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ABSTRACT

This abstract presents a Simulink-MATLAB PV modeling system
designed to generate 60 watts of power. Photovoltaic (PV) systems
harness solar energy to produce electricity, and accurate modeling
is crucial for system design. The PV panel model in the system
accurately represents the behavior of the panels based on factors
such as temperature, irradiance, and performance analysis. The
developed modeling system incorporates various components,
including PV panels, DC-DC converters, maximum power point
trucking MPPT and battery. The proposed model can be very useful
for PV engineers and experts who require simple and accurate PV
simulator to design their systems.

Key words: Photovoltaic (PV), Simulink-MATLAB, (DC-DC)
converter, maximum power point trucking (MPPT).
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Introduction

Renewable energy is a key priority due to rising demand for
electricity, the global energy crisis, environmental degradation,
fossil fuel pricing, and climate change [1]. PV technology has
emerged as a promising solution, converting sunlight directly into
electrical energy. To optimize the performance of PV systems and
ensure reliable power generation, it is essential to study and
understand their power characteristics [2]. Despite of the high initial
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cost and low efficiency, PV system has small operation and
maintenance costs as it is a stationary source of energy fabricated
from semiconductor material. Compared with the oil prices, the
solar energy is a feasible energy supply with great long-term
benefits [3].

PV cell is considered to be the essential power conversion unit of
a PV-power system Solar model, while insulation materials,
temperature, and output voltage of PV are the basic parts factors that
affect to the output characteristics of a PV cell. Since the PV has a
nonlinear current-voltage (I-V) characteristic.

The other advantages of PV system are modular nature, short time
to design, construct, and install, reliable, easy to use, long life, and
lightweight. The PV system is also silent and no special cooling
since there is no moving parts. In addition, it has modular nature
leading to the capacity of supplying from only a few watts to MWs
of electricity. It can be attractively and architecturally beauty if
designed carefully. Meanwhile the disadvantages of PV system are
taking a lot of space, working only when the sun shines, leading to
high cost when build on the ground because of higher cost for
massive area of land [5]. The power characteristics of PV systems
refer to the behavior and performance of these systems in converting
solar energy into electrical power. By examining and analyzing
these characteristics of PV array (1,V) the researchers and engineers
can gain valuable insights into the factors that influence power
generation evaluate system efficiency and identify methods to
enhance performance and maximize energy output of PV system

[6].

PV Model by MATLAB Simulink

An ideal PV-cell was modeled by the current source parallel with
diode. There are losses as together with hung the operation of a PV
cell or solar cell. The pressure drop about the series and shunt
resistor will display voltage drop. By the external contacts here, it
can be an equivalent circuit of a solar cell or photovoltaic cell as
shown in Figure 1.
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Figure .1. Photovoltaic cell

The PV module used in this paper has properties as follows:
PV Module ND- 60 W

Maximal power P max is 60 W.
Open circuit voltage is 22V.

>

>

>

> Short circuit current is 3.9 A.

> Voltage at point of max power is 17.4 V.
>
>

Current at point of max power is 3.45 A.
Over current protection is 7.5 A.
PV model by Simulink

Solar cell or photovoltaic cell consists of a p-n junction fabric
in a thin slice of semi-conductor. There are two commonly used
materials for solar cells, i.e. mono and poly crystalline silicon. The
voltage across a solar cell depends mainly on the design and
materials of the cell, while the current mainly depends on the
incident solar radiation and the cell area. The mathematical
equations of a solar cell can be formulated by[2][7]:

I=1, _1; I M

Where, I is the photocurrent or the current generated by sunlight
imposed on the PV cell. 14 is the diode current. Isn is the current
through the shunt resistance and described by:
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Iscste* S

=200 ) + [(-T)Ki) @

Where is the lscstc iS the short circuit current of the PV cell at
standard test condition (S = 1000 W/m?, T = 25 °C).

Ki is the temperature coefficient for Isc. T, is the reference
temperature. T is the ambient temperature. S is the solar irradiance
(W/m?). The diode current is:

_a
Ip- 1o[exp(AKT(V+Rs)-1] 3)

AKT
7=V (4)

Where |, is the reverse saturation current of the diode; q is the
charge of electron (1.6 x 10%°). K is the Boltzmann constant (1.38
x 1023 J/K). A is the quality factor (lies between 1.2 and 1.6 for
crystalline silicon). Vr is the thermal voltage of diode. V is the
terminal voltage of the PV cell. |, can be expressed by:

I, =1, (%)3 exp

qE
_“_m(r—t.-%)] ©)

Where Eg is the band gap energy (1.12 ev for crystalline silicon). I
is the |, at standard test condition (STC) and the shunt current (lsn)
is as follows:

_ (V+IR)
ISh — Rsh (6)

Then combining the equations (3.2) to (3.6) and putting the
minus of equation (3.1), we get the total output current source. The
PV cell temperature depends on the ambient temperature and the
solar insulation in this way.
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s
Teen= Tambient + (Tnoct - 25)1000 (7)

Where Tnocr is the cell temperature at 23 °C and irradiation of 1000
W/m?2 [2][7].

d

Figure .2. PV model by MATALB SIMULINK

DC-DC Boost Converter

A boost converter is a switch mode of power supply that has a
higher output voltage than its input voltage. The switching in a boost
converter is done through a MOSFET or IGBT. The current flows
only in the first loop and the current through the inductor increases
when the switch is closed. The switch then opens leading to the
voltage across the inductor and the input combine in series to charge
up the output capacitor to a higher voltage than the input. The duty
cycle of the switching signal determines the output voltage. The
longer the switch is closed, the higher the output voltage will be
expected A sample of a boost converter is shown in Figure 3.
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Figure .3. shows the Boost converter
Design of the Boost Converter

According to IEC harmonics standard, CRP should be bounded

within 30%.

iel— = 30% (8)
1
Voltage Ripple Factor (VRF)

Av,

v = 5% 9)
Switching frequency (fs) [8]

fs = 100 KHZ (10)

Output PV Model connected to battery and DC-DC converter

The output of PV system with DC- DC converter, MPPT,
battery, and resistance load 50 W was modelled in MATLAB
SIMULINK. Maximum Power Point Tracker (MPPT) is a power
electronic DC-DC converter inserted between the PV module and
its load to achieve optimum matching. By using an intelligent
algorithm, it ensures to operate the PV module in its maximum
power point. A number of tracking algorithms have been used and
a number of DC-DC converter 12/25 V topologies are possible.

The load was presumed to be a 24 V battery. Furthermore, three
possible connections between source and load were considered. The
most typical arrangement in a simple system as described is a single
series blocking diode between the PV module and the battery. A
shunt regulator was placed in parallel with the battery to prevent
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overcharging when the battery reaches its fully charged “float”
voltage by shunting excess charge around the battery. A more
typical modern regulator arrangement places a series MOSFET
switch between the PV module and battery. This regulator
disconnected the module when the module current felled to zero and
reverses, or when the battery was fully charged. These methods are
the advantages of very low forward voltage drop when the IGBT
switch is closed. These arrangements were modelled as a direct
connection between module and battery. The voltage of the PV
module was set by the battery voltage and the battery current and
hence power delivered which is determined by the PV module
operating point.

The other arrangement is the use of a MPPT DC-DC converter
inserted between the PV module and battery. The ratio of the input
and output voltages is controlled by varying the on-off duty cycle of
the converter switching device, typically an IGBT. Since the battery
fixed the output voltage of the converter, the input voltage and the
module operating point were controlled . Thus, the PV system with
whole system is in Figure 4.
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Figure .4. The PV system with whole system
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Simulation Result and Discussion

The PV panel is characterized by PV and I,V where the
constant temperature (T=25°C) and varying radiation with
maximum power point tracker (MPPT) topologies and (battery
24V), fixed resistance load 50W.

The boost converter is shown to have a slight advantage it can
always track the maximum power point to examine the PV cell ,
and study the Characteristics of power (voltage, current) generated
from PV module output power from simulation in PV cell the power
for all radiations 400,600,800, 1000W/m? (See figure 5).

4 5

Time (t)

Figure.5. shows the total power in different radiation 400-600-800-
1000W/m?

The power of PV cell depends on the cell’s terminal operating
voltage and Temperature and solar insolation well. That with
increase of solar insolation, the short-circuit current of the PV
module increases, and the maximum power output increases as well.
The reason is the open-circuit voltage is logarithmically dependent

10 Copyright © ISTJ Ak sine qolall (3 s
Ayl g o shell 40 sal) dlaall



International Scienceand ~ VOluMe 33 aadl g g ol iyt i

'T'echnology Journal Part 2 .\S.;.d\ Ietrraationa s wad Torkasings demrast ) (
481 5 o glall 4 gal) dlal) January 2024 x I S T .J /\

£2023/12/26 sl gdsall Jo Wpdialy  22023/11 /29 smbh 48,4l S a3

on the solar irradiance, yet the short-circuit current is directly
proportional to the radiant intensity. In first radiation 400W/m2, the
output power set up to 1.74 W. In second radiation 600W/m2

The power increase during radiation and the output power set
to 9.1W in radiation 800W/m2 the power still increasing and
reached to 22 W in the last radiation 1000W/m2 maximum power
set up to 41W that’s the maximum power can generated from PV
typical 60W at fixed resistance load 50 W. The current regarding to
radiations 400,600, 800,1000W/m?. (See figure.6).

Current (A)

Time (%)
Figure.6. Total current with different radiation 400-600-800-
1000w/m2 As the irradiance

As the irradiance increases the current increase linearly with little
increases at constant cell temperature 25 C. The Cell temperature
also affects the 1-V characteristic of a PV For most single and poly-
crystalline silicon PV cells; increasing cell temperature reduces
voltage and power output. the results of PV shown the current with
slight increase in current output that’s as we mention the current
with varying radiation in PV sell the
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current increasing a slight increase, In first radiation 400W/m2
the current set up to 0.3A in the second radiation 600W/m2 the
current was 0.7 A in radiation 800 W/m2 the current setup to 1.1 A
in the last radiation 2000W/m2 the current was 1.48 A .The output
voltage regarding to radiations 400,600, 800, 1000 W/m2. (See
figure.7).

voltage (V)

Time (f)
Figure.7. total voltage with different radiation 400-600-800-
1000w/m2

The voltage in cell temperature 25 C the open-circuit voltage
increases during varying radiations. At radiation 400 W/m2 the
output voltage set up to 5.8V, at 600W/m2radiations the voltage is
increase and reached to 13V, at 800 W/m2 radiation the voltage is
increase and steady state at 20V and the last radiation 2000W/m2
the maximum voltage from PV typical 60W was 28V. the voltage
increases with varying radiations at constant cell temperature 25C.
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Conclusion

The simulation of PV system has been studied well the
characteristic of PV model indicated that the higher irradiation, the
bigger power was achieved. At irradiation of 1000 W/m2, the
produced current from PV system was 1.48 A and the produced
voltage was 28 V. The efficiency of PV system at irradiation of 1000
W/m2 was 8.8%. The simulation showed good agreement for PV
system.
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