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Abstract—In this paper a photovoltaic (PV) module in
renewable energy conversion system is simulated. The
simulation of the system is developed using
MATLAB/Simulink  environments, which can be
representative of PV cell, module, and array for easy use on
simulation block. The PV model is developed using basic
circuit equations of the photovoltaic solar cells including the
effects of irradiation and temperature. The output current
and power characteristics of PV model are simulated. The
results are provided and presented here.

Index Terms —photovoltaic model, developed, simulation,
MATLAB

1. INTRODUCTION

Photovoltaics offer consumers the ability to generate
electricity in a clean, quiet and reliable way. Photovoltaic
systems are comprised of photovoltaic cells, devices that
convert light energy directly into electricity. Because the
source of light is usually the sun, they are often called solar
cells. The word photovoltaic comes from “photo,” meaning
light, and “voltaic,” which refers to producing electricity.
Therefore, the photovoltaic process is “producing electricity
directly from sunlight.” Photovoltaics are often referred to as
PV .PV cells convert sunlight directly into electricity without
creating any air or water pollution. PV cells are made of at
least two layers of semiconductor material. One layer has a
positive charge, the other negative. When light enters the cell,
some of the photons from the light are absorbed by the
semiconductor atoms, freeing electrons from the cell’s
negative layer to flow through an external circuit and back into
the positive layer. This flow of electrons produces electric
current.
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Fig. 1: Basic solar cell construction

A single PV cell being too small for practical power
application is usually connected as series-parallel combination
to give a required voltage and current in so called PV module.
This PV module forms a series-parallel combination to work
as PV array. The PV system application can be as grid
connected, stand alone or hybrid [1].

The nonlinear PV array characteristics which varies focus with
temperature and solar intensity,

2. PV cell model

2.1. Ideal PV cell

The standard PV cell is represented as a current source in
parallel with a single diode. The equivalent circuit diagram is
shown in Fig. 1. The output, Iph is directly proportional to
amount of solar incident on the PV cell.
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Fig.2: Single-diode model of the theoretical PV cell
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Where Id is the Shockley diode equation, lo, is the reverse
saturation or leakage current of the diode, q is the electron
charge (1.60217646 x 10—19 C), k is the Boltzmann constant
(1.3806503 x 10—-23 J/K), T (in Kelvin) is the temperature of
the p—n junction, and a is the diode ideality constant. Fig. 5
shows the I-V curve originated

2.2. PV Module (Array)

The basic equation (1) of the elementary PV cell does not
represent the 1-V characteristic of a practical PV module.
Practical module is composed of several connected PV cells
and the observation of the characteristics at the terminals of
the PV .The complete model of PV module should include the
effect due to series-parallel combination of each PV [3].
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Fig.3: equivalent circuit of a practical PV device including the
series and parallel resistances.

Thus the above equation is expressed as:

=l - eq(\/+IRS)/th _1)_M

(
ph 0 R, 3)

Where Iph and lo are the photovoltaic (PV) and saturation
currents, respectively, of the array and V., = NskT/q is the
thermal voltage of the array with Ns cells connected in series.
Cells connected in parallel increase the current and cells
connected in series provide greater output voltages. If the
array is composed of Np parallel connections of cells the PV
and saturation currents may be expressed as lpn = Ipncen Np, 1o
= oo Np. In (3), Rs is the equivalent series resistance of the
array and R, is the equivalent parallel resistance. This
equation originates the 1-V curve in Fig. 4, where three
remarkable points are highlighted: short circuit (0, ls), MPP
(Vmp, Imp), and open circuit (V, 0) [2]
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Fig. 4: Representative current-voltage curve for photovoltaic
cells

3. Building of PV Model

A model of PV module with moderate complexity which
includes the temperature independence of the photocurrent
source, the saturation current of the diode, and a series
resistance is considered based on the Shockley diode equation.
It is important to build a generalized model suitable for all of
the PV cell, module, and array, which is used to design and
analyze a maximum power point tracker. Bing illuminated
with radiation of sunlight, PV cell converts part of the



ICREN-01/2013 February 16-17, 2013 Constantine, Algeria First International Conference
on Renewable Energies and Nanotechnology impact on Medicine and Ecology

photovoltaic potential directly into electricity with both 1-V
and P-V output characteristics. A generalized PV model is
built using Matlab/Simulink [4]-[6] to illustrate and verify the
nonlinear 1-V and P-V output characteristics of PV module.

3.1. Building of ideal PV cell

The simulation model makes use of basic circuit equations of
PV solar cell based on its behavior (1) .The schematic of Fig.
5 is simulated for obtaining PV cell characteristics and
simulation result is shown in Fig. 6.
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Fig.5: Model of Ideal PV cell in SIMULINK
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Fig.6: The i =f (v) and P = f (v) characteristics of PV cell

3.2. Building of PV Module (Array)

For a PV module with 1-V and P-V output characteristics of
generalized PV model for a cell are shown in Fig.7. The
nonlinear nature of PV cell is apparent as shown in the fig..8;
the output current and power of PV module depend on the
cell’s terminal operating voltage and temperature, and solar
isolation as well.
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Fig.7: (a) Model of PV module in SIMULINK. (b) Mask
implementation of PV module
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Fig.8: The i =f (v) and P = f (v) characteristics of PV module

The properties of the group of cells are parallel to those of the
dual group in series. Thus, in an array of cells connected in
parallel, the cells are subjected to the same voltage and the
resultant characteristic grouping is obtained by adding the
currents given voltage. [7]

4. PV module characteristics

The parameters that determine the operation of a photovoltaic
panel reflected in their characteristic curves, 1-V and P-V. Fig.
7 shows that modeling of a photovoltaic panel. Fig.9and
Fig.10 represents that the calculation of two groups of curves,
first the temperature stayed constant at 25 °C varying the
different irradiance (0, 25, 0, 50, 0, 75 and 1sun) generating a
type of curves. Later, the irradiance is maintained constant at
1sun calculating the curve for different temperatures (0, 25, 50
and 75 °C)[ 9]-[ 11].
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Fig .9: Simulink model I-V and P-V curves for various
irradiation levels (G =0.25, 0.5, 0.75, 1 Sun, T = 25°C)

From the simulation result it can be observed that as solar
radiation falling on PV module is reduced, both Isc and Voc
decreases, but the change in Voc is not as prominent with
incident solar radiation as is with Isc, which varies almost
directly proportional.

\

Fig.10: Simulink model I-V and P-V curves for
various temperatures. (G = 1Sun. T = 0. 25. 50.75

To study the effect of Temperature variation on PV module
output, temperature is taken as one of the variable in addition
to the voltage. 1-V characteristics and power curves are
obtained as shown in Fig.10 .And it can be observed the
saturation current of diode of PV module is highly temperature
dependent and it Increases with increase in temperature.

5. Maximum power point tracking

The output power of the solar PV module changes with

change in direction of the sun, change in solar insolation level
and change in temperature. Also there is a single maximum
power point in the PV characteristics of the PV module for a
particular operating condition. It is desired that the PV module
operates close to this point, output of the PV module
approaches near to MPP. The process of operating PV module
at this condition is called as maximum power point tracking
(MPPT). Maximization of PV power improves the utilization
of the solar PV module.[12]

The algorithm basis is the PV array output which is constantly
adjusted to reach the voltage in the maximum power point
(MPP).

The Algorithm is implemented using M —file in MATLAB.
Fig. 11 show the module voltage V Current Imp at the
maximum power Pmax
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Fig .11:

The peak value of the product of V and | represent the
maximum power point (MPP) Pmax of the solar module. The
current and voltage of PV module at the MPP are denoted by
Imp @and Vp, respectively. The solar module should always be
operated in this region so as to extract the maximum power for
a given input conditions. For this purpose various power
maximum point algorithms can be used.

5. Conclusions

A generalized PV model which is representative of the all

PV cell, module, has been developed with Matlab/Simulink
and been verified with a PV cell and PV module. The
proposed model takes sunlight irradiance and cell temperature
as input parameters and outputs the I-V and P-V
characteristics under various conditions. This model has also
been designed in the form of Simulink block libraries. The
masked icon makes the block model. easily configure the PV
model. Such a generalized PV model is easy to be used for the
implementation on Matlab/Simulink modeling and simulation
platform. Especially, in the context of the SimPowerSystem
tool, there is now a generalized PV model which can be used
for the model and analysis in the field of solar PV power
conversion system.
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