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Abstract

Nowadays the world is depending on renewable energies like solar energy and wind energy as they are the natural resources to
generate power. By combining both the renewable energies, it produces a system named as solar wind hybrid system as solar
and wind energy are tremendous in nature and together they increase the reliability of the system. In this research paper, solar
energy and wind turbine are used as the main sources, along with solar panel a buck boost converter is used to maintain the
voltage to a rated value and with the wind turbine a rectifier circuit is used to convert ACvoltage into DC. The characteristics of
RES with an AC grid are also observed using solar and wind energy. With the aid of a multi-level inverter, solar and wind
energy are converted from DC to AC at a predetermined voltage in order to produce electricity. It can be stated that, in
comparison to traditional energy sources, renewable energy sources are currently quite useful.

Index Terms— hybrid system, perturb and observe, solar panel, cascaded multilevel inverter, wind turbine.

I. INTRODUCTION

Solar energy is one of the most notable forms of renewable

energy because it is clean, cost-free, and ecologically good.
Undoubtedly, there are a number of solar energy technologies
that necessitate research [1-3]. In order to maximize the
advantages of solar radiation, integrating solar energy systems
is currently popular. Solar thermal collectors and solar
photovoltaic are combined to create a photovoltaic/thermal
(PVT) hybrid solar system, which allows for the simultaneous
production of heat and electricity [4-7]. On the other hand,
because of their consistency, availability from nature, and rich
and pure features, renewable energy sources are the most
efficient alternative energy sources [8-11]. Due to this,
integrating a variety of renewable energy sources enables the
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Fig. 1. Layout of microgrid

production of more steady and secure power. In order to
overcome the drawbacks of an individual renewable energy
source's unpredictability and randomness, hybrid solar and
wind systems are deployed [12, 13]. Different renewable
energy sources are combined in the form of a microgrid to
make a hybrid system[14-16]. Figure 1 shows the basic layout
ofamicrogrid[17].
II. METHODOLOGY

This simulation model is built on combining renewable energy
sources like sun and wind to produce electrical energy. To
create a dependable hybrid system, solar and wind energy
resources are used. Solar array is commonly used nowadays to
generate electricity. A pv array module is used to generate dc
voltage. Using a buck-boost converter and MPPT unit, a solar
panel is used to produce a DC voltage of 24 volts for solar
energy. Maximum power point tracking is a method to produce
highest power from PV panels.

This method uses the perturb and observe (PO) algorithm to
maximize power. Nowadays wind energy is used along with
solar panel to improve the efficiency as well as reliability of
system. For this purpose, the AC voltage of wind turbine is first
converted into DC voltage and DC voltage from solar and wind
is then given as input to the cascaded multilevel inverter. At the
output of multilevel inverter , AC voltage is obtained. Using a
5-level cascaded H bridge multi level inverter, the DC output is
changed into an AC output. The block diagram of proposed
model is shown in figure 2.

1. SIMULATION MODEL

MATLAB software is used to simulate the suggested model.
Depending on the amount of solar panels connected in series
and parallel, the KYOCERA SOLAR KC200GT module,
which is used for solar, generates electricity up to 32 volts. This
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Fig. 2. Block diagram of the Model

voltage is reduced to the 24 volts by varying the inductance and
capacitance values of buck converter accordingly. Wind
turbines employ synchronous machines having permanent
magnet. The three phase rectifier used in the wind turbine
converts the AC electricity produced by it into DC voltage. For
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Fig. 3. MATLAB simulation circuit
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Fig. 4. The Graph between voltage and current

the output waveform to be smooth and the voltage ripples to be
minimized, a capacitor is utilized in parallel with the rectifier.
By altering pitch angle and wind speed, the wind turbine's
outputis set to 24 volts.

To convert the DC output power from solar panels and wind
turbines into AC voltage, the model employs a multilevel
inverter with five levels. Compared to other inverter
topologies, a CBH inverter has fewer components. Capacitors
and switches make up the device. The H bridge is the name for
the circuit made out of switches and capacitors. There are eight
MOSFET switches used in multilevel inverters. The switching
sequence and the pulse width of these MOSFET switches is set
so that a 5 level AC waveform is generated. MATLAB
simulation circuit of the proposed model is shown in figure 3.
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IV. SIMULATION RESULTS

(Solar Panel Graphs

The graph between voltage and current is shown in
figure 4. The graph between power and voltage is
showninfigure.5.The graph voltage and time
obtained from the solar bucked output voltage is
shown in figure 6.

Wind Turbine waveforms

The graph of AC output voltage obtained from wind
turbine is shown in figure 7. The graph of DC output
voltage obtained from wind turbine is shown in
figure 8.
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Fig. 8. The graph of DC output voltage.
C) Multilevel Inverter waveform

The output voltage of multilevel inverter is shown in
figure.9.

V. IMPLEMENTATION OF HARDWARE

The hardware model of proposed project is designed using
solar panel and DC batteries and thus the obtained results were
analyzed. The hardware model comprised of solar panel, DC
batteries, buck-boost converter, multilevel inverter and
arduino. The dc voltage is generated from solar and batteries
and CHB inverter used in the model converted this DC voltage
into 5 level AC voltage at its output terminal. The harmonics
are thus reduced through the use of multilevel inverter.
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Fig. 9. The output voltage of multilevel inverter
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A) Solar Panel

A solar panel of voltage 19 volts is used. It will generate
maximum voltage when exposed to the bright sunlight. A
built-in Mppt circuit is connected to the solar panel. This
pv panel is capable of generating voltages upto 28 volts.
The output voltage of this pv panel is maintained at 24
volts by using buck boost converter. The solar panel used
is shown in figure 10.

B) DC Batteries

The DC batteries are used in replacement for wind turbine.
For this purpose, four DC batteries are connected in series.
A single battery is capable of generating 3.7 to 4.8 volts.
The voltage of the batteries is added and stepped up to 24
volts with the help of buck-boost converter. However
these batteries begin to discharge with the passage of time.
So the batteries need to be charged through battery
charger when required. The DC batteries used in the
hardware model is shown in figure 11

C) Buck-Boost Converter

Two buck-boost converter circuits are used in the project.
One is connected with solar panel and the other with DC
batteries. The values of capacitance and inductance are so
adjusted that they maintain the voltage level at 24 volts. A
potentiometer is also connected in the circuit so that
voltage can be increased to the desired value in case if
enough sunlight is not available or batteries begin to
discharge. The buck-boost converter used in the hardware
model is shown in figure 11.

D) CHB Inverter

A cascaded H bridge multilevel inverter of 5 levels is used
in the project to convert the DC voltages generated from
pv panel and DC batteries into AC voltage. The circuit
consists of eight MOSFETs that are assembled on the PCB
board. The resistors of 1 k ohm are connected with the gate
of MOSFET to limit the current. With each MOSFET, a
heat sink is connected to protect the MOSFET from

Fig. 10. Solar Panel
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Fig. 11. DC Batteries

overheating and burning. The gate signal of each
MOSFET is generated through the Arduino UNO and 5
level voltage waveform is obtained at the output of
inverter. The CHB inverter used in the hardware model
is shown in figure 13

E) Arduino

The Arduino UNO is used to generate the gate pulse
signals for the MOSFET used in multilevel inverter
circuit. The pulse width technique is used for this purpose.
The width of each pulse is adjusted so that the MOSFETs
operate in such a way that 5 level voltage waveform is
generated. The coding of Arduino UNO is done on the
software named Arduino IDE. The arduino used in the
hardware model is shown in figure 14.

V. HARDWARE MODEL

The hardware model is the prototype of software simulation
model. A solar plate is used that generate voltages upto19 volts.
This voltage is stepped up to 24 volts through buck boost
converter connected to the solar panel. In place of wind
turbine, 4 dc batteries each of 3.7 volts are connected in series.
The voltage of these batteries is increased to 24 volts by buck
boost converter. A 5 level cascaded H bridge multileve

Figure 12. Back-boost converter
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Fig. 13. CHB Inverter

inverter circuit is made on PCB using eight MOSFET
switches. The DC voltage from solar panel and DC batteries is
given at the input terminals of multilevel inverter. This
multilevel inverter will convert the DC voltage of solar and
batteries into pulsating AC voltage. The gate pulse of
MOSFETs: is generated with the help of Arduino UNO. At the
output terminal of multilevel inverter, two level or five level
voltage can be obtained. The hardware model of the project is
shown in figure 15.

VII. RESULTS
The 5 level output waveform is obtained from the scope and it

is shown in figure 16. The harmonics spectrum of output
waveform is shown in the figure 17.

i

- g B

oL """"J’J’I

Fig. 14. Arduino UNO

Fig. 15. Hardware Model

VIII. CONCLUSION

In order to investigate alternative energy resources for mass
production to satisfy the rising demand and to provide clean
energy, this study is being conducted to evaluate the
performance of the AC grid with renewable sources of energy.
The system is more reliable as a result of the perfect
cooperation of renewable resources like solar and wind energy.
The quality of the potential for renewable energies heavily
influences the hybrid power system configurations that can
handle the desired load. The main benefit of a
solar/wind/hybrid system is that it has higher system reliability
when solar and wind energy are combined.
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