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ABSTRACT

Solar photovoltaic system performance depends on environmental conditions. Solar photovoltaic panel is a power
source having nonlinear internal resistance. As the intensity of light falling on the panel varies, its voltage as well as
its internal resistance both varies. This paper presents a circuit-based simulation model for a PV cell in order to al-
low estimate the electrical behaviour of the cell with respect changes on environmental parameter of temperature
and irradiance. The general model was implemented on MATLAB scrip file, and accepts irradiance as variable pa-
rameters and outputs the 1-V characteristic. A particular typical solar panel was used for model evaluation, and re-
sults was compare with points taken directly from the manufacturer’s published curves and show excellent corre-
spondence to the model.
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INTRODUCTION

The solar photovoltaic system technologies have increasing roles in electric power technologies, providing more
secure power sources and pollution-free electric supplies. A great deal of research has been conducted in this field
over the last few decades. The solar photovoltaic panel is a power source having nonlinear internal resistance. The
panel output power varies with temperature and insolation. It is desired to operate The solar photovoltaic panel at its
maximum power point for economic reasons. To extract maximum power from the panel, its internal resistance
should be equal to the load resistance [1].

The solar modules have along lifetime (20 years or more) and their best production efficiency is approaching 20%.
Solar energy can be utilized in two ways, solar heating/cooling and solar electricity. Some appliances can be con-
nected directly because they work on dc at the system voltage. Solar arrays were developed for power satellites in
the space program. In high power applications, parallel connected converters are often used to provide electrical
power. As the power supplied by solar arrays depends upon the insolation, temperature and array voltage, it's re-
quired to draw maximum power from solar array.

A PV system directly converts sunlight into electricity. The basic device of a PV system is the PV cell. Cells may be
grouped to form panels or arrays. The voltage and current available at the terminals of a PV device may directly feed
small loads such as lighting systems and DC motors. More sophisticated applications require electronic converters to
process the electricity from the PV device. These converters may be used to regulate the voltage and current at the
load, to control the power flow in grid-connected systems, and mainly to track the maximum power point (MPP) of
the device [2].

In order to study electronic converters for PV systems, one first needs to know-how model the PV device that is
attached to the converter. PV devices present a nonlinear |-V characteristic with several parameters that need to be
adjusted from experimental data of practical devices. The mathematical model of the PV device may be useful in the
study of the dynamic analysis of converters, in the study of MPP tracking (MPPT) algorithms. A set of connected
cells form a panel. Panels are generally composed of series cells in order to obtain large output voltages. Panels with
large output currents are achieved by increasing the surface area of the cells or by connecting cells in parallel. A PV
array may be either a panel or a set of panels connected in series or parallel to form large PV systems. The PV mod-
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ule with all necessary variables and constraints of the governing equations are considered and the tracking efficien-
cies are confirmed by simulations and experimental results [3-6].

PHOTOVOLTAIC MODULES

Solar cells consist of a p-n junction [7] fabricated in a thin wafer or layer of semiconductor. In the dark, the 1-V out-
put characteristic of a solar cell has an exponential characteristic similar to that of a diode. When exposed to light,
photons with energy greater than the band gap energy of the semiconductor are absorbed and create an electron-hole
pair. These carriers are swept apart under the influence of the internal electric fields of the p-n junction and create a
current proportional to the incident radiation. When the cell is short circuited, this current flows in the external cir-
cuit; when open circuited, this current is shunted internally by the intrinsic p-n junction diode. The characteristics of
this diode therefore sets the open circuit voltage characteristics of the cell [8-13].

Modeling of Solar PV Module

In electrical terminology Modeling of Photovoltaic cell means representing with its equivalent circuit. PV cell can
be represented in three equivalent circuits. A solar cell can be operated at any point along its characteristic current-
voltage cure, as shown in figure 1. Two important points on this curve are the open circuit voltage (Vo) and short-
circuit current (lsc). The open-circuit voltage is the maximum voltage at zero current, whereas the short-circuit cur-
rent is the maximum current at zero voltage. A plot of power (P) against voltage (V) for this device shows that there
is a unique point on the 1-V curve at which the solar cell will generate maximum power. This is known as the maxi-
mum power point (Vmpp, Impp) [14-15]. Because a silicon solar cells typically produce only about 0.5V. A humber of
cells are connected in series in a PV module. A panel is a collection of modules physically and electrically grouped
together on a support structure. An array is a collection of panels.

An even more exact modelling could be achieved by the two-diode-model. Here two different diodes with different
diode ideally factors m connected in parallel. At the equations of the diode it was always taken for granted that there
is no breakthrough at operation in the inhibited direction of the diode, but at high negative voltages a breakthrough
at solar cell could be observers. This was modelled at figure 2 by a variable current source 1 (VD) [16-19].

VI characteristics PV7|aracteristics

AMmMps
/ PP
Ccurrent
Isc — Vhep
Impp
>
Qo\‘“
\oc
Volts
Fig. 1Characteristics of Photovoltaic System
Rs
|
@
loh 1 Y Ip1 v Ip2 e + 1I(VD)
- Rp +
DC — _— urrent
Current Source
Source
O

Fig. 2 Two-diode model
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SIMULATION RESULTS

The simulation of solar PV module characteristics is done on the MATLAB/ Simulink.
Parameters of Solar PV module
Output voltage, current and power curve of Solar PV model is shown in the figure 9.

Open circuit voltage (Voc) = 22.22V Short circuit current (Isc) = 5.45 A

Current at Pmax = 4.95A Voltage at Pmax=17.2 V

Diode ‘ideality factor’m=2 Thermal Voltage = vi= (k.T/e)

Charge of an electron e=1.6021733*101° as Constant of Boltzmann k= 1.380658*10-2% Jk*

Insolation= 800W/M?2

MATLAB Model of PV Module
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Fig. 3 (b) PV Module

Masked subsystem model parameters are defined as [Fig. 4]. The MATLAB code computes model parameters lo, Rs,
R, based on the model parameters (short-circuit current I, circuit voltage Vo, rated voltage V., and rated current I)

[Fig. 5].
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Fig. 7 P-V Characteristics of PV Module
Characteristics of Solar PV Module at Different Insolation
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Fig. 10 I-V Characteristics of PV Module at different Insolation
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Fig. 11 P-V Characteristics of PV module at different Insolation
PV Module Connected in Series
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When the module is connected in series, current is same and voltage is multiply by the number solar photovoltaic
module is connected in series. The I-V & P-V characteristics are shown in figure 13 and 14 respectively. When the
twelve module is connected in series, the power increases to 1000W. The I-V & P-V characteristics are shown in
figure 16 and 17 respectively.

CONCLUSIONS

An accurate PV module is presented and demonstrated in MATLAB for a typical solar panel. The model draws I-V
and P-V characteristics at given different solar insolation level. By connecting twelve modules in cascade combina-
tion we get efficient increment in the value of power. The results from the MATLAB™ model show excellent corre-
spondence to manufacturer’s published curves. Finally, the model development was used to show the effect of inso-
lation. This paper is the first step to develop a complete solar photovoltaic power electronic conversion system in
simulation. The proposed method offers different advantages which are: good tracking efficiency, response is high
and well control for the extracted power.
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