Journal of Electrical Power System Engineering & Technolo
Publications Volume 3, Issue 1, January-April, 2018

Advancing Power Electronics In Modern Electrical Systems

Dr. Rakesh Kumar,
Professor,
Department of Electrical Engineering,
Indian Institute of Technology, Kanpur, India

Email: rakeshkumar.ee@iitk.ac.in

Ms. Anjali Mehta,
Assistant Professor,
Department of Power Electronics,
National Institute of Technology, Trichy, India

Email: anjalimehta.pe@nitt.edu

Abstract
Power electronics plays a pivotal role in shaping the future of modern
electrical systems, enabling efficient energy conversion, control, and
distribution. With rapid advancements in semiconductor devices,
converter topologies, and control algorithms, power electronics has
become indispensable in applications ranging from renewable energy
integration to electric vehicles and smart grids. This paper explores the
evolution, applications, and challenges associated with power electronics
in modern systems. It examines advancements in high-efficiency
switching devices, multi-level inverters, and digital control techniques,
while also discussing future prospects in wide-bandgap materials and Al-
based system optimization. The paper concludes by emphasizing the
critical role of power electronics in achieving sustainable, reliable, and

flexible electrical infrastructures.
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INTRODUCTION

The role of power electronics in modern electrical systems has expanded dramatically
over the past few decades. From basic rectifiers and inverters to highly sophisticated
converters and motor drives, power electronics is now at the core of energy-efficient and
flexible power systems. It facilitates renewable energy integration, electric vehicle

charging, industrial automation, and grid stability enhancement.

EVOLUTION OF POWER ELECTRONICS

Early Developments

The earliest applications of power electronics involved mercury-arc rectifiers and
silicon-controlled rectifiers (SCRs). These devices paved the way for modern
semiconductor switches such as MOSFETs and IGBTSs, which offer higher efficiency,

faster switching speeds, and compact designs.

Modern Advancements

Today, wide-bandgap (WBG) semiconductor devices such as silicon carbide (SiC) and
gallium nitride (GaN) transistors are enabling higher voltage operation, lower losses, and
more compact converter designs. Coupled with advancements in digital control and real-

time monitoring, these devices are setting new performance benchmarks.

APPLICATIONS OF POWER ELECTRONICS

Application Area Power Electronics Role Benefits

DC-DC converters, inverters | Grid integration, MPPT, high

Renewable Energy Systems
for PV/wind efficiency

High performance,
Motor drives, onboard
Electric Vehicles compactness, energy
chargers
efficiency

Process control, energy

Industrial Automation Variable speed drives
savings
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CONCLUSION
Power electronics is the cornerstone of modern electrical systems, enabling sustainable,

reliable, and adaptable power networks. Continued innovation in semiconductor

technology, control systems, and integration strategies will further expand its role in

addressing global energy challenges.
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