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Abstract: 
Global energy consumption continues to rise, 
as does the need to increase power capacity 
for production and distribution. Power 
electronics has played a significant role in 
recent decades. Power electronics will have 
incredible applications in the industrial, 
residential, commercial, transportation, 
aeronautics, military, and electric utility 
systems. Not only will power electronics have 
an increasing impact on global industrial 
automation and high-efficiency energy 
systems, but also on energy conservation, 
renewable energy systems, and electric 
vehicles. 
Power electronics can enable utilities to more 
effectively deliver power to their customers 
while also increasing the reliability of the 
bulk power system. In general, power 
electronics is the process of controlling and 
converting electrical power flow from one 
form to another to meet a specific need. The 
relationship between the technological 
foundation and the system's performance 
then exists as a mathematical representation, 
whose optimisation ensures the best possible 
utilisation of the available degrees of freedom 
and technologies. Thus, power electronics is a 
multidisciplinary field that includes 
semiconductor physics, electrical motors, 
mechanical actuators, electromagnetic 
devices, control systems, and so on. 
Keywords: Power Electronic System, Power 
electronics, Voltage Source Inverter, Power 
Semiconductor Devices,  
Introduction: 
The growing use of renewable energy sources 
and power electronics-based technologies that 
use power devices to efficiently convert electric 
power into the best characteristics. Power 
electronics contributes to the realisation of both 

a prosperous and comfortable way of life and a 
sustainable society by improving the energy 
efficiency and performance of various 
equipment [1]. The design and analysis of 
power electronics circuits include applications 
of circuit theory, electronics, control theory, 
electromagnetics, semiconductor devices, 
microprocessors, numerical methods, signal 
processing, computer simulation, heat transfer, 
electromagnetic compatibility, and artificial 
intelligence. Large power generation plants 
produce the majority of the power in traditional 
power systems, which is then transferred to 
large consumption centres via long distance 
transmission lines. The system control centres 
continuously monitor and regulate the power 
system to ensure the quality of the power, 
specifically frequency and voltage. However, as 
the overall power system evolves, many 
dispersed generation (DG) units are being 
developed and installed, including both 
renewable and non-renewable sources such as 
wind turbines, wave generators, photovoltaic 
(PV) generators, small hydro, fuel cells and 
gas/steam powered Combined Heat and Power 
(CHP) stations. 
Power semiconductor device advancements 
have paved the way for newer devices like 
silicon carbide, gallium nitride field effect 
transistors (FETs), and power diodes. These 
devices excel in terms of wide band gap, which 
allows for high-voltage operation, thermal 
management, and efficiency. As a result, power 
electronics are now widely used, even in noise-
sensitive areas, to replace lossy linear power 
supplies and voltage regulators. When 
compared to silicon devices, the main 
advantage of these devices is their ability to 
withstand high voltage. As a result, the systems 
can be designed with high-voltage capabilities, 
which reduces current and improves efficiency 
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for the same amount of power delivered. 
Furthermore, operating the devices at higher 
switching frequencies reduces the size of 
passive components, making the systems more 
compact. Thermal designs are simplified when 
they can withstand higher temperatures. [4] 

Power electronic systems are used in a wide 
range of applications, including: 

• Power Generation 
• Power Transmission 
• Power Distribution 
• Power Control 

In all of these applications, power 
semiconductor devices switch the input voltages 
and currents to provide the desired outputs. To 
withstand high voltages and currents, the 
construction of basic semiconductor devices 

such as diodes, FETs, and bipolar junction 
transistors (BJTs) is altered. As a result, silicon-
controlled thyristors (SCRs), power diodes, 
power metal oxide semiconductor field effect 
transistors (MOSFETs), power BJTs, insulated 
gate bipolar transistors (IGBTs), gate turn-off 
thyristors (GTOs), and other devices have been 
developed. Power levels, switching frequency 
requirements, efficiency, and the nature of 
inputs and outputs all influence device 
selection. For example, the power handled in an 
EV powertrain is on the order of kW. Power 
MOSFETs that can withstand high voltage and 
switch at higher frequencies are commonly used 
in such applications. Silicon-controlled 
rectifiers (SCRs) are used in power transmission 
where the handled power is of the order of a 
few megawatts. [5] 

The figure below depicts the block diagram of a typical power electronic system. 

 
Figure 1: Block Diagram of Typical Power Electronic System 
Power Electronics is a multidisciplinary field 
that combines power, electronics, and control 
theory to control and convert electric power. It 
can be considered a subset of system 
engineering. Power Electronics has already 
established a significant role in modern 
technology, and it is now used in a wide range 
of high-power products. The numerous 
advantages of power electronics for power 
control and processing of industrial applications 
have contributed to the rapid growth of the 
power electronics revolution [6]. It's also used 
in renewable energy sources that feed into the 
electrical grid, and it's becoming more popular 
as these applications become more integrated 
with grid-based systems [7]. Power electronics 
has evolved rapidly over the last thirty years, 
and the number of applications has grown, 
owing primarily to advancements in 

semiconductor devices and microprocessor 
technology. In both cases, higher performance is 
consistently provided for the same area of 
silicon while the price is continuously reduced 
[8]. 
Objectives: 

• Performance of Power Electronic 
System. 

• Define Applications of Power Electronic 
System. 

• Development of standard Power 
Electronics-Based Drives for the last 
decades. 

Result and Discussion: 
Some Applications of Power Electronics [9-
11] 
Wind energy is described as one of the most 
emerging renewable energy sources, which is 
transforming from a minor energy source to an 
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important power source in the electrical 
network thanks to power electronics. Wind 
energy power electronics control in distributed 
power systems and computer simulation of 
wind power systems can be found. In the 
current development of power systems, there 
are two major trends. The first step is to make 
extensive use of renewable energy resources. 
The second is power generation 
decentralisation. [12-14] present some power 
electronics applications for power systems. 
Power electronics is used in many different 
residential, commercial, and industrial 
applications, such as computers, transportation, 
information processing, telecommunications, 
and power utilities. These applications can be 
divided into three types: 
Electrical applications: Power electronics can 
be used to create regulated AC and DC power 
supplies for a wide range of electronic 
equipment, including consumer electronics, 
instrumentation devices, computers, and 
Uninterruptible Power Supply (UPS) 
applications. Power electronics is also used in 
the design of distributed power systems, the 
control of electric heating and lighting, power 
factor correction, and Static Var Compensation 
(SVC).  
Electromechanical applications: Industrial, 
residential, and commercial applications all 
make extensive use of electromechanical 
conversion systems. AC and DC machine tools, 
robotic drives, pumps, textile and paper mills, 

peripheral drives, rolling mill drives, and 
induction heating are among the applications. 
Electrochemical applications: Chemical 
processing, electroplating, welding, metal 
refining, chemical gas production, and 
fluorescent lamp ballasts are all electrochemical 
applications. Table (I) lists a variety of power 
electronics applications in the industrial, 
commercial, transportation, residential, utility 
systems, and telecommunications industries. 
Power semiconductors are critical components 
of the vast majority of power electronics 
devices and systems. By far the most common 
semiconductor material is silicon. As power 
semiconductor devices improve, more and more 
power electronics systems are being used in 
high-power utility and industrial applications. 
As a key component in system topologies, 
power semiconductor devices have played an 
important role in the development of power 
electronics. Power semiconductor devices must 
withstand high voltages in the off state and 
carry high currents in the on state, which 
necessitates geometry differences from low-
power devices. Power semiconductors are 
classified into two types based on their terminal 
numbers: two-terminal devices and three-
terminal devices [15-16]. Figure 2 depicts a 
second classification based on device 
performance: majority carrier devices (Schottky 
Diode, MOSFET) and minority carrier devices 
(Thyristor, bipolar transistor, IGBT). 

 
Figure 2:The Power Devices Family, with the Major Power Switches 
Power semiconductors take advantage of the 
electronic properties of semiconductor materials 
such as silicon, germanium, and silicon carbide. 
The Silicon Controlled Rectifier (SCR) 
revolution in power semiconductor devices 
began in 1958, when General Electric Company 
(GE) began commercialising the first thyristors. 

The power converter serves as the link between 
the renewable energy source and the electrical 
grid. Power flow is typically bidirectional. 
When using such a system, three major issues 
must be addressed: reliability, efficiency, and 
cost. Currently, the price of power electronics-
based drives drops by 1-5% per year for the 
same output performance. Figure 3 depicts the 
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weight, size, number of components, and 
functions of a standard Danfoss Drives A/S 

frequency converter. [17] 

 
Figure 3:For decades, standard Power Electronics-Based Drives have been developed. 
Most renewable energy system technologies use 
power electronics, with solar and wind energy 
systems being the most common. Over the last 
few years, there has been a continuous effort to 
improve each component of a photovoltaic and 
wind turbine application. Commercial 
photovoltaic module efficiency now exceeds 
17%, inverters have reached nearly 99% 
European efficiency, and new topologies have 
been discovered that make wind turbine systems 
more efficient and flexible in their operation. 
With new fields of application, the demands on 
power electronic solutions in terms of power 
density, functionality, reliability, and efficiency 

increase. To achieve the best results, the 
converter must be designed within the context 
of the entire power electronic system. Aside 
from the converter, this includes all system 
components (storage, cooling, electrical 
machines, cables, transformers, filters, and so 
on) as well as optimised control algorithms to 
ensure the converter's system-friendly 
operation. New applications frequently 
necessitate completely novel approaches, which 
can be thoroughly investigated using the ETI 
infrastructure for power electronic system 
modelling, simulation, and hardware validation. 
[18] 

 
Figure 4: infrastructure for Power Electronic System 

Conclusion: 
This paper examined power electronic 
applications in power systems. Power 
semiconductor classification, devices, and 
applications are discussed. Power 
semiconductor device development is critical 
for modern electronics devices. This paper 
examines global energy and power electronics-
based drives, as well as renewable energy 

resources and consumption. We discuss the role 
of power electronics in energy conservation and 
the importance of energy storage. 
References: 

1. Balog R.S., Z. Sorchini, J.W. Kimball, 
P.L. Chapman, and P.T. Krein, “Modern 
Laboratory-Based for Power Electronics 
and Electric Machines”, IEEE 



 
  INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (IJCESR) 

 
ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-7, ISSUE-3, 2020 

52 

Transactions on Power Systems, 
Vol.20(2), pp. 538-547, 2005. 

2. S. Heier, "Grid integration of wind 
energy conversion systems", translated 
by Rachel Waddington, John Wiley, 
1998. ISBN-10: 0-47-197143X. 

3. E. Bossanyi, "Wind Energy Handbook", 
John Wiley, 2000. 

4. M.H.Rashid, “Power Electronics 
Circuits, Devices and Applications”, 3rd 
Ed. Upper saddle, NJ: Pearson Prentice 
Hall. 2006 

5.  “World Consumption of Primary 
Energy by Energy Type and Selected 
Country Groups,” Report of Energy 
Information Administration, 
International Energy Annual, 2005. 

6. Rishabh Dev Shukla, R. K. Tripathi and 
Sandeep Gupta, “Power Electronics 
Applications in Wind Energy 
Conversion System: A Review”, 
International Conference on Power, 
Control and Embedded Systems 
(ICPCES), pp. 1-6, Nov. 29 2010-Dec. 1 
2010. 

7. V. P. Galigekere, M. K. Kazimierczuk, 
Role of Power Electronics in Renewable 
Energy Systems, paper in Wright State 
University. 

8. M. N. Tandjaoui, C. Benachaiba, O. 
Abdelkhalek, B. Dennai, Renewable 
energy and its impact in power quality 
of distribution systems, SSC5’2012, 
Umm Al- Qura University. Makkah, 
April 16-18, 2012 

9. N.Mohan, T.M. Undeland and 
W.P.Robbins, “Power Electronics: 
Converters, Applications and Design”, 
3rd Ed, ISBN: 978-0-471-22693-2, Nov. 
2003. 

10. E.I.Carroll, “Power Electronics for Very 
High Power Applications", Power 
Engineering Journal, Vol. 13, Issue 2, 
pp. 81-87, April 1999. 

11. Zhe Chen, J. M.Guerrero and F. 
Blaabjerg, “A Review of the State of the 
Art of Power Electronics for Wind 
Turbines”, IEEE Transaction on Power 
Electronics, Vol. 24, Issue 8, pp. 1859-
1875, Aug. 2009 

12. F. Iov, M. Ciobotaru and F. Blaabjerg, 
“Power Electronics Control of Wind 
Energy in Distributed Power Systems", 
International Conference on 
Optimization of Electrical and 
Electronic Equipment, pp. XXIX-XLIV, 
22-24 May 2008. 

13. R. Melício, V. M. F. Mendes and J. P. S. 
Catalão, “Computer Simulation of Wind 
Power Systems: Power Electronics and 
Transient Stability Analysis", 
International Conference on Power 
Systems Transient (IPST 2009), in 
Kyoto, Japan, June 3-6, 2009. 

14. P. Biczel, A. Jasinski and J. Lachecki, 
“Power Electronic Devices in Modern 
Power Systems", the International 
Conference on Computer as a Tool, 
EUROCON, 9-12 Sept. 200 

15. B. K. Bose, “Evaluation of Modern 
Power Semiconductor Devices and 
Future Trends of Converters”, IEEE 
Transactions on Industry Applications, 
Vol. 28, Issue 2, pp. 403-413, 1992. 

16. Tanya KirilovaGachovska, “Modeling of 
Power Semiconductor Devices”, PhD 
thesis, University of Nebraska, 
December 2012. 

17. F. Lov, F. Blaabjerg, power Electronics 
control of wind energy in distribution 
power systems, n°=18, pp-333:365, 
intechopen, In Tech Europe, University 

18. M. N. Tandjaoui, C. Benachaiba, O. 
Abdelkhalek, B. Denai and Y. Mouloudi, 
The Impact of Wind Power Implantation 
in Transmission Systems, TerraGreen13 
,Libanon, Energy Procedia, Elsevier, 
2013 

 
 


