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Abstract: The Multi-level Inveters (MLI) are emerging as a prime medium for integrating solar energy into
the grid. They posses high efficiency, low losses and reduced harmonic distortion as compared to the
conventional two level inverters. In this paper simulation model of PV array is developed using simscape. The
output of solar is interfaced with grid using MLI. The neutral point clamped (NPC) and cascade H-bridge
(CHB) MLI with different levels interfaced with the PV array is compared. The comparative analysis includes
simulation of a NPC and CHB fed by PV array based on Phase Disposition Pulse Width Modulation (PDPWM)
technique. The cost comparison of the two MLI on the basis of their component requirement is also done for 5,
7, 9 level in this paper.
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I. INTRODUCTION

Photovoltaic (PV) is a very popular form of renewable energy which can synthesize electricity without
any thermal or electro-mechanical interlink [3-5]. When a cluster of solar modules are assembled at a place, it
results in a solar panel. The energy generated from this integrated module group is referred as solar power. The
solar cells are also known as photovoltaic cells or the PV cells. As the name itself suggests, photo means light
while voltaic refer to electricity. In other words, photovoltaic cells can help tap into the potential of solar energy
to generate electric current PV modules can therefore not be connected directly to the grid, but must be
connected through an inverter [7-8] [16] [24-25]. A PV array can be easily interfaced to a Voltage source
inverter (VSI) for a medium and high power application. The basic function of the VSI is to convert the dc
voltage supplied by PV array into an ac voltage [24-25]. The VSI used can be two-level or multilevel. The two-
level PWM inverter is the dominant type of inverter used because implementation of the PWM in two-level
inverter is simple and its cost is cheaper than multilevel inverter but have high harmonic content. The MLIs

have low harmonic characteristic and can operate in higher voltage levels [6][10].

MLI is preferred over traditional converter because of numerous advantages which are summarized as follows

[26-27]:

e Harmonic distortion: MLI uses tiny voltage steps for generating the desired output hence it contains less
harmonic distortion.

e Staircase waveform quality: In addition of generating the output voltages with reduced distortion, MLI can
also reduce the dv/dt stresses; therefore, Electromagnetic Compatibility (EMC) problems can be reduced.

e Common-Mode (CM) voltage: MLI generates smaller CM voltage; hence the stress in the bearings of a
motor connected to a multilevel drive can be condensed. Moreover CM voltage can be nullified by using
advanced modulation strategies.

e Input current: MLI draws input current with low distortion.

e Switching frequency: MLI operates with fundamental switching frequency as well as high switching
frequency PWM.

Owing to the above mentioned advantages, these converters have been widely applied in PV system for
high energy transmission and power quality improvement [2][9][11-19] [22] [23].

Though plenty of new MLIs and modulation schemes are reported in the literature, the three
conventional topologies that remain as the base for the development of hybrid topologies are Diode Clamped or
Neutral Point Clamped (DC / NPC ML), Cascaded H-Bridge (CHB MLI) and Flying Capacitors (FC MLI)[27].
Their comparative analysis is presented in next section.
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I1. SOLAR PHOTOVOLTAIC SYSTEM (SPS)

The SPS is considered as one of the most reliable and matured technologies amongst various
Renewable Energy Sources (RES) [1]. Solar PV is the matured and financially viable choice for electricity
generation. The SPS directly converts sunlight into electricity without any type of rotating machine. The
pleasing form of PV systems are modularity, light maintenance and operating cost, light weight, environmental
cleanliness and easily. A solar PV module characteristic plays an important role for planning of designing
system that uses DC as a source like MLI [11-15].

Photovoltaic Arrangements

Solar cells are electrical devices in the solid form that help convert energy from sunlight into electric
energy with the help of photovoltaic effect [3-5]. When a number of solar cells are clustered together, they are
called solar modules which together save energy from sunlight. When a cluster of solar modules are assembled
at a place, it results in a solar panel. The energy generated from this integrated module group is referred as solar
power. The solar cells are also known as photovoltaic cells or the PV cells. As the name itself suggests, photo
means light while voltaic refer to electricity. In other words, photovoltaic cells can help tap into the potential of
solar energy to generate electric current. Due to the low voltage generated in a PV cell around 0.5V, many
Photovoltaic cells are connected in series for high voltage and in parallel for high current requirements to form a
Solar-PV module for desired output separate diodes may be required to avoid reverse currents [24-25]. When n
number of such modules connected in and then in parallel to generate the required output voltage, it is termed as
PV array as shown in figure 1.

Cell

Module

Array

Fig 1: Solar Photovoltaic System

I11. MULTI-LEVEL INVETERS (MLIs)

History of MLIs began in 1975 with Baker and Bannister. This first patent described a converter
topology capable of producing multilevel voltage by connecting single phase inverter in series. The MLI offers
several feature which raises its demand in present scenario such as; possible connection of series switching
devices to obtain a high voltage output without the need of snubber circuit, significantly low THD in output
waveforms, use of IGBT as switching device at high frequency to reduce losses, reduced torque ripple in
induction machine etc.

Numerous topologies [27] are available in literature for MLI which has been classified in figure 2.
Among all available topologies the widely used MLI are CHB-MLI and NPC-MLI. In this paper simulation
model of PV array is developed using simscape. The output of solar is interfaced with grid using MLI. The NPC
and CHB-MLI with different levels interfaced with the PV array is compared. The comparative analysis
includes simulation of a NPC and CHB fed by PV array based on Phase Disposition Pulse Width Modulation
(PDPWM) technique [26]. The cost comparison of the two MLI on the basis of their component requirement is
also done for 5, 7, 9 level in this paper.
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Fig 2: Topologies of multilevel Inverters

A.NEUTRAL POINT CLAMPED TOPOLOGY

The diode clamped converter provides multiple voltages through connecting the phases to a series
capacitors banks. 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 [6][10][26-27].

Advantages:

* There is the reduction in THD as the increase in number of levels of the MLI comparatively to other methods.

* The advantage is that single-phase NPC converters are that it is virtually immune from ground leakage
currents.

« All of the phases share a common dc bus that minimizes the requirements of capacitance in the converter. Due
to this NPC topology is not only convenient but also practical for uses such as a high-voltage back-to-back inter-
connection or an adjustable speed drive.

* The capacitors can be pre-charged as a group. Efficiency is high for fundamental frequency switching.

Disadvantages:

e The number of part counts is more in neutral point clamped method which make the system costly
comparatively.

* The number of clamping diodes required in system is related to the number of levels of the converter, which
can be problem for systems with a high number of levels.

B. CASCADE H-BRIDGE TOPOLOGY

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. 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 [6][10][26-27].

Advantages:

* The output voltage levels are more than twice the number of dc sources.

* The series of CHB gives modularized packaging and layout. This will enable the manufacturing process to be
done more quickly and cheaply.

Disadvantages:
* Separate DC sources are required for each Cascade H-bridges configuration. This will limit its application.
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IV. SIMULATION RESULTS

This paper presents a comparison of the most common topologies of MLIs interfaced with the PV
system. Solar PV system is interfaced with the NPC and the CHB-MLI for different levels (three, five, seven
and nine) and analysis is carried on the basis of the Total Harmonics Distortion (THD). The Fast Fourier
technique (FFT) is used to calculate the THD. The PV system of 36 cells (each of 0.6V) is used in the
MATLAB/Simulink to interface with the MLlIs. All the related techniques used in this chapter are discussed in
detail. The comparison are further tabulated and graphically represented for the both topologies and the outcome
for the multilevel converters is concluded for the future researches and analysis. The MATLAB/Simulink
models are presented for all the techniques used along with their output voltages [26]. The Total Harmonics
Distortion calculated from the FFT is presented. The parameters values selected for solar cell is presented in
Table 1

Table 1: Parameter used for solar cell

Parameter Value
Ve 0.6V
lsc 5A
Irradiance used for measurements, |, 1000 W/m?
(Standard)
Operating Irradiance, I, 1000 W/m®*
Quality factor, N 1.5
Series resistance, Rq 0
Energy gap, E, 1.12
No of cell connected in series, Ns 36
Cell reference Temp, T, 25°C
Cell operating Temp, T, 25°C
V. for module 0.6*36 =21.6 V
I for module 5A
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Fig 3: Simulation model of PV system with five level neutral point clamped (NCP) MLI
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Fig 4: Output voltage waveform and FFT Analysis of NPC-MLI for 5, 7, 9 levels.
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Fig 6: Output voltage waveform and FFT Analysis of CHB-MLI for 5, 7, 9 levels.
Figure 4 and 6 shows the output voltage waveform and FFT analysis of NPC-MLI and CHB-MLI respectively.
From the figures it is cleared that THD of NPC is very low as compared to the CHB for the respective levels.

The comparative analysis of THD and component requirement for the two topologies is presented in next
session.

V. COMPARATIVE ANALYSIS OF NPC-MLI AND CHB-MLI

Table 2: Comparative analysis of NPC-MLI and CHB-MLI with respect to the component requirement and

THD analysis
Inverter level and Five level topology Nine level topology | Five level topology
T Parameter m=>5 m=7 m=9
Switching devices NPC CHB NPC CHB NPC CHB
Diodes 8 8 12 12 16 16
Clamping Diode 8 8 12 12 16 16
DC bus 12 0 30 0 30 0
Capacitors for clamping 4 2 6 3 8 4
THD% 25.69 19.66 15.09 12.64 11.56 9.78

From the Table 2 it is clear that the THD of the NPC-MLI is very low as compared to the CHB-MLI for the
respective levels but NPC-MLI has the high cost of implementation. Hence choice among the two depends upon
the application where they are employed.

V1. CONCLUSION
The MATLAB simulation model of grid connected cascade H-bridge and Neutral point clamped MLI
up to nine levels is designed in this paper. With the increase in the voltage levels through NPC-MLI and CHB-
MLI it reduces THD. Increasing the number of levels by these topologies is easily possible to large extends
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which is a new direction in this field. From the results it is clear that the THD of the NPC-MLI is very low as
compared to the CHB-MLI for the respective levels but NPC-MLI has the high cost of implementation. Hence
choices among the two depend upon the application where they are employed. 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. This study was to analysis the MLI for different levels using
NPC and CHB for grid integrated operation of PV system and to analyze their THD. CHB is better in terms of
switches count, more cost competent and low THD than NPC.
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