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ABSTRACT

In the world, energy needs of people are met by fossil fuels. However, fossil fuels are getting depleted
day by day and using of them causes negative effect on the environment. Moreover, energy demand of the
world has increased in recent years. Hence, in order to meet the energy demand, especially solar or
photovoltaic energy is widely used among the renewable energy sources. Photovoltaic cell directly
convert solar energy into electricity. However, efficiency of photovoltaic cell is negatively affected by
partial shading. Partial shading generally occurs on photovoltaic systems due to passing cloud,
neighboring building, tree, etc. As a result of partial shading, produced power from photovoltaic system is
less than the expected power value. One of the solutions of this problem is photovoltaic array
configurations scheme. In this study, five different photovoltaic array configuration schemes: Series,
Series-Parallel, Total-Cross-Tied, Bridged-Linked, and Honey-Comb, are carried out using 6x6
photovoltaic array under six different shading cases. Simulations of all shading cases are implemented
using MATLAB/Simulink. In general, the obtained maximum power results under all partial shading
cases show that Total-Cross-Tied configuration has the best performance according to other
configurations. Furthermore, the obtained results have been compared in terms of shading loss, mismatch
loss, and fill factor.

1. Introduction

In the world, energy demand is increasing with the increase of human population. The majority of energy
needs of human population are met by fossil fuels. However, fossil fuels are getting depleted and its
damage to the environment is increasing day by day. Therefore, the use of renewable energy sources
especially solar or photovoltaic (PV) energy is becoming widespread (Rao et al., 2014; Malathy and
Ramaprabha, 2015; Pareek and Dahiya, 2016; Yadav et al., 2017; Bana and Saini, 2017). Solar energy is
freely available, pollution-free, low maintenance cost, reliable, and infinite. However, it has some
drawbacks such as the high installation cost and low energy conversion efficiency (Reisi et al., 2013;
Subudhi and Pradhan, 2013; Bhatnagar and Nema, 2013; Pareek and Dahiya, 2016; Jazayeri et al., 2014).
Electricity from solar energy is produced by PV cell. It has a nonlinear current-voltage (I-V)
characteristic and there is a maximum power point (MPP) on its power—voltage (P—V) characteristic. The
output power of PV module depends on solar irradiation and temperature. In order to improve the
efficiency of PV module, it must be operated at the MPP (Reisi et al., 2013; Subudhi and Pradhan, 2013;
Bhatnagar and Nema, 2013; Malathy and Ramaprabha, 2015). One of the major cause reducing the
efficiency of PV module is partial shading (PS). Partial shading is caused by several factors such as cloud,
building, tree, and snow (Wang and Hsu, 2010; Belhachat and Larbes, 2015; Bana and Saini, 2017). In
partial shading conditions, PV modules of the array receive different solar irradiation values. Therefore,
there are multiple peaks on the P-V and I-V characteristics of the PV array, so power losses occur in the
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system. One of the solutions of reducing the power losses is PV array configurations schemes (Rao et al.,
2014; Belhachat and Larbes, 2015; Yadav et al., 2017; Bana and Saini, 2017).

In the literature, different PV array configuration schemes are proposed such as Series (S), Parallel (P),
Series-Parallel (SP), Total-Cross- Tied (TCT), Bridged-Linked (BL), and Honey-Comb (HC). El-Dein et
al. (2013), proposed a novel mathematical formulation for finding the optimal reconfiguration of PV array
as a mixed integer quadratic programming problem in order to reducing the partial shading losses. The
PV array is constructed from the interconnection of PV modules in half reconfigurable PV array, full
reconfigurable PV array, and TCT. The results of these configurations are compared and the authors
found that the partial shading losses are reduced with the proposed reconfiguration. Rao et al. (2014)
proposed a fixed interconnection scheme for PV arrays in order to improve the PV efficiency under
partial shading conditions. This proposed scheme was implemented on 3x3 PV array. The results of the
proposed scheme were compared with the results of the SP, TCT, and BL configuration. Belhachat and
Larbes (2015) analyzed the performance of S, P, SP, TCT, BL, and HC configurations under all possible
scenarios of shading on 6x4 PV array. The Bishop model of a photovoltaic module was used. The
obtained results showed that TCT configuration provided the best performances under most cases of PSC.
Malathy and Ramaprabha (2015) analyzed the performance of PV array configurations for different array
sizes under different shading patterns. Moreover, they proposed new configuration as well as S, P, SP,
TCT, HC, and BL. New configuration gave the better maximum power than TCT configurations. Pareek
and Dahiya (2016), proposed a novel method to forecast the interconnection of modules in TCT
configuration PV array. In novel method, the placement of shaded and non-shaded modules in array is
done in such a way in order to distribute the shading effects evenly in each row. The study is realized
under different shading scenarios. The results show that the method provides multiple solutions for
reconfiguration of PV array in order to increase the efficiency of PV array. Bana and Saini (2017)
proposed a novel PV array configuration under 14 shading scenarios. The output power of novel PV array
configuration is compared with SP, TCT, BL, and HC configuration.

In this study, performance of S, SP, TCT, BL, and HC configurations was analyzed for different shading
cases on 6x6 PV array. Simulations of all PV array configurations under different shading cases were
realized using MATLAB/Simulink. Performances of PV array configurations were compared in terms of
maximum power value, shading loss, mismatch loss, and fill factor. The results show that TCT
configuration gives better performance with highest maximum power, the lowest mismatch loss, and the
highest fill factor than other PV array configurations.

This study is a review study for PV array configurations. In this study, all situations used in comparing
the performances of the PV array configurations are explicitly given and explained for all PV array
configurations contrary to other studies in the literature. The study has been carried out for S, SP, TCT,
BL, and HC configurations given in the literature and a large size PV array was used instead of small size
PV array. Under all possible partial shading conditions, the study was simulated and results were clearly
given. The performance of all configurations was compared in terms of maximum power value, shading
loss, mismatch loss, and fill factor.

This paper is organized as follows: Section 2 presents the mathematical model of PV cell and module and
PV module characteristic under uniform and changing environmental conditions. In Section 3, PV array
configurations are clearly explained. In Section 4, all the considered PV array configurations are analyzed
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and compared in terms of maximum power value. In Section 5, performance of PV array configurations
are compared with regard to shading loss, mismatch loss, and fill factor.

2. Mathematical model of PV

Various electrical equivalents of the PV cell are found in literature and the one diode model is the most
widely used model among them. The equivalent circuit of one single diode model is shown in Fig. 1. The
circuit consists of a photo current (Iyn), a diode (D), a parallel resistance (Rp) representing the leakage
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Fig. 1. The equivalent circuit of one diode model.

current and a series resistance (Rs) representing an internal resistance of the PV cell (De Soto et al., 2006;
Tsai et al., 2008; Villalva et al., 2009; Tsai, 2010). The voltage-current characteristic equation of a PV
cell is given as follows

V + IR,
R, (1)

[ = Ip;:—I,,[exp( (V+ IR\A))—I]—

where Ipn is light generated current, lo is the cell saturation of dark current, T is the cell’s operating
temperature in Kelvin (K), k is the Boltzmann constant (1.381 x 102 J/K), q is the electron
charge (1.602 x 10* C), A is diode ideality constant (De Soto et al., 2006; Tsai et al., 2008;
Villalva et al., 2009; Tsai, 2010). The photovoltaic current mainly depends on the solar irradiation and
temperature given as

IPJ: = [I.sc + K (T— ’[;ci")]G’IG'Z (2)

where I is the short circuit current of the cell at 25 °C and 1000 W/m?, Kl is the short-circuit current
temperature coefficient of the cell, Trer iS the reference temperature of the cell, G is the solar irradiation of
the cell and G, is the nominal solar irradiation in W/m, (De Soto et al., 2006; Tsai et al., 2008; Villalva et
al., 2009; Tsai, 2010). The saturation current varies with the cell temperature and it can be expressed as

Trc_f 3 qu 1 1
Io = Io n N €Xp ” o,
o i Ak\Ty T 3)
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where lon is the nominal saturation current, Eq is the band gap energy of the semiconductor (Eq = 1.12 eV
for the polycrystalline Si at 25 °C).

The output power of a typical PV cell is less than 2 Watt (W) at 0.5 Volt (V). In order to produce desired
output power, PV cells are con- nected in a module of series and parallel configuration (Tsai et al., 2008;
Villalva et al., 2009; Tsai, 2010). The equivalent circuit of the PV module arranged in NP parallel and NS
series is shown in Fig. 2. The voltage-current characteristic equation of a PV module is given in Eq. (4).

Np
N ‘WP”—NPIO[CXP(%(:J i ”fh))—l]— R
- Ng Np p (4)

Simulink model of PV module is given in Fig. 3. I-V and P-V char- acteristic of PV module used in the
system are given in Fig. 4(a) and (b). PV module parameters used in the system is given in Table 1
(https://www.solarelectricsupply.com/fileuploader/download/download/?d=0&file=custom%2Fupload%?2
FSES-450J-data-sheet.pdf)

The output power of PV module mainly depends on solar irradiation and temperature. According to Eq.
(2), the short circuit current of the PV module and solar irradiation are directly proportional to each other.
Therefore, the power of the PV module is directly proportional to solar irradiation. When the solar
irradiation level decreases, the power of the PV module decreases (Tsai et al., 2008; Villalva et al., 2009).
I-V and P- V characteristic of PV module for different solar irradiation levels at constant temperature (25
°C) are shown in Fig. 5(a) and (b). According to Fig. 5(a), when the solar irradiation increases, the short
circuit current of the PV module increases, so the power increases.
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Fig. 2. The equivalent circuit of the PV module.
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Fig. 3. Simulink model of PV module.

According to Eq. (3), the short-circuit current of the PV module and temperature are inversely
proportional to each other. In other words, the power of the PV module is inversely proportional to solar
irradiation. When the temperature increases, the power of the PV module decreases (Tsai et al., 2008;
Villalva et al., 2009). I-V and P-V characteristic of PV module for different temperature at constant solar
irradiation (1000 W/m?) are shown in Fig. 6(a) and (b). According to Fig. 6(a), when the temperature
decreases, the open circuit voltage of the PV module increases, so the power increases.

3. PV array configurations

Fig. 7 shows the schematic diagram of PV array configurations. Five different array configurations are
reported in this paper. These are series (S), series—parallel (SP), total-cross-tied (TCT), bridged-link (BL),
and honey-comb (HC).

S configuration is the simple and basic configuration and it is shown in Fig. 7(a). While output voltage of
this configuration is high, but output current is low. Therefore, various configuration schemes are
proposed so as to overcome this drawback (Malathy and Ramaprabha, 2015; Belhachat and Larbes, 2015;
Amin et al., 2016; Bana and Saini, 2017).

SP configuration is shown in Fig. 7(b). In order to get desired output voltage, all modules are first
connected in series form and then these series connection are connected in parallel (Malathy and
Ramaprabha, 2015; Belhachat and Larbes, 2015; Bana and Saini, 2017; Pareek and Dahiya, 2016; Amin
etal., 2016).

Table 1 PV module parameters used in the system.
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Parametar Varighle Value
Maximum power P ooas S0W
Maximum power point voltage Ve 17.5V
Maximum power point current | [ 204
Open cironit voltage Ve 218V
Shaort eirenit current l= 3.2A
Mumber of series cell Mz 72
Temperature coofficient of e K, 0.105%,C

TCT configuration is shown in Fig. 7(c). It is derived from SP configuration by connected crossties across
each row of the modules. In this configuration, the voltage across the each row is equal and the sum of
current across the each column is equal (Malathy and Ramaprabha, 2015; Belhachat and Larbes, 2015;

Pareek and Dahiya, 2016; Amin et al., 2016; Bana and Saini, 2017).

BL configuration is shown in Fig. 7(d). There is a bridged unit with four modules. Two modules in a
bridge are connected in series and then they are connected in parallel. Bridges are linked via cross ties
(Malathy and Ramaprabha, 2015; Belhachat and Larbes, 2015; Pareek and Dahiya, 2016; Bana and Saini,

2017).

HC configuration is shown in Fig. 7 (e). HC is a modified version of BL configuration and its bridge size
is variable (Malathy and Ramaprabha, 2015; Belhachat and Larbes, 2015; Bana and Saini, 2017).

I-V characteristic of PV module - P-V characteristic of PV module
a5k 0
= 3} =™ I
= 2
£ s |
3 | E;
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% G 6 15 20 ] 0 I % 25
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(a) (b)
Fig. 4. (a) 1-V, (b) P-V characteristic of PV module.
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|-V characteristics of PV module for different solar irradiation P-V characteristics of PV module for different solar iradiation
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Fig. 5. (a) I-V and (b) P-V characteristic of PV module for different solar irradiation.
4. Analysis of partial shading conditions

I-V and P-V characteristic of all PV array configurations at uniform condition (1000 W/m? at 25 °C) are
given in Fig. 8(a) and (b), respectively. In Table 2, maximum power for all PV array configurations for a
6x6 array is given. According to Table 2, S, SP, TCT, BL, and HC configurations gives the same
maximum power at uniform condition.

In order to investigate the efficiency of PV array configurations, we have conducted our tests on 6x6 PV
array under partial shading conditions. Moreover, all shading cases are carried out 25 °C. Shading values
of cases are three different solar irradiation values: 300 W/m2, 600 W/m?, and 1000 W/m?. The partial
shading cases used in this study are given in Fig. 9.

Case 1. The solar irradiance value of the first column is 300 W/m?, the second and the third column is 600
W/m2, and other columns are 1000 W/m?. Case 1 is shown in Fig. 9(a).

Case 2. The solar irradiance values of the half of first and second column from top are 300 W/m?, the
half of fifth and sixth column from bottom is 600 W/m?, and other modules are 1000 W/m?. Case 2 is
shown in Fig. 9(b).

Case 3. The solar irradiance values of the diagonal of the array are 300 W/m?, modules in the
neighborhood of the diagonal of the array are 600 W/m?, and other modules are 1000 W/m?. Case 3 is
shown in Fig. 9(c).

Case 4. The solar irradiance values of the four modules at the middle of the array are 300 W/m?, modules
in the neighborhood of the diagonal of the four modules are 600 W/m?, and other modules are 1000
W/m?, Case 4 is shown in Fig. 9(d).

Case 5. The solar irradiance values of the corner of the PV array are 300 W/m?, modules in the
neighborhood of the corner are 600 W/ m?, and other modules are 1000 W/m?. Case 5 is shown in Fig.
9(e).
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Case 6. The solar irradiance values PV array is randomly distributed. Case 6 is shown in Fig. 9(f).

Simulation results of shading cases are given in Table 3.

Module Current (1)

|-V characteristics of PV module for different temperature
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Fig. 6. (a) I-V and (b) P-V characteristic of PV module for different temperature.
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Fig. 7. The schematic diagram of PV array configurations (a) S, (b) SP, (c) TCT, (d) BL, (e) HC.

According to Table 3, the following results were obtained.

For Case 1, the configurations S, SP, TCT, BL and HC provide the same maximum power. They show the
highest maximum power (1242 W) with respect to maximum power of S (941.3655 W) configuration.

For Case 2, TCT configuration gives the highest maximum power (1340.4 W). The BL configuration has
second best maximum power (1176.8 W) but SP configuration has the lowest maximum power (1112.2

W).

Current(A)

Table 2 Maximum power for all pv array configurations for a 6x6 array.
Configuration P e (W) V e [V Iy (A)
5 1733 6126 2,829
5P 1733 1021 16.98
TCT 1733 1021 16.98
BL 1733 1021 16.98
HC 1733 1021 16.98
|-V Characteristics of PV array configurations at uniform condition P-V Characteristics of PV array configurations at uniform condition
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Fig. 8. (a) I-V and (b) P-V characteristic of PV array configurations at uniform condition.

Page | 1045 Copyright @ 2021 Authors



Juni Khyat

(UGC Care Group I Listed Journal)

ISSN: 2278-4632
Vol-11 Issue-01 2021

7113192531 13|19 (25] 31
8 |14 | 20|26 |32 14 |20 | 26| 32
9 |15 21|27 | 33 15| 21 | 27| 33
10 | 16 | 22 | 28 | 34 16 (22 | 28 | 34
11|17 |23 (29|35 11|17 |23 (29|35
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Fig. 9. Partial shading (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4, (e) Case 5, (f) Case 6.

Table 3 Simulation results of shading cases. The bold values show the maximum values.
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Configuration Poe (W) Vis (V) Lees (A)
Case 1 S 941.3655 530.1 1776
sp 1242 .5 12.74
TCT 1242 @.5 12.74
BL 1242 @.5 12.74
HC 1242 @.5 1274
Case 2 S 1128 401.3 2811
sp 1iz2 1023 1087
TCT 1340.4 99.61 13.46
BL 1176 8 106 11.09
HC 11641 105.01 1107
Case 3 S 555,1542 633.2 0.877
sy 725.748 87.75 8.271
TCT 898.2565 100.3 8.954
BL 734.5931 853 8.612
HC 7747161 101.3 7.645
Case 4 S 10152 5739 1.765
sy 11034 104.6 1055
TCT 1163.2 104.3 11.15
BL 11068 103.9 1065
HC 1134 103.7 1093
Case 5 S 10058 566.8 1.774
sy 10962 103.7 1057
TCT 1159.3 104.3 11.12
BL 1116.1 104.5 1068
HC 11023 103.6 1064
Case 6 S 729.9984 4155 1.759
sy 682.9867 4896 13.95
TCT 1002.2 101.3 Q9.885
BL 732.2328 103.9 7.045
HC 742.4291 104.5 7.105

The bold values show the maximum values.

For Case 3, TCT configuration presents the best performance with the highest maximum power
(898.2565 W). It is followed by the HC configuration (774.7161 W). The S configuration presents the
lowest performance (555.1542 W).

For Case 4, TCT configuration provides the highest maximum power (1163.2 W). It is followed by the
HC configuration (1134 W). The S configuration presents the lowest performance (1015.2 W). For Case
5, TCT configuration gives the highest maximum power (1159.3 W). The BL configuration comes second
best (1116.1 W), but S configuration has the lowest maximum power (1005.8 W). For Case 6, TCT
configuration presents the best performance with the highest maximum power (1002.2 W). It is followed
by the HC configuration (742.4291 W). The SP configuration presents the lowest performance (682.9867
W).

5. Results and discussion

Maximum powers of each case for PV array configurations are compared. As a result, SP, TCT, BL, and
HC configurations have the same maximum power for the Case 1. For other shading cases, the highest
power is obtained from TCT configurations. Moreover, the results of shading cases are compared in terms
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of mismatch loss, shading loss, and fill factor. In Fig. 10, Shading and mismatch losses for a PV array are
shown.

5.1. Shading loss

Shading loss is the difference between the array maximum power without partial shading and the sum of
individual maximum power of the modules under partial shading condition (El-Dein et al., 2013;
Vijayalekshmy et al., 2014, 2016). Shading loss is computed by Eq. (5).

Prpudingioss = Bnaxu—Fmnax; (5)

In EQ. (5), Pshadingloss, Pmax_U, and Pmax i are represents the shading loss, maximum power under uniform
condition, and sum of individual maximum power of the modules, respectively. The array maximum
power under uniform condition is 1733W for all configurations. Moreover, the sum of individual
maximum powers of the modules is given in Table 4. For each case, Pmax_i is same for PV array
configurations. In Table 5, shading loss values of all configurations are given. According to Table 5, for
each shading cases, all configurations give the same shading loss. Shading loss for five different
configurations is shown in Fig. 11.

1800 -
sk MPP
Shading Loss without PS
1400 -
e e B -_
1200} .Y ‘
Mismatohi Lose Maximum Possiblc
S 1000} Power under PS
'§ bl s - ————————— g ——————— g . —————— - -
5 w MPP
with PS
m .
200}
200
o 1 L 1 1 1 1 A J
() 100 200 200 %0 600 700 200

400
Voltage(V)

Fig. 10. Shading and mismatch losses for a PV array.

Table 4 The sum of individual maximum powers of the modules

Cases Pox i

Casze 1 12647718 W
Case 2 13910394 W
Case 3 1306.8610 W
Case 4 13367776 W
Caze 5 13367776 W
Case 6 1069.799W
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Table 5 Shading loss (W) values of all configurations.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
g 58 2R 341.961 426.139 3662224 366.2224 B63.2010
5P 468, 2202 341.961 426,139 3662224 3662224 663.2010
TCT 4582282 341.961 426,139 3662224 3662224 663.2010
BL 4658, 2282 341.961 426.139 3662224 3662224 663.2010
HC 8. 2282 341.961 426,139 3662224 3662224 663.2010

Shading Loss (Watt)

Shading Case

“s
wsp
SaTCT
wBL
wHC

Fig. 11. Shading loss for five different configurations.

Table 7 Mismatch loss (%) values of all configurations.

The bold values show the maximum values.
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Caze 1 Case 2 Case 3 Case 4 Caze 5 Caze &
5 2557 1891 57.52 2572 26.41 317
s 1.80 1996 44,47 19.27 19.80 3550
TCT 1.80 3.38 3127 1489 1518 632
BL 1.80 15.40 43,79 19.02 18.34 31.55
HC 1.80 16.31 40,72 17.03 19.35 3060
60
Py
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g
% 40 WS
3 b
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5 wBL
g 10 wHC
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Shading Case

Fig. 12. Mismatch loss (%) for five different configurations.
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Cases s Sp TCT BL HC
Case 1 Vae (V) 7553385 1269222 1269222 1269222 1269222
Isc (A) 31778 14,3045 143045 14.3045 14,3045
Case2 VoclV) 7613240 1273539 1278442 127.5659 127.6148
Izc (A) 318 10.72 131 11.14 1L.07
Case 3 Voo V) 737.2133 1231807 124.07 89 123.4 123.68
Lo (A) LBaO7 16,4147 128124 15.04 16,2858
Case 4  Vae (V) 760.272 1271317 127.2871 127.1352 127.1983
Lgc (A) 31787 19.005 190312 19.01 04 19.0312
Case5 Voo I(V) 7587130 1269824 127.0812 127.0716 127.0117
Ige (A) 20875 la.o7g2 18.9378 19 189278
Caze b Vo (V) 742134 1237934 125.062 124165 124 5377
Lz (A) 31739 18.9636 141677 18.9377 16,3646
Table 9 Fill factor values of all configurations.
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
5 0.39 0.47 040 042 0.44 031
5P 0.68 0.46 0.36 .46 045 029
TCT 0.68 0.64 0.57 0.48 0.48 057
BL 0.68 0.49 039 046 046 031
HC 0.68 0.48 038 047 0.46 036

The bold values show the maximum values.

Table 6 The global maximum power point of all configurations.

Case 1 Case 2 Case 3 Case 4 Case 5 Case &
5 041 3655W 1128W 555.2242W 10152 W 10058 W 720.0038W
P 1242W 11133 W FIET4EW 11034 W 10962 W G90.0727 W
TCT 1242W 1344W BOB.2565W 11632 W 11593 W 10022 W
BL 1242W 11768 W FI45031W 1106.8 W 11161 W 732.2328W
HC 1242W 11641 W TTATI6LW 1134W 11023 W T42.4201W

5.2. Mismatch loss
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Fig. 13. Fill factor for five different configurations.
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Mismatch loss is the difference between the sum of individual maximum power of the modules and the
global maximum power point under partial shading conditions (Vijayalekshmy et al., 2014, 2016).
Mismatch loss is computed by Eq. (6).

Brismatchios = Fmaxi—Poumer (6)

In Eq. (6), Pmismatchioss, Pmax_i,» and Pamep are represents the mismatch loss, the sum of individual maximum
power of the modules, and global maximum power point under partial shading conditions, respectively.
For all shading cases, the global maximum power point of configurations are given in Table 6. Mismatch
loss (%) values for all configurations is given in Table 7. According to Table 7, for Case 1, SP, TCT, BL,
and HC give the same mismatch loss. For other shading cases, the mismatch loss is found to be lower in
TCT configuration. In Fig. 12, mismatch loss (%) for five different configurations is given.

5.3. Fill factor

Fill factor (FF) is ratio of global maximum power to product of the open circuit voltage and short circuit
current of the array configuration under the partial shading conditions (Vijayalekshmy et al., 2014, 2016).
The fill factor is given in Eq. (7).

Fourr
Vie X I (7)

FF =

In Eq. (7), PGMPP, VOC, and ISC represent the global maximum power point under partial shading
conditions, open circuit voltage of array, and short circuit current of array, respectively. All shading cases,
the open circuit voltage and short circuit current of configurations are given in Table 8. Fill factor values
of all configurations is given in Table 9. For Case 1, SP, TCT, BL, and HC has the same fill factor value.
The other shading cases, TCT has more fill factor values than other configurations. Fill factor for five
different configurations is given in Fig. 13.

6. Conclusion

In this study, a comprehensive study which considers S, SP, TCT, BL, and HC PV array configurations
has been carried out under six partial shading cases. For this purpose, simulations of all configurations for
different shading cases has been implemented on 6x6 PV array using MATLAB/Simulink. Under
uniform condition, all PV array configurations give the same maximum power. However, under partial
shading conditions, performances of PV array configurations are different and depend on the shading
case. For Case 1, TCT, SP, TCT, BL, and HC gives the highest maximum power (1242 W) and S gives
the lowest maximum power (941.3655 W). When compared the S configuration, maximum power
increase of the TCT, SP,TCT, BL, and HC configuration is 31.93%. For Case 2, TCT provides the highest
maximum power (1340.4 W) and SP gives the lowest maximum power (1112.2 W). When compared the
SP configuration, increase of maximum power value of the TCT configuration is 20.51%. For Case 3,
TCT provides the highest maximum power (898.2565 W) and S gives the lowest maximum power
(555.1542 W). When compared the S configuration increase of maximum power value of the TCT
configuration is 61.8%. For Case 4, TCT provides the highest maximum power (1163.2 W) and S gives
the lowest maximum power (1015.2 W). When compared the S configuration, increase of maximum
power value of the TCT configuration is 14.57%. For Case 5, TCT presents the highest maximum power
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(1159.3 W) and S gives the lowest maximum power (1005.8 W). When compared the S configuration,
increase of maximum power value of the TCT configuration is 15.26%. For Case 6, TCT gives the
highest maximum power (1002.2 W) SP gives the lowest maximum power (682.9867 W). When
compared the SP configuration, increase of maximum power value of the TCT configuration is 46.74%.

According to these results, TCT provides the best performance for all shading conditions and it increases
the maximum power compared to other configurations. Moreover, shading loss, mismatch loss, and fill
factor has been compared for all PV array configurations. According to results, shading loss is the same
for all configurations for each shading cases. TCT has the lowest mismatch loss and fill factor. As a
result, efficiency of PV array strongly depends on the PV array configuration. Furthermore, shading
cases, solar irradiation level, and type of shading case affect the efficiency of PV array.
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