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Abstract— Industrialization, Globalization and domestic 

loads are increasing day by day, due to which power required 

for all this is also increasing. In order to fulfill this 

requirement, numbers of sources are used to generate the 

required power. Some sources generate DC. For connecting 

them with the grid several types of converters are used. Usage 

of power electronic devices results in various problems 

regarding power quality in the system. Maintaining standard 

power quality is also important, therefore in this paper we are 

highlighting the major concern on one of the crucial power 

quality factor named Harmonics, with its causes, major 

effects and some mitigation techniques.  
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I. INTRODUCTION 

Loads are mainly divided into two types. First is a linear load 

and second is a nonlinear load. Usually the main reason 

behind the harmonics is nonlinear devices, but transmission 

and distribution systems may also lead to harmonics. 

Presence of such nonlinear type of load causes distortion of 

load current, which is the main component that causes 

harmonics. There are various sources that inject harmonic 

frequencies in the system such as converters, static var 

compensator, ARC furnaces, switch mode power supply etc 

[1]. THD (Total Harmonic Distortion) is one of the means to 

measure harmonic distortion in the system which can be 

given as [2], 

𝑇𝐻𝐷 =
√∑ 𝑉ℎ

250
ℎ=2

𝑉1
 . 100%                          (1) 

 Where, 

Vh: Harmonic frequency voltage, 

V1: Fundamental frequency voltage. 

In order to recognize whether in the system 

harmonics are present or not various detection methods are 

used which is based on Fourier transform, neural network, 

and instantaneous reactive power method. 

Some of the consequences of harmonics are voltage 

distortion of the power supply, Losses in transmission lines, 

equipments in the system may consume more power which 

will directly affect on power factor, and transformer losses 

may get increase due to which its efficiency reduces.    It also 

may affect the capacitor and protection devices. Copper and 

iron losses are increased in motor and generator as a result of 

heating effect, cogging and crawling issue may boost up, 

stray flux losses and copper losses raises in the transformer. 

And because of voltage harmonics, iron losses increases in 

the transformer, the life of capacitor is affected due to voltage 

stress and the heating issue of harmonic frequencies. 

Variation of operating characteristics takes place in the relay 

and it may slow down its operation. Metering and static 

power converters are also affected by harmonics frequencies 

[2]. Some authors divide harmonics frequency into low 

frequency harmonics and high-frequency harmonics. Mostly 

heating effects in motors occur due to low frequencies. 

Hence to prevent the consequences of harmonics it 

is essential that the harmonics should be in a prescribed limit. 

Which are mentioned in IEEE Std 519-1992. According to 

this standard, harmonics should be reduced from the system. 

Nowadays so many techniques and equipment are used to 

mitigate harmonics. Some of them are Line reactors, isolation 

transformer, k-factor transformer, various filters, 12 pulse 

rectifier solution, 18 pulse rectifier solutions, phase shifting 

transformer, etc [3]. 

Harmonics can also be controlled by using the 

synchronous motor, group of shunt capacitors, various 

reactive power compensation devices such as SVC & SSC. 

Various types of filters such as passive, active, hybrid also 

proves to be effective in controlling the harmonics [5]. Being 

one of the popular ways in controlling harmonics, in this 

paper, various filters are discussed for the reduction of 

harmonics.  

Types of filters: 

1) Passive filters. 

2) Active filters [6]. 

II. PASSIVE FILTERS 

It is the simplest concept for eliminating harmonic frequency 

from the system. Various resistors, capacitors and inductors 

of defined values are used in appropriate manner. These types 

of filters are mainly classified into high pass and tuned filters. 

Mostly they are connected in parallel with the nonlinear load. 

The basic idea of the passive filter is to pass only that 

frequency which is demanded by the load or to eliminate the 

unnecessary frequencies and prevent them from reaching the 

load. For wide frequency range, high pass filter with second 

order gives satisfactory filtering result. Various 

configurations (a) single tuned (b) double tune passive filters 

are shown in figure given below [7], 

 
Fig. 1: Passive Filters 
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To design such single tune filters, values of inductor 

condenser and capacitor have to be decided which will 

improve power factor. The capacitance value of single tune 

filter is obtained through [8], 

                     CSF =
1

2πfsXc

                                             (2) 

Where, 

fs : Frequency of supply mains, 

Xc :  Capacitive reactance. 

The inductance value of single tune filter is given by [8], 

         LSF =  
1

(2πfs)2h0
2 CSF

                                        (3) 

 

Sharpness of tuning filter is determined by Quality factor and 

is stated as [8], 

        Q =
Xn

R
=

√
LSF

CSF

R
                                                (4) 

Where, 

h0
 : Harmonic order 

R: Filter resistor 

Xn: Characteristic reactance 

Using various series and shunt combinations more 

than one PF can be connected to the system.   

A. Series PF: 

It is possible to pass only one frequency from so many 

frequencies using the proper arrangement of various passive 

elements as shown in the figure below [4] 

 
Fig. 2: Block diagram of Series Passive Filter 

This filter circuit will pass only that frequency for 

which it is tuned. Other frequencies may suffer large resistive 

path from the circuit. Hence required frequency is obtained at 

the load side. High current or over current protection is also 

required for this type of filter as it carries full load current. 

B. Shunt PF:  

Shunt filters are also formed by arranging passive elements 

like resistance, capacitance, and inductance properly. This 

arrangement will provide very low resistive path for 

harmonic current frequencies and due to which harmonic 

current frequency at load side reduces. Shunt Passive Filter 

as shown below [4], 

 
Fig. 3: Shunt Passive Filter 

There are some advantages of using passive filters 

such as they are economical, less maintenance required due 

to absence of rotating parts , response time is fast , a single 

circuit can be used for different functions such as 

improvement of power factor, reactive power compensation, 

reducing TDD etc. 

Passive filters have some disadvantages too such as 

once the parameters of the filter circuit are designed, then its 

frequency and size cannot be changed easily. The design is 

largely affected by the system impedance. To be effective, 

filter impedance should not be more than the system 

impedance. The temperature effect, deterioration, aging may 

increase the tolerance of design and bring about detuning. 

Also passive filters required monitoring and special 

protective devices [9].  

III. ACTIVE FILTERS 

Due to some limitations of passive filters such as failing to 

eliminate more number of harmonics simultaneously, active 

filters are designed.  Using power electronic devices a 

component of current is produced which will cancel the 

harmonic component of current produced by the non-linear 

load. There are so many advantages of active filters such as 

they can be used to regulate terminal voltage. Voltage flickers 

are also suppressed by active filters. 

According to the number of phases, active filters are 

configured into three categories four wire, three wire, two 

wire. According to topology, it is divided into series, shunt or 

combinations of active and passive. On the basis of the 

converter used in the filter, active filters are divided into two 

types such as VSI & CSI.  

Benefit of VSI is that at normal operating point it 

provides high efficiency. And drawbacks are switching ripple 

in output current, low efficiency with low power load, power 

losses in ac filter. Advantages of CSI are effective filtering of 

harmonics, simple open loop current control is possible, good 

efficiency is possible at low loads. But there are some 

disadvantages of CSI such as heavy and bulky dc inductor, 

high dc link losses, overvoltage clamp circuit is needed 

Generally VSI is used in industrial applications [11]. 

Following diagram shows various types of active filters [10] 

Fig. 4: Classification of AF 

A. Shunt AF: 

These filters are connected in parallel with the system. 

Controllable current or voltage source is used in this type of 

filter. Controllable VSI’s are widely used and are most 

common. Below figure is representation of shunt active filter 

[10] 
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Fig. 5: Shunt AF 

In active filters compensation current is produced by 

VSI which is injected in the affected system to cancel the 

affected current. Various control systems such as hysteresis 

control, P-I control, etc is used. 

B. Series AF: 

These types of filters are connected in series with the system. 

The matching transformer is used to connect filters to the 

system. Overall both series and shunt type filters are same but 

the difference is at the place of connection with the system.  

Shunt active filter is connected by interfacing inductor but the 

series filter is connected by interfacing transformer. The basic 

principle of this filter is that it injects voltage through the 

matching transformer which is equal and opposite in phase 

with the harmonic voltage present in the system. Below figure 

is representation of series active filter [6]  

 
Fig. 6: Series AF 

IV. HYBRID FILTERS 

Hybrid active power filters are the combinations of passive 

and single or multiple source PWM converters. This will 

combine advantages of both active as well as passive filters 

and it will improve the performance with the reduction of 

harmonics, electromagnetic interference and switching noise 

are also shortened. These filters are more popular in 

applications of high power. 

Some of the combinations of Hybrid Filters are 

shown below [6].  

 

 

 
Fig. 7: Block Diagrams of Hybrid Filters 

V. CONTROL METHODS FOR AF 

There have been different methods and ways of calculating 

compensation voltage and current from measured distorted 

quantities. All these ways and methods can be classified into 

frequency and time domain. 

A. Frequency Domain:  

This class of calculating compensation currents and voltages 

is bit complicated. The calculation involves Fourier transform 

as well as its analysis, which is solely responsible to make 

this system complicated and heavy. 

B. Time Domain:  

This class of calculating compensation current and voltage is 

quite simple as it simplifies the control task by making use of 

standard concept of algebraic transformation as well as circuit 

analysis related with the change of reference frame. It 

requires less memory and implementation is easy [12]. 

Various control schemes has been proposed such as the the 

Synchronous Reference Method , FBD Method [12], 

Instantaneous active reactive power (p-q method) that is 

“instantaneous power theory” which is  proposed by Akagi et 

al  [13]. 

VI. CONCLUSION 

In this paper, a review of Harmonics with its causes and 

effects were discussed. With the reference of various 
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literatures, harmonics mitigation techniques were mentioned 

in which advantages and disadvantages of both passive and 

active filters as well as various controls methods for active 

filters were also presented in this paper. Comparison of VSI 

and CSI has been done and there advantages and 

disadvantages are mentioned. Combinations of various 

Hybrid filters are also shown.  
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