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ABSTRACT : The simulation based study of PV cells/arrays using circuit simulator LT-Spice is presented in
this paper. The LT-Spice is an analog/digital circuit simulator which calculates voltage and current in a circuit
This feature of LT-Spice is used to model and simulate the circuits of PV cells/arrays. Effect of two
environmental parameters of irradiance and temperature is observed from the simulated characteristics. Under
Partial Shading Conditions (PSC) the power from the PV array can be dramatically reduced and Maximum
Power Point Tracking (MPPT) points are affected. Hence, to improve the performance of PV arrays the bypass
and blocking diodes are used and their effect on open-circuit voltage (V,.), maximum power output (P,,), voltage
at maximum power output (V) and the corresponding current at maximum power output (l,,) is observed.
Keywords -Current at MPP (I,), Maximum power (P,), Maximum Power Point (MPP), Two-diode model,
Voltage at MPP (V,,)

l. INTRODUCTION

The research in renewable energy has become an increasingly important topic in the 21% century with
the problem of energy crisis becoming more and more aggravated, resulting in increased exploitation and search
for new sustainable and renewable sources of energy. Solar energy is inexhaustible, environmental-friendly,
distributed throughout the earth and includes easy maintenance. Due to this, photovoltaic solar energy has been
increasingly used to generate electric power from sunshine.The direct conversion of solar radiation into
electricity is known as photovoltaic (PV) energyconversion because it is based on the photovoltaic effect. The
photovoltaic effect means the generation of a potential difference at the junction of two different materials in
response to visible or other radiation. Photovoltaic literally means “light-electricity” as “photo” means light and
“volt” is an abbreviation of Alessandro Volta’s name who was a pioneer in the study of electricity. Since a
layman does not know the meaning of the word photovoltaic, a popular and common term referring to PV solar
energy is solar electricity.

Solar cells or photovoltaic (PV) cells are devices that convert sunlight directly into electric energy
using silicon (or other material) PN junction. A PV cell is a basic unit that generates voltage in the range of 0.5
to 0.8 volts depending on cell technology used. This small generation is not of much commercial use if these
cells are not integrated and connected together in a module to give the handsome voltage atleast to charge a
standard battery of 12 volts. Thus, what we see physically in a PV system is the commercially available module;
which are further connected in series and parallel to form a PV system as per the system requirement of voltage
and the current [3,4].

To experiment with PV cells in the laboratory is a time-consuming and costly task. So, to overcome
this problem, simulations techniques are used to simulate the behavior of PV cells under different conditions
.Several simulation softwares are available now days. PSpice has been used for the study of silicon solar cells
and modules constructed from such series connected cells-strings[2,4]. The simple study carried out leads to
valuable information that would be useful in the design of PV modules and power supply systems utilizing such
PV modules as their basic energy source.

The most important component that affects the accuracy of simulation is the PV cell modeling. In real
solar cell, the recombination represents a substantial loss, especially at low voltages or low insolation. This
cannot be adequately modeled using a single-diode model. For improved accuracy, the two-diode model [1] was
proposed.

The performance of PV array is affected by temperature, solar insolation, shading and array

configuration. Under PSCs, the PV characteristics get more complex with multiple peaks. Hence, it is important
to understand and predict them in order to extract the maximum possible power [5].
In this paper, simulation circuits of PV cells, modules and arrays have been developed to study the effect of two
environmental parameters of irradiance and temperature. The effect of introduction of bypass and blocking
diodes in the PV arrays has been observed. The paper deals with the simulation studies of PV cells and arrays
under the effect of partial shading.

www.ijesi.org 68 | Page



Spice Based Modeling and Simulation to Study the Effects of...

1. PV module modelling
The most important component that affects the accuracy of the simulation is the PV cell model.
Modelling of PV cell involves the estimation of the I-V and P-V characteristic curves to emulate the real cell
under various environmental conditions. The equivalent circuit diagram of the PV cell is shown below:-
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Fig.1: Equivalent circuit of PV cell
The output current of the cell can be given as:-
V+IRs V+IRs V4IRs

I'=1,—lIp[enr’er = 1] = oz [e2"e2 = 1] = (=)

Where, ILis the illumination current i.e. the current induced by the cell.
Ir0
IL = ILO X 7 ) (2)

I is the irradiance (light intensity) in W/m?falling on the cell.

ILo is the measured illuminated or photo-generated current for the standard irradiance I.
lor and lg, are the reverse saturation currents of diodel and diode2 respectively.

V is the voltage across the solar cell electrical ports.

I is the output current of the cell.

V. 2 is the thermal voltage of the PV module having N;cells connected in series.

q is the electron charge (1.6 x 1071°C).

K is the Boltzmann constant (1.38 x 10723 J/K)

T is the measurement temperature parameter value.

al and a2 are the ideality factors of diodel and diode2 respectively.

1. THE SOLAR CELL/ARRAY STUDY
In each of the simulations carried out, a set of curves for 1-V characteristics and P-V characteristics
have been obtained. The values of V., P, Vi, and I, have been tabulated for each case.

1.1,  SINGLE PV CELL

The effect of shading on a single cell has been observed. I, corresponds to the amount of sunlight
incident on the cell. Thus, by varying the values of I, the amount of incident sunlight has been varied.I, is the
illuminated current which is the corresponding current value of the irradiance level. The diodes used for the
two-diode model have the following specifications:
MURA460: .model MUR460 D (1,=149n R,=0.0384 N=2 E;=1.285 XT1=5 BV=800 IBV=1e-0.5 C;,=126.4p
Vj=1.34 M=52 tt=44.4n |,,.=4 V=600 mfg=GI type=silicon)
MURS320: .model MURS320 D (Is=1.06n Rs=0.0111 N=1.367 Cj,=135p M=0.45 tt=45n l,,.=3 V, =200
mfg=0n semi type=silicon).Rs is the series resistance that accounts for the overall voltage drop that the carriers
encounter in moving from where they are generated to the points of metal contacts of the cell.
Rg is the shunt leakage resistance which accounts for the formulation of hotspot due to shadowing of a cell in a
model.
los=1n, lp,=10n, T=25°C, a,; =1 and a, =2 were taken into account.

1.2. PV MODULE

In a PV module, 36 cells have been connected in series because 17-18V output voltage is produced
which makes it compatible with 12V applications. A simple symbol has been generated to depict the single solar
cell circuit so that it can be connected in series to form PV modules with less consumption of time. The PV
modules were then arranged in series-parallel configuration to form PV array.

111.3. PV ARRAY WITH DIFFERENT SHADING PATTERNS
The PV arrays have been formed to have larger output power. Practically, they were installated for
generating power or electricity. The simulations were carried at different temperatures in order to study the
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effect of temperature and shading on the I-V and P-V characteristics of the array.The PV array of 20 x 3
configuration has been used for studying the effect of shading, where 20 and 3 represent the number of series
and parallel modules connected in the array. This array has further been divided into four groups, each having
5 x 3 configuration. Different shading patterns have been given to the four groups at 25°C and 50 ‘C.The
different shading patterns that have been used are listed below:-

Case:1: Type A: with no shading (Group A, B, C, D=1)

Case-2: Type B: with partial shading (Group A=1, Group B=1, Group C=1, Group D=0.75)

Case-3: Type C: with partial shading (Group A=1, Group B=1, Group C=0.75, Group D=0.5)

Case-4: Type D: with partial shading (Group A=1, Group B=0.75, Group C=0.5, Group D=0.25)

Where, 1 corresponds to illumination current of 4A. Likewise, 0.75, 0.5 and 0.25 corresponds to 3A,
2A and 1A illumination current respectively. The shading pattern of type D has been clearly shown in Fig.2.
Here, the group with blue series-connected modules depicts that 4A illumination current has been provided
while grey, pink and yellow depicts 3A, 2A and 1A illumination current respectively.Similarly the circuits with
other shading pattern configurations can be developed easily.

Fig.2: PV array with type D shading pattern

The simulation study of PV array with different levels of irradiance at 25°C and 50 °C have been
carried out effectively.

I11.4. EFFECT OF BYPASS DIODE

The bypass diode was connected to each PV module to prevent hot spot formation in the PV array. The
type D shading pattern has been used to clearly explain the effect of shading. However, the simulations have
also been carried out for the other shading patterns. During Uniform Shading Condition (USC), the entire PV
modules generate same amount of current. However, the shaded cell will generate less current during PSC. The
shaded module limits the overall current generation of the PV array. As a result, the solar cells get reverse-
biased due to the mismatched effect and dissipate power in the form of heat.

Fig.3: PV array with bypass diodes in type D shading pattern

Hence, the shaded cells start consuming instead of generating power as reverse current flowsacross the

shaded cells, thus reducing the generated output power. In order to avoid this, the bypass diodes are connected

in parallel across each PV module of the array with the above mentioned shading patterns. The bypass diode

provides a path to bypass the reverse current across the PV module and hence all the cells of the module become
forward-biased.

111.5. EFFECT OF BLOCKING DIODE

The blocking diodes were connected in series with the string of series connected PV modules in order
to avoid current imbalance caused by shading. The function of blocking diode is to prevent the reverse flow of
current particularly from the secondary power sources such as batteries or inverters during the absence of light.
It has been used for all the above mentioned shading patterns. The simulations have been carried out for all the
above mentioned shading patterns while Fig.3 shows the type D configuration clearly.
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Fig.4: PV array with bypass and blocking diodes in type D shading pattern
Besides removing the current imbalance condition, blocking diode prevents the module from loading
the battery at night by avoiding current flow from the battery through the PV array.
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V. SIMULATION RESULTS
This section describes the usefulness of the proposed simulation circuits in simulating and
understanding the effect of bypass and blocking diodes in array configuration with different shading patterns.

IV.1. ILLUSTRATION 1
Theeffect of shading on the PV characteristics has been simulated for the single PV cell.

ia) | voc{v) | vm{v] | Im{a) | Pm({w)
4 0.58 0.435 3.84 1.79

3 0.571 0.483 2077 1.38

2 0.562 0.479 1.791 0.908

1 0.552 0.462 0.865 0.437

Fig.5: 1-V & P-V characteristic curves for the single Tablel: Shading effect on single PV cell
PV cell

Where, the pink and yellow curves show the I-V and P-V characteristics respectively.
It has been clearly shown in Fig.5 and Tablel that the maximum power was obtained at full illumination of 4A
current. As the illuminating current wasgradually decreased by 25% i.e. the shading was increased across the
cell, the values of Voc, Vm, Im and Pm were decreased which can be seen from the graph, as well as table. The
value of Pm was reduced by approximately 0.4 W per 1A reduction in the illumination current across the cell.

IV.2 ILLUSTRATION 2
The effect of shading on PV curve for the PV array with different shading patterns has been simulated
at 25°C as well as 50°C. Here, the PV curves for Type D shading pattern has been shown in Fig.6.
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Fig.6: 1-V and P-V characteristic curves of PV array with Type D shading pattern at (a) 25°C (b) 50 °C
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The effect of shading and temperature has been tabulated in Tables 2-5 for the above mentioned
shading patterns.

Temp('C)| Voc(V) | Vm(V) | Im{A) | Pm{W) | Temp(°c)| Voc[V) | vm(V) | Im(a) | Pm({w)
25 416.582 | 356.385 | 11.709 4059 75 40746 | 372694 | 9.529 3303
50 380.595 | 313.382 | 10.859 3588 50 379.21 | 333.495 | 9.735 2946

Table 2: Type ATable 3: Type B

Temp('C)| Voc[V) | Vm(V] | Im{A) | Pm{W] Temp(c)| Voc(v) | vm(v) | im(a) | pm(w)
25 | 413.514 | 377.195 | 8.861 | 2229 2t | 208.482 | 376.298 | 5.59 1110
50 376,256 | 338,185 | 6.598 1933 50 369.278 | 337.065 | 4.922 992
Table 4: Type C Table 5: Type D

Observations from simulations of PV arrays with different shading patterns at 25°C as well as 50°C are shown in
Fig.6 and Table 2-5. It can be observed that the increase in temperature and shading level adversely affected the
power from the PV array. It has also been observed that the power detoriates by 11-12% with the increase in
temperature by 25°C.

IV.3: ILLUSTRATION 3
The effect of bypass diodes on PV curve for the PV array with different shading patterns has been simulated at
25°C as well as 50°C.

Fig.7: Effect of by pass diodes on the Ty pe I shading pattern at (a) 257°C (b) S0 “C.

Temp | Voc (V) | Vm (V) | Im[A) | Pm (W) Temp | Voc(V) | vm (V) | Im(A) | Pm (W)

25 418.459 | 356.265 | 14.354 4059 25 417.312 | 372.694 | 14.241 3303
50 381.517 | 318.176 | 13.533 3588 50 380.455 | 333.462 | 11.034 2946
Table6: Tvpe A Table 7: Tvpe B

Temp | Voc(V) | vm (V) | im{a) | Pm(w) |_Temp | Voc(V) | Vvm (V) | Im(A] | Pm (W]
25 414.826 | 273.065 14.542 2408 25 410.186 | 275.416 | 10.018 1352
50 377.674 | 243.867 10.573 2142 50 371.824 | 246.385 9.257 1205

Table 8: Tvpe O Table ©: Twvpe I

Observations from simulations of PV arrays with bypass diodes having different shading patterns at 25°C as
well as 50°C are shown in Fig.7 and Table 6-9. It can be observed that the increase in temperature and shading
level adversely affected the power from the PV array. It can also be observed that as the level of shading was
increased, the performance of the array was improved i.e. the generated power of the array was increased.
However, with the usage of bypass diodes in the PV array, the generated output power has been improved.

1V.4 Hlustration 4

The effect of bypass and blocking diodes on PV curve for the PV array with different shading patterns has been
simulated at 25°C as well as 50°C.
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F-iz.s :-Effect orfb)‘t:;ﬂss Vﬂl‘.‘ld Iz)loci{jnz: ;jjou;les oﬁ Tvpe D sha dir;z t:l-atterl-:-l at (a) 25:C -['b} SD “C.

Temp | Voc(V) | Vm(V) | Im(A) | Pm(w) | Temp | Voc(V) | Vm(V) | Im(A) | Pm (W)
25 413.95 | 355.498 | 11.694 4049 25 412,681 | 371L.778 | 11.271 3295
50 376.956 | 317478 | 9.257 3578 50 375,088 | 332.665 | 11.628 2939

Table 10: Type
ATable 11: Type B

Temp | Voc(V) | vm(V) | Im(A) | Pm (W) Temp | Voc(V) | vm (V) | Im{A) | Pm (W)
25 403.083 | 274.671 | 10.886 | 1348 25 409.44 | 272.176 | 12.822 2401
50 364,964 | 245.546 9.408 1201 50 371.494 | 243.076 | 10.287 2135
Table 12: Type C Table 13: Type D

Observations from simulations of PV arrays with bypass diodes having different shading patterns at
25°C as well as 50°C are shown in Fig.8 and Table 10-13 The function of blocking diodes is to avoid current
imbalance caused by shading, hence preventing damage to the array.

V. CONCLUSION

A general approach on modeling and simulation of PV cells and arrays has been proposed. The
simulation study of such circuits has been carried out in LT-Spice as it is simple and easy to use. The PV
characteristics for each case have been investigated under the partial shading conditions (PSCs) and its affect
has been observed. The power detoriates as the level of shading has been increased in the cell. The simulation
studies of bypass and blocking diodes have been carried out and it has been observed that the introduction of
such diodes in the array improves the generated output power during PSCs. Under PSCs, the PV curves show
MPPsand the number of peak points in the curve is equal to the number of shading patterns provided in the
array. This paper provides the reader with all necessary information to easily develop the PV array model for
analyzing and simulating the array.
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