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Abstract: Maximum Power Point Tracking (MPPT) is a technique developed to obtain maximum power transfer on
solar panels. Various MPPT methods developed can overcome various conditions that affect the power transfer of
solar panels, such as irradiation fluctuations and an increase in the solar panels surface temperature. To handle the
problem fuzzy logic controller (FLC) is employed as the MPPT method. The input of FLC utilizes the error (E) and
delta error (AE) which is obtained from solar panel or photovoltaic (PV) output including voltage Vp, and active power
Ppv. Then, the output of FLC is to determine the appropriate duty cycle (D) of the single-ended primary inductor
converter (SEPIC) converter. This proposed scheme is to get better performance in terms of stable voltage output
produced by SEPIC converter. The novelty of this paper is the combination of MPPT based on FLC or MPPT FLC
that have less ripple and SEPIC that can produce stable voltage output. Hence, the ripple out the load can be reduced
significantly by using this proposed method. From the simulation results, it is found that when irradiation conditions
and temperatures vary, MPPT FLC can change the operating point of the solar panels close to MPP to obtain maximum
power transfer. In terms of power ripple, MPPT FLC can reduce ripple (the total ripple is around 4.9 W) compared to
conventional MPPT such as perturb and observer (P&O) (the total ripple is around 9.2 W). Ripple reduction occurs in

Revised: November 15, 2021. 350

both irradiation and temperature variations.
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1. Introduction

Solar panels can be used to convert radiation from
sunlight into electrical energy directly [1, 2].
However, in reality, the amount of radiation from the
sun that solar panels can receive always changes over
time due to conditions [3]. In addition, an increase in
the environmental temperature of the solar panel can
affect the decrease in the output voltage, which
causes the output power not to be generated
efficiently [4]. Weather conditions are one of the
main problems in installing solar panels, so the
solution to this problem is to use maximum power
point tracking (MPPT) in the solar power system.
MPPT can ensure that the solar power system can
obtain maximum power under irradiation conditions
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and temperature changes over time. MPPT represents
the maximum power in the solar power system by
changing the voltage and current at the load [5].
Solar panels can obtain maximum power by using
conventional MPPT algorithms such as perturb and
observe (P&O). The P&O algorithm can track the
maximum power point of the solar panel when the
irradiation state and temperature fluctuate. The
application of P&O algorithm for PV energy
harvesting chip is reported in [6]. From the results it
is found that P&O method could track a better energy
of the PV. The application of P&O algorithm for
MPPT on the partial shading condition is reported in
[7]. Perturb and observe method application is also
reported in [8]. However, this algorithm has the
disadvantage that it has a large output power ripple
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when operating under normal conditions [9]. This is
because the P&O algorithm uses a fixed perturbation
step size, so it cannot have a fast response
performance and high accuracy simultaneously [10].
If the step size is set too small, the response speed
will be slow to track the MPP point when temperature
and irradiation conditions change. Meanwhile, the
response will have a large enough ripple at a steady
state when the step size is set too large. Therefore, to
overcome this limitation, it is proposed to implement
a control method such as fuzzy logic controller (FLC)
on MPPT.

FLC can handle complex systems such as MPPT
by knowing the solar panels' power and voltage errors
(dP/dV). Based on the error (dP/dV) the step size or
duty cycle change ("AD") on the DC-DC converter
will be determined periodically until the MPP is
reached. The FLC method's advantage is that it does
not require complicated mathematical models and is
faster in responding to changing weather conditions
[11]. On the other hand, conventional control
methods such as PI have low efficiency and slower
response than FLC because they do not adapt quickly
to changes in irradiation and temperature, so that they
have a larger ripple than FLC [12]. Research effort in
[13], shows the efficacy of FLC for MPPT for PV
system. In [13], the boost converter is used as the
device for MPPT algorithm. Moreover, FLC is used
as the controller of boost converter to provide a better
duty cycle. From the results it is noticeable that FLC
can provide high efficiency for harvesting energy
from PV. However, the performance of MPPT to
obtain maximum power is inseparable from the type
of DC-DC converter used in the solar power system.
This design uses a single-ended primary inductor
converter (SEPIC) which can produce an output
voltage that is greater, smaller, or equal to the input
voltage . The output voltage of the SEPIC converter
is controlled by the duty cycle of the control transistor,
such as a mosfet. Therefore, the output voltage
generated by the SEPIC converter has the same
polarity as the input voltage. In addition, the SEPIC
converter can reduce ripple and better efficiency than
the buck-boost converter because it has two
capacitors and two inductors [14]. The application of
SEPIC converter for off-grid PV generation is
reported in [15]. In that research to get the optimal
energy harvesting from the PV, SEPIC converter
controller is using P&O method. From the results it
is noticeable that the proposed method could provide
better efficiency compared to the other method.

This paper proposed an idea to reduce the ripple
power in the PV power plant output by combining
FLC as the MPPT and SEPIC as the DC-DC
converter. In addition, by using this idea the MPPT

International Journal of Intelligent Engineering and Systems, Vol.15, No.1, 2022

Revised: November 15, 2021. 351

of the PV power plant can be extracted optimally. The
rest of the paper is described as follows: Section 2,
described the fundamental theory of SEPIC and FLC
technology as the MPPT. The design procedure of the
proposed method is shown in section 3. Section 4
shows the experimental results of the proposed idea.
Section 5 highlighted the contribution and
conclusions of the research.

2. Fundamental theory

2.1 Single ended primary inductor converter
(SEPIC)

SEPIC converter is a DC-DC converter with low
output ripple with high efficiency and has the same
polarity as the input voltage. Therefore, SEPIC can
be used to produce an output voltage that is greater or
less than the input voltage by adjusting the duty cycle.
The SEPIC converter consists of several passive and
active components, which can be seen in Fig. 1. The
electrical components used in the SEPIC converter
are two capacitors connected in series and parallel to
the output, two inductors, one of which is attached to
the input, one mosfet, and a diode used as a Switch
mode [16]. This design uses a mosfet because it has a
much higher input impedance with a lower voltage
drop than a BJT. Furthermore, it does not require a
bias resistor because the switching of the mosfet is
controlled by a voltage difference than a current as in
a BJT [17].

Switch conditions on the SEPIC can be adjusted
using a pulse width modulation (PWM) signal, with
a value of 0 or 1 like a digital signal. The time period
in PWM is controlled by the duty cycle, which can be
determined using equation one based on the input
voltage and output voltage specified in the design
specifications [17].

Vaut'/'Vd

p=—tutla )

Wn"’ Vaut + Vd
V4 is the forward bias voltage of diode D1 which

is usually 0.5 volts. Calculating the maximum duty
cycle can use the Eq. (2).

Vaut'/'Vd

=l @

Dmaks Vincmin)* Vour +Va

Based on Eg. (2), it can be seen the maximum
duty cycle using the minimum input voltage from the
design specifications. Meanwhile, to obtain the
minimum duty cycle, the maximum input voltage can
be used. In addition, there is a mathematical equation
to determine the amount of output voltage that can be
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generated by the SEPIC converter based on the input
voltage and duty cycle as in Eq. (3).

D

Vout = 1-D

X Vi ©)

Designing a SEPIC converter needs to decide the
magnitude of the current ripple ("AIL") in the
inductor. A good rule of thumb in designing the
current ripple in an inductor is to use 20 % to 40 % of
the maximum input current from the voltage source
[18]. The ripple current flowing in the inductor L; and
L, is the same, so it can be obtained using Eq. (4).

Al=1,, % % x 40% (4)

Then, the L; dan L,inductors’ capacity can be
obtained using Eq. (5).

_ ¥
T Anxf D (5)

The ripple connection owned by the plugins C,
and C, deserves to be different because based on [18]
and [19], the ripple voltage on the capacitor at C, can
draw 6 % against maximum input voltage. While the
ripple voltage on the capacitor C, can reduce 1 % of
the output voltage. After obtaining the voltage ripple
value, it can be seen the capacity of the athletes C,
and C, as in Eq. (6).

Loy XD
c=> At (6)

2.2 MPPT FLC

FLC has advantages in controlling systems with
irregular inputs to be used in nonlinear systems [20].
FLC can be used as MPPT to obtain maximum power
from solar panels because it is robust to rapid changes
such as irradiation conditions and varying
temperatures [21]. The working process of using FLC
on MPPT can be seen in Fig. 2.

In Fig. 2, MPPT FLC uses inputs that come from
Vv and lpy voltages from solar panels. After that, it is
converted into error (E) by using Eq. (7) and the
change in error ("AE") as in Eq. (8).
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Transform P, and I, to Error
(E) and Delta Error (dE)

E dE

Fuzzification : process of
converting a crisp input value
to a fuzzy value

Inference : the key unit of a
fuzzy logic system having
decision making as its
primary work

Inference : rule-based control
system. The basic rules are
made to operate this system
by input processing

Defuzzification : process of
producing a quantifiable
result in crisp logic

Increase or decrease the duty
cycle AD

Figure. 2 MPPT FLC flow diagram

Table 1. Solar panels specifications SPM100-M

Parameter Value
Maximum Power (P,..) 100 W
Number of Cell 36 (6 X 6)
Maximum Voltage (Vinpp) 18.75V
Maximum Current (Iyn;y) 535A
Open-Circuit Voltage (V,.) 2253V
Short-Circuit Current (Isc) 57A
Temperature Coeffcients of V - 0.35%/°C
Temperature Coeffcients of I, 0.05%/°C
Temperature Coeffcients of Pp,qps - 0.45%/°C
Pry—Ppn.
E = )~ (-1 (7)
Vin=Van-1)
AE:E(n) - E(n—l) (8)

3. Design concept

3.1 Solar panels specifications

In general, the specifications of solar panels are
determined based on the load requirements used in
the electrical system. This design using solar panel
specifications, as shown in Table 1.

3.2 SEPIC converter design

Determining the design specifications of the
SEPIC converter can be done by knowing the
specifications of the solar panel as a voltage source
from the SEPIC converter. Thus, the specifications of

DOI: 10.22266/ijies2022.0228.32



Received: September 23, 2021.

Table 2. SEPIC converter specifications

Parameter Value Unit
Input Voltage (V;,,) 10-22.53 \%
Output Voltage (V,yt) 18.7 \Y
Output Current (I,,;) <535 A
Frequency 50 kHz
Table 3. Component capacity in SEPIC converter
Components | Capacity Unit
(o} 0.0475 mF
C, 0.7 mF
L, 0.0431 mH
L, 0.0431 mH

the SEPIC converter are obtained, as shown in Table
2.

Based on the specifications that have been
determined, the amount of capacity in each
component used by the SEPIC converter circuit can
be seen. The maximum input voltage in Table 2 is
obtained based on the open-circuit voltage (V,) of
the solar panel using Eg. (8). The maximum duty
cycle of the SEPIC converter as described in (9)

187 +0.5

Dimax = 12+ 187+ 0.5 ©)

The maximum size of the duty cycle in this design

is 60%. Next, perform calculations to obtain the

capacity of the inductor L; and L,. As explained in

chapter 2 that both inductors have the same ripple

current (AIy). The ripple current in the two inductors

can be determined using Eq. (4) so that the ripple
current is obtained as shown in (10) and (11)

Al =535 x 22 x 40% (10)

Al = 3.334 (11)

Based on the ripple current obtained, it can be
seen the value of the capacity of the inductor L, and
L, asdescribed in (12) and (13):

L=—2 %06 (12)

3.33 X 50.000

L = 0.0431 mH (13)

Capacitor C; can be obtained using equation 2.12,
assuming the ripple voltage value on the capacitor is
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6 % of the input voltage based on [8] and [10] as
follows:

535x06
b= (1% x 18.7) X 50.000 x 0.5 (14
C, > 0.7mF (15)

The load used in this design is a resistive load (R)
which can be calculated using Ohm's law as follows:

187V
R = 5354 (16)

R = 3.50hm 17

Based on [18] and [19] that the capacitor attached
to the input part of the SEPIC is not very important to
the performance of the SEPIC. Usually, the
capacitance of capacitors connected in parallel to the
input is 10 uF or higher. Based on the capacity of
each component obtained by using equations and
mathematical calculations, the capacity of the
components used in the design of the SEPIC
converter can be seen in Table 3.

3.3 MPPT FLC design

This design uses MPPT FLC, which uses input
voltage Vpv and current I, from solar panels to obtain
voltage and power error values. Based on the error
value obtained, the FLC will determine the amount of
increase and decrease in the duty cycle on the SEPIC
to reach the Vp,,, voltage point. When the V,,
voltage on the solar panel has approached the Vi,
voltage, then MPPT FLC has succeeded in tracking
the maximum power point (MPP) of the solar panel.
The block diagram of the MPPT FLC can be seen
in Fig. 3. The output of the MPPT fuzzy logic
controller designed is a change in the duty cycle
("AD" ) which is used to increase or decrease the
previous duty cycle (D). The value of the change in
the duty cycle value in each condition depends on the
error value obtained. Changes in the duty cycle will
enter the PWM generator to adjust the period of
changing the on and off conditions on the mosfet
using digital signals, namely 0 (off) and 1 (on). The
design also uses a saturation block to prevent the duty
cycle value from exceeding 0.9 and less than 0.1,
because in general, the duty cycle limit is 0.1 to 0.9.
In addition, the results of this design will be
compared with the results of using conventional
MPPT P&O. This aims to determine the ability of
FLC in determining the MPP point and has a lower
output power ripple than conventional P&O usage.
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Figure. 3 MPPT based on fuzzy logic controller block diagram simulation
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Figure. 4 Membership function error (E)
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Figure. 5 Membership function delta-error (dE)
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Figure. 6 Membership function delta duty cycle (AD)

Table 4. Rule Table FLC

The MPPT FLC design in Fig. 3 requires fuzzy
logic to determine the magnitude of the duty cycle
change value based on the error value (E). The FLC
design uses two inputs and one output which has a
symmetrical membership function (MF). The design
of the MF obtained is based on the characteristics of
the system used by testing to determine the value of
E in the system. When the largest E value is obtained,
that value will be made the largest limit of the
membership function (MF) in FLC. The MF form of
E can be seen in Fig. 4, and the delta error (dE) can
be seen in Fig. 5, while the MF form of the delta duty
cycle ("AD") can be seen in Fig. 6.

After designing the shape of each membership
function that is used for input and output, the next
step is to determine the rule. The determination of the
rule is based on the system requirements of the core
system, which is used as decision-making based on
the inputs received by the FLC, namely E and dE. In
the MPPT FLC design, the rule table as shown in
Table 4 is used to control the PWM on the MOSFET
by issuing an output in the form of a change in the
duty cycle.
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Figure. 8 MPPT based on FLC for output power under
various irradiation conditions

Table 5. MPPT FLC test data with varied irradiation

conditions
Irradiation | Vp» (V) | Output | Duty Cycle
(W/m?) Power (%)
1000 18.72 95.5 0.52
900 18.7 85.6 0.51
800 18.71 76.50 0.49
700 18.69 69.2 0.48
600 18.63 53.8 0.45
500 18.57 47.9 0.41
400 18.53 38.4 0.38
300 18.33 28.62 0.36
200 17.93 18.63 0.35
100 17.35 8.6 0.32
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out at constant irradiation of 1000 W/m?. In addition,
this test used a fixed load of 3.5 ohms in accordance
with the specified SEPIC specifications.

Changes in irradiation on solar panels will affect
the output power in the design. This test uses various
irradiations from 100 W/m? to 1000 W/m?, so that
the output power is obtained as in Fig. 8 using the
conditions of each irradiation.

Based on the test results, when the irradiation
conditions vary, it can be obtained each voltage,

100

3 8 8

Power (W)
8 8 8 8 3

25°c

85°C
75°C

10

% 02 04 06 08 1
Time (s)

Figure. 9 MPPT FLC output power under various
temperature conditions
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power, and duty cycle in each test of the irradiation
value as shown in Table 5.

In the next test, namely temperature variations,
the output voltage of the solar panel will be affected,
resulting in a decrease in power due to an increase in
temperature. This test uses temperatures from 25 °C
to 75 “C so that the output power is obtained as shown
in Fig. 9.

Based on the test results, when the temperature
value variation conditions are in Fig. 9, it can be
obtained each voltage, power, and duty cycle for each
temperature value test is shown in Table 6.

4.2 Comparison of results of MPPT FLC, MPPT
P&O, and without MPPT

The capacity of each component used in this test
can be seen in Table 3. This test uses a fixed load of
3.5 ohms. Comparison of output power results using
irradiation conditions and varying temperatures, as
well as testing the power ripple comparison between
MPPT FLC, and MPPT P&O. Fig. 10 shows the
power comparison response between MPPT FLC,
MPPT P&O, and without MPPT.

Based on Fig. 10, it can be seen that the power
generated by the use of MPPT can obtain a greater
power transfer compared to without MPPT when the

Table 6. MPPT FLC test data with varied temperature

conditions
Temperature Vv Output Duty
(°C) Power Cycle
(W) (%)
25 18.74 V 95.5 0.52
40 16.6 V 84.21 0.53
55 14.48 V 71.75 0.54
75 11.73 61.3 0.6
120 T T
——MPPTP&0
A ——MPPTFLC
100 — Without MPPT

80

60

Power (W)

40

201

0

I I I I I I I L L
0 01 02 03 04 0.5 0.6 0.7 0.8 0.9 1
Time (s)

Figure. 10 Comparison of output power between MPPT
FLC, MPPT P&O, and without MPPT under variation of
irradiation conditions
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Table 7. Comparison of output power between MPPT
FLC, MPPT P&O and without MPPT under irradiation

variations

| irradiation | MPPT | MPPT | without
POINtS | \/m2) FLC | P&O | MPPT

W) W) W)

A 1000 955 | 945 | 1001

B 800 765 | 725 | 712

C 700 692 | 67.8 | 545

D 900 856 | 786 | 874

E 300 2862 | 284 | 101

F 500 479 | 478 | 278

irradiation decreases. At points A and D, namely,
when the irradiation is 1000 W/m?and 900 W/m?,
the power produced by MPPT is lower than without
MPPT. This is because the amount of resistive load
used is close to the maximum power point resistance
(Rypp) Which is 3.5 ohms. Therefore, under 1000

W/m? dan 900 W/m? irradiation conditions, the
resulting power transfer without MPPT is at its
maximum. But in the real case, the amount of
irradiation received by solar panels always varies due
to weather changes. Therefore, the use of MPPT is
more optimal than without MPPT. The amount of
power transfer from the use of MPPT FLC, MPPT
P&O, and without MPPT based on the points
specified in Fig. 10 can be seen in Table 7.

Based on Table 7, it can be seen that the power
transfer obtained using MPPT FLC is greater than
MPPT P&O. When the amount of irradiation at point
D is 900 W/m?2, MPPT FLC is able to obtain an
output power of 85.6 W. While MPPT P&O can only
produce an output power of 78.6 W. Based on the
difference in the amount of power obtained at point
D and others, it can be concluded that MPPT FLC has
better efficiency than MPPT P&O.

The output power ripple produced by the two
MPPTs can be determined by looking at the upper
and lower limits of the output power. At point A, we
can see the upper and lower output power limits
between the two MPPTs. P&O has an upper limit of
99.4 watts, while the lower limit is 90.2 W. Then, it
can be seen that the output power ripple using MPPT
P&O is as follows:

ripplep e, = 99.4 —90.2 (18)
ripple, o, = 9.2 W (29)

It can also be seen that the upper limit of the
output power using MPPT FLC is 97.3 W, while the
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lower limit is 92.4 W. Then it can be seen that the
output power ripple using MPPT FLC is as follows:

ripple,, .= 97.3 —92.4 (20)
rippley, .= 49 W (21)
rippleg, .= 97.3 —92.4 (22)
rippleg, = 49 W (23)

The power ripple obtained when using MPPT
P&O is 9.2 W, while when using MPPT FLC is 4.6
W. Based on the ripple value obtained, it can be seen
that the difference in output power ripple between
MPPT FLC and P&O is as follows:

ripple difference = ripplep,, — ripple, . (24)

ripple difference = 9.2 W — 4.9 W (25)

ripple difference = 4.3 W (26)

Then the difference in output power ripple
between MPPT FLC and MPPT P&O is 4.3 W at
point A with irradiation of 1000 W/m?. Based on the
calculations performed at point A, it is also known
the difference in ripple at points B, C, D, E, and F
using the same method. The results of observations
and calculations obtained at each point can be seen in
Table 8.

From Table 8, it can be seen that at each point
marked in Fig. 10, MPPT FLC has a lower output
power ripple than MPPT P&O. The difference in
power ripple obtained at point A is 4.3 W, at point B
is 2.5 W. The largest power ripple difference at point
C is 5.8 W. While the smallest power difference at
point D is 0.9 W. Finally, at point E, the difference in
The power ripple obtained is 3.3 W. Based on this
difference, it can be seen that the use of FLC in the
MPPT system can reduce the output power ripple
compared to conventional MPPT with an average
ripple difference of 3.36 W.

The test used temperature variations to determine
the power transfer ratio between MPPT FLC, MPPT
P&O, and without MPPT, as shown in Fig. 11. In this
condition, the voltage from the solar panel will
decrease so that the MPP operating point will change,
which causes power transfer to be not maximum.
compare the output power ripple results from MPPT
FLC with MPPT P&O.

Based on Fig. 11, it can be seen that MPPT can
obtain a greater power transfer than without MPPT
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Table 8. Comparison of output power ripple between
MPPT FLC and MPPT P&O when conditions of
irradiation variations

MPPT FLC | MPPT P&O Power
Points Power Power Ripple
Ripple Ripple Difference
A 49 W 9.2W 43 W
B 53W 7.8 W 25W
C 54 W 11.2W 58W
D 22W 31W 0.9W
E 22W 55W 33w
Average Ripple Difference 3.36 W
120 T T
——MPPT P8O
——MPPTFLC
=—Without MPPT ]|

Power (W)

40

0

I
0 01

I I L
0.2 03 04

I I I
05 0.6 07
Time (s)

I L
0.8 0.9 1

Figure. 11 Comparison of output power between MPPT
FLC, MPPT P&O and without MPPT when temperature
variation conditions

Table 9. Comparison of output power between MPPT
FLC, MPPT P&O and without MPPT when temperature
variation conditions

| Temperature | MPPT [MPPT] Without
Points (C) FLC |pP&O| MPPT
wW) [ w) (W)
A 25 955 | 945 | 1001
B 30 924 | 909 | 961
C 55 7175 | 668 | 659
D 45 8021 | 750 | 812
E 75 61 | 562 | 512

when the temperature increases at points C and E.
While at points A, B, and D, the use of MPPT obtains
lower power than without MPPT. This is the same as
testing the condition of irradiation variations, namely
because the amount of resistive load used is close to
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Table 10. Comparison of output power ripple between
MPPT FLC and MPPT P&O under temperature variation

conditions
MPPT | MPPT
Points FLC P&O Ripple Powes
| . .
Ripple | Ripple | pifference(w)
Powes Powes
(W) (W)
A 4.9 9.2 4.3
B 24 8.1 5.7
C 4.1 10.8 6.7
D 55 13.2 7.7
E 0.8 11.9 111
Average Ripple Difference 7.1

the maximum power point resistance (R,,,) of 3.5
ohms. However, in the real case, the surface
temperature of the solar panel will increase when
operating under optimal conditions, namely during
the day. Therefore, the use of MPPT is more optimal
than without MPPT because, at point E or the hottest
temperature of the test, MPPT managed to obtain a
greater power transfer than without MPPT. The
amount of power transfer from the use of MPPT FLC,
MPPT P&O, and without MPPT based on the points
specified in Fig. 11 can be seen in Table 9.

From Table 9, it can be seen that when there is an
increase in temperature above 45°C, MPPT FLC can
obtain a greater power transfer than without MPPT.
The difference in the amount of power produced due
to MPPT FLC can change the operating point of the
voltage from the solar panel to produce maximum
power transfer. If MPPT FLC is compared with
MPPT P&O, it is known that MPPT FLC has a higher
power transfer when the temperature changes
conditions. Therefore, the efficiency of MPPT FLC
is higher than MPPT P&O when the temperature
varies. Based on the results obtained when irradiation
conditions and temperatures vary, it can be seen that
the use of FLC in the MPPT system will be beneficial
to obtain maximum power transfer from solar panels.

As in the irradiation variation test, temperature
changes result in a change in the operating point of
the voltage from the solar panel so that the power
transfer obtained will be different in each condition.
It can be seen in Fig. 11 that the difference in output
power ripple between the two MPPT algorithms can
be seen directly. The large difference in ripple values
obtained from MPPT FLC and P&O can be obtained
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by observing the upper and lower limits of the graph
in Fig. 11. Ripple data under conditions of
temperature variation are as shown in Table 10.

In Table 10, it can be seen that at each point
marked in Fig. 11, MPPT FLC has a lower output
power ripple than MPPT P&O. The difference in
ripple power obtained at point B is 5.7 W, at point C
is 6.7 W, at point D is 7.7 W, and at point E is 11.1
W. Based on the data obtained, the higher the ambient
temperature of the solar panel, the larger the power
ripple from the use of MPPT P&O. Therefore, MPPT
FLC can be said to be superior to MPPT FLC when
compared to MPPT P&O with an average power
ripple difference of 7.1 W under conditions of
temperature variation.

5. Conclusion

The MPPT FLC design succeeded in changing
the operating point of the solar panel voltage to the
Vmpp point to obtain maximum power transfer.
Under STC conditions, MPPT FLC succeeded in
changing the operating voltage of the solar panel to
18.73 volts with a maximum power of 95.5 watts.
When irradiation conditions and temperatures vary,
MPPT FLC can keep up with changing conditions by
obtaining maximum power from each change. MPPT
FLC can reduce power ripple at lower loads than
MPPT P&O. The difference in power ripple using
MPPT FLC when the STC condition is 4.3 Watt.
When the irradiation conditions and temperature vary,
the average ripple power difference is 3.36 W and 7.1
W between MPPT FLC and MPPT P&O.
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