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1.0	 INTRODUCTION

The use of solar photovoltaic for energy 
generation is being widely popular nowadays 
due to advantages associated with such systems 
as widely availability, environmental friendly etc. 
The solar-PV systems in residential applications 
are still in the emerging state due to many factors 
such as installation cost, efficiency etc. The partial 
shading conditions in such systems can be taken 
care of while designing such systems [1-3]. After 
the installation probability of such conditions 
needs to be analyzed in terms of effects on the 
performance of the overall system performance. 

In this study the partial conditions are considered 
including all the condition where, the operating 
conditions of cells are not identical due to 
variations in the solar radiation. In case of the 
partial shading condition current of shaded part 
will be less than the non-shaded part thus it 
creates mismatch and it can lead to excess heating 

in the shaded cell hot-spot situation creates[4-8]. 
To avoid such cases it is needed to analyze the 
partial shading in the solar-PV systems. 

The standalone solar-PV system using 2kW 
solar array with a battery backup for feeding the 
average consumer load upto 8hrs is designed 
with a voltage source inverter. In this study 
efforts are made to evaluate the system under 
different cases of shading such as series shading, 
parallel shading, multi string shading and single 
unit shading and results are presented for the 
performance of the system under such cases. This 
provides an overview of the effects of shading 
on the PV output power and performance of the 
system.  

2.0	 SYSTEM CONFIGURATION

The proposed system is designed for 2 kW rated 
power and 250 W panels are connected in series 
parallel to realize the combination. The isolated 
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solar-PV array is modeled using a conventional 
single diode model [9-10]. The panel of 250W 
is having numbers of cells connected together 
to append up to 250W power. Two panels are 
modeled with different cell arrangements for 
studying the effects of shading.  The output 
current of solar cell can be shown as,
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Where, IPV = output current of PV, VPV =output 
voltage of PV, Vt= NsKT/q = thermal voltage of 
array, Ns number of cells connected in series, q = 
electron charge (1.60 e−19 C), k = the Boltzmann 
constant (1.380 e−23J K-1),T = temperature of the 
p-n junction (K), K and N =the diode ideality 
constant.

Here Ipvt is current produced by a photovoltaic cell, 
it is function of solar irradiance and temperature. 
The diode saturation current, Id is function of 
temperature, which is expressed in equation (12) 
and equation (13) as.
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where, Ipvt is the light generated current at the 
nominal condition which are 25°C and 1000 W 
/m2, ΔT = T1-T2, T1 and T2 = actual and nominal 
temperature in Kelvin, G1 (W/ m2) =value of 
solar irradiation by the PV surface and G2 =the 
nominal value of solar irradiation, Ka = short-
circuit current/temperature coefficient, Kb open-
circuit voltage/temperature coefficient, ISCshort-
circuit current, VOC open-circuit voltage under the 
nominal condition.

The NP is number of cells in series and NS is 
number of cells in parallel. For 250W panel total 
no. of cells is 60, panel-A is modeled considering 
as 6 series cell and 10 parallel cells and second 

flyback converter is connected with the array for 
optimum battery charging application. The battery 
is charging using the control algorithm based on 
CC-CV-CC charging method. The output voltage 
and current of the designed array at maximum 
power point under STC and the open circuit 
voltage and short circuit current under the STC 
conditions are different for different modules. 
However, battery is charged at constant 260V 
and connected to a single phase VSI to feed the 
ac consumer loads. Figure 1 shows the proposed 
system configuration.

Fig. 1 	 Proposed system configuration of 
solar-PV system

The case studies are considered as shading on 
a single panel of series/ parallel connected cells 
and shading on multiple panels. The MPPT 
controller is designed using analgorithm based on 
the conventional perturb and observation method. 
The proposed method is designed to determine 
the value of perturb in each cycle.

3.0	 DESIGN AND MODELING

The solar panel is modeled using a single diode 
model considering the number of cells in series 
and parallel. Two models of panel (panel-A and 
panel-B) are modeled for series and parallel 
connected cells and the system design includes a 
designing of a flyback converter, MPPT controller, 
PWM controller for VSI and an output filter. The 
detail design is presented as follows.

3.1	 Modelling of PV Array

The solar cell is having non-linear power 
characteristics with environmental conditions. The 
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case panel-B, when 10 series cells and 6 parallel 
cells.Figure 2 shows the characteristics obtained 
from the panel-A and Figure 3 shows the 
characteristics of the second panel.  Under STC 
i.e. 1000 W/m2 solar radiations and 25°C of cell 
temperature the characteristics obtained from the 
model for the 2 kW solar array (4X2) are shown 
in Table 1.

Table 1
Parameters of Solar-PV array with 

different modules

S.No. Parameter
Array  
using 

module-I

Array  
using 

module-II
1 Vmp 122 73.2
2 Voc 150 90.2
3 Imp 16.4 27.2
4 Ioc 17.2 28.6

Fig. 2 (a) Power-Voltage Characteristics 		
obtained from the panel-A

Fig. 2 (b) Current-Voltage Characteristics 
obtained from the panel-A

Fig. 3 (a) Power-Voltage Characteristics 
obtained from the panel-A

Fig. 3 (b) Current-Voltage Characteristics 
obtained from the panel-B

Characteristics of solar array, considering both 
the panels under different solar radiations are 
shown in Figure 2 and Figure 3. The rated power 
of both arrays is 2 kW but the voltage and current 
characteristics are different due to different cell 
arrangements. The output voltage of array-A is 
in the range of 120-150V and in case of array-B 
is 80-100V.

3.2	 Design of DC-DC Converter 

The isolated flyback converter is used for the 
MPPT control and battery charging application. 
Isolated flyback dc-dc converter is derived form 
of a buck-boost converter, where the inductor 
is replaced by a transformer and the primary 
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to secondary winding ratio is determined for 
desired output voltages [11]. It also provides 
an advantage as it does not require an output 
inductor, the voltage regulation in this case is 
achieved through a MPPT controller combining 
with PWM control for generation of switching 
signals [12]. The flyback converter is designed 
considering the input voltage (60-140V), output 
voltage (240V), switching frequency (10kHz)and 
rated power as 2kW.  Eq. (4) - (6) are used to 
design the parameters for the flyback converter 
as,
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Where, fs1 (Switching Frequency)=10kHz, 
Lm (magnetizing Inductance), VOC(output 
voltage)=240V, Vin(Input voltage), C1 (output 
capacitance, n (Turns ratio for flyback transformer), 
Pomax(maximum output power)=2000W, d1(duty 
cycle for operation in DCM)=0.5. The design 
values obtained for turns ratio as 1:4,  magnetizing 
inductance as 0.7mH, output capacitor as 100µF, 
considering the ripple current in the inductor as 
20% of the rated current and ripple voltage at the 
output side as 2% of rated output voltage.

3.3	 MPPT Control Algorithm

For  modelling  of  MPPT  controller  the  
conventional perturbation and observation method 
is used with the generation of the step in each 
cycle. For a given perturbation on the voltage of 
the panel leads to an increase (decrease) the output 
power of the PV, then the subsequent perturbation 
is generated in the same (opposite) direction. As 
a consequence of the P&O algorithm, when the 
MPP is reached, the system may oscillate around 
it and this problem can be overcome by reducing 
the perturbation step size [13-14] . The step value 
is calculated by the ratio of change in power to 

the change in the voltage. Figure 4 shows the 
operating flowchart of P&O algorithm, where 
Vpv and Ipv are output voltage and current of PV 
array and k is the value of variation in voltage to 
compute next perturbation. Here for modeling of 
this algorithm in Matlab, the s-function method is 
used, and the perturbation direction is decided by 
comparing the PV output power on three points 
of the characteristics curve. Figure 4 shows the 
flowchart for the proposed algorithm.

Fig. 4 	 MPPT Algorithm

3.4	 Design of VSI and Filter

A single phase voltage source inverter (VSI) is 
selected as dc-ac converter. After selecting the 
VSI topology, the next step is to select its device 
ratings. To calculate the rating of VSI switches 
a rated load condition as well as non-linear 
operating conditions of the load is considered. 
An average load of the system is considered as 
1kW. Thus the VSI is designed to withstand at 
this load as well as non-linear loads [15], the 
voltage and current of the switch is calculated as 
600V, 32A. A closed loop control is also applied 
for changing the duty cycle of the VSI switches 
for maintaining the output voltage of the system 
under varying load conditions using reference 
sine wave voltage and a PID voltage controller 
[16]. The LC filter is designed to filter the higher 
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order harmonics and supply the consumer load at 
50Hz. The value of filter inductor and capacitor 
is calculated using Eq. (7-8) as,
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The filter inductance is calculated as 1.2 mH and 
the value of capacitance is calculated as 14.7µF, 
considering the resonance frequency at 3kHz.

3.5	 Output Voltage Regulator

A PID voltage controller is used for regulation 
the voltage under load variation. Ziegler-Nichols 
method is used for tuning of PID controller. 
Ziegler and Nichols have suggested that the 
value of Kp (proportional gain), Ki (integral 
gain) and Kd (derivative gain) can be found by 
set the controller in the proportional mode and 
increasing the gain until an oscillation takes place 
[17]. The period of oscillation (Pc) is measured 
when the amplitude of oscillation is quite small 
and the crossover frequency (ωc), the critical 
gain (Gc) is obtained from the Nyquist and root 
locus plot. The response of the system has been 
measuren in the matlab, using model tuning tools. 
After obtaining all these values, Ziegler Nichols 
has suggested [16], that one can set the values 
of the parameters Kp, Ki and Kd according to the 
equation (9-11) as,

 
pK =0.2Gc	 ....(9)
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where Kp, and Ki, are the proportional and 
integral gains respectively. Gc is critical gain of 
the system. Pc is period of oscillation. GPI is gain 
of PI controller.  It is observed that for optimum 
performance of the controller to guarantee 
intersections between the triangular and the error 
signal, it is necessary to set the proportional gain 
Kp, to unity and the integral gain Ki, equal to the 
frequency of the triangular waveform. Here they 

are determined and set accordingly, Kp is set to 
2.1 and Ki is 0.005 and Kd is 0.3.

4.0	 CASE STUDIES AND RESULTS

The performance of proposed system is analyzed 
in different shading conditions considering both 
types of panels and results are presented as 
follows.

4.1	 Partial Shading  Case-1

This case study is based on the shading on a single 
panel, under this study the shading is considered 
in east-west direction and the amount of shading 
is taken as 50% of the panel area, considering the 
radiation of 1000W/m2 at remaining panel area. 
The results obtained from both the panels under 
the same situation are presented in Figure 5 and  
Figure 6.

Fig. 5 	 Performance of the system 
considering panel-A
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Fig. 6 	 Performance of the system 
considering panel-B

From Figure 5 and Figure 6 it can be observed 
that the output power of the system is reduced 
to the 1374W, due to shading while the power 
output of the system using panel-B is still on the 
higher side. The output voltage and current of 
PV array (Vpv and Ipv) is varying due to variation 
in the output voltages of both the panels. While 
the output voltage from dc-dc converter is same, 
thus it verifies the voltage regulation by the 
designed controller. The battery is charged at 
this voltage and the output voltage and current of 
VSI is observed as sinusoidal. Under this case the 
performance of panel-A based system is better 
that the panel-B based system

4.2	 Partial Shading Case-2

This case study is further extended under shading 
on a single panel but in different direction, under 

this study the shading is considered in north-west 
direction and the amount of shading is taken as 
50% of the total panel area. The results obtained 
from both the panels under the same situation are 
presented in Figure 7 and Figure 8.

From Figure 7 and Figure 8 the performance of 
the system considering both the panels in case of 
north-south shading can be observed. Under this 
case it can be seen that the power output from the 
panel-A based system is on the higher side that the 
panel-B based system. The performance of both 
the panels is now reversed from the previous case 
study. In the Figure 7 there is variation the output 
current is observed that is due to load variation 
and under the varying load condition the output 
voltage remains same,  thus the PID based output 
controller performance is verified.

Fig. 7 	 shows the results from panel-A
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4.3	 String Shading Case-1

Now the studies have been carried out for the 
shading in the whole string, this case study is 
presenting the effects of shading on multiple 
panels, under this study the shading is considered 
in east-west direction and the amount of shading 
is taken same as 50%. The results obtained from 
both the panels under this case are presented in 
Figure 9 and Figure 10.
Under this case again the panel-B based system 
performance is better as it has higher output power 
generation under same radiation and same case of 
shading. The output power of the panel-A based 
system can be seen at 750 W, while the panel-B 
based system is generating the 1059 W power. 
The load variation in the output current of VSI can 
be observed, with the steady output voltage.

Fig. 8 	 shows the results from panel-B

4.4	 String Shading Case-2

The effects of shading on multiple panels are 
further carried out in north-south direction 
considering both the panels, under this study 
the shading is considered as 50%. The results 
obtained from both the panels under the same 
situation are presented in Figure 11 and Figure 12

From Figure 11 and Figure 12 it can be observed 
that under this case of shading panel-A based 
system performs better that the other one. As the 
power output from the panel-A based array is 
1489 W while the panle-B based system generates 
only 878 W.

Fig. 9 	 shows the results from panel-A
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Fig. 10 	 shows the results from panel-B

Fig. 11 	 shows the results from panel-A

Fig. 12 	 shows the results from panel-B

5.0	 CONCLUSION

The design and performance study of a standalone 
solar PV energy system under different shading 
conditions has been carried out considering a 
system with flyback converter, battery and a 
single phase voltage source inverter. The battery 
charging has been achieved through maximum 
power tracking which improves system efficiency 
and gives sufficient backup. The controller 
performance under various load conditions has 
been investigated and it has been found to perform 
satisfactorily under nonlinear load conditions. 
Performance of the system for the load variation 
is regulated using a feedback PID control. The 
shading case studies are presented to evaluate the 
performance of the system that can be taken care 
of while implementing a plant.
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