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Abstract. Photovoltaics are becoming very popular, because the system does not
produce pollution and can be installed anywhere, including in remote areas. However,
in the use of photovoltaic found some common problems, it is difficult to get
maximum and stable power. Therefore, to overcome these problems using Maximum
Power Point Tracking method. On a photovoltaic system it is necessary to determine
which converter will be used to increase the power output of the photovoltaic. The
design of MPPT using gray wolf optimization algorithm that can track the output
power quickly and reduce the oscillation in photovoltaic system. The result of the
maximum power tracker using the gray wolf optimization algorithm is better than the
incremental conductance algorithm of up to 0,4 s. Converters are used using soft -
switching buck converter method to overcome the power losses that often arise in PV
systems. The result of power output using soft-switching buck converter is greater
than using buck converter. When comparing the efficiency of photovoltaic systems
using the gray wolf optimization algorithm increases from using the incremental
conductance algorithm.
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1. Introduction

PV has become popular, because this system does not produce pollution and capable installed
anywhere, including in remote areas. However, in the use of PV, some common problems are found,
such as the difficulty of getting the stable and the maximum power when cloudy conduction or the
panels are covered by trees. The power produced by PV depends on light intensity and temperature.
Therefore, to overcome the problems which often occur in the PV system, a control system which
capable to track the maximum power point of PV is needed, this system is known as the Maximum
Power Point Tracker (MPPT).

Several research papers have been published on the developing MPPT algorithm. Jamil's study
shows the hill-climbing algorithm works better than conventional algorithms on MPPT systems [1].
However, the output of the system using hill-climbing algorithm has a large noise, so another
algorithm that more efficient is developed, such as the Incremental Conductance (IC) algorithm which
can increase the power output of the PV compared with the Perturb & Observe (P & O) algorithm [2].

Kumar also proposed the fuzzy algorithm is better than the conventional algorithm, and fuzzy
algorithm showed more effective and efficient [3]. Fuzzy algorithm is the basis for the development of
new algorithm which inspired by the lives of animals such as Artificial Bee Colony (ABC) which has
better Maximum Power Point (MPP) tracking capability on partial shading [4]. The MPPT algorithm
functions used to find the maximum power point and maintain at the work point so the desired output
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is obtained. The purpose of developing algorithm is to get an MPPT system which should work
efficiently, simply and accurately. So Gray Wolf Optimization (GWO) algorithm was made which
inspired by the life of a gray wolf.

In PV system other than the determination of the algorithm used, it should also be noted the
converter will be used, namely the DC-DC converter which has several basic circuits such as buck
converter, boost converter, buck-boost converter, cuck converter and SEPIC converter. DC-DC
converter serves to convert direct current into another direct current whose output value could be
lower or greater than the input current. The growing development of existing technologies has
emerged several novel buck type converter designs, such as soft-switching DC-DC converters which
could improve the efficiency of MPPT [5]. Soft-switching is a switching method which functions to
store temporary the input energy and release it to the output so increase the efficiency in the system.

2. Method

2.1. Photovoltaic design

The system used in this study uses PV ADT24200. In general, the design of this system is obtained
from the equations based on the characteristics of the PV (Figure 1). The replacement circuit and the
characteristics of the PV are shown in Fig. 1 and Table 1, respectively.
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Figure 1. Replacement circuit of photovoltaic

Table 1. Characteristics of PV ADT24200

Characteristics Amount Unit
Maximum Power (Pmax) 200 W
Maximum Power Voltage (Vmp) 35 \Y%
Maximum Power Current (Imp) 5,71 A
Open Circuit (Voc) 43 \Y/
Short Circuit Current (Isc) 6,11 A
Jumlah Sell 25 Cel

From the reference and mathematical modelling parameters found in Table 1, the equation 1-
5 is obtained [6]:
Ipw = Ipn +Ig (D

=
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2.2 Converter Design

DC-DC converter has many forms according to their respective functions, each converter has
advantages and disadvantages. In this study, the converter used is soft-switching buck converter which
used to reduce the voltage and the resulting power losses are less than the usual buck converter [7].
Determination of components in the soft-switching buck converter is the same as determining the
value of the components in the buck converter which distinguishes only the soft switching. By
determining the parameters to be used, it can perform calculations using equations 6-7 as follows:

Voue
D=— 6
o (6)
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In terms 6-8 it is shown the calculation of the value of the components to be used, as desired. The
values of each component can be determined according to the parameters in table 2 as follows:
Table 2. Data concept on PV parameters

Characteristics Amount
Power 200 W
Voltage Input 43V
Voltage Output 34V
Frequency 10 kHz
Forward Voltage 0.V
Current Output 5,7A

R 6 Ohm

2.3 MPPT Design

MPPT serves to find maximum power and keep the power produced always at maximum and stable.
There are several algorithms used and developed in the MPPT method. Efficient algorithms are
needed, fast-tracking and resulting oscillations are more stable [8].

Gray Wolf Optimization (GWO) is one of the new algorithms developed to improve fast-tracking
efficiency and the resulting oscillation is more stable. This algorithm is inspired by grey wolves to
attack prey for hunting purposes [9]. The negligible value is the best position, in terms of tracking
prey. In applying GWO to track maximum power [9]. Figure 2 shows the GWO suitability flowchart
when tracking maximum power.
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Figure 2. Flowchart of Grey Wolf Optimization (GWO)

In determining the value of the best position in tracking the maximum point of power in a
photovoltaic system can be shown in equations 9-10.

D=ICXp(O)lIXp ()l _ )
X(t+1)=Xp(t)—A.D (10)

Where t is the repetition of the current, D, A, and C represent the coefficient of vector, Xp is the
position vector of the prey, and X shows the position vector of the gray wolf. Vector A and C are
calculated using equations 11-12 as follows:

A=2a.rl-a (11)
C=2.r2 (12)

Where the a component decreases linearly from 2 to 0 during the loop time and rl, 12 is a random
vector in [0,1].

In GWO method on MPP, the duty cycle is continued at a constant value. The output value using
the GWO oscillation algorithm is reduced rather than using conventional algorithms, reduced power
loss and results higher efficiency. To implement MPPT based on GWO, the duty cycle that is
considered as a gray wolf. Therefore, it can be changed into equation 13 as follows:

D;{k+1)=D;(k)—A.D (13)
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3. Results and Discussion
The results of the simulation of the system have been made and tested to find out the system has been
desired. Testing is divided into 3 stages, which are carried out separately.

3.1. Analysis of Photovoltaic
In the first test, the input of the intensity of the sun and temperature is set under normal conditions,
so that the I - V and P - V curves can be shown in Figure 3.
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Figure 3. [-V and P-V curves at 25 ° C and light intensity of 1000 W / m2

Figure 3 shows when using a temperature parameter of 25 ° C and Light Intensity of 1000 W / m2, the
power reaches 200 Watts at a voltage of 35 V and currents 6 - 6.2 A.

At the second test, the input of the intensity of the sun is set to change and the temperature is set
at 25 ° C, so that the P-V curve can be shown in Figure 4.
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Figure 4. P-V curves at a temperature of 25 ° C and the intensity of light changing
Figure 4 shows the results of the test, if the light intensity received is greater then the power produced
is also large. Because the resulting current is getting bigger.

In the third test, the input intensity of the sun is set at 1000W / m2 and the sun's temperature is
in changing conditions so that the P-V curve can be shown in Figure 5.
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Figure 5. P-V curve at a light intensity of 1000 W / m2 and temperature change
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Figure 5 can be analyzed that the test results show that if the temperature received is getting

smaller, the resulting power increases, this is inversely proportional to the intensity of light. This test
are shown in tables 3 and 4.

Table 3. The maximum difference in power produced by PV at changing light intensity and
temperature 25 ° C

Light

intensity Temperature Current (A) Voltage (V) Power (W)
1000 W/m? 6-6,2 35 200
800 W/m? 550C 4,5-5 35 150 - 180
600 W/m? 32-4 35 100 - 120
400 W/m? 2-3 35 60 — 80

Table 4 The maximum power difference produced by PV at a light intensity of 1000 W / m2
and temperature that changes

Temperature inI;:Igllslitty Cu(t:)e nt Voltage (V) Power (W)
5°C 1000 W/m? 6-6,1 41 —-42 240 - 242
15°C 6—-06,1 39-40 224 -226
25°C 6,1 -6,2 35 200
35°C 6,1 -6,2 34 188 — 190

The next test is conditioned when partial shading, so that the [ - V and P - V curves can be
shown in Figure 6.
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Figure 6. I-V and P-V curves in partial shading conditions

Figure 6 the condition made using 3 panels arranged in series, but the intensity of sunlight is
arranged differently from panel 1 to panel 3: 1000 W/m2, 400 W/m2, 200 W/m2. The first test
produces a current of 6A and a voltage of 30-40 V produces a maximum power of 200 W. In the
second test, the intensity of sunlight received is only 800 W/m2 causing a decrease in electric current.
Electric current produced is 4.5 - 5 A, the voltage is 30-40 V, and the maximum power is 150 -180 W.

In the last test, the intensity of light decreases, the electric current becomes 2 - 3 A, voltage 30 - 40 V,
and maximum power 60 - 80 W.
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3.2. Test of Converter
In testing the converter can be seen in Figure 7.
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Figure 7. Output Current and Voltage on MOSFET Using Buck Switch Soft Switching.

The converter experiment uses an input voltage of 100V with a duty cycle of 50%, so that the
expected output is 50% of input. In Figure 7 shows there is no overlap between current and voltage so

that the power produced is greater when using a normal buck converter. In Table 5 below, it will show
the output value of each converter which is carried out for 3 s.

Table 5 Soft Switching Comparison Simulation Results Buck Converter and Buck Converter

Converter Vin (V) D(%) Iout (A) \g);;t P (W)
Soft Switching Buck 100 50 8,609 50,64 431,6
Converter
Buck Converter 100 50 8,32 50,01 416,24

3.3 Test of MPPT

In the first test, each MPPT was connected to PV and the converter used. The power generated can
be seen in Figure 8 and 9.
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Figure 9. Output Power Using MPPT IC to Temperature 25 ° C and Light Intensity 1000 W / m2
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Figures 8 and 9 show the results of testing for Photovoltaics using MPPT using GWO and IC
algorithms. During the trial the light intensity is set to 1000 W / m2 and Temperature 25 ° C. It can be
seen that the maximum power of the GWO is faster tracking that is 0.44 and the oscillation caused is
more stable, so that the power produced is greater than the MPPT using IC requires 0.68 s to reach
maximum power. if the maximum power track is faster then the power produced is longer and
efficiency increases. The comparison of the resulting power is shown in table 6.

Table 6. Comparison of Power Generated at 25 ° C and light intensity of 1000 W / m2

Algorithm Power Efficiency Tracking
GWO algorithm 203.6 W 0.98 % 0.55s
IC algorithm 202.2 W 0.97 % 0.95s

In the second test, each MPPT was connected to PV and the converter used. but in changing light
intensity conditions, the power produced can be seen in Figures 10 and 11.

| | | | | ™

| —

I
/

Figure 10. Oﬁtput Power Using MPPT GWO1t025°C Température and Changing L{ght Intensity

-

Figure 11. Output Power Using MPPT IC to 25'0 C Tempefature and Changing Light Intensity

Figure 10 and 11 of the test results for Photovoltaics using MPPT using GWO and IC algorithms.
During the test, the adjustable light intensity changes from 1000 W / m2 - 400 W / m2 decreases every
second and at the last second the light intensity is set to increase again to 1000 W / m2, the
temperature is set to 25 © C. It is proven when tracking the maximum power of GWO is faster to track
that is 0.55 and the resulting oscillation is more stable, so that the power produced is greater than the
MPPT that uses IC. The IC fails to track the maximum power that is caused because the resulting
losses are very large. The comparison of the resulting power is shown in table 7.
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Table 7 Comparison of Power Generated at 25 ° C and Light Intensity Changed
Algorithm Light intensity Maximum power  Efficiency Tracking

1000 W/m? 203,2W 98 %
GWO 800 W/m? 1422W 98 % 0.55 s

algorithm 400 W/m> 359W 98 %
1000 W/m? 2032 W 98 %
1000 W/m? 93,76 W 92 %
IC 800 W/m? 0188 W 93 %

algorithm 400 W/m2 72,86 W 95 %, _
1000 W/m? 81,92 W 92 %

In the third test, each MPPT is connected to PV and the converter is used in changing temperature
conditions, the power produced can be seen in figures 12 and 13.

Figure 12. Output Power Using MPPT GWO to Light Intensity of 1000 W / m2 and Changing
Temperature

Figure 13. Output Power Using MPPT IC to Light Intensity of 1000 W / m2 and Changing
Temperature

Figures 12 and 13 are the results of testing for Photovoltaics using MPPT using GWO and IC
algorithms. During the test, the light intensity is set from 1000 W / m2 and the regulated temperature
changes from 15 ° C, 25 ° C, 35 ° C every second. From the two results that have been done, it looks
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like GWO only takes 0.55 s to track its maximum power, while the IC fails to track its maximum
power due to the greater losses. The comparison of the resulting power is shown in table 8.

Table 8 Comparison of Power Generated at Light Intensity of 1000 W / m2 and Temperature
Changing

Algorithm Temperature Maximum power Efficiency Tracking

15 oC 214,8 \W% 98 %
GWO 25 °C 2032 W 98 % 0,55 s

algorithm
35°C 1858 W 98 %
15°C 109,1 W 92 %

IC algorithm 25°C 95,76 W 92 % -

35°C 8342 W 92 %

4. Conclusion

Maximum Power Point Tracker (MPPT) using GWO algorithm is better in tracker compared to MPPT
using IC algorithm, GWO tracker time only requires 0.44s. IC requires a longer time of 0.68 s and
efficiency increase. Losses are caused when using a DC-DC soft switching buck converter lower than
when using a normal DC-DC buck converter, so the output power of the DC-DC soft switching buck
converter is greater than the DC-DC buck converter.
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Appendix
Nomenclature:
K, : Short-circuit current/Temperature Coefficient (0.0017A/K)
K : Boltzman Constant (1.3805 x 102J/K)
Tref : Temperature(K)
G : Intensity
Lye : Short Circuit Current
I : Saturation Current
Tk : Actual Temperature (K)
Trer : Reference Temperature
q : Electron charge (1.6 x 10°C)
E, : Bandgap energy (Egp=1.1 V)

|2 : Open Circuit Voltage (V)



