
Chapter 4 

Harmonics Mitigation 

4.1 Introduction 

There are many methods and techniques for mitigating the harmonics. All of them 

have advantages as well as disadvantages and involve investment in equipment and/or 

alteration of the feeding system. Selection of the best solution depends on the total 

load, type of the installation, the allowable harmonic distortion level and other related 

factors inherent to the location. [ 5] 

First, an attempt can be made to reduce harmonics disturbances by altering the 

systems that distributes harmonics. Under that concept varied solutions are identified. 

The most obvious way is to minimal use of nonlinear loads or use of less polluting 

equipment. Next step is to reduce the impedance of the network through the 

alteration of the installation or of certain equipment. Finally. solutions can be chosen 

based on filtering equipments. 

4.2 Reducing harmonic currents in load 

This involves restricting the harmonic generation within the installation. As a general 

rule, if the total rectifier loading (i.e. variable speed drives, UPS, PC, CFL etc.) on a 

power system comprises less than 20% of its current capacity then harmonics are 

unlikely to be a limiting factor [8]. This concept has focused the interest in less 

disturbing equipment. One choice is to minimal use of non- linear loads. Another 

method is to replace the power electronic devices with improved ones in such a way 

that they emit fewer harmonics to the system. 

Using such equipment or replacing the present equipment with such devices IS 

impracticable because 

o Replacing equipment incur much cost. 

o Purchasing such equipment is difficult because present day market in Sri 

Lanka is not concerned on such improved features. 
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o To identify needed quality equipment require expertise knowledge. 

o Replacing all such equipment in non economical and not productive 

So, there is little that can be done with existing load equipment to significantly reduce 

the harmonic currents. 

4.3 Structural Alterations 

This involves the structure modification by feeding syst-em reinforcement [ 15]. The 

aim is to upgrade the distribution network for increasing short-circuits level and 

thereby to improve the PQ indices. The increase of short circuit level diminishes the 

effect of THD at nonlinear loads feeding points. The diminishing is obtained by the 

reduction of total impedance upstream of the load. 

Change of current harmonics spectrums depends only on the load type connected to 

the buildings distribution networks and the supply voltage harmonics. Therefore, in 

this case any attenuation of the current harmonics level cannot be expected but its 

dominance can be reduced. 

The methods of feeding structure alteration are complicated. And it incurs a great 

cost. Usually it's beyond the control of customers. What customer can do is to 

request resizing of the transformer, but it requires much investment. 

UPC is having a transformer of 400 kVA whereas the average maximum monthly 

demand is in the range of 200 kV A. And the feeder length to the transformer is very 

short. Therefore, resizing of transformer and further improvement of feeding system 

may not be justifiable. 

4.4 Filtering techniques 

The filtering technique is a successful harmonic distortion reduction method used in 

existing installations, especially where the distortion has gradually increased. Further, 

it is a global solution for new installations, as well. As UPC building is also expected 

to be expanded with added new loads, this may be a suitable methodology for control 

harmonics. There are two principal filtering techniques: passive filtering and active 

filtering. 
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4.4.1 Passive filtering 

The passive filtering is the simplest conventional solution to mitigate the harmonic 

distortion. Usually, they consist of inductance, capacitance, and resistive elements. 

So high power applications need to have big capacitors and Inductors. 

Passive filters have traditionally been used to absorb harmonics generated by large 

industrial loads, primarily due to their simplicity, low cost and high efficiency. In 
,J' 

passive filters, the flow of the undesired harmonic currents into the power system is 

prevented by the usage of a high series impedance to block them or by diverting them 

to a low impedance shunt path. These two methods represent the concept of the series 

and the shunt passive filters, respectively. 

Series passive filters are connected in series with the load. This filter consists of 

parallel inductance and capacitance as shown in Fig. 4.1. The filter is tuned to 

provide high impedance at a selected harmonic frequency. This impedance blocks the 

flow of harmonic current at the tuned frequency only. At fundamental frequency. the 

filter is designed to yield low impedance, thereby allowing the fundamental current to 

t1ow. For blocking multiple harmonics, multiple series filters are needed. 

L 

c 

Figure 4.1 Series Passive Filter Configuration 

A shunt filter offers very low impedance path at the frequency to which it is tuned and 

it shunts most of the harmonic current at that frequency. Figure 4.2 shows common 

types of passive filters and their configurations [3]. The single-tuned filter is the most 

common and economical type of passive filter [9]. This filter is connected in shunt 

with the power distribution system. So, harmonic currents are diverted from their 

normal flow path through the filter. 

Another popular type of passive filter is the high-pass filter (HPF). A HPF allows a 

large percentage of harmonics above its designed frequency to pass through it. HPF 
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generally takes on one of the three forms, as shown in Figure 4.2. The first-order. 

which is characterized by large power losses at fundamental frequency, is rarely used. 

The second-order HPF is the simplest to apply while providing good filtering action 

and reduced fundamental frequency losses [9]. The filtering performance of a third

order HPF is superior to that of the second-order HPF, but it is not commonly used for 

low-voltage or medium-voltage applications due to the economic, complexity, and 

reliability factors. 
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Figure 4.2 Common types of passive filters 

Although simple and least expensive, the passive filters have several shortcomings. 

The t1lter components are very bulky. Furthermore the compensation characteristics 

of these filters are influenced by the source impedance. As such, the filter design is 

heavily dependent on the power system in which it is connected to. Passive filters are 

known to cause resonance, thus affecting the stability of the power distribution 

systems. 

4.4.2 Active filtering 

The advantage of active filtering is that it automatically adapts to changes in the 

network and load fluctuations. They can compensate for several harmonic orders, and 

are not affected by major changes in network characteristics. Active power filter 

(APF) s eliminate the risk of resonance between the filter and network impedance 

[1 0]. The basic principle of APF is to utilize power electronic technologies to produce 

specific currents components that cancel the harmonic currents components caused by 
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the nonlinear load. Figure 4.3 shows the components of a APF system and their 

connections. The information regarding the harmonic currents and other system 

variables are passed to the compensation current/voltage reference signal estimator. 

Figure 4.3 
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The compensation reference signal from the estimator drives the overall system 

controller. This in turn provides the control for the gating signal generator. The output 

of the gating signal generator controls the power circuit via a suitable interface. The 

power circuit in the generalized block diagram can be connected in parallel, series or 

parallel/series configurations depending on the interfacing inductor/transformer used. 

APFs have a number of advantages over the passive filters. First of all, they can 

suppress not only the supply current harmonics, but also the reactive currents. 

Moreover, unlike passive filters, they do not cause harmful resonances with the power 

distribution systems. Consequently, the APFs performances are independent on the 

power distribution system properties [ 11]. Another advantage is that it takes very little 

space compared with traditional passive filters. Hence APF was preferred to employ 

in mitigating the harmonics presence at UPC building. 
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4.5 APF Configurations 

APF can be connected in several power circuit configurations as illustrated in the 

block diagram shown in Figure 4.4. They can be classified based on the type of 

converter, topology, control scheme. and compensation characteristics [ 12]. In 

generaL they arc divided into three main categories, namely shunt APF, series APF 

and hybrid APF. 
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Figure 4.4 Divisions of Active power Filters 

4.5.1 Shunt active power filter 

This is widely used configuration in active filtering applications [13]. A shunt APF 

consists of a controllable voltage or current source. The voltage source inverter (VSI) 

based shunt APF is by far the most common type used today, due to its well known 

topology and straight forward installation procedure. Figure 4.5 shows the principle 

configuration of a VSI based shunt APF. It consists of a dc-bus capacitor (Cr), power 

electronic switches and interfacing inductors (Lr). 

Shunt APF acts as a current source, compensating the harmonic currents due to 

nonlinear loads. The operation of shunt APF is based on injection of compensation 

current which is equals to the distorted current, thus eliminating the original distorted 

current. 
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Figure 4.5 
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This is achieved by "shaping" the compensation current waveform (11), using the VSI 

switches. The shape of compensation current is obtained by measuring the load 

current(/) and subtracting it from a sinusoidal reference. The aim of shunt APF is to 
L 

obtain a sinusoidal source current (/) using the relationship: 
s 

I 
s 

IL - Ij 

Shunt APFs have the advantage of carrying only the compensation current plus a 

small amount of active fundamental current supplied to compensate for system losses. 

It can also contribute to reactive power compensation. Moreover, it is also possible to 

connect several shunt APFs in parallel to cater for higher currents, which makes this 

type of circuit suitable for a wide range of power ratings [ 1 OJ. 

4.5.2 Series active power filter 

The series APF is shown in Figure 4.6. It is connected in series with the distribution 

line through a matching transformer [12]. VSI is used as the controlled source, thus 

the principle configuration of series APF is similar to shunt APF, except that the 

interfacing inductor of shunt APF is replaced with the interfacing transformer. 
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The operation principle of series APF is based on isolation of the harmonics in 

between the nonlinear load and the source. This is obtained by the injection of 

harmonic voltages (v} across the interfacing transformer. The injected harmonic 

voltages are added /subtracted, to/from the source voltage to maintain a pure 

sinusoidal voltage waveform across the nonlinear load. 

Series APFs are less common than the shunt APF . This is because they have to 

handle high load currents. The main advantage of series APFs over shunt one is that 

they are ideal for voltage harmonics elimination. 

4.5.3 Hybrid active power filter 

They are typically the combination of basic APFs and passive filters. Hybrid APFs, 

inheriting the advantages of both passive filters and APFs, provide improved 

performance and cost-effective solutions. The idea behind this scheme is to 

simultaneously reduce the switching noise and electromagnetic interference [ 14]. The 

main objective of hybrid APF therefore, is to improve the filtering performance of 

high-order harmonics while providing a cost-effective low order harmonics 

mitigation. 

Hybrid Active filtering is a relatively new technology. So, further research and 

development are needed to make this technology well established. 
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4.6 Selection of suitable configuration of APF for UPC 

building 

When selecting the suitable technique the objectives addressed are as follows. 

o Bringing down of harmonic levels below that specified by the standards. 

o Reducing the overall system voltage total harmonic distortion. 

o Solution should withstand future load alterations, easily. 
,; 

o It should be a long term solution to the harmonic problems 

o The solution should be low in maintenance. 

When we consider the different configurations of APF and their applications, shunt 

active power filters are found to be widely used to compensate current harmonics. 

reactive power and load current unbalance [ 16]. The series connected active power 

filter is more preferable to protect the consumer from an inadequate supply voltage 

quality. This is specially recommended for compensation of voltage unbalances and 

voltage sags from the ac supply. Logged data revealed the requirement of current 

harmonics reduction. Therefore, a shunt active filter is selected to compensate 

harmonics in UPC building. 

''· 
lsJ. . Source Current 

0 1 r~/+-------7---_ry '{.,,, 
~~ . 

AC Mains " >- I A. 

. >- C 1 i\ 
Coupling ~ f!' 

1 

Inverter 

~ 

i--
de 

1 

IL rr Load Current 
Y r, 
~x 

r'{'('y/',.~---7-----1 
Non linear 

load 

Compensation 
Current 

~~-·-----

1 Control & 
1 Gating Signal 

- ------ generator 

I __ 

Figure 4.7 Component of Shunt Active Filter 
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Figure 4.7 illustrates the basic components of a shunt APF. This consists basically of 

a control and gating signal generator and a voltage source inverter controlled in a way 

that it acts like a current source. 

4.6.1 Classification of APF 

Various types of shunt active filters have been proposed by many researches. Those 

can be classified according to their power circuit, the .control strategy and the 

harmonic detection method [14]. The main purpose of the active filters installed by 

individual consumers is to compensate for current harmonics and I or current 

imbalance of their own harmonic-producing loads. 

4.6.2 Classification by Power Circuit 

There are two types of power circuits used for active filters: a voltage-fed PWM 

inverter and a current fed PWM inverter. These are similar to the power circuits used 

for ac motor drives. They are, however, different in their behavior because active 

filters act as non-sinusoidal current or voltage sources. The voltage fed PWM inverter 

is advantageous because the voltage-fed PWM inverter is higher in efficiency and 

lower in initial costs than the current-fed PWM inverter [14]. So, majority of active 

filters, which have been put into practical applications are adopted the voltage-fed 

PWM inverter as the power circuit. 

Considering these facts voltage fed PWM inverter is selected for the shunt APF. 

4.6.3 Classification by method of harmonic detection 

The control strategy of active filters has a great impact on the compensation objective, 

required kV A rating of active filters, and also on the filtering characteristics in 

transient state, as well as in steady state. 

APF controller determines the harmonics that are to be eliminated. For that it is 

required to detect the essential voltage /current signals to gather accurate system 

variables. The voltage variables to be sensed are ac source voltage, de bus voltage of 
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the APF, and voltage across interfacing transformer. Typical current variables arc 

load current, ac source current, compensation current and de-link current of the APF. 

Based on these system variable feedbacks, reference signals estimation in terms of 

voltage/current levels are estimated in frequency-domain or time-domain. As 

illustrated in Figure 4. 7 an inverter is then used to generate and inject the 

compensation current Ic into the power line. 

There are mainly two types of control strategies: Frequency domain control based on 
j 

the Fourier analysis and the Time domain control based on the Akagi-Nabae theory 

[10], [17]. Many methods are available for harmonic determination in both of above 

control strategies. Some of them are shown in Figure 4.8. 

Reference signal 
determining 
Techniques 

Frequency 
domain 

Time domain 

Figure 4.8 Harmonic determination methods 

Fourier transform 

P-Q theorem 

Notch filtering of fundamental 

Synchronous reference frame theorem 

Sinusoidal subtraction 

Each of these methods has pros and cons which depend on the situation. Summary of 

performance of harmonic determination methods is shown in Table 4.1 [17]. The 

notch filtering of fundamental and P-Q (Instantaneous reactive power) theorem are 

the common methods that are being successfully used in modern APF controllers. As 

the notch filtering of harmonic detection shows better performance [18] in all the 

aspects, it is selected to use with APF for modeling and simulation. 
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IRrT SRF FFT {lt()~~t~ 
( Notching Sine 

. 
Filter I l subtraction 

Steady state quality Good 
I 

Poor Good 
I 

Excel Excel 

Transient response 
Good Excel Good Good Excel 

quality 

Transient response 
Good Good Good Poor Poor 

speed 
" 

Requires voltage No Yes No No No 

I 

Requires balanced 3 No Yes Yes No No 

No. of filter stages 3 2 " 3 0 .) 

__j 

Table 4.1 Summary of the performance of harmonic determination methods 

4.6.4 Classification by control technique 

The aim of APF control is to generate appropriate gating signals for the switching 

transistors based on the estimated compensation reference signals. The performance 

of an APF is affected significantly by the selection of control techniques [18]. 

Therefore, the choice and implementation of the control technique is very important 

for the achievement of a satisfactory APF performance. 

Variety of control techniques such as linear control, digital deadbeat control, 

hysteresis control [10],[19], etc. are available for APF applications. 

As shown in Figure 4.9, the linear control of APF is accomplished by usmg a 

negative-feedback system. In this control scheme, the compensation current (1 1) or 

voltage CVr) signal is compared with its estimated reference signal (Ref 1- or Ref;,) 

through the compensated error amplifier to produce the control signal. The resulting 

control signal is then compared with a saw-tooth signal through a pulse width 

modulation (PWM) controller to generate the appropriate gating signals for the 

switching transistors. The frequency of the repetitive saw-tooth signal establishes the 
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switching frequency. This frequency is kept constant in linear control technique. As 

shown in Figure 4.10, the gating signal is set high when the control signal has a 

higher numerical value than the saw-tooth signal and via versa. 
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Figure 4.9 Block diagram of linear control techniques. 
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Figure 4.10 Gating signal generation by linear controller 

Depending on the compensation signal there are two types of controllers: voltage-fed 

PWM inverters and current-fed PWM inverters. In current-fed PWM controllers the 

output is primarily determined in terms of current. Therefore current-fed inverter 

tends to be unsuitable for certain types of loads whereas the voltage-fed inverter 

53 



operates quite satisfactorily. Voltage -fed inverters arc high efficient and lower in 

initial cost. Current- fed inverters are heavier due to the inductors and incur high cost. 

Therefore, Voltage-fed PWM inverters are popular choice in modern APF. 

The other type, Hysteresis Control Technique exhibits several unsatisfactory features. 

The main drawback is that it produces uneven switching frequency. Consequently, 

difficulties arise in designing. Furthermore, there is possibly generation of unwanted 

resonances on the power distribution system. Besides, the irregular switching also 
.I 

affects the APF efficiency and reliability [1 0]. 

Considering the above facts, voltage-fed PWM linear control is considered further in 

modeling the APF. 

According to the above discussion the suitable filter for this purpose is the Active 

Shunt Filter which incorporates voltage fed PWM inverter type power circuit. Notch 

filtering harmonic detection and voltage-fed PWM linear controlling are the other 

encompassed features. 

4. 7 Location for harmonic mitigation 

Harmonic currents f1owing in internal circuits overload the conductors and 

transformers. This affects the equipment, as well. Transporting of real power along 

with the added harmonic components cause additional losses and reduce power factor. 

Therefore, harmonic elimination at the source of harmonic generation will always be 

the best location for installing harmonic filters. However, this leads to installation of 

many small filtering devices. The expected economy of a large scale filter suggests 

that the best location is where several distorted currents are combined, such as a load 

centre. The number and size of the harmonic filters will also affect internal losses of 

the filter and operating cost. Further, when determining the filtering locations, special 

wiring- related conditions such as neutral overloading and cancellation should also be 

considered. Therefore, in depth studies are required in order to find the best location 

for the filtering device. 
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