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Design and Comparison Analysis of Maximum Power Point
Tracker of SEPIC Converter with Different Control Methods

Abstract. The Sun is an energy source that can be utilized as an alternative to an electric generation source with the application of solar cells
Photovoltaic (PV) that can replace the function of natural gas and coal. This paper explains the design of the solar power plant with the Off-grid
concept using Simulink. The experiment results and simulation comparison from SEPIC Converter with PID Control MPPT resulted in the power up
to 15.753,91 Watt and down to 15.547,60 Watt. While from the experiment results of the converter with Hill Climbing Method MPPT resulted in the
power up to 16.856,04 Watt and down to 12.777,96 Watt. The simulations concluded that the system using PID control were having a faster
response to achieve the peak point of DC Voltage of the SEPIC Converter. On the converter with PID Control MPPT, the Inverter output can
generate the highest power of 15.991,469 Watt and the lowest of 15.641,38 Watts so it is capable to be applied on a power load of 12.000 Watt with
an error percentage up to 9,621% and down to 3,258%.

Streszczenthe ije. Stfonice jest zrédlem energii, ktére mozna wykorzystac jako alternatywe dla zrédfa wytwarzania energii elektrycznej przy
zastosowaniu ogniw fotowoltaicznych (PV), ktére mogg zastapi¢ funkcje gazu ziemnego i wegla. W artykule wyjasniono projekt elektrowni
stonecznej z koncepcjg Off-grid z wykorzystaniem Simulinka. Wyniki eksperymentu i poréwnanie symulacji z SEPIC Converter z PID Control MPPT
daty moc do 15.753,91 Wat i spadek do 15.547,60 Wat. Natomiast z eksperymentu wyniki konwertera z Hill Climbing Method MPPT daty moc do
16.856,04 Watt i spadek do 12.777,96 Watt. Symulacje wykazaty, ze system wykorzystujgcy sterowanie PID miat szybszg reakcje, aby osiggnac
punkt szczytowy napiecia statego przetwornika SEPIC. Na przetwornicy z PID Control MPPT, wyjscie falownika moze generowac najwyzszg moc 15
991 469 W i najnizszg 15 641,38 W, dzieki czemu mozna go zastosowaé przy obcigzeniu mocy 12 000 W przy procentowym bfedzie do 9 621 % i
spadt do 3258%. (Projekt i analiza poréwnawcza modufu Sledzenia punktu mocy maksymalnej konwertera SEPIC z r6znymi metodami
sterowania)

Keywords: Solar Power Plant, SEPIC Converter, Hill Climbing Method, PID Control
Stowa kluczowe: zrodto fotowoltaiczne, przeksztattnik SEPIC, sterowanie PID.

Introduction Control of the SEPIC Converter using Simulink Simulation,
The natural resources that have been utilized to the average output sample of both methods produced the

generate electricity are decreasing quickly, causing energy  most efficient and reliable results.

costs to become more expensive. Therefore, it is the trend

to search the alternative solution to generate electric

energy. One of the optimum solutions is Photovoltaic

Energy. Solar Panel is the basic energy conversion

component of the Photovoltaic System. Since solar

radiation is one of the renewable energy sources,

Photovoltaics has an important role. The only emission

involved with PV is only from the manufacture of the

module. Photovoltaics produce electricity from solar

radiation without generating gas emissions. Photovoltaic

can produce more energy in the generation for 25 years [1-

2]. The conversion efficiency depends on many extrinsic

factors such as the insulation level and load condition.

There are three main approaches to maximizing power 1. Duty Cycle Calculation

extraction in medium-scale and large systems. They are the

Solar Tracker, the Maximum Power Point (MPP) tracker, or (1)

both using the SEPIC converter [3]. MPP Tracking is very

popular in the small-scale system based on economic 2. OQutput Voltage Calculation

reasons [4]. The recently used algorithm is the disturbance Vi 4D

and observation method, dynamic approach method, and  (2) Voutr = 7

Adaptive Modified Firefly Algorithm [5]. The design of the

charge controller based on the SEPIC and buck topology 3. Inductor Selection

converter also becomes one of the trends using modified  Ripple Current

Incremental Conductance MPPT and comparing the Vout

performance [6-7]. Another research is the design of a ©) Al = loye X o ——

Boost converter based on the Maximum power point

resistance for Photovoltaic applications [8]. The mentioned L7 Peak Current

research has become the trend and is being compared to 4)

other research that has used old methods such as Fuzzy,

PID, and Perturb and Observe to find the best result [9-14].

The algorithms are going to keep evolving in the future to L2 Peak Current

improve the PV array development better efficiency and _

optimum placement [15-16]. ®) liaweaty = Tour X (1 +
Therefore, the researcher designed and then a'nalyzed Inductance

the Solar Power Plant as a power saver using the Vin(mins)*Dmaks

L = Ll = L2 = T

Single-Ended Primary Inductor Converter (SEPIC)

The Converter is utilized as the voltage adjuster to
decrease or increase the voltage output. Similar to the
Buck-Boost Converter, the voltage output can be controlled
from the switching of the MOSFET with the desirable Duty
Value. If the Duty value is below 50%, the converter works
as the voltage booster, while if the value is above 50%, the
converter works as the voltage reducer.

Based on the objective requirement then applied 3
variety of loads with the value of 20 Ohm, 100 Ohm, and
200 Ohm with the specified voltage of 300 Volts. The
calculation steps of the SEPIC converter are as follows:

__ VouttVp
VintVout+Vp

1-D

X 40%

in(mins)

_ VouttVp 40%
ILl(peak) - Iout X Vin(mins) X (1 + 2 )

40%)
comparison between the Hill Climbing method and the PID  (6)
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4. MOSFET Selection measurement P(k—1) and V(k—1). The result of the
comparison is the difference value of Power and Voltage

Q1(peak) = Ly (pea Lz(pea AP and AV. The formulas applied in the method are as
(7) lo, wear) = 1Ly pear) T Iy peak) d The formulas applied in the method
RMS Current follows:
(8) Ig,(rms) = Iout\/Vout+Vin(mins‘)/:VD+(Vout+VD) (23) P(n) =V(n) xI(n)
in (24) AP =P(n) —P(n—1)
5. Diode Selection (25) AV=V(n)—-V(n-1)
AP
9 Vep = Vin(maks) + Vout(maks) D=D(Mm)-5 [lfﬁ < 0]
AP
6. Input Capacitor Calculation D=Dn)+5 [i f iV > 0]
10 I =4
in T V12 ith: P(n) = Solar Panel Input Power; V(n) = Solar Pane
(10) Cin(rms) = (3 With Solar Panel Input P Solar Panel
C.. = Ic;, Input Voltage; I(n) = Solar Panel Input Current; D.= Duty
A
2 Research Method
7. RMS Current Calculation of Cg The research is conducted based on the planned
flowchart in Figure 1 as follows.
VouttD
(11) ICg(rms) = Iyt X ’V— ;
in(mins) ( Start
_ lout+Dmaks 2
AVeg = Csxf _ ]
_ 1C5+Dmaks Literature Study
5T avegxf _ ' I
8. Output Capacitor Calculation Data Gathering
Building Load Power
ESR Calculation Temperature Data from BMEG
(1 2) ESR = Vripple+VD . Irradiance Data from BMKG
1L (peak)*I Ly (peak) l
C,y: Calculation Solar Power Plant Design
(13) Cout = tout+Dmaks MPPT SEPIC Converter

VrippleXfXVp l

PID ContrOIIer MethOd Summlanon Model Companson Test

The PID (Proportional Integral Derivative) Method is — ou MATLAB I
applied to boost a system’ within the system. The control [ : !
consists of three types which are P (Proportional), |

MPPT SEFD MPPT SEFIC Converter

(Integral), and D (Derivative). Sele Powr i ‘ Selar Power Plaat Sumuatios Modelling
The experiment trial of PID control can be done by — ] L ”"‘]““ !

comparing each PD control, Pl control, and PID control ; 2
transfer function.
1. Proportional-Derivative (PD) Controller

_ KpS+Kp Comparison Analysis
(20) H(S) - SZ+(10+KD)S+(20+KP) MPFT SEPIC Converter

Hill Cimbing Method and PID Control
With: Kp = Proportional Gain; K, = Derivative ' l
Gain; S = Setting time
Simulation Test and Analysis

2 Proportiona/—lntegral (PI) Controller from the method with the most efficient result

_ KpS+K; l
(21) H(S) = 53410 S2+(20+Kp)S+K] \ -

[ Conclusion ‘

With: K; = Integral Gain l

3. Proportional-Integral-Derivative (PID) Controller (_End

_ KpS?+KpS+K| Fig. 1. Research Flowchart
(22) H(S) = S3+(10+Kp)S2+(20+Kp)S+K]

Result and Discussions

Hill Climbing Method SEPIC Converter Components Calculations
Multiple methods can be applied to track the Maximum
Table 1. SEPIC Converter Input Data

PowerPoint of the PV Panel. In this paper, the researcher

selected the Hill Climbing method as the MPPT control Parameter Value
algorithm since the calculation is easy and quick to operate. Input Voltage 36,2V
The algorithm starts by measuring the solar cell voltage Input Current 8,28 A
V(k) and Current I(k) then the result value is applied to Current Ripple 40%
calculate Power P(k). The parameter of data will be Voltage Ripple 2%
compared between the pre-measurement and the post- Frequency 25 kHz
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a. Duty Cycle Calculation

— Vout+Vp
VintVouttVp

D — Vout+Vp _ 43,4405

max =y, +Vour+Vp  36,2+43,4+0,5
in(maks)TVout™VD ) y H
= 0,54 = 54%

D — Vout+Vp 43,4405

min Ty VowrtVp | 30+43,440,5
in(mins)tVouttVp +43,4+0,
= 0,59 = 59%
b. Calculate Maximum and Minimum Output Voltage
Vip+D

V — mn
out 1-D

v _ Vin+tDmaks _ 35+0,59
out(maks) 1-Domaks 1-059

=50,36V

v _ Vip+Dmins __ 35+0,54

out(mins) 1-Domins 1-054
=41,08V

c. Calculate Inductor Value

AL = Iy, X —245— x 40%

Al = 9,27 X % % 20%
= 5,364 A
L1 Peak Current
I, peary = lour X % % (1 n 4(;%)
Ly peay = 927 x 2202 (1 4 24)
=16,2784

L2 Peak Current
40%
ILz(peak) = Loyt X (1 + 2 )
0,4
Ly peaiy = 927 x (1 +22)

=11,124 A
Inductance
Vin(mins) tPmaks
L=1L, =L, =-nmn)" maks Alzxf k
30+0,59
L=l+l,= 0,5X25.000
= 0,643 uH

d. MOSFET Selection

Io,(peaky = Ly (peaky + I, peak)
Ip,(peaky = 16,278 + 11,124 = 27,402 A

RMS Current

I _ Vout+Vin(mins)*VD+Vout+Vp)
Q1(RMS) — ‘out V2
in
_ 43,44+30+0,5+(43,4+0,5)
lo,rus) = 9'27\/ 3622

=2,50054

e. Diode Selection

Vrp = Vin(maks) + Vout(maks)
Vep = 36,2+ 43,4 =796V

f. Input Capacitor Calculation

The Input Capacitor is applied as the input voltage filter,
reducing the ripple of voltage. The voltage ripple value is
not allowed to be more than 3V, so the capacitor value is

calculated as follows:
Al 5634

leyrus) = 55 =55 = 1544

__lem  _ 1,54
2fxAVe, ~— 2x25.000X19,435
= 3,96 uF

The size of the input capacitor is 25% minimum of the
calculation result. To reduce the voltage ripple then the
converter applied 39 uF capacitor

X 25%

Cin

g. RMS Current Calculation
,V +V
1 - I e out D
CS(RMS) out Vin(mins)
Iegrus) = 9,27 X /43";0'5 =11,213 4

Calculate AV, consider the Cs = 0.0002 F

_ lout+Dmaks
AVCS ==

Csxf
9,27+0,59

AV, =—F"——
Cs ™ 0,0002x25.000

=1972V

Then C; value

Co = Icg+Dmaks _ 11.213+0,59
S AVe X f 1,972%25.000

= 5,98 uF

The capacitor must be 25% bigger than the maximum input
voltage, so applied 59 uF Capacitor.

h. Output Capacitor Calculation
Veippte = 2% Vour = 0,02 X 43,4 = 0,868V
ESR Calculation

VrippletVD
ESR =
Iy (peak) tIL, (peak)
0,868+0,5
ESR = —0868+05 3.0
16,278+11,214
Coy: Calculation
C — lout+Dmaks
out = 7, . —
VrippleXf*xVp
C. = 927+059
out — (,868x25.000x0,5
= 50,408 uF

Photovoltaic Testing

The test is conducted to achieve the PV parameter
value. The parameter will be resulting in the P-V curve with
irradiation value from the determined PV module. Figure 4
shows the PV simulation model to be tested in Simulink and
Table 2 is the Test Result Data with Constant Temperature
and Voltage Values and Varied Irradiance Values with the
step of 100 W/m?.

Table 2. Photovoltaic Simulation Test Result Data

Temperature Irradiance  Voltage Current Power
O (Watt/m?®) V) 0] (P)

30 800 20 297,3 5946
30 900 20 334,4 6688
30 1000 20 3714 7428
30 1100 20 408,4 8168
30 1200 20 4454 8908
30 1300 20 482,3 9646
30 1400 20 519,3 10386

SEPIC Converter

The test is conducted by adjusting the Duty Cycle
values. Figure 3 and the following Table 3 show the
converter configuration and results of the simulation test.
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Fig. 3. SEPIC Converter Simulation Configuration

Table 3. SEPIC Converter Simulation Test Result

Table 5. Real-Time Temperature and Irradiance Data

Vin Iin DUty Vout Iout

36,2 -53,59 10 10,83 1,083
36,2 -53,59 20 10,83 1,083
36,2 15.03 30 18,15 1,815
36,2 15,03 40 18.15 1,815
36,2 15,03 50 18.15 1,815
36,2 316,2 60 22,83 22,83
36,2 316,2 70 22,83 22,83

Inverter and Loads
The test is conducted by determining the size of applied
loads with a minimum power generation of 5% of total
overall power. Table 4 below shows the applied data of the
building.
The load’s size is determined by using the following
equation:
P =+3xI?Rcos¢
R=—2>
" V3xI2cos ¢
12505,401

= V3%202x0,95 =190

The simulation is using a voltage of 380 V, a current of 20
Ampere, cos ¢ of 0,95, and a resistance of 19 Q

Table 4. Loads Data

Parameter Value
Voltage 380V
Current 20 A

cos ¢ 0,95
Power 12.505,401 Watt

SEPIC Converter MPPT Comparison Test

The test was conducted by comparing the converter
MPPT with the PID Control and with the Hill Climbing
method in a week. The simulation is conducted with
parameter values such as the temperature and irradiance
data that have been taken from the real-time environment
measurement displayed in Table 5 as follows.

Temperature Irradiance

(°c) (Watt/m?)
28,425 5126
27,725 1703
27,8 1142
28,425 1154
26,95 1253
28,7 1131
27,425 1821
28,275 1277

a. PID Control MPPT Test

Figure 4 below shows the simulation configuration of the
MPPT with PID Control system with varied temperature and
irradiance values based on the real-time environment
measurement.

The simulation from Figure 4 starts with determining the
Temperature and Irradiance value based on the measured
data to the PV panel block. The next step is to simulate the
system with the measured data, resulting in the value of
Duty, DC Voltage and Current Input, DC Voltage and
Current Output, and output power. The simulation is done
as many as according to the available temperature and
irradiance measured data, resulting in the data table of
Table 6 below.

b. Hill Climbing MPPT Test

Similar to the previous simulation experiment, the
simulation starts with determining the Temperature and
Irradiance value based on the measured data to the PV
panel block. The next step is to simulate the system with
the measured data, resulting in the value of Duty, DC
Voltage and Current Input, DC Voltage and Current Output,
and output power. The simulation is done according to
every available temperature and irradiance measured data,
resulting in the data table of Table 7 below, and the
following Figure 5 shows the simulation configuration of the
Hill Climbing MPPT test.
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Fig. 4. PID Control MPPT Simulation Configuration

Table 6. PID Control MPPT Test Results

Veltage & Current Control

Temperature Irradiance Duty Power
c) (Watt/m?) (%) Voc Inc Tour Vou (Watt)
28,425 5126 1,875 42,96 25,041 25,04 379,93 15.653,88
27,725 1703 2,089 45,43 25,204 25,20 379,93 15.753,91
27,8 1142 2,078 45,05 25,196 25,15 379,93 15.722,65
28,425 1154 2,079 44,93 25,181 25,18 379,93 15.741,41
26,95 1253 2,095 45,07 25,189 25,19 379,93 15.747,66
28,7 1131 1,998 44,95 25,181 2517 379,93 15.735,16
27,425 1821 2,122 45,45 25,204 25,19 379,93 15.747,66
28,275 1277 2,099 50,33 25,078 24,87 379,93 15.547,61
Table 7. Hill Climbing MPPT Test Results
Temperature Irradiance Duty Power
cc) (Watt/m?) (%) Ve Inc Tou Vou (Watt)
28,425 5126 1,667 42,72 27,01 26,88 367,17 16.239,80
27,725 1703 1,803 68,11 27,92 27,70 367,17 16.735,21
27,8 1142 2,810 62,52 28,13 27,90 367,17 16.856,04
28,425 1154 2,810 62,52 28,13 27,90 367,17 16.856,04
26,95 1253 3,490 63,73 28,11 27,88 367,17 16.843,96
28,7 1131 2,810 62,52 28,13 27,90 367,17 16.856,04
27,425 1821 3,490 69,97 28,13 21,15 367,17 12.777,97
28,275 1277 3,490 63,73 28,11 27,88 367,17 16.843,96
Table 8. Simulation results of 6 months
Data Timestamp Temperature Solar Radiation Ioue Vour P
18/01/2021 00:00 32,2 9999 25,02 379,19 15.610,9
11/01/2021 00:00 31,8 761 25,16 379,19 15.698,3
20/02/2021 00:00 31,5 1538 25,2 379,19 15.723,2
09/02/2021 00:00 31,8 824 25,16 379,19 15.698,3
07/03/2021 00:00 30,8 9999 25,02 379,19 15.610,9
23/03/2021 00:00 33,4 2046 25,20 379,19 15.723,2
11/04/2021 00:00 33,5 1096 25,30 379,19 15.785,6
07/04/2021 00:00 31,2 894 25,30 379,19 15.785,6
08/05/2021 00:00 32,6 1297 25,16 379,19 15.698,3
20/05/2021 00:00 33 876 25,13 379,19 15.679,6
06/06/2021 00:00 34,9 1839 25,17 379,19 15.704,5
15/06/2021 00:00 34 1008 25,14 379,19 15.685,8
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Fig. 5. Hill Climbing MPPT Simulation Configuration

c. Comparison Result

From the simulation configurations and tests of both
MPPT methods above, it is concluded that the MPPT with
PID Control system is having the best response than the
Hill Climbing Method since the system can adapt to the
temperatures and irradiances variation of the environment
and has two seconds faster response when applied to the
SEPIC Converter. Table 8 below shows the simulation
result of 6 months of SEPIC Converter using the PID
Control MPPT.

Efficiency and Error Calculation

The tests are conducted in 6 months with the Efficiency
and Error calculated. Table 9 and Table 10 below show the
Efficiency and Error-values of the 6 monthly experiments.

Table 9. The Efficiency Value of the 6 Months Test

— o
Month Efficiency Value (%)

Maximum Average Minimum
January 96,84 95,56 91,97
February 94,47 93,29 91,97
March 96,61 93,32 91,97
April 92,36 91,22 91,22
May 93,53 93,54 93,61
June 96,10 95,73 95,73

Table 10. The Error Value of the 6 Months Test

Error Value (%)

Month - T
Maximum Average Minimum

January 3,258 4,639 8,731
February 5,858 7,192 8,731
March 3,506 7,156 8,731
April 8,271 9,621 9,621
May 6,918 6,910 6,829
June 4,057 4,458 4,458

Conclusions

In this research, the MPPT system is designed using 40
units of solar panels with 300 WP capacity assembled in
series-parallel and using SEPIC Converter with PID Control
method. The test is conducted by comparing the PID

12

Control MPPT with the Hill Climbing method and using
BMKG data for 6 months. The system is generated power
with the highest value of 15.991,469 Watts and the lowest
value of 15.641,38 Watts and it is capable to handle a load
of 12.000 Watt. The system produces an error percentage
with a maximum of 9,621% and a minimum of 3,258%.
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