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Abstract— Harmonic distortion problem is the occurrence in 

power distribution system due to uses of nonlinear loads. 

Large considerations of these nonlinear loads have the 

potential to raise harmonic voltage and currents in a power 

distribution system to unacceptable high levels that can 

adversely affect the system. For mitigation of this harmonic 

distortion, shunt active power filter is widely used in a 

distribution system. We are interested Shunt active power 

filter using instantaneous active and reactive power (p-q) 

theory for compensating the load current harmonics and 

reactive power. The advantage of the p-q theory is that it is 

instantaneous and it works in the time domain. 
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I. INTRODUCTION 

In power system categories are generation, transmission, 

distribution & utilization. At all levels power quality is main 

issue. Any power problem manifested in voltage, current, or 

frequency deviations that result in failure, disoperation or 

even damage of customer equipment is considered as a power 

quality problem. 

 
Fig. 1: Block diagram of harmonics mitigation system in 

distribution line 

The nonlinear characteristics of many industrial and 

commercial loads such as adjustable speed drives, power 

converters, electronic ballasts, fluorescent lamps, computers, 

light dimmers, industrial pumps, fans, and compressors and 

also in air-conditioning equipment have made the harmonic 

distortion a common occurrence in electrical power networks. 

Harmonic currents injected by some of these loads are usually 

too small to cause a significant distortion in distribution 

networks. 

However the power electronics based equipment are 

responsible for the rise in PQ related problems like as 

adjustable-speed motor drives, electronic power supplies, DC 

motor drives, battery chargers, electronic ballasts etc. So, as 

per this we said that non-linear loads are the source of 

harmonics in distribution system. Through point of common 

coupling (PCC) harmonics current will be injected in 

distribution line which is produced by nonlinear loads. 

Harmonic voltage appears distortion at PCC due to harmonic 

current is passing through line impedance of the system. By 

using passive & active powering apply to the system, 

harmonic distortion due to voltage & current would be 

minimized. From active & passive device we have taken 

Shunt Active filter, which is mitigate harmonic current 

produced by the load and it can also compensate reactive 

power. For control of this shunt active filter by using 

instantaneous active – reactive power theory which time 

based domain and it is more frequently used compare to 

others theory. 

II. ACTIVE FILTER 

An analog electronic filter is combined with the active 

components like Op-amp, PWM controllers etc. defines the 

active power filter. A filter is designed which leads to the 

improvising of the performance, this is included in amplifiers 

and also this improves the reliability of the filter. Also in these 

type of filters requirements of inductors reduces due to which 

it becomes very cheap as compared to other components. 

Characteristics of the filter remains unaffected because of the 

amplifier as it prevents the load impedance. There is presence 

of complex poles and zeroes, even if no bulky inductor is 

used. With use of variable resistors tuned frequency, quality 

factor and response can be improvised. Some standard power 

quality problems can be fixed through these active power 

filters. Hence, to improvise the power quality depends on 

which type of active power filter we choose and that depends 

on the source of problem. 

Types of Active power filter 

 Shunt Active Power Filters 

 Series Active Power Filters 

III. SHUNT ACTIVE FILTER 

It is most widely used and dominant form of APFs. There are 

many characteristics by using this like as compensate load 

harmonic current and as well as reactive power also. It is 

connected in parallel in distribution system at PCC and injects 

harmonic current which is equal to magnitude of load 

harmonic current. So, by using this it will create 180º phase 

shift to cancel out the load harmonics and the source current 

becomes sinusoidal. 

 
Fig. 2: Shunt Active Filter 

For an increased range of power ratings, several 

shunt active filters can be combined together to withstand 

higher currents Here in shunt active filter joint to PCC with 

coupling inductor & in SAF consider voltage source inverter 
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with DC link capacitor Here, Is + If = IL, (2.1) Is =IL-If (2.2) 

For non-linear load; IL= IL, f + IL, h (2.3) Now, by applying 

SAF it provides If = IL, h So, we get source current Is = IL, f 

As per upper discussion we tell that source current is free 

from harmonics i.e. sinusoidal source current. Now, for 

controlling this shunt active filter; there are two categories 

like as frequency domain analysis & time domain analysis. 

The time domain analysis is superior over the frequency 

domain and of great interest in recent years. In time domain 

analysis particularly p-q power theory is most useful another 

important characteristic of this theory is the simplicity of the 

calculations, which involves only algebraic calculation. In p-

q theory use Clarke transformation for transform voltage & 

current from the abc to αβ0 coordinates after this 

transformation we get the instantaneous power on these 

coordinates. By using this controller the shunt active filter 

compensate dynamically harmonics current. 

IV. SHUNT ACTIVE FILTER SIMULATION RESULT FOR 

DISTRIBUTION SYSTEM 

By using MATLAB-Simulator R2010a, 32 bit, simulation 

has been done for 400V distribution system with shunt active 

filter. Here following simulation circuit and their waveforms 

represented and also mention the result of THD and IHD 

value with & without shunt active filter. 

 
Fig. 3: simulation circuit of distribution system with Shunt 

active filter 

 
Fig. 4: Source current is for 400V distribution system 

 
Fig. 5: Load current IL for 400V distribution system 

 
Fig. 6: Compensate current IC for 400V distribution system 

Harmonic 

Number 

Without SAF 

 IHD (%) 

With SAF  

IHD (%) 

3 0.00 1.85 

5 22.63 0.44 

7 11.30 0.36 

9 0.00 0.01 

11 9.03 0.37 

THD 29.33 2.22 

Table 1: IHD & THD value of source current (with & 

without SAF) 

V. CONCLUSION 

From this paper shunt active filter is used for compensate 

harmonics current and improve power quality, In 400V 

distribution line without shunt active filter THD value is very 

high i.e. 29.33% but when applying Shunt active filter THD 

value is 2.22%. This value is below 5% as per IEEE 519-1992 

standards. 
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