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ABSTRACT

Partial shading conditions (PSCs) can cause a significant reduction in energy output in photovoltaic (PV)
systems. This paper recounts the characteristics of PV in various condition of PCSs. The compared PV
characteristics involve voltage, current, generated power, fill factor, mismatching loss, and efficiency. Six
configurations of the PV system are used in this research namely Series-Parallel (SP), Honey Comb (HC),
Total Cross Tied (TCT), Bridge Linked Honey Comb (BLHC), Bridge Linked Total Cross Tied (BLTCT),
and Series-Parallel Total Cross Tied (SPTCT). The PSCs are considered uniform, short and narrow, long
and narrow, long and wide, short and wide, and corner. The result indicates that TCT configuration is the
best configuration among others then followed by the BLHC, BLTCT, SPTCT, HC, and SP configurations.

Keywords: Partial Shading Conditions; Photovoltaic System Configuration

1. INTRODUCTION

Solar energy is an abundant renewable energy
source where electrical energy received from it is
converted using solar cells/modules/arrays by
applying the principle of photovoltaic effect.
Environmental conditions such as the level of
irradiance and ambient temperature have a great
influence on the performance of the PV system’s
[1]. High levels of solar radiation increase the
electric power generated [2]. Meanwhile, an
increase in temperature value causes the reduction
of output voltage. The energy produced is
inefficient and can decrease solar panels' quality
even though the current output increases. However,
in the real condition, there are other factors that can
affect the generated electrical energy and a
shadow's presence. In PV system, there is condition
when PV receives different levels of solar
irradiation or exposure due to several factors such
as clouds, shadows from trees and buildings, dust,
and bird dropping. This phenomenon is known as a
partial shading condition [3], [4]. When this
condition happens, the power output of the shaded
cells/modules/array decreases and it can reduce the
current output and increase the temperature which
lead to permanent damage of PV cells and can
reduce the PV lifetime [5][6]. Moreover, the

decrease in output power from [7], PSCs also cause
multiple Maximum Power Points (MPPs) in the I-V
and P-V characteristics of the output system, which
can mislead conventional Maximum Power Point
Tracking (MPPT) techniques [8][9]. The effect of
PSCs is also influenced by the type of PV used, the
string's configuration against solar irradiation and
the level of shade, and the placement of the bypass
diode [10][11]. In order to increase the efficiency of
PV, especially those exposed to shade and for
hotspot anticipation, a bypass diode is used and
connected to the PV module [12]. This allows
currents generated by the unshaded cells to pass
through the shaded cells, but this causes multiple
peaks to be produced in I-V and P-V characteristics
[13]. Recently, many literature have been published
on how to reduce the adverse effects of partial
shadows that occur in PV systems [14][15]. The
reduced power generated from the PV system as a
result of PSCs can be overcome with several
approaches, including the configuration of the PV
array [16][17], the architecture of the PV system
[18], the MPPT technique [19], and converter

topology [20][21].
The PV system architecture, MPPT, and
converter topology have more complex

configurations and require advanced knowledge of
power electronic converters and higher costs.
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Therefore using the PV system configuration
approach is an effective solution to combat the
decrease in PV system output power caused by the
phenomenon that occurs mainly due to PSCs based
on various interconnection techniques between PV
modules [22]. As a result, the research to mitigate
the reduced performance of PV systems caused by
partial shading has become a popular topic.

Similar topics observing the effects that occur due
to the presence of PSCs have been successfully
conducted and discussed by previous researchers.
The author [3] performed a comprehensive review
to analyze the advantages and disadvantages of
various configurations of PCSs such as Simple —
Series (SS), Parallel (P), Series-Parallel (SP), Total-
Cross-Tied (TCT), Bridge-Linked (BL) and Honey-
Comb (HC). The results show that the TCT
configuration produces lower energy in the absence
of shadows but is recommended to be implemented
in areas that have temporary shade. The authors
[5][14] wused the Matlab/Simulink software to
compare various PV configurations at different
shade levels in order to find out which
configuration can produce maximum energy by
reducing mismatching power losses. The research
show that the TCT configuration is the best
configuration among the others. The Bishop model
is utilized and developed by the authors [22] to
conduct a comprehensive study in predicting how
and when to use the configuration of PV in the
event of shading. Research conducted on the
asymmetric configuration of 6 x 4 PV arrays shows
that the choice of configuration depends on the
intensity, pattern, location and type of shade.
However, the TCT configuration performed best in
most cases of PSCs. Meanwhile, the author [23]
investigated the performance of the SP and TCT
configurations on the condition of the occurrence of
shadows using Matlab/Simulink. The results of the
study show that the TCT configuration has a lower
power loss and has a higher FF.

In this research, an effective solution is provided
to determine the best PV array configuration when
it is under PSCs. A detailed modeling and
simulation of PV system with six configurations
(SP, HC, CTC, BLHC, BLTCT and SPTCT) is
presented as well as the parameters required to
observe the performance of each configuration.
This simulation is carried out on various shading
patterns with a 4 x 6 PV array system. The
topology that will be used to observe the
performance of the 4 x 6 PV system can be seen in
Figure 1. Meanwhile the model to assess PV system
with those configurations to analyze their

performance on various
presented in Figure 2.

shading patterns are

Bypass diodes
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Figure 1. Configuration Of The PV System: (a) SP;
(b) HC, (c) TCT, (d) BLHC, (e) BLTCT, (f) SPTCT

The PV system performances are observed and
analyzed toward several parameters i.e short circuit
currents (Isc), open-circuit voltage (Voc), global
maximum power point (GMPP), local maximum
power peaks (LMPPs), voltage and current at
GMPP and LMPPs, fill factor (FF), mismatching
power loss (MPL), and efficiency.

F
4

Assesment Parameters

E-ISSN: 1817-3195
1. Open circuit voltage

2. Short circuits currents

3. Global maximum power point (GNPP)

4. Local maximum power peaks (LMPPs)

5. Voltage and current at GMPP and LMPPs
6. Mismaching power loss (MPL)

7. Fill factor (FF)

8. Efficiency

Shading Patterns
1. Uniform
2. Short and narrow PSCs
3. Long and narrow PSCs |-
4. Long and wide PSCs
5. Short and wide PSCs
6. Corner PSCs

Figure 2. PV System Configuration And Parameters Used
To Assess System Performance On PSCs

2. MATHEMATICAL MODELLING OF THE
PV MODULE

The equivalent series of PV cells can be seen in
Figure 3. This model is designed by connecting the
semiconductor of type p and type n. Then the
connection of semiconductor is manufactured in a
thin film that allows it to convert the sun's energy
into electrical power. Once the cell is exposed to
sunlight, the photons that hit the cell will be
absorbed by the semiconductor material, causing a
transfer of electrons and producing electrical
energy. The electrical energy produced by PV cells
depends on the level of solar radiation and
temperature.

L
vy—=
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]
—>
+

® v
L

Figure 3. PV Cell Equivalent Circuit Model

The current value in a PV cell, as shown in
Figure 3, can be calculated using Kirchhoff's law,
according to equation (1).

Loy = Ly — I, (1)

where [, is the current generated by the PV cell
(A), Iy is Ipp, — Ip and Iy, is the current through

the shunt resistor (Rgp) and the amount is by
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equation (2). Iph The resulting PV current (A)

varies and is directly proportional to solar radiation
at a specific temperature, and the magnitude is

calculated based on equation (3). Rgp and R are
the resistances in parallel and series (£0).

_ VeetitlceitRs

Ish Rsh (2)

L = (Iynn + K,AT)GG—n 3)

where Ip n,n is the nominal current during Standard
Test Condition (STC), K; is the temperature
coefficient of Ig., while G is solar insolation and
G, is nominal solar insolation.

— VeelitIshRs _
I; =1, (exp (—Vta ) 1) 4)
where [y, , is the nominal current during Standard

Test Condition (STC), K; is the temperature

coefficient of I, while G is solar insolation and G,,
is nominal solar insolation.

_ Iscn+K[AT
IO - Vocn+KyAT (5)
exp(Z )

The nominal short-circuit current is I, (A), the
nominal open-circuit voltage is V,., (V), the
temperature coefficient from open-circuit voltage
is Ky (V/ K), the number of cells in series is N, the
Boltzmann's constant is k (1.3806503 x 103 J/K)),

the operation temperature is T (K), and the electron
charge is “q” (1.60217646 x 10°° C)

_ NgkT

(6)

The final expression for PV cell output current is
given by equation (7).

(Vceu+Rs1ceu) 7)

Rsh

PV module is a combination of PV cells in series
form, whereas PV array is formed from PV
modules in parallel or series form, as shown in
Figure 4. Equation 8 is used to examine the
relationship between the voltage and current values
generated from the PV module. While the equation

9 is used to identify the relationship between the
current and the voltage generated from the PV array
[24].
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Figure 4. PV Array Equivalent Circuit

I = LNy = Io [exp (Htm) 1]

NgkTa
Vin +Rskm
() ®)
Ns
Ipy = L,y Ny — IoN,, [exp (Q(VPVJ;:;&;P)IPV)) N

VPy+Rs (IIVV_;)IPV
1 =(——ma— 9)
Rsh (N_p)
In this research, a monocrystalline solar cell PV-

MIJT250GB from Mitsubishi is used with its
detailed specification is presented in table 1.

Table 1: Electrical Specifications Of PV-MJT250GB

Module
No Parameters Variable| Values
1 STC rated output Prpp 250 Wp
The rated voltage at
2 sie ¢ Vinpp 302V
3 Rated current at STC Tipp 8.28 A
Open circuits voltage
4 at STC Voc 374V
Short circuits current
5 at STC Ise 8.80
6 Number of cells ns 60
Temperature ) 0/ /0
7 coefficient (Isc) Ki 0.056%/°C
Temperature 0/ o
8 coefficient (Voc) Ky [-0.350%"C

The electrical characteristics of the PV-MJT250GB
module at various levels of solar radiation with a
constant operating temperature of 25 °C are shown
in Figure 5
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Figure 5. Electrical Characteristics From PV-
MIT250GB

3. DESCRIPTION OF PSCs ON PV SYSTEM

The PV system's performance largely depends
on the PSCs' condition so that the requirements of
these PSCs significantly affect the energy generated
by the system. In this paper, several forms of PSCs
patterns is conditioned to see the performance of
the 4 x 6 PV system array as illustrated in Figure. 6.
The type of PV module used in this study is a
crystalline model with the PV-MJT250GB series.
For the specification of this PV module's is
presented in table 1.

(@

(©

600

600

(e) ()
Figure 6. Shade Pattern; (a) Uniform, (b) Short And
Narrow, (c) Long And Narrow, (d) Long And Wide,
(e) Short And Wide, (f) Corner

4. RESULT AND DISCUSSION OF PV
SYSTEM UNDER PCSs

This section discusses the result of simulation
using various topology configurations of the PV
system such as SP, HC, TCT, BLHC, BLTCT, and
SPTCT. Performance of the PV system is analyzed
across multiple shading patterns such as uniform,
short and narrow, long and narrow, long and wide,
short and wide, and corner. In addition, several
parameters are taking into account to observe the
performance of PV system such as Voc, Isc,
GMPP, LMPPs, voltage and current at GMPP and
LMPPs, FF, MPL, and Efficiency.

4.1 Series-Parallel (SP) Configuration System

The SP configuration is one of the most
commonly used configurations due to its economy
and more straightforward structure. The modules
are connected in series to get the desired voltage
level, also known as a string. Meanwhile, to get the
required current value, the string configuration
modules are connected in parallel way. It is more
favorable in the SP arrangement if the PV is
connected in parallel than than series, because
overly lengthy series strings will also raise
mismatch losses. Figure 7 shows the simulation
results in the form of the I-V and P-V
characteristics of the system under various shade
conditions.
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Figure 7. I-V And P-V Output Characteristics In The SP
Configuration
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4.2 Honey-Comb (HC) Configuration System
The weaknesses obtained from the SP

configuration can be fixed using the HC
configuration. In the HC topology configuration,
the system has more electrical connections and
fewer serial links than the SP configuration. If the
series connection is more extended, it will cause the
mismatching power loss to be increased. Therefore,
the mismatching power loss from this configuration
will be less than the SP configuration. Figure &
shows the simulation results in the form of I-V and
P-V characteristics of the system using the HC
configuration under various shading conditions.
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Figure 8. I-V and P-V Output Characteristics In The HC

Configuration

4.3 Total Cross Tied (TCT) Configuration
System

The TCT configuration is formed by connecting
all the row's points in the SP configuration to create
a connection like a symmetrical matrix. The multi-
interconnect form of the configuration allows the
bypass diode to be smaller to operate so that the
multi-peak effect and mismatch losses can be
reduced. Figure 9 is the form of I-V and P-V
characteristics from the TCT system configuration
simulation results under various shading conditions
that occur.
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Figure 9. I-V And P-V Output Characteristics In The
TCT Configuration

4.4 Bridge Linked Honey-Comb (BLHC)
Configuration System

The configuration of the BLHC is similar to that
of the TCT except for the first line PV module. The
BLHC PV array configuration can be an alternative
to overcome the shortcomings in the SP and HC
configurations. The configuration features fewer
serial relationships than the SP and HC setups,
resulting in a lower mismatching loss value. The I-
V and P-V characteristics of the BLHC system in
the various shapes that occur is presented in Figure
10.
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Figure 10. I-V and P-V Output Characteristics In The
BLHC Configuration

4.5 Bridge Linked Total Cross Tied (BLTCT)
Configuration System

The BLTCT has fewer serial-connected PV
systems than in SP and HC but more than in TCT
and BLHC based on its configuation. Therefore, the
value of mismatching losses will be lower than SP
and HC and will be slightly higher than the TCT
and BLHC configurations. Figure 11 shows the
shape of the I-V and P-V characteristics of the
simulation results of the BLTCT system under
various shading conditions that occur.
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Figure 11. I-V and P-V Output Characteristics In The
BLTCT Configuration

4.6 Series-Parallel Total Cross Tied (SPTCT)
Configuration System
SPTCT configuration, PV module has a

connection like SP configuration except in the
middle row. This configuration has fewer serial-
connected modules than the SP configuration. As a
result, mismatching losses will be less substantial in
the SP configuration and more severe in the HC,
TCT, BLHC, and BLTCT configurations. Figure 12
shows the I-V and P-V characteristic shapes of the
SPTCT system under various shading conditions.

T
S0 =
\

=
=

- I
<30 X:127.8
E] 1 Y:33.89

E —— Uniform 1 |

& 20 - |——Short and narrow : I

£ Long and narrow | :

! I

1 Short and wide 1 ]

Corer : I

1

N . L 4

0 50 00, 1214 !

i | Y:5996 |

6000 - GMPPs Under PSCs

|
I
I
|
T
|
|
|
|
|
|
|
== Long and wide |
|
|
|
}
I
1
1
1
LMPPs Under PSCs I
1

I

PV Power Generated (W)

100 150

50
PV Voltage (V)

Figure 12. I-V and P-V Output Characteristics In The
SPTCT Configuration

4.7 Performance Analysis Of PV System Under
PSCs

This section describes the comparative
assessment of the SP, HC, TCT, BLHC, BLTCT,
and SPTCT implemented in two different
conditions, with various model of shading and
without the presence of shadow. The performance
of each implementation is observed through the
parameters of MPL, FF, and efficiency. MPL is
represented as AP; calculated as a percentage. To
obtain the power loss mismatching value, equation
(10) can be used. Pypp is the maximum power
value generated when there is no shade or uniform
illumination. Whereas Ppg. is the maximum power
value generated in PSCs conditions.

AP, (%) = % x 100 (10)
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The system’s performance can be observed by
calculating the fill factor value. If the FF value is
close to unity, it means that the system performance
is higher. Iypp and Vypp, respectively, are the
values of current and voltage generated at certain
PSCs, while Is. and V. are the values of current
and voltage generated at nominal operating
conditions. To calculate the fill factor value, the
equation (11) can be used.

FF = VmppXIMPP (11)

VocxIsc
Efficiency is the ratio of maximum output power to
input power which can be calculated using equation
(12). I is the value the sun's intensity per square
meter, while A is the area that receives solar
radiation or the solar panel's surface area.

Vv 1
rl — MPIP;AMPP (12)

4.7.1. Uniform

Uniform here means that the test is carried out
using the standard test condition parameters (STC).
According to this standard, all PV modules in SP,
HC, TCT, BLHC, BLTCT, and SPTCT
configurations are uniformed at a temperature of
25°C and solar radiation of 1000 W / m? The
simulation results with various configurations used
to produce rated voltage around 121 Volt and
current 49.63 A. While the value of an energy
output is 5996 watts and this value is used as a
reference value for the global peak. In detail, the
parameter values obtained from the various
configurations used can be seen in Figure 13 to
Figure 15.

B MPP voltage (V) BNPP Current (A)

1203 1209 1207 1211 120.8 1211

SP HC TCT BLHC BLTICT SPICT

Figure 13. MPP Currents And Voltages Under Uniform
Pattern

m Maximum Pow er (Watt)
3996 3996 3996 3996 3996 3996

6000

5000

4000

3000

2000

1000

0 T T T T T
SP HC TCT BLHC BLTCT SPICT

Figure 14. Maximum Power Generation Under Uniform

Pattern
=#=—Fill Factor == Efficiency (%)
80,00 .
* + * * +* +

70,00 +—FB85—F535 7578 7578 7568 75,78
50,00
30,00
40,00
30,00
J000 L1521 1521 1521 1521 1521 1521

) | i L L i i
10,00

0.00 T T

sP HC TCT BLHC BLTICT SPTCT
Figure 15. Fill Factor, Mismatching Loss, And Efficiency
Under Uniform Pattern

4.7.2. Short and Narrow

As shown in the figure 6, all the configurations
in the PV system receive the solar radiation.
However, the TCT and BLHC configurations have
the highest Maximum Power Point (MPP) voltage
and current value which is 126.5 V and 126.6 V,
respectively. These configurations also have the
highest global peak value of 4778 W and the
smallest mismatching power loss value, which is
20.31% each with a fill factor of 60.85% and an
efficiency of 13.73%. All PV system configurations
with short and narrow conditions have the same
value of local peak which is two for each. Thus, the
TCT and BLHC configurations in short and narrow
shade conditions have better performance than
other configurations. For more details, the exact
parameter values obtained can be seen in Figure 16
to Figure 18.
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Figure 16. MPP Currents And Voltages Under Short And
Narrow Pattern
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Figure 17. Maximum Power Generation Under Short
And Narrow Pattern
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Figure 18. Fill Factor, Mismatching Loss, And Efficiency
Under Short And Narrow Pattern

4.7.3. Long and Narrow

In this shade condition, the HC configuration
only has a single local peak, the SP configuration
has three local peak wvalues, and the other
configurations have two local peak values. The
highest MPP value for both voltage and current is
generated by the TCT configuration, 125.2 Volt and
37.72 A, respectively. The highest global peak
value is still resulted from the TCT and BLHC
configurations, 4722 W and 4637 W for each. In

contrast, the SP configuration has the lowest global
peak of 4410 W. TCT has the smallest mismatching
power loss value of all the configurations tested, at
21.25 percent and up to 26.45 percent in SP
configuration. Meanwhile, the TCT configuration
has the largest fill factor value, with a value of
64.55 % and an efficiency of 14.38 %. As a result,
the TCT configuration outperforms the BLHC,
BLTCT, and SPTCT designs in long and narrow
shading situations. Figures 19 to 21 show the
parameter values obtained in further detail.

EMPP Valtage (V)  mMPP Current (A4)

1243 1244

140 2 132
120
100

30 1

60 1

3723

10

20

0 4

TCT BLEC BLTCT SPTCT

Figure 1 9. MPP Currents And Voltages Under Long And
Narrow Pattern
B Maximum Power {Watt)

4750 - 4122

4700 4
4630 1
4600 1
4330
43500 1
4430 4
4400
4330 1
4300 4
4230 &

BLHC BLTCT SPICT
Figure 20. Maximum Power Generation Under Long And
Narrow Pattern
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10,00 13 13 -15704 1433 e X L 5 (1]
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Figure 21. Fill Factor, Mismatching Loss, And Efficiency
Under Long And Narrow Pattern
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4.7.4. Long and Wide

In the SP configuration, the simulation results
in the long and wide shade has a local peak value of
2249 W. The highest MPP value of the voltage and
current generated by the SP configuration are up to
124.6 V 38.31 A, respectively. While the highest
global peak value is the same for the fourTCT,
BLHC, BLTCT, and SPTCT configurations which
is 4009 W. In this shade condition, configuration
TCT, BLHC, BLTCT, and SPTCT had the lowest
mismatching power loss value of 33.14% with the
highest fill factor value of 77.38% with an
efficiency of 15.26%. As a result, the configuration
of TCT, BLHC, BLTCT, SPTCT can be considered
to have the optimum performance in all aspects
with long and wide shade situations. The
parameters of the full assessment result with
various configurations with long and wide shade
patterns are shown in Figures 22 to 24.

u MPP Voltage (V)
140 -

u MPP Current (A)

1246 123 1213

120.8

1209 1211

120 1

100 1

80

60 1
40 1

20 1

SP HC BLHC EBLTCT SPICT

Figure 22. MPP Currents And Voltages Under Long And
Wide Pattern
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Figure 23. Maximum Power Generation Under Long And
Wide Pattern
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Figure 24. Fill Factor, Mismatching Loss, And Efficiency
Under Long And Wide Pattern

4.7.5. Short and Wide

All configurations in this condition have a
single local peak except for the HC configuration
that has two local peak values. The highest voltage
MPP values are received from BLTCT and SPTCT
configurations where both configurations generate
128.3 Volt. Meanwhile, the highest current MPP
value is generated by the TCT configuration with
the value is 27.27 A. Moreover, all configurations
produce the same results for global peak value
which is 3482 W. These configurations also have
the smallest mismatching power loss value which is
41.93% for each. However, in term of fill factor,
the TCT configuration obtain the highest value up
to 44.67%, with an efficiency of 11.52%.

Compared to other configurations, the TCT
design may be the most effective. Figures 25 to 27
show the parameter values acquired throughout the
simulation in further detail.

=MPP Veltage (V) = MPP Current (A)
140 {"167 133 127 182 1383

120
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“0 2727 2716 27,14 2714
20
0
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Figure 25. MPP Currents And Voltages Under Short And
Wide Pattern
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Figure 26. Maximum Power Generation Under Short
And Wide Pattern
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Figure 27. Fill Factor, Mismatching Loss, And Efficiency
Under Short And Wide Pattern

4.7.6. Corner

In this condition, all configurations have shading in
one corner of the PV system with a different shade
value. According to the simulation results the
SPTCT and TCT designs provide the highest
voltage and current of MPP values. For the voltage
value, the former generates 128.3 Volt, whereas the
latter generates 34.43 A for the current value. Then
followed by the BLHC and BLTCT configurations.
The type of BLHC configuration has a maximum
voltage and current for MPP value which is 127.3
V and 34.01 A, respectively. While, the MPP
values for voltage and current of BLTCT are 127.4
V and 3397 A. Furthermore, the TCT
configuration produces the highest global peak
value of 4400 W and achieves the smallest
mismatching power loss value of 26.62%, with a
fill factor value of 55.98% and an efficiency of
13.40%. All configurations have two local peak
values. From the parameters obtained, the TCT
configuration has a better performance among the
others then followed by the SPTCT BLHC, and
BLTCT. In detail, the parameter values obtained
through the simulation can be seen in Figure 28 to

Figure 30. The parameter assessment results of
various configurations with corner shading patterns.
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Figure 28. MPP Currents And Voltages Under Corner
Pattern
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Figure 29. Maximum Power Generation Under Corner
Pattern
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Figure 30. Fill Factor, Mismatching Loss, And Efficiency
Under Corner Pattern

The comparison of the maximum power
generated under PSCs in various configurations is
presented in Figure 31. In general, the energy
produced in each under PSCs configuration in the
form of short and narrow and also long and narrow
is better than the others. Meanwhile, the shade in
the form of short and wide produces the lowest
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energy. Thus, the shading model that occurs
dramatically influences the power that the system
configuration can generate.

4000

3000

2000

1000

Maximum Power Generated Under PSCs (W)

0
SP HC

4. CONCLUSIONS

This article assessed the performance of 4 x 6
PV array topologies covering SP, HC, TCT, BLHC,
BLTCT, and SPTCT under different shading
patterns such as uniform, short and narrow, long
and narrow, long and wide, short and wide and
corner. According to simulation results, the amount
of energy generated depends on the shape of the
shade pattern and the radiation level, as well as the
mismatching power loss, fill factor and efficiency.
It is also known that the TCT arrangement clearly
outperforms the other configurations particularly in
terms of energy production, notably in the short and
narrow, long and narrow, and corner shading
patterns. Aside from that, for each configuration
employed, the short and wide shading patterns
produce the least amount of energy. In general, the
TCT shows the best performance among other
configurations in various shade conditions. The
descending order of the configuration is as follows
TCT, BLHC, BLTCT, SPTCT, HC, and SP array
configuration. This research, however, is restricted
only to the 4 x 6 asymmetric configuration.
Therefore, further research to observe the
performance of the symmetrical configuration
should be carried out.

TCT
B Uniform ™ Short and narrow ™ Long and narrow M Long and wide

SPTCT
® Corner

BLHC BLTCT

B Short and wide

REFRENCES:

[1T A. Saleem, A. Igbal, M. A. Hayat, M. K.
Panjwani, F. H. Mangi, and R. M. Larik, “The
effect of environmental changes on the
efficiency of the PV system,” Indones. J.
Electr. Eng. Comput. Sci., vol. 18, no. 1, pp.
558-564, 2020, doi:
10.11591/ijeecs.v18.i1.pp558-564.

[2] R. Nasrin, M. Hasanuzzaman, and N. A.
Rahim, “Effect of high irradiation on
photovoltaic power and energy,” Int. J.
Energy  Res., pp. 1-17, 2017, doi:
10.1002/er.3907.

[3] C.T.K.Kho,J. Ahmed, S. Kashem, and Y. L.
Then, “A comprehensive review on PV
configurations to maximize power under
partial shading,” in IEEE Region 10 Annual
International Conference, TENCON, 2017,
pp- 763768, doi:
10.1109/TENCON.2017.8227962.

[4] H.-G. Lee, J. N. Shah, P. Tyagi, and V. M,
“Analysis of partial shading effects of solar
PV module configurations using
MATLAB/Simulink,” Am. J. Energy Res., vol.
6, no. 1, pp. 818, 2018, doi: 10.12691/ajer-6-
1-2.

[5] Q. A. Alabdali, A. M. Bajawi, and A. M.
Nahhas, “Review of recent advances of
shading effect on PV solar cells generation,”

5298


http://www.jatit.org/

Journal of Theoretical and Applied Information Technology

30" November 2021. Vo0l.99. No 22

2
© 2021 Little Lion Scientific -

a1l

ISSN: 1992-8645

wWww.jatit.org

E-ISSN: 1817-3195

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Sustain. energy, vol. 8, no. 1, pp. 1-5, 2020,
doi: 10.12691/rse-8-1-1.

A. Dadjé, N. Djongyang, and R. Tchinda,
“Electrical power losses in a photovoltaic
solar cell operating under partial shading
conditions,” J. Power Energy Eng., vol. 05,
pp- 19-33, 2017, doi:
10.4236/jpee.2017.510002.

A. Djalab, N. Bessous, M. M. Rezaoui, and I.
Merzouk, “Study of the effects of partial
shading on PV array,” 2019, doi:
10.1109/CCEE.2018.8634512.

S. R. Pendem and S. Mikkili, “Modelling and
performance assessment of PV array
topologies under partial shading conditions to
mitigate the mismatching power losses,” Sol.
Energy, vol. 160, pp. 303-321, 2018, doi:
10.1016/j.solener.2017.12.010.

J. Ahmed and Z. Salam, “A critical evaluation
on maximum power point tracking methods
for partial shading in PV systems,” Renew.
Sustain. Energy Rev., vol. 47, pp. 933-953,
2015, doi: 10.1016/j.rser.2015.03.080.

N. Nagaraja and D. T. G. Manohar, “Study on
performance characteristics of PV array under
non-uniform irradiation conditions,” Int. Adv.
Res. J. Sci. Eng. Technol., vol. 3, no. 11, pp.
187-193, 2016, doi:
10.17148/1ARJSET.2016.31137.

P. Manganiello, M. Balato, and M. Vitelli, “A
survey on mismatching and aging of PV
modules: the closed loop,” IEEE Trans.
lidustrial Electron., vol. 62, no. 11, pp. 7276—
7286, 2015, doi: 10.1109/TIE.2015.2418731.
G. S. Reddy, T. B. Reddy, and M. V. Kumar,
“A MATLAB based PV module models
analysis under conditions of nonuniform
irradiance,” Energy Procedia, vol. 117, pp.
974-983, 2017, doi:
10.1016/j.egypro.2017.05.218.

A. Saha, N. N. Nipu, and M. F. Khan, “Effect
of partial shading on the performance of solar
PV module and impact of bypass diode in
performance enhancement,” in JInternational
conference on advances in electrical
engineering, 2019, pp. 891-896.

M. Premkumar, U. Subramaniam, T. S. Babu,
R. M. Elavarasan, and L. Mihet-Popa,
“Evaluation of mathematical model to
characterize the performance of conventional
and hybrid PV array topologies under static
and dynamic shading patterns,” Energies, vol.
13, pp. 1-37, 2020, doi: 10.3390/en13123216.
J. Ahmed, H. Nabipour-Afrouzi, M. F. N.
Tajuddin, and S. Kashem, “Modified series-

[17]

[19]

[20]

[21]

[22]

[23]

[24]

5299

parallel photovoltaic configuration to enhance
efficiency under partial shading,” Int. J.
Integr. Eng., vol. 11, no. 3, pp. 207-215,
2019, doi: 10.30880/1jie.2019.11.03.021.

B. S. ali Nadia, Z. Nora, B. Nadia, and M.
Ahmed, “New sudoku PV array configuration
for out put power losses minimization,” Int. J.
Nat. Eng. Sci., vol. 13, no. 2, pp. 59-62, 2019.
P. K. Bonthagorla and S. Mikkili,
“Performance  analysis of PV  array
configurations ( SP , BL , HC and TT ) to
enhance maximum power under non-uniform
shading conditions,” Eng. Reports, vol. 2, no.
8, pp. 1-22, 2020, doi: 10.1002/eng2.12214.
X. Zhang, S.-K. Lau, S. S. Y. Lau, and Y.

Zhao, “Photovoltaic integrated shading
devices (PVSDs): a review,” Sol. Energy, pp.
1-38, 2018, doi:

10.1016/j.solener.2018.05.067.

A. Mohapatra, B. Nayak, P. Das, and K. B.
Mohanty, “A review on MPPT techniques of
PV system under partial shading condition,”
Renew. Sustain. Energy Rev., vol. 80, pp.
854-867, 2017, doi:
10.1016/j.rser.2017.05.083.

M. Uno, T. Shinohara, Y. Saito, and A.
Kukita, “Review, comparison, and proposal
for PWM converters integrating differential
power processing converter for small
exploration rovers,” Energies, vol. 12, pp. 1—
19, 2019, doi: 10.3390/en12101919.

N. D. Marks, T. J. Summers, and R. E. Betz,
“Photovoltaic power systems: a review of
topologies, converters and controls,” 2012
22nd Australas. Univ. Power FEng. Conf.
"Green Smart Grid Syst. AUPEC 2012, 2012.
F. Belhachat and C. Larbes, “Modeling,
analysis and comparison of solar photovoltaic
array configurations under partial shading
conditions,” Sol. Energy, vol. 120, pp. 399—
418, 2015, doi: 10.1016/j.solener.2015.07.039.

M. Elektric, “Photovoltaic Modules PV-
MIJT250GB.”
M. G. Villalva, J. R. Gazoli, and E. R. Filho,

“Comprehensive Approach to Modeling and
Simulation of Photovoltaic Arrays,” [EEE
Trans. power Electron., vol. 24, no. 5, pp.
1198-1208, 2009.



http://www.jatit.org/

	1,2ASNIL, 1,2KRISMADINATA, 1,2IRMA HUSNAINI, 1,2ERITA ASTRID
	3. DESCRIPTION OF PSCS ON PV SYSTEM
	4.1 Series-Parallel (SP) Configuration System
	4.2 Honey-Comb (HC) Configuration System
	4.3 Total Cross Tied (TCT) Configuration System
	4.4 Bridge Linked Honey-Comb (BLHC) Configuration System
	4.5 Bridge Linked Total Cross Tied (BLTCT) Configuration System
	4.6 Series-Parallel Total Cross Tied (SPTCT) Configuration System
	4.7 Performance Analysis Of PV System Under PSCs
	4.7.1. Uniform
	4.7.2. Short and Narrow
	4.7.3. Long and Narrow
	4.7.4. Long and Wide
	4.7.5. Short and Wide
	4.7.6. Corner



