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Abstract: The growing global demand of energy in the last few decades had a significant impact on the climatic conditions such as
pollution, global warming, and impact on ozone layer etc. Most reliable type of the renewable energy i.e. Solar Energy is utilized for
powering utility in the proposed work of this paper. Many efforts has done to improve the performance of the system with minimum losses,
distortion and as possible as the maximum efficiency by using different topologies of multilevel inverter and with different levels. All have
their own benefits and limitations. Therefore in this paper comparative analysis and simulation of a various multilevel inverter fed by
Solar Photo Voltaic array based on Phase Opposition Disposition Pulse Width Modulation (PODPWM) technique is presented. The solar

PV system used is modeled in SIMULINK library present in MATLAB.
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1. Introduction

Now a days the global demand of energy is increasing rapidly.
So, It is equally important to find the alternate source of ener-
gy which not only provides energy bu clean energy. Renewa-
ble energy power has drawn extreme attention in today’s
world due to increasing fossil fuel prices, energy demands and
clean environment hence studies on power generation and
conversion devices become more necessary.

The recent attention in environment protection and preserva-
tion increased the interest in electrical power generation from
renewable source such as solar energy, wind energy and fuel
cell. Apart from the rapidly decreasing reserves of fossil fuels
in the world, another key factor working against fossil fuels is
the pollution associated with their combustion.

The main sources of world energy generation are the fossil
fuels (gas, oil, coal) and nuclear power plants and due to the
usage of those, greenhouse gases (CFC, CH4, O3, but mainly
CO2) emit into the atmosphere.

Renewable energy sources are known to be much cleaner and
produce energy without the harmful effects of pollution unlike
their conventional counterparts. The renewable energy re-
sources are sufficient enough to match the world energy re-
quirement [1].

2. Multilevel Inverters; General Idea

The concept of multilevel converters does not depend on just
two levels of voltage to create an AC signal. Instead several
voltage levels are added to each other to create a smoother
stepped waveform, with lower dv/dt and lower harmonic
distortions. With more voltage levels in the inverter the
waveform it creates becomes smoother, but with many levels
the design becomes more complicated, with more components
and a more complicated controller for the inverter is needed. A
three-level inverter design is similar to that of a conventional
two-level inverter but there are twice as many valves in each
phase leg. In between the upper and lower two valves there
are diodes, called clamping diodes [2], connected to a neutral
point. There are three basic level of topologies:

e Diode Clamped
¢ Flying Capacitor
e Cascade H-Bridge

2.1 Diode Clamped

The diode clamped converter provides multiple voltages
through connecting the phases to a series capacitors banks
shown in Fig.1. The concept can be increased to number of
levels by increasing the number of capacitors. Earlier this
methods was only limited to three levels in which two
capacitors connected across the dc bus resulting in one
additional level that is the neutral point, so the terminology
neutral point clamped (NPC) inverter was introduced in the
theories[3-10], [11], [12].
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Figure 1: Three level diode clamped multilevel converter
(NPC)

2.2 Flying Capacitor

This multilevel topology the flying capacitor involves series con-
nection of capacitor clamped switching cells as shown in Fig.2.
This has several advantages when compared to the diode clamped
method. Like one feature is that added clamping diodes are not
needed in this topology. Further, the flying capacitor converter
has switching redundancy within the phase which can be used to
balance the flying capacitors due to this only one dc source is
required [3-10].
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Figure 2: Three level flying capacitor multilevel converter
2.3 Cascade H-Bridge

In cascade H-bridge there are several different configurations
as well. This topology consists of series power conversion
units, the voltage and power level may be conveniently scaled.
A noticeable disadvantage of this cascade H-Bridge topology
is large number of isolated voltages are required to supply
each cell unit separately [3-10]. In this study focus is on the
increasing different levels in converters starting from basic
three levels to the nine levels with their simulated results
giving a comparison on using two different topologies neutral
point (NCP) and cascade H-Bridge (CHB) type.
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Figure 3: Three level Cascade H-bridge multilevel converter
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3. Control Technique

In Phase Opposition Disposition (POD), the carrier signal
above the zero axes is in phase with each other having same
frequency and same amplitude. The figure 4 demonstrates the

PODPWM. The three level multilevel converter simulation
sine wave and the triangular carrier shown in Figure 4.

Figure 4: POD of three level Multilevel inverter

4. Solar PV System

The physical process in which a PV cell converts sunlight into
electricity is known as the photovoltaic effect. An accurate PV
cell electrical model is presented based on the Shockley diode
equation. When light falls on the PV cell it generates current,
hence PV cell acts like a current source rather than a voltage
source. The current from PV cell is sensitive to the variation in
the intensity of light or irradiance level.

Solar cells are photodiode (silicon diode) on a large scale &
therefore some have some basic characteristics of p-n junction
diode. Hence in the mathematical modeling of a PV cell diode
is used along with current source.

An ideal Solar cell is modeled by a current source in parallel
with a diode as shown in fig 5.
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Figure 5: Equivalent model of solar cell [12]

Solar photovoltaic energy system will have more influence in
the future because of the development of eco-friendly power
conversion. A solar panel which is consisting 36 cells in series
is used in the study which produces approximately 21.6V in
maximum sunlight condition. Solar cell has been simulated in
SIMSCAPE library for different levels of multilevel converter
[3], [10-11].

5. Simulation and Analysis

The solar PV system output is considered as 21.6 V. For Cas-
cade H-bridge topology shown below when interfaced with
solar panel of 0.6 V of cell each connected in series for 36
cells, if considering three level inverter solar panels of 21.6 V
can give three level i.e. +21.6, 0, - 21.6 and as shown in figure
7, similarly the FFT analysis for the THD is displayed in fig-
ure 9.
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Figure 6: Three level cascade H-bridge multilevel converters
interfaced with solar PV system

Table 1: Parameter used for solar cell

Parameter Value
Irradiance used for measurements Ir0 (Standard) 1000 W/m2
Operating Irradiance Ir 1000 W/m2
Quality factor, N 1.5
Series resistance, Rs 0
Energy gap, Eg 1.12
No of cell connected in series,Ns 36
Cell reference Temp, Tr0 25°C
Voc for module 0.6*36 =21.6 V
Isc for module SA

The total harmonics distortion using three level cascade H-
bridge multilevel converters interfaced with solar PV system
is 53.41%.
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Figure 9: FFT Analysis of three level cascade H-bridge multi-
level converters interfaced with solar PV System

Similar to the above presented cascade 3-level Bridge inverter.
Neutral point clamped inverters are also analyzed using FFT
analysis up to eleven-levels and their corresponding harmonic
distortion values are recorded which are presented in table 2.

Furthermore the system is also applied to the real time appli-
cation using a battery source in place of a solar photo voltaic
array. The snapshot of the arrangement and the wave form of
the arrangement is presented in the figure. The output wave-
form represents the system suitability to be used as the real
time application for solar photo voltaic system. In Future the
system will be implemented for all the converter topologies
and there corresponding Total Harmonic distortions can be
used for further analysis.

Table 2: Comparative analysis of Harmonic multilevel con-
verter topologies
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Figure 7: Hardware Implementation

The output generated by the hardware is presented bellow in
figure and figure 6 The CFL is in the Hardware represents the
load for the system.
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Figure 7: Waveform and FFT analysis in real time

6. Conclusion

This paper presents comparison of cascade multilevel conver-
ters up to eleven-level with their control techniques when in-
terfaced with the solar PV system. As there is increase in the
voltage levels through Neutral point clamped and Cascade H-
bridge it reduces total harmonics distortion. The performance
gets better dimensions in the sense it gives more or less a si-
nusoidal output voltage. Increasing the number of levels by
these topologies is easily possible to large extent which is a
new direction in this field. Furthermore, an initiative for the
real time application is also taken which represents that the
system can work for the real time applications also. In Future
the system will be implemented for all the converter topolo-
gies and there corresponding Total Harmonic distortions can
be used for further analysis.

7. Future Scope

Future research scope should be focused on developing op-
timal control for such topologies. A multilevel technique for
converters ensures a reduction of output harmonics as a result
of sinusoidal output voltages so ends up in reduce grid filters,
system cost and complexity reduction.
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