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ABSTRACT: The photovoltaic module is developed with step-by-step procedure for the simulation of photovoltaic
modules with MATLAB/SIMULINK. The model is developed using basic circuit equations of the Photovoltaic (P-V) cells
including the effects of solar radiation and temperature changes. Since the P-V module has nonlinear characteristics, and
the Photovoltaic system characteristic curves as current-voltage (I-V) and power-voltage (P-V) characteristics are drawn
according to values change of the temperature and solar radiation which is observed in MATLAB-SIMULINK. For this
One-diode equivalent circuit is employed in order to investigate I-V and P-V characteristics of a typical 36Wsolar module
and draws according to values changes of the temperature and solar irradiation which is observed in MATLAB-
SIMULINK environment also the simulation time taken is more because  it obtained better results or it calculates more
accurate point to point calculation. Here only two cases are taken with this step-by-step procedure and analyze the effect
of temperature and irradiance with these two cases. In the first one constant temperature and constant irradiance are
taken and then the I-V and P-V characteristics are observed. In the second case varying temperature varying irradiance is
taken and I-V, P-V characteristics are observed.
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Nomenclature
Vpv is output voltage of a PV module (V)
Ipv is output current of a PV module (A)
Tr is the reference temperature = 298 K
T is the module operating temperature in Kelvin
Iph is the light generated current in a PV module (A)
Io is the PV module saturation current (A)
A = B is an ideality factor = 1.6
k is Boltzman constant = 1.3805 × 10-23 J/K q is
Electron charge = 1.6 × 10-19 C
Rs is the series resistance of a PV module
ISCr is the PV module short-circuit current at 25oC and
1000W/m2 = 2.55A
Ki is the short-circuit current temperature co-efficient at
ISCr = 0.0017A / oC
λ is the PV module illumination (W/m2) = 1000W/m2

Ego is the band gap for silicon = 1.1 eV
Ns is the number of cells connected in series
Np is the number of cells connected in parallel

I. INTRODUCTION

In order to diminish the greenhouse effect and slow the
depletion of fossil fuel, solar energy systems have been
developed [1].Solar energy is green energy, which is
inexhaustible and environmentally friendly. It is
becoming one of the most promising alternatives for
conventional energy sources. Due to this, photovoltaic
solar energy has been increasingly used to generate

electric power from sunshine [2]. Although the rapid
development of photovoltaic material technology have
reduced the production cost of solar PV (Photovoltaic)
modules [3], generating electricity from a solar cell is still
considered as an expensive method compared with
conventional fossil fuel generated electric power [1].
Solar energy obtained from a solar PV cell is not constant
all the time. Solar energy is affected by external
conditions like solar irradiance and temperature. Solar
irradiance and cell temperature are pointed out to be
affecting PV cell output to a much greater extent than the
other conditions [4]. Moreover, the amount of extracted
power from a PV system is a function of the PV array
voltage and current set point. Due to these reasons stated
above, it is crucial to maximize the output electric power
available from the PV cell. Actually the solar PV cell has
nonlinear I-V and P-V characteristics which is depends on
the irradiance and the operating temperature also in load
condition of the cell [4]. Patel and Agarwal [5] proposed
the MATLAB based modeling and study the effects of
partial shading on PV array characteristics. PV module
characteristics and mathematical modeling are
comprehensively discussed in [6-13], which indicate an
exponential and nonlinear relation between the output
current and voltage of PV module.

The solar energy is a dilute source of energy and its
availability varies widely with time.
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So, it is very necessary to make a complete utilization of
solar energy in available time.
For this purpose an improved PV module has been
introduced which is the development of mathematical
modeling of PV arrays. The objective is to validate the P-
V & I-V characteristics of practical solar PV arrays.

II PRINCIPLE OF OPERATION

PV Cells are basically made up of a PN junction
fabricated in a thin wafer or layer of semiconductor
(usually the material used is silicon).As the photocurrent
generation principle of PV cells. In fact, when sunlight
hits on the cell, the photons are absorbed by the
semiconductor atoms, freeing electrons from the negative
layer. These free electrons find its path towards the
positive layer through an external circuit, resulting in An
electric current flows from the positive layer to the
negative layer. Typically, generated voltage of this PV
cell is around 0.5 to 0.8 volts depending on the
semiconductor and the built-up technology.                This
voltage is low enough as it cannot be of use. Therefore, to
get benefit from this technology, many of PV cells
(involving 36 to 72 cells) are connected in series to form a
PV module. These modules can be interconnected in
series and/or parallel to form a PV panel. In case these
modules are connected in series, their voltages are added
with the same current. Nevertheless, when they are
connected in parallel, their currents are added while the
voltage is the same the same principle technique is used in
this paper and connected a 36 cells in series-parallel
connection which generates following.

Specifications
Maximum Power Voltage(Vmax)=22 V

Maximum Power Current (Imax) = 3.33A

Module Dimension (LxWxH)(mm)=702X666X34

No. of Solar Cells = 36

Normal Operating Cell Temp(NOCT)=25±2⁰C

III. MODELLING OF PV CELL

The solar cell is the basic unit of a PV system. Solar Cell
or Photovoltaic (PV) cell is a device that is made up of
semiconductor materials such as silicon, gallium arsenide
and cadmium telluride, etc. that converts sunlight directly
into electricity. The voltage of a solar cell does not
depend strongly on the solar irradiance but depends
primarily on the cell temperature. PV modules can be
designed to operate at different voltages by connecting
solar cells in series.  When solar cells absorb sunlight,
free electrons and holes are created at positive/negative
junctions. If the positive and negative junctions of solar
cell are connected to DC electrical equipment, current is
delivered to operate the electrical equipment.

Fig.1. PV cell equivalent circuit.

The P-V cell equivalent circuit as shown in fig1. PV
arrays are built up with combined series/parallel
combinations of P-V solar cells, which is usually
represented by a simplified equivalent circuit model such
as given in Fig1.The PV cell output voltage is a function
of the photocurrent that mainly determined by load
current depending on the solar irradiation level during the
operation.
Iph = Phase current, ID = Diode current V= Output Voltage
Ish = Shunt current, Rsh = Shunt resister, Rs = Series
resister.

IV. EQUATIONS FOR EQUIVALENT PV

CIRCUIT

Module photo-current –
Iph [ISCr Ki (T − 298)]*λ /1000 (1)

Modules reverse saturation current –

Irs=Iscr /[exp(qVoc/NskAT)-1]     (2)

The module saturation current I0 varies with the cell cell
temp which is given by.

I0 = Irs[T/Tr]
3exp[q*Ego/BK{1/Tr -1/T}] (3)

The current output of PV modulated is
Ipv=Np

*Iph-Np
*I0[exp{q*(VPV+IpvRS)/NsAKT}-1

Where
Vpv=Voc ,Np=1, NS =36

V. BASIC FUNCTIONAL MATLAB-SIMULINK
MODULE OF THE PHOTOVOLTAIC ARRAY
MODEL

The basic model used for solar pv cell is designed in
MATLAB-SIMULINK environment as show here. A
circuit based simulation model for a PV cell for
estimating the I-V characteristic curves of photovoltaic
panel with respect to changes on environmental
parameters (temperature and irradiance) and cell
parameters (parasitic resistance and ideality factor).
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Fig. 2.

This paper could use to analyze in the development of
MPPT(maximum power point tracking) algorithm. Using
a Stocky diode equation, an accurate Simulink PV panel
model is developed.
In the above figure.2 shows the basic MATLAB-
SIMULINK model which gives the basic idea about PV
cell. A model of PV module with moderate complexity
that 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.
Being illuminated with radiation of sunlight, PV cell
converts part of the photovoltaic potential directly into
electricity with both I-V and P-V output characteristics.

I-V Curve

P-V Curve

With the help of above model. An Another model is
developed in MATLAB-SIMULINK environment of PV
module with constant irradiance and constant temperature
of 250C then I-V and P-V characteristics under constant
irradiation with constant temperature are obtained as
shown here.

VI. MODEL OF PV MODULE WITH CONSTANT
IRRADIATION AND CONSTANT TEMP 25C

Fig. 3.
(a) Performance Estimate with the developed model, and
PV module characteristic is estimated as follows.

PV Module constant Temperature

This is the signal builder block of PV Module which
indicate the input temperature is used. As there is constant
temperature is used means it takes normal room
temperature25C and see the effects on P-V, I-V
characteristics
PV Module constant irradiance

This is screen shot of another signal builder block which
gives the information about input irradiance used.Here
constant irradiance is used and see the effects on P-V, I-V
characteristics PV Module.
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Different curves

I-V Curve under constant irradiance and constant
temperature.

From the above model of case.1 as shown in fig.3with
constant temperature and constant irradiance it gives
following I-V, P-V curve.

P-V Curve under constant irradiance and constant
temperature.

It is observed that in both the graphs sharpness or corners
are indicated this is due to with the simulation time is
maximum this maximum time is used because of accurate
result is obtained.

Table 1.

S. N. SET: 4
VOLT
AGE

CURREN
T

(mA)
POWER

(WATTS)

1 1.6 2.5(Isc) 4

2
Irradiance:

1000 watt/m2 4.2 2.5 10.5

3 6.8 2.5 17
4 9.4 2.499 23.49

5 12 2.492 29.91

6 Temp: 25C 14.6 2.499 35.76

7 17.2 2.175 37.41(Pmax)

8
19.8

(Voc) 0.6108 12.09

From the above P-V, I-V curves following information
are gained which indicate in table.1

Case.2

VII. PV MODULE VARYING IRRADIATION
VARYING    TEMPERATURE

Fig. 4.

Then another model of PV module is developed in
MATLAB-SIMULINK environment as shown in fig.4
with varying irradiation and varying temperature.

PV Module varying temperature

Here indicate the signal builder block of PV module with
varying temperature input. The temperature is increased
step by step from 25C, 50C and 75C.

PV module varying irradiance

In this signal builder block input irradiance is increased
step by step firstly it is in 0.2 then 0.6 then 1.00 from
these varying inputs are given to pv module then I-V, P-V
Curves are obtained.
Different curves
(a) I-V Curve under varying irradiance & varying temp.
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(b) P-V Curve under varying irradiance and varying temp.

Table.2

S. N. SET: 2
VOLT
AGE

CURREN
T

(mA)
POWER(WATT

S)

1
Irradiance:

200 watt/m2 0 0.5(Isc) 0

2 Temp: 25C 5 0.5 2.5
3 10 0.4984 4.984
4 15(Voc) 0.4412 6.618(Pmax)

1
Irradiance:

600 watt/m2 0 1.525(Isc) 0

2 Temp: 50C 5 1.525 7.626
3 10 1.516 15.16
4 15(Voc) 1.255 18.82 (Pmax)

1
Irradiance:

1000 watt/m2 0 2.585(Isc) 0

2 Temp: 75C 5 2.583 12.91
3 10 2.537 25.37(Pmax)
4 15(Voc) o 1.597 23.95

VIII. CONCLUSION

Here the step-by-step procedure is done for modeling of
PV module is presented. This mathematical modeling is
done with the help of firstly studied basic model of PV
module. Then I have to develop some models from which
obtained P-V, I-V characteristics. After that it is also tried
to make better PV module in comparison to already exist
so that it may produce more output voltage making sure
that this output voltage is constant and doesn’t have any
unwanted fluctuations. For this I made many changes to
the model. Basically the output were taken in two cases,
in the first case I kept irradiance constant and temperature

constant then in second case I varied irradiance as well as
temperature varied and obtain different P-V and I-V
values so that different curves are obtained. An accurate
PV module is presented and demonstrated in
MATLAB/SIMULINK and the simulation run timescale
is also large here.so that better results could be obtained.
It can be observed that the PV current Iph is a function of
the solar irradiation and is the only energy conversion
process in which light energy is converted to electrical
energy.
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