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Abstract: In this paper a solar PV system is taken for modeling and simulation.

Mathematical and electrical models

have first been presented. A theoretical background which introduces the topic has been presented. The
system's different components have also been described. Then a simulation work of the current voltage (I-V)
characteristics and efficiency by using MATLAB/IMULINK has been performed. In order to make the system
more flexible for getting maximum power from the power circuit PWM Technique based MPPT is considered. The PWM
inverter is used to improve the output current with higher power factor and less variation in load changes. A three pulse
PWM inverter is used to design the MPPT which improve the quality of waveform. Finally many disturbances and
cases like blackout, load disconnection and islanded system have been investigated. In this work, three test
situations have been performed and the corresponding measurements have been recorded. Results that have been
obtained showed that the grid connected PV system responds adequately to all the applied disturbances.
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INTRODUCTION
With the increase of renewable power, grid connected photovoltaics system
are gaining popularity. Due to high cost not many PV system are connected to grid compared
to the traditional sources such as coal, wind, nuclear etc. A dropdown in the price of PV
system has been seen in recent years due to massive increase in production capacity of PV
modules and also due to awareness among the people. Therefore cost reduction has made
it more feasible to the use of grid connected PV system.
Solar energy is one of the most important renewable energy sources that have been
gaining increased attention in recent years. Solar energy is plentiful; it has the greatest
availability compared to other energy sources. It is clean and free of emissions, since it does
not produce pollutants or by-products harmful to nature. Conversion of solar energy is done
through solar energy collector (stationary and sun tracking concentrating) or photovoltaic
panel. The generated current and voltage I-V characteristics are affected by conditions of
radiation and temperature [ 1 , 2].
Islanded PV systems are implemented in isolated regions or in places where connection
to grid is difficult in less developed countries like India. In contrast, grid connected PV
systems are used in developed countries in order to contribute to the electricity share by
means of clean non-fossil energy. Measurements for different situations like blackout, load
disconnect and islanded have been recorded. The objective is to see the behavior of the
system under different possible disturbances. A PV system is composed of the PV solar
generator (PV Arrays), the DC-DC converter for the maximum power point tracking and
the battery regulation. The batteries unit is used for providing energy on cloudy days and at
night and a DC-AC converter for AC loads operation. Basic structure of a PV system is
shown in fig. 1. [3-5]

Fig. 1. Basic structure of a PV system.
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The direct conversion of solar energy
into electrical power is obtained by
solar cells. A PV Generator is composed of many strings of solar cells in series, connected in
parallel, in order to provide the desired values of output voltage and current.
In order to improve the efficiency of the grid connected PV system a PWM technique is
used to improve the power quality of the output waveform. The PWM inverter is used to
produce output current in phase with the voltage for obtaining unity power factor. This
technique is more efficient, used to control the output voltage of inverter and reduce the
harmonics. The
pulse width modulation (PWM) technique mainly consist of single
pulse width modulation ,Multiple pulse width modulation, Sinusoidal pulse width
modulation,
harmonic injection modulation, space vector pulse width modulation,
hysteresis (Delta) pulse width modulation. Hysteresis technique is used for current source
inverter and rest is used for voltage source inverter. Sinusoidal and space vector technique
are used mostly as they reduce the harmonics and control the current.

II. PULSE WIDTH MODULATION TECHNIQUE
PWM technique not only targets Total Harmonic Distortion (THD), but also take care
of EMI reduction, lowering the switching loss, better harmonic spectrum. PWM
generation technique can be divided as sinusoidal or triangular.
To utilize the present infrastructure of the utility grid for the transmission and distribution, grid
tied inverters are required. The DC source will be through PV cell, battery, etc. however the DC
input is lower compared to grid voltage, which can be overcome by using DC-DC converter
which boost up the voltage to desired level.
In this paper we have used the PWM generator of 3 level which generates pulses for carries
based pulse width modulation. This controls switching device (FETs, GTOs and
IGBTs)
of three different converter type single phase half bridge (one arm), single phase full
bridge (two arm) or three Phase Bridge (three arm).
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Fig 2. The following figure shows how pulses are generated for single phase, half bridge three
level converter.
One reference signal is required to generate the four pulses of an arm. A second
reference signal is required for single phase full bridge converter to generate the four
pulses for the second arm.
These signals are internally generated by phase shifting the original signal by 180 degree.
12 pulses are generated by three Phase Bridge with the use of three reference signals.
III. Grid Connected PV System Modeling
In this study the analysis of grid connected PV array with PWM technique is depicted in fig 2.
The system mainly consist of PV module, PWM generator, a high speed step up converter
and a system controller connected to utility grid. As the voltage of the PV cell is not
very high, due to photovoltaic effect. As PV cell consist of series of cell string all
conduct same current, the less efficient cell set the string current, which may cause
failure, if any one of the cell will be inactive. Due to this the overall efficiency of the PV array
is reduced [1].
PWM full wave bridge inverter consists of four semiconductors and an output inductor,
regarded as dc-ac conversion required for the grid connection. As PWM converter is used to
produce output current in phase with the utility voltage to obtain the PF.
In this study the PWM inverter control technique is use to control the output current in
phase with the output voltage, with high power factor and less distortion.
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A 250 KV grid is connected to the PV module through an IGBT inverter which is controlled
by the PWM generator which generate the firing pulses for the IGBT.
The grid consist of two 25-KV feeders, three loads (2-MW, 250-KW
grounding transformer and equivalent 120- KV transmission system.

and

30

MW),

The initial input irradiance to the PV array is
1000W/m2 and the operating temperature is 45 degree. C. The system operates at the
frequency of 60Hz.
Fig. 3 shows the Simulink diagram of grid connected solar PV system which is being developed
in MATLAB Simulink.

Fig 3. 250-KV grid connected PV array with PWM inverter control technique.
IV. Simulation results and Discussion
The setup is connected to a 2000W load. Three conditions have been tested on simulation.
Case 1: Blackout by a grid connected PV system:
First, a 4 minutes blackout is applied to the grid connected PV system. The load powers
(supplied with the grid or by the PV system) and the frequency have been recorded.
One can easily notice from the results that when the blackout happens, the frequency is
restored back to 50 Hz and that the 2 kW load demand is satisfied exclusively through
the batteries unit. The power delivered by the grid is of course zero.
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Case 2: Grid connected PV system and Load switching
Another test is then performed by switching off the load for l minute and connecting it back
when tine PV system is connected to the grid. The recorded measurements are the voltage
and the load power and the delivered power by PV panels. One can notice that after
a decrease of small voltage, it reaches back to the nominal Voltage level value. The
frequency is also goes back to the 50 Hz value after this disturbance of 1 minute. The batteries
deliver full power to the load since the PV system gives no power at this time. It was in fact
not a sunny day.
Case 3: Islanded PV system and Load switching
The last test is done by switching 'on' and 'off' the load for l minute when the PV system is
isolated (not connected to the grid). The recorded quantities are the system output voltage,
the frequency and the load powers delivered by the PV system and the storage system.
One can notice from results that at time when the load is connected and the voltage
decreases to some voltage level then the backup batteries system is activated by the
controller and then the voltage is restored back to its nominal value. In the frequency the
unbalance between supply and demand happens for I minute then thanks to the batteries
system than the 50 Hz is reached again. One can also see that the demand is satisfied through
the batteries.
Further Fig. 4
nominal cases.

shows

the

output

voltage,

output current and PV output power in

(a)
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(b)

(c)
V. CONCLUSION
In this simulation work the behavior of a grid connected PV system under different
disturbances has been investigated. The blackout and the load switching during islanding
case have been tested. The obtained results showed that the system responds very well in
those situations. In fact the nominal (standards) values of the frequency (50 Hz) and
the voltage (230 V) are quickly restored. Therefore, a permanent supply of the load is
assured either by the PV system or by the grid.
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