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Abstract

Energy optimization in the Solar Power Plant system needs to have more
attention. Indonesia is a tropical country that has two seasons, where the
weather and cloud movements are frequently unpredictable, especially in the
southern region of Java Island. To overcome this problem, an inverter
equipped with maximum power point tracking (MPPT) was used. However, the
current MPPT switching system was still not optimal with an efficiency of
around 90%. In this study, the installation of MPPT was carried out in order to
optimize the power in solar photovoltaic (PV) system due to the fluctuations of
solar irradiation at PT. Jatinom Indah Agri, Blitar City. The maximum power
generated by solar photovoltaic could be achieved by using the combination of
DC - DC converter and artificial intelligence. In this study, the modeling of solar
PV system was made using MATLAB software, where the design of the solar
PV system consisted of a PV module with capacity 240W, DC to DC converter,
battery and MPPT. Genetic Algorithm (GA)-based MPPT had been tested and
compared to Particle Swarm Optimization (PSO)-based MPPT and

conventional MPPT, where the GA-based MPPT worked well in finding the
maximum power point in the solar photovoltaic system. It was found that GA-
based MPPT produced a maximum power point close to PV power with an
efficiency of 92%, while the effciciency of PSO-based MPPT and conventional
MPPT were 85% and 79% respectively. In selecting the method for designing
MPPT, a method with a wide range of sample data is required. This is due to
the fluctuation of solar irradiance received by the solar PV.

1. Introduction

PT. Jatinom Indah Agri is located in Jatinom village, Blitar city. In this village, there are many Micro, Small and
Medium Enterprises (MSMES), including vegetable traders, grocery stores, eateries, laying hen breeders, and the like.
PT. Jatinom Indah Agri is a laying hen breeder company with a close house type of cage which is also the center of the
laying hen industry in the surrounding area. The average power usage in a closed chicken coop is 14MWh/month or
the equivalent of IDR 25,000,000.-. Therefore, an innovation in the field of PLTS is needed to reduce the amount of
energy consumption from PLN. Based on the data from NASA Prediction of Worldwide Energy Resource, Indonesian
has quite high solar energy potential of around 3 — 4.6 kWh/m2, but the Meteorology, Climatology and Geophysics
Agency (BMKG) stated that Blitar city has an Average Rainy Days value of 150mm or a moderate level. In addition,
Blitar also often has cloudy conditions, which causes the irradiance intensity received by solar panels is very small and
fluctuating, namely around 800 Wh/m?Z,

Solar power plants have been installed at PT. Jatinom Indah Agri with a total capacity of 10kWp, but from this
installation the average energy generated per day was 42 kWh or there was a decrease by 20% of the total installed
power plants. This decrease can be caused by fluctuations in the amount of solar radiation [2]. Currently, the MPPT
system used was the conventional MPPT, where the DC-DC converter control system was operated manually.
However, this method were unable to produce maximum output. On this matter, an intelligent computing method is
needed to produce the maximum power value [3][4]. Controlling the MPPT with an inaccurate method can result in a
shift in the PV maximum power point due to changes in lighting and ambient temperature, as well as frequent
disturbances which result in certain power losses [5]. Therefore, controlling MPPT using intelligent computing methods
will be very useful for optimizing the power and reducing the frequent disturbances so that power quality can be
maintained properly and power loss can be minimized [6]. In addition, MPPT installation also requires a DC-DC
converter. The DC-DC converter is useful as a voltage level converter either up or down from regulated or unregulated
direct current [7].

MPPT design using intelligent computing methods had been widely carried out in previous studies
[8][9][10][11][12]. From the results of this study, various maximum power values were obtained. However, the previous
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research methods still had some drawbacks. These methods still had various deficiencies in their tracking performance
and the output power was still not optimal. Hence, the desired result was not fulfilled. Therefore, it is necessary to carry
out further research using other intelligent computing methods [13]. In a research journal, an MPPT installation design
was carried out on a PV system with a maximum power specification of 200 W. After an optimization with MPPT using
Particle Swarm Optimization (PSO) method at a constant irradiation of 1000 W/m2 and a temperature of 25°C, an output
power of 182, 84 W at a voltage of 30.98 V and a current of 5.9 A, where the efficiency obtained was 91.42%. The time
required to reach the maximum power was 0.4 seconds [14] [15].

From the previous studies, PSO-based MPPT design was good enough to use as it could produce almost
maximum power. However, this method was not optimal if there was a large voltage drop because PSO method could
not search a wider solution space. To cover these deficiencies, this study proposed the design of MPPT based on the
Genetic Algorithm (GA) method and adding a battery on DC bus. In addition, the DC-DC converter applied in the MPPT
was a buck boost converter, where this system had high performance and was able to adapt quickly to changes in
voltage [16]. With the addition of battery, the PV system could store excess power which later could be used to supply
power shortages to the load.

2. Research Method
Figure 1 shows the proposed research flow, where in this study the MATLAB software was used to design MPPT

and Simulation.
l Start
/DataCoHections/

Solar PV System Modeling using MATLAB
Software including: Solar Photovoltaic, MPPT,
Battery, and Genetic Algorithm for MPPT

Solar PV System Testing

Comparison Solar PV Testing based on
GA and PSO Algorithms

( Start

Figure 1. The research flowchart

Refering to Figure 1, this study was started by collecting data from the website global solar atlas including
irradiation and temperature at PT. Jatinom Indah Agri area. After obtaining the parameter data, the modeling systems
were carried out on Simulink MATLAB including photovoltaic module, MPPT, DC-DC converter, and Genetic Algorithm.
When all the modeling had been completed, the entire PV mini-grid system was tested. The last step was to analyze
the results and draw conclusions from the work of the PLTS system that had been made.

2.1 Block Diagram System
The design of the system used in this study was illustrated by Figure 2, where this system was built from three
main components, namely solar photovoltaic, DC-DC converter and GA-based MPPT.
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Figure 2. Block diagram of solar system

2.2 Photovoltaic Module

A solar cell is basically a p-n semiconductor junction which directly converts light energy into electricity by virtue
of the photoelectric effect. PV cells grouped in larger units form a PV module and the interconnection of more PV
modules in a series parallel configuration forms a PV array. The PV equivalent circuit was shown in Figure 3.

Rs

lj

s XZ Rj Rsh Ro

Figure 3. Series of solar cell equations

From Figure 3 Iph is the photocurrent of the cell, Rj is the (non-linear) impedance of the p-n junction and Rsh
and Rs are the resistance and series of the cell, respectively. Usually, the Rsh value is very large and the Rs value is
very small, so it can be ignored to simplify the analysis [17].

2.3 DC-DC Converter
2.3.1 Boost Converter

DC-DC bhoost converter is a converter that is used to increase the voltage. With the help of this converter, which
was originally a low-level voltage can be increased to a higher-level output voltage [19], [20]. The DC-DC boost
converter circuit is shown in Figure 4.

Figure 4. DC-DC boost converter circuits

The DC-DC boost converter circuit worked when switch Si1 was turned on by Pulse Width Modulation (PWM),
current flowed through the inductor (L) and energy was stored in it. When the switch was turned off, energy stored in
the inductor in the form of a magnetic field provided an induced voltage across the inductor which added to the input
voltage. The input voltage and the voltage across the inductor were in series and collectively charge the output capacitor
(Cout) to a higher voltage than the input voltage [21].
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When designing a conventional boost converter, according to the required output voltage, the working system
could be calculated by Equation 1.

D=1-

I NS

)

For inductor selection, the inductor value was selected based on the estimated inductor ripple current at maximum
input voltage, given by Equation 2.

AU,
CAIL. fs.V, 2)

AlL is the approximate inductor ripple current. For continuous conduction mode, the minimum inductance
required is Lc as presented in Equation 3.

D(1—D)?R
L. = Q (3)
2.fs
For the selection of capacitors, the value of the capacitor was calculated by varying the output voltage or ripple
as in Equation 4.

D

C=—+77— 4
Ro.fs(% “)

AVo is the desired output voltage ripple, for a voltage ripple of 1% according to the output voltage of Equation 5
it becomes:

C = b 5
" R,. fs. 0.01 ©®)
2.3.2 Bidirectional Buck Boost Converter

DC-DC buck boost converter is a converter with the function of increasing or decreasing the input voltage. The
output voltage generated by the buck-boost converter can be below or above the source voltage. Generally, the working
principle of switching on the buck boost converter is similar to the boost converter, where the output power is regulated
by controlling the MOSFET gate [22]-[24]. The DC-DC buck boost converter circuit is shown in Figure 5.

Switch Buck
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Figure 5. DC-DC buck boost converter

2.4 Genetic Algorithm (GA)

Genetic Algorithm (GA) is an adaptive algorithm that can be used to find a large space for optimization. This
algorithm works on the principle of survival of the fittest using natural biological selection [26]. A large number of samples
called individuals represent possible solutions to the problem. Reproduction was carried out between the most suitable
individuals by means of a cross-breeding process, the selection process is carried out and the unfavorable individuals
were eliminated. The new generation, known as off-springs, had several features transferred from each individual
parent. The new population of possible solutions was selected by mating the best individuals containing the
characteristics of the matched members of the previous generation. In this way good qualities are passed from one
generation to another until all individuals possessing the same good qualities meet each other. Facilitating the mating
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of the strongest individuals helped in exploring the most optimal areas in the search space, so that the optimal solution
of a problem could be achieved [27][28][29].

3. Results and Discussion

This section explains the results of testing the proposed system which comparing DC-DC converter using GA-
based MPPT to conventional MPPT and PSO-based MPPT.

3.1 DC-DC converter with GA-based MPPT

This test was carried out in order to know the efficiency of the DC-DC converter with GA-based MPPT. This test
used a solar PV system with a capacity of 240 Wp, which was given a different number of irradiations i.e. (1000W/m?2,
644W/m2, 543W/m2, 426W/m?). Table 1 shows the result from the DC-DC converter with GA-based MPPT, where the
average efficiency value of the system is 97%. In addition, the test results also show that the proposed MPPT system
was able to maintain efficiency even though there was a decrease in irradiation. This condition was shown when solar
irradiation hit the lowest value (426 Wh/m?) the MPPT system was able to maintain an efficiency value of 96.38%.

Table 1. The result of DC-DC converter with GA-based MPPT

Irradiation Voltage (V) Current (A) Power (W) Efficiency
(Wh/m?) PV MPPT PV MPPT PV MPPT (%)
1000 31 48 6.9 4.36 214 209.2 97.76
644 24.1 36.5 5.16 3,3 1243  120.45 96.90
543 20.4 30.8 4.37 2.8 89.1 86.42 96.99
426 16.1 24.2 3.43 2.2 55.3 53.3 96.38

3.2 The Comparison between Conventional MPPT and GA-based MPPT

This test was carried out in order to know the performance of proposed MPPT system. Figure 6 shows the
performance of power generated by the proposed MPPT, solar PV, and Conventional MPPT. The results show that the
GA-based MPPT has good performance, where the power generated by the system closed to the power generated by
the solar PV. Whereas conventional MPPT produced much lower power than GA-based MPPT, with an efficiency value
of 79% at 1000 Wh/m2 irradiation and 55% at 426 Wh/m2 irradiation.

The Performance of Power Generated by Solar PV,
Conventional MPPT, and MPPT GA
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Figure 6. The performance of power generated by solar PV, conventional MPPT, and GA-based MPPT solar
irradiance

DC-DC converter with GA-based MPPT has better efficiency than the conventional MPPT, this is due to the
optimal switching system. In the GA-based MPPT, the voltage and current samples at the solar PV output were
accommodated and used as reference data. These data were used to determine the magnitude of the PWM value in
the switching system. So that the output on the DC-DC converter was more optimal compared to the conventional
method, where in the conventional method the PWM value was determined manually by determining the set point value.
In addition, GA-based MPPT could adapt well when there was a decrease in power on the solar panel.
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3.3 The Comparison between GA-based MPPT and PSO-based MPPT

This test was carried out to find out the performance of GA-based MPPT and PSO-based MPPT. Tests were
carried out using solar panels with a capacity of 240 Wp which were given varying irradiation values i.e. 1000W/m?2,
644W/m2, 543W/m?, 426W/m?.

Figure 7 shows the MPPT output power under different irradiation conditions. The proposed GA-based MPPT
has better performance compared to PSO-based MPPT with an average efficiency of 92%. The power generated by
GA-based MPPT was always close to the maximum power point of solar PV even though there was a decrease in
irradiation value. This proves that the set point values generated from the GA method could adapt better to any
environmental condition compared to the PSO method.

The Performance of MPPT GA and MPPT PSO
250

Power (W)
= = N
(O] o (O] o
o o o o

o
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—e—Sola PV MPPT GA MPPT PSO
Figure 7. The performance of power generated by GA-based MPPT and PSO-based MPPT

4. Conclusion

The main objective of this research was to design a genetic algorithm-based MPPT to optimize the power of solar
photovoltaic system at PT. Jatinom Indah Agri. In this study, there were three proposed MPPT designs i.e. GA-based
MPPT, PSO-based MPPT, and conventional MPPT. From the systems testing, it was found that GA-based MPPT
produced a maximum power point close to PV power with an efficiency of 92%, while PSO-MPPT and conventional
MPPT had an efficiency of 85% and 79% respectively. GA-based MPPT was able to adapt better compared to PSO-
based MPPT. This can be seen in system testing by giving different irradiation values. When the irradiation value was
1000 Wh/m2 the efficiency of the GA-based MPPT was 95% and the efficiency of PSO-based MPPT was 95%. However,
when the irradiation value was 644 Wh/m?2 the efficiency of GA-based MPPT was 91% and the efficiency of PSO-based
MPPT fell by 75%. In selecting the method for designing MPPT, a method with a wide range of sample data is required.
This is due to the fluctuating characteristics of the irradiation value received by solar PV.

Notation

D : Duty cycle

L : Inductors

C : Capacitors

L. : Minimum inductance
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