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Abstract:- Solar radiant energy accounts for
most of the usable renewable energy on
Earth. Photovoltaic (PV) is a method of
generating electrical power by converting
solar radiation into direct current
electricity using semiconductor that exhibit
the photovoltaic effect. This paper presents
a method of modelling and simulation of
photovoltaic arrays in MATLAB. This
method helps in implementation and also
useful to determine the characteristic of a
particular photovoltaic cell array and to
study the effect of different values of solar
irradiation at different temperatures
concerning the performance of photovoltaic
(PV) cells. This model can also be used to
build a photovoltaic circuit for any
photovoltaic array. All modules which form
the photovoltaic system model are
individually modelled and validated in
Simulink.
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I.  INTRODUCTION

Photovoltaic (PV) and renewable energy sources
(RES) have experimented a great development in
recent years , mainly because of the growing
concern about climate change and the oil price
increase, which has led many countries to adopt
new regulations to promote this kind of energy.
Photovoltaic cells are very low exploitation costs
(free fuel), limited maintenance requirements,
reliable, silent and easy to install. In addition, in
some stand-alone applications photovoltaic cells
are certainly convenient in comparison with
other energy sources, especially in those places
that are not accessible, which is unprofitable to
install traditional power lines.
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Il. MODEL OF SOLAR CELL

Any photovoltaic model is based on diode
behaviour, which gives to photovoltaic cell its
exponential characteristic. The solar cell can be
modelled with three modelling systems. The first
possibility of modelling can be done with
instruments which can implement any differential
equation or algebraic relationship of a highly
complex mathematical model. Another possibility
is given by Simscape, which allows direct
modelling using physical components of the
electric field (resistors, capacitors, diodes) to
implement exactly the same mathematical
equation. A modelling system more complex than
those described above is performed using
SimElectronics advanced component library,
which contains a block called Solar Cell.

The solar cell from MATLAB 7.10.0. (R2010a) is
a solar current source, which includes solar
induced current and temperature dependence.

A. Solar - induced current

Solar cell block is formed from a single solar
panel as a resistance, Rs is connected in series
with a parallel combination of a current source,
two exponential two diodes and a parallel Resistor
,Rp. The output current source | is given by
equation (1):

IS*(e(V+I*Rs)/(N*Vt)_ 1)_Isz*(e(VH*Rs)/NZ*t)_l)_
(V+I*Rs)/Rp (1)

I=Iph'

Where Iph depicts solar-induced current:

Iph =lpho . Ir / Iro ,where Ir = irradiance in
(W/m2) which fall on the surface of cell; Ipho
is measured solar generated current for the
irradiance Iro ; Is is the saturation current of
the first diode; Is, is saturation current of the
second diode in the model; V; = KT / q which
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represents the thermal voltage, dependent on
temperature of the device T , K is Boltzmann
constant and q is the charge of electron; N is
the quality factor (the emission coefficient for
the diode) of the first diode; N2 is the quality
factor (the emission coefficient for the diode)
of the second diode; V is the voltage at the
terminals of the solar cell.

B. Temperature dependence

Several solar cell parameters (the solar-induced
current Iph , the saturation current of the first
diode Is , the saturation current of the second
diode lIsz, the series resistance(Rs) and the parallel
resistance(Rp) depend on temperature.
Photovoltaic cell temperature is specified by value
of the fixed circuit temperature parameter, Trxeo

Iph(t) = Iph *{1 + TIPH1* (T-Tmeas)} ....(2)

Where , TIPHL is the first temperature coefficient
for Iph , Tmeas is the parameter extraction
temperature.

1.  MODEL OF PHOTOVOLTAIC
ARRAY

A. Model for plotting the characteristics of PV
module

In the model (Fig. 1) shows a PV cell array which
is connected to a variable resistor. This resistor has
an input ramp which just varies resistance linearly
in closed circuit till it reaches the 30" steps.

PV ARRAY SIMULINK MODEL

Figl: SIMULINK model of photovoltaic array
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Fig2: Voltage & Power curve for PV Module.

The characteristics of V-1 and V-P of the
photovoltaic array is given in Fig. 3 and Fig. 4.
The V-I curve represents the standard behaviour of
the photovoltaic cell and photovoltaic array
respectively. In the middle of this characteristic is
the maximum power point(MPP). This point is
very critical for this kind of system for maximum
power extraction from the photovoltaic array.
Result that the main objective is to try operating
around of this maximum point in order to make
the photovoltaic cells to work at maximum
efficiency.

Fig3: The V-I characteristics of photovoltaic array
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Fig4: The V-P characteristics of the photovoltaic
array.

IV. MPPT ALGORITM

This algorithm is mainly used to obtain maximum
power from solar array based on variation in
irradiance and temperature. There are many types
of MPPT algorithm but mainly 2 types of MPPT
algorithms are used and they are as follows:

a) Perturb and Observe (P&O)
b) Incremental Conductance Method

A. Perturb and Observe(P&QO) method

In this algorithm there is a slight perturbation
introduced in the system. Due to this perturbation,
the power of the module alters. If the power
enhances due to the perturbation, then the
perturbation is carried on in that direction. After
the maximum power is attained, the power at the
next instant decrements and hence the perturbation
reverses.

The algorithm takes the values of current and
voltage from the solar photovoltaic module. Power
is computed from the assessed voltage and current.
The values of voltage and power at k™ instant are
put in.

e Disadvantages of Perturb & Observe
algorithm

There are times where the irradiation changes
quickly in that case the Maximum Power Point
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also moves on the right hand side of the curve.
The algorithm takes it as a change due to
perturbation and in the next iteration it changes the
direction of perturbation and hence goes away
from the MPP.

However, in this algorithm we use only a single
sensor, the voltage sensor, to sense the solar array
voltage and so the cost of implementation is less
and hence easy to use.

B. Incremental Conductance Method

Incremental conductance method uses two voltage
and current sensors to sense the output voltage
and current of the PV array. At MPP the slope of
the PV curve is 0.

(dP/dV)MPP=d(V1)/dV
0=I1+VdI/dVMPP
(dI/dV)MPP = - IIV

The left hand side is the instantaneous
conductance of the solar panel. When this
instantaneous conductance is equal to the
conductance of the solar energy then MPP is
reached.

At this point we are sensing both the voltage and
current simultaneously. Hence the error due to
change in irradiance is removed. As we go down
the list of algorithms the complexity and the cost
of implementation goes on increasing which may
be suitable for a highly designed and elaborated
system. This is the reason that Perturb and
Observe and Incremental Conductance method are
the most widely used algorithm.

V. CONCLUSIONS

This work describe a new implementation of solar
cell by using MATLAB/Simulink of photovoltaic
arrays and modelling using experimental data. To
build photovoltaic panel the Solar Cell block is
used and the power produced by a photovoltaic
array is affected by changing the irradiance. The
implemented model was validated through
simulation. From the simulation result it shows
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that the proposed method is efficient in terms of
modelling of the functioning of the photovoltaic
system.
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