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ABSTRACT

In recent years, as more and more people have adopted the use of renewable energy sources (i.e., solar
photovoltaic, wind power, etc.), there has been an increasing demand for the development of efficient,
reliable, and power-quality-oriented power electronics interfaces to connect these power sources to electrical
grids. A key enabling technology for the integration of renewable energy into the grid is multilevel inverters
(MLIs). Compared to traditional two-level inverters, multilevel inverters provide improved harmonic
performance, lower voltage stresses on components and better efficiencies in converting DC power to AC
power. This paper presents a comprehensive analysis and comparison of classical multilevel inverter designs
such as Neutral Point Clamped (NPC) inverter, Flying Capacitor (FC) inverter and Cascaded H-Bridge
(CHB) inverters.

In particular, the paper compares how these different topologies are structured and work, their modulation
schemes, complexity of control and their application to renewable energy systems. This paper will evaluate
advanced methods of controlling Modulated Inverter Systems (MLIs) such as Sinusoidal SPII (S) (PWM),
Space Vector Pulse Width Modulation (SVPWM) and Intelligent Control Methods. The intent of the
document is to serve as a comprehensive guide for both researchers and students studying inverter systems
with renewable energy sources.
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I. INTRODUCTION

The growing demand for electrical power around the world is growing rapidly because of the rise of
technological advancement, rapid growth of industries, urbanization, etc. While, there is also growing concern
about the environment, the depletion of fossil fuels, and therefore an increased interest in the use of renewable
energy sources, especially wind and solar power, there are many challenges to using renewable energy sources
into the main grid due to the intermittent nature of these sources and their variable output characteristics.A
major component in the renewable energy source is a Power Electronic Converter that converts either direct
current (DC) or variable frequency alternating current (AC) to AC compatible with the utility grid. Power
electronic converters use traditional two-level inverter (TLI) technology that frequently results in high harmonic
distortion, higher levels of electromagnetic interference (EMI), and higher levels of voltage stress on these
inverters when operated at medium and high voltage levels. Due to these issues, multilevel inverter has gained
considerable attention in the past few years. Multilevel inverters utilise multiple levels of DC voltage (and,
thereby produce an output voltage profile with several levels) to produce a staircase output waveform that
closely matches the overall shape of a sinusoidal waveform. This has resulted in improved quality of power,
lower Total Harmonic Distortion (THD), lower switching losses, and improved efficiency therefore multilayer
inverters are well suited for the integration of renewable energy sources..

2. LITERATURE REVIEW

2.1 Historical Development of Multilevel Inverters
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Fig.1 - Waveform of Multi Level Inverter

Fig.1 shows Multi-Level Inverter technology has developed to a new phase in the area of Power Electronics,
representing a move away from conventional 2-Level Converters to More Sophisticated Multistep Methods of
Power Conversion. The first successful implementation of this innovative approach was the Neutral-Point
Clamped (NPC) inverter developed by Nabae, Takahashi, and Akagi in 1981, establishing the theoretical
foundation for utilizing multiple voltage levels as the basis for generating a staircase waveform to improve the
power quality of multi-level converter systems over that of 2-level converters. Following the invention of the
NPC inverter, two new major topologies have been developed; the Flying Capacitor (FC) inverter developed by

Meynard and Foch, and the Cascaded H-Bridge (CHB) inverter, established by many authors including Peng
and Lai.
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Fig.2. Circuit Diagram of 5-Level Multilevel Inverter

2.2 Comprehensive Analysis of Classical MLI Topologies

2.2.1 Flying Capacitor (FC) Inverter

The Flying Capacitor inverter [7] uses floating capacitors which act as voltage clamping devices and maintains

voltage balance across switching devices.

Key Features:

Natural voltage balancing capability

Redundant switching states

Improved fault tolerance

Limitations:

Large number of capacitors

Complex control and pre-charging requirements

Increased system cost

FC inverters are suitable for applications requiring high reliability and redundancy, though their complexity

limits large-scale adoption.

2.2.2 Cascaded H-Bridge (CHB) Inverter

The Cascaded H-Bridge inverter comprises of a series connection of identical H-bridge cells which generates

three voltage levels and are supplied by an isolated DC source and when multiple H-bridge is combined it forms

higher voltage levelss.

Key Features:

Modular and scalable structure

Excellent harmonic performance

Simple control strategy

Limitations:

e This has limitation as it require multiple isolated DC sources, and is used in CHB inverters and battery-
based energy storage systems, where multiple isolated DC sources are naturally available.

2.2.3 Five-Level Cascaded H-Bridge Inverter Operation

This inverter [11] shown in Fig.2 converts DC into AC with improved output quality. It uses five power
switches (Q1-Q5), two equal DC voltage sources, and freewheeling diodes. By controlling different
combinations of switches, it generates five output voltage levels: +2V, +V, 0, -V, and —2V. The central switch

EE043 www.ijiird.com

1081



International Journal of Interdisciplinary Innovative Research & Development (1J11RD)

Q5 acts as a neutral-point clamping device, helping to produce intermediate voltage levels. This multilevel
configuration reduces harmonics, switching losses, and stress on devices, resulting in a smoother, near-
sinusoidal output waveform suitable for renewable energy systems and motor drive applications.

2.2.3.1. Modulation and Control Techniques
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Multilevel Inverter performance depends on the modulation strategy employed.
A. Sinusoidal Pulse Width Modulation (SPWM)

SPWM generates switching pulses using sinusoidal reference signal [8-9] .

Advantages:

¢  Simple implementation
e  Good harmonic control
e  Widely used in industrial applications

B. Space Vector Pulse Width Modulation (SVPWM)
SVPWM generates optimal switching states using space vector theory.

Advantages:

Higher DC-link voltage utilization

Lower THD

Better dynamic performance

Challenges:

e Computational complexity
e Requires advanced digital controllers

3. COMPARATIVE ANALYSIS OF MLI TOPOLOGIES
Table 1. Comparative Analysis of MLI Topologies

Parameter NPC FC CHB
DC Source Requirement Single Single Multiple (Isolated)
Voltage Balancing Difficult Natural Easy
Control Complexity Medium High Low
Efficiency 96-97% 97-98% 98%-+
THD (with SVPWM) 4.1% 3.9% 3.5%
Scalability Limited Moderate Excellent

As seen in Table 1. CHB inverter performs better for renewable energy applications as of its modularity ease of
control, and excellent harmonic characteristics.

4. CONCLUSION

The review paper contains an extensive comparison of the classical Multilevel Inverter Topologies that are used
for the integration of Renewable Energy Sources. The Neutral Point Clamped Inverter (NPC), Flying Capacitor
Inverter (FC), and Cascaded H-Bridge Inverter (CHB), the CHB is the most suitable topology for renewable
energy applications due to the modularity of the CHB Inverter, the lower harmonics and distortion generated by
the CHB Inverter and the higher overall efficiency of the CHB. The developments in the modulation techniques
and Atrtificial Intelligence (Al) control methods for Multilevel Inverters will allow for increased performance,

reliability and efficiency of Multilevel Inverter technology in future generation Power Systems.
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