorithm in this research tests
its sensitivity value based on parameter changes to
the optimization results. In the experiments tested,
radiation values were used between 0.6 KW/m? to 1
kW/m? with a fixed temperature value of 25 °C and
a resistance value of 20 Q.

The simulation results from the sensitivity test
show that the irradiance value increases in direct
proportion to the power generated. 600 W/m?
irradiation produces a solar PV output power of
125.9 W. Furthermore, for 800 600 W/m?, radiation
produces an output power of 166.3 W. The final test
is 1 KW/m? irradiation, which produces a solar PV
output power of 206 W.

The next step is to simulate to analyze the solar
cell system for the output power under different solar
radiation conditions and cell temperatures. For
starters, the simulation is carried out under
conditions at a fixed temperature according to
environmental conditions. In this condition, the solar
radiation is 1 kW/m?, and the cell temperature is 25
°C. The simulation results for the P-V curve are
shown in Figure 4, Figure 5, and Figure 6.
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Fig. 4. Voltage of solar photovoltaic at 25 °C
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Fig. 6. Power change of solar photovoltaic with change of solar irradiance at 25 °C
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Figure 4 shows the voltage of solar PV at 25 °C.
The figure shows the change in solar photovoltaic
voltage in a period of 0.1 seconds. In this brief span
of time, it can be seen that the dynamics of changes
in solar photovoltaic voltage occur. Violent
fluctuations occurred during the first 0.013 seconds.
The photovoltaic solar voltage oscillates from 0 to a
maximum of 34 volts in 0.002 seconds, then drops to
-19 volts in 0.002 seconds. This fluctuation occurs
for the first 0.013 seconds, and then there is no
significant oscillation. This condition without
significant oscillation is achieved by outputting a
solar photovoltaic voltage in the range of 30 volts.
This system achieved a 30-volt voltage that lasted a
long time. There are ripples in achieving this 30-volt
voltage, but the ripples are small. Thus, the modified
PO algorithm applied to the MPPT solar photovoltaic
has succeeded in making a great control. This
reasonable control also produces a maximum output
voltage in the range of 30 volts, according to the solar
photovoltaic rating of 29 volts.

Figure 5 shows the power output of solar PV at
25 °C. Similar to the change in voltage in Figure 4,
Figure 5 also shows the change in solar photovoltaic
power in a period of 0.1 seconds. In this brief period,
it can be seen that there is a dynamic change in the
output power of solar photovoltaics. Violent
fluctuations also occurred during the first 0.013
seconds. The oscillating solar photovoltaic output
power starts from 0 to reach a maximum of 215 watts
in 0.002 seconds, then drops to -155 watts in 0.002
seconds. This fluctuation occurs for the first 0.013
seconds, with no significant oscillation. This
condition without significant oscillation is achieved
with a solar photovoltaic power output in the range
of 213 watts. This achieved an output power of 213
watts lasts a long time. There are ripples in the
achievement of this 213-watt power, but the ripples
are small. Thus, the modified PO algorithm applied
to the MPPT solar photovoltaic has succeeded in
making a great control. This reasonable control also
produces a maximum output power in the range of
213 watts, according to the solar photovoltaic rating,
which is 213.15 watts.

The performance of the built MPPT system will
also be seen in the changing exposure to solar
radiation. Therefore, a simulation assumes the cell
temperature remains at 25 °C, and the solar radiation
varies. At 0<t<0.2, the solar radiation is set to 600
W/m?; when 0.2<t<0.3, the solar irradiance value is
increased until it reaches 800 W/m?; when 0.3<t<0.4,
the value of solar radiation is increased again to 1000
W/m2,
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Figure 6 shows the Power change of solar
photovoltaic with a change of solar irradiance at ©25
°C. Solar irradiance of 600 W/m? produces a solar
photovoltaic output power of 129.5 wiatts.
Furthermore, under 800 W/m? solar irradiances, it
produces a solar photovoltaic output power of 171.9
watts. The last simulation of changes in solar
irradiance was carried out when the maximum
conditions were 1000 W/m?, At this peak condition,
a maximum power of 213 watts is generated,
according to the specifications of the solar
photovoltaic used.

In Figure 6, it can also be seen that at the
beginning of solar photovoltaic generating electricity
with a solar irradiance of 600 W/m?, there was a
significant oscillation. However, these oscillations
only occur within a narrow time span of 0.013
seconds. The oscillating solar photovoltaic output
power starts from O to reach a maximum of 215 watts
in 0.002 seconds, then drops to -155 watts in 0.002
seconds. This fluctuation occurs for the first 0.013
seconds, with no significant oscillation. This
condition without significant oscillation is achieved
with a solar photovoltaic power output in the range
of 213 watts. This system achieved an output power
of 213 watts and lasted a long. There are ripples in
the achievement of this 213-watt power, but the
ripples are small. MPPT control using this modified
PO algorithm produces a maximum output power in
the range of 213 watts, according to the solar
photovoltaic rating, which is 213.15 watts. Thus, the
modified PO algorithm applied to MPPT solar
photovoltaics has successfully optimized the output
power.

In Figure 6, it can also be seen the performance of
the modified PO algorithm in controlling MPPT at
changes in solar irradiance to 800 W/m? and 1000
W/m?, Changes in solar irradiance can be
appropriately controlled by the system built. In
Figure 6, it can be seen that the power oscillations
that occur are tiny in amplitude and very short in
time. These excellent results demonstrate the
superiority of the proposed modified PO algorithm.

V. Conclusion

This research was conducted on the performance
of solar photovoltaic systems using an MPPT
controller based on a modified PO algorithm. This
algorithm has the advantage of being able to calibrate
without oscillation to determine the maximum power
output.

The modified PO algorithm can produce a
photovoltaic output power at a load of 206 watts.
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Based on the simulation, solar radiation conditions
are directly proportional to the output power of the
solar cell system. In contrast, the cell temperature
conditions are inversely proportional to the output
power of the solar cell. The modified PO algorithm
in the MPPT system can optimize the power
generated by solar cell modules.

This algorithm optimizes power through the
difference factor of the average output power using
the maximum power point tracking system, which
increases by 16.4% and can optimize the
photovoltaic output power even though the value of
radiation and ambient temperature changes.
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