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Abstract—Solar Panel is an important development for the new world, now many scientific studies are taking place in the field of
solar panel. The biggest problem now the world facing is energy crisis, so it is very important to use an alternative form of energy. The
solution for energy crisis leads to the development in the use of solar powered energy generation systems and this is used for the
irrigation purposes also. MATLAB is the best environment for studying the efficiency and analysis of the circuit, thus the modelling of
solar panel in MATLAB is explained here. The output of solar panels are very low this can be improved by using MPPT control

techniques, thus the efficiency of the system will become high.
Index Terms—Solar Panel, MATLAB

I. INTRODUCTION
In solar water pumping system the input energy is
extracted from the sun by using the photovoltaic panels.
The modeling and simulation of solar panel is introduced
here along with, the different types of panel and
comparison of solar powered irrigation system with
conventional systems. There are different types of Solar
Water Pumping Systems now exist such as Battery coupled
solar water Pumping System, Direct Coupled Solar Water
Pumping System and Grid Connected Solar Water

Pumping System, these are shown in fig 1
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Fig.1 Solar Water Pumping Systems

Il. TYPES OF SOLAR PANEL

The working of solar panels is to convert the photons to
electricity and this is achieved by the solar cells in the
panels. The basic part in the solar panel is silicon cell, but
there are different types of solar cells available such as
polycrystalline, amorphous, monocrystalline and hybrid
type.

Monocrystalline solar cells are taken from the
artificial-grown crystalline and these are thin silicon
wafers. The efficiency of these types of cells are between
15-24%. Polycrystalline cells are also thin wafer of
silicon from artificial crystalline but the cells are not
single, they are made by multiple interlocking with an
efficiency of 13-18%. Amorphous solar cells are cheaper
it is formed by placing a thin layer of silicon on a
substrate, this helps for more flexible type panel and can
be used for winter seasons. The efficiency is low (7-9%)
when compared to the other two types. Hybrid solar cells
are the combination of amorphous and monocrystalline
solar cells. This the most efficient type of solar cell and
this can withstand very high solar radiation power.

I1l. SOLAR WATER PUMPING SYSTEM

Solar energy is a renewable energy resource and it has
many advantages such as its intermittency of sunlight,
inexhaustible, widely available, ultimate source of energy
and free of cost. For irrigation purposes diesel powered
systems are present in ancient days but when it is
compared with solar water pumping system, the most
efficient one is solar powered irrigation system itself. The
table 1 gives the comparative report about the solar
powered irrigation system with diesel powered systems.

Table 1 Comparison of solar powered with diesel
powered pump

Features Solar Diesel Powered
Powered Pump Pump
Investment High initial | Low initial
investment investment
Running Cost | Negligible Very high

maintenance maintenance and
and running | running cost
cost

Maintenance Cleaning of | Minor &  major

panel can be | service, periodic
achieved overhauling  needs
through  local | skilled labour

labour

Hazardousness | Green  energy | Fire hazardous and
pollution free polluted

IV. MODELLING OF SOLAR PANEL

A.EQUATIONS

The PV module can be modelled by two different types
such as current input module or voltage input module [5].
The parameters taken for the modelling of the solar panel
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are short circuit current, open circuit voltage, rated current
at maximum power point and rated voltage at maximum
power point. The modelling of the panels are done in
standard test conditions of about 25°C and the temperature
effects are not included in the model. The equivalent
circuit for the PV cell is shown in fig.2

Fig 2 Equivalent circuit of solar cell

By applying Kirchhoff’s current law
Isc—Ip—722— Iy =0
Rp
By applying the voltage law voltage of cell is
Veveen = Vo — Rslpy
The current through diode is taken as
Vo,
Ip=1Ip(e iy 1)
The number of cells are calculated by, Ng = Vg /0.61
The thermal voltage V,is taken 26e-3
The equation for irradiation to short circuit gain is,
The cell voltage at maximum rated power is,
Vipe = Vo /N5
The cell voltage at open circuit condition is,
Voce = Voc /Ns
The load resistance at maximum power is,
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Rupp = Vipc/In
The diode current at maximum power point is,
Igm =Isc— I, —Vgm/Rp
The reverse saturation current is,

[ _YOCC]
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The voltage across diode at maximum power point is,
Vau = Vr = lﬂgﬁfdmf( Iy +1)

The series cell resistance can be calculated by,

Rs — Vdm :Vmgc

lsc— Short circuit current

Vo — Open Circuit Voltage

R, — Internal series resistance

R, — Shunt resistance of the diode

Ip— Current through diode

Vp — Voltage across the diode

Vpy — Output voltage of PV cell

Ipy — Output current of PV cell

G — Short Circuit gain

Ns — No of series cells

B.MODELLING OF SOLAR PANEL IN MATLAB

The solar panel is modeled i@d}{! HLAB Simulink as
shown in Fig 3 with the following parameters.
The parameters used for modeling are,
Short circuit current, I, =5.45 A
Open circuit voltage, Vo= 22.3 V
Rated current at maximum power point, I, = 4.95 A
Rated voltage at maximum power point, V. = 17.2 V
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Fig 3 Solar Panel Modeled in MATLAB
equations are specified above and the simulation is done

From the figure it can be seen that a variation in
insolation is given as input to the solar panel, under test
conditions the short circuit current for a insolation of 1000
W is taken as 4.95 and by using the value of current is
find out for different value of insolation. The model of PV
developed in MATLAB is shown in fig. 4. The modeling

for 5 sec.

As time changes the insolation of the sun also changes,
so for modelling of panel corresponding change in
insolation is given as input. The input insolation power
given to the panel is shown in fig. 5.
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Fig 4 MATLAB model of the PV Panel
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Fig 5 Solar Insolation Input to the PV Panel
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Fig 6 Output voltage response of solar panel

In practical circuits the maximum power from the sun can
be achieved by incorporating the stepper motor control of
panels by sensing the direction of insolation. Thus the
efficiency of the system will be increased. As there is
change in input insolation given there should be change
for the output power and voltage in various instants of

time. The output voltage response of the panel is shown in
fig. 6 The changes in output voltage response is shown in
figure, as the time changes there occurring corresponding
changes in output voltage. After 0.75 sec the insolation is
constant and the output voltage is also constant, for a
constant insolation output voltage is also constant. The
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power response of the solar panel is shown in fig 7, the
changes in output power can be seen from the figure.
After constant insolation power output is also constant

after 0.75 sec.
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Fig 7 Output Power response of solar panel
V.CONCLUSION water pumping techniques used are discussed. The
MATLAB modelling and simulation results are also

Solar panel is a best alternative for the use of renewable
energy resources. Now there are many developments
taking place in this field, here the different types of solar

included.
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