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Abstract--- In electrical distribution level power quality is 

major problem and in this harmonics distortion one of them. 

Here, in this paper consider 11 KV distribution system and 

mitigation this harmonics distortion we interest in APF 

topology to produce specific current components that cancel 

the harmonics current components. Particular shunt APF is 

mostly used as mitigation for distribution system. It has 

advantages of carrying only the compensation current plus a 

small amount of active fundamental current supplied to 

compensate for system losses & also contribute to reactive 

power compensation. For controlling Shunt APF consider 

instantaneous p-q theory is used. 
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I. INTRODUCTION 

The growing number of power electronics base equipment 

has produced an important impact on the quality of electric 

power supply. Both high power industrial loads and 

domestic loads cause harmonics in the network voltages. At 

the same time, much of the equipment causing the 

disturbances is quite sensitive to deviations from the ideal 

sinusoidal line voltage. Therefore, power quality problems 

may originate in the system or may be caused by the 

consumer itself. For an increasing number of applications, 

conventional equipment is proving insufficient for 

mitigation of power quality problems. Harmonic distortion 

has traditionally been dealt with by the use of passive LC 

filters. However, the application of passive filters for 

harmonic reduction may result in parallel resonances with 

the network impedance, over compensation of reactive 

power at fundamental frequency, and poor flexibility for 

dynamic compensation of different frequency harmonic 

components. Therefore, the increased severity of power 

quality in power networks demands for the development of 

dynamic and adjustable solutions to the power quality 

problems. Switching compensators called Active filters or 

active power line conditioners provide an effective 

alternative to the conventional passive LC filers. They are 

able to compensate current and voltage harmonics and 

reactive power, regulate terminal voltage, suppress flicker, 

and improve voltage balance in three phase systems. 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, 

eliminating the risk of resonance between the filter and 

network impedance and takes very little space compared 

with traditional passive compensators. The controller of the 

active filter is the key and heart of the filter which greatly 

affects its performance. The design of shunt active filter to 

mitigate the harmonics and reactive power problems with 

controller based on Instantaneous active and reactive power 

(p-q) theory under unbalanced and distorted regimes is the 

core area of this work 

A shunt active power filter with controller based on 

Instantaneous active and reactive power (p-q) theory has 

been purposed to verify its performance and ability to 

compensate the harmonics and reactive power. The 

advantage of p-q theory is that it is instantaneous and 

works in time domain. The shunt active power filter 

connected to AC distribution system in the presence of 

Power Electronic loads or nonlinear load is investigated 

II. 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. 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 with DC link capacitor 

 

Fig. 1: Shunt Active Filter 

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 
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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.  

III. INSTANTANEOUS POWER OF THE P-Q THEORY  

This theory is very efficient and very flexible in designing 

controller for power conditioner based on power electronics 

devices. 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 

 From Clark transformation we get Vα, Vβ & V0 

from Va ,Vb & Vc respectively and same as Iα, Iβ & I0 

from Ia ,Ib & Ic .The advantage of this transformation is that 

to separate Zero-sequence from the abc-phase component. 

No zero-sequence current exist in 3-Ф,3-wire system, so I0 

can be eliminated from the system and same as in 3-Ф,4-

wire system voltages are balanced, no zero-sequence voltage 

is present, So that V0 can be eliminated  

 The p-q Theory can be defined in three-phase 

systems with or without a neutral conductor. Three 

instantaneous powers: the instantaneous zero-sequence 

power p0, the instantaneous real power p, and the 

instantaneous imaginary power q are defined from the 

instantaneous phase voltages and line currents on the αβ0 

axes are given in equation 

       [
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]                      (3.1)                               

In three phase three wire systems,    value is zero. 

So, instantaneous power defined on the αβ axes exist, 

because       = 0, So, upper equation should be write as per 

following;   
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From that, 

 p = Vα, Iα + Vβ Iβ    : instaneous real power                                                                           

& q = Vα, Iβ - Vβ Iα  : instaneous imaginary power                                                       

According to p-q theory real & reactive power can be 

written as  

p= ̃   ̅   , q =  ̃   ̅ & p0= v0 i0 

Where, 
p = The active power for a three phase system with or  

without neutral conductor & it represent the total 

instantaneous energy flow per second between source 

and load. 

q = The imaginary power and proportional to the quantity of 

energy which is exchanged between the phases and 

energy will not transfer at any time between source and 

load 

p0= Active power due to zero sequence components 

 ̅ = average value of the instantaneous real power & 

transferred from the power source to the load. its due to 

fundamental active current. 

 ̃ = Alternating value of the instantaneous real power. It is 

related to harmonic currents 

 ̅= it is average term of instantaneous imaginary power and 

it is related to fundamental reactive power 

 ̃= Alternating term of the instantaneous imaginary power 

which is must be compensated. It is also related to 

harmonic currents. 

  Control strategy for Shunt Active Filter: A.

In this work the adopted compensation strategy is 

harmonics compensation (compensation of oscillating real 

& reactive power) and reactive power compensation 

(compensation of average value of reactive power) which is 

constant active power compensation strategy. In terms of 

real and imaginary power, in order to draw a constant 

instantaneous power from the source, the Shunt Active Filter 

should be installed as close as possible to the nonlinear load, 

and should compensate the oscillating real power of this 

load. A three-phase system without neutral wire is being 

considered, and the zero-sequence power is zero. 

 Therefore the compensator has to select the 

following powers as a reference to follow the control 

strategy. 

 Instantaneous reactive power supplied by the 

compensator: 

qc =−q                                                        (3.3) 

Instantaneous active power supplied by the compensator: 

pc =−  ̃                                                      (3.4) 

The mean value of oscillating active powers on α & 

β axis is zero but sum of both at every instant is not zero so 

capacitor has to supply energy when oscillating active 

power is positive and absorb energy when it is negative. 

 In addition to the reference active power in 

equation (3.4), compensator has to draw some active power 

from the distribution source called    loss to make up for the 

switching losses of the voltage source inverter and to 

maintain constant voltage across the capacitor at a 

prescribed value. The power converter of the Shunt Active 

Filter is a boost-type converter. This means that the dc 

voltage must be kept higher than the peak value of the ac 

bus voltage So equation (3.4) will become: 

pc =−  ̃ + ploss                                                                  (3.5) 

  Reference Currents Calculation for the Compensator B.

 
Fig. 2: Resulting algorithm for the calculation of reference 

currents of the compensator for the constant active power 

supply 
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From this we have to calculate the compensator reference 

currents in α-β domain. 

[
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]                   (3.5) 

Where,    Δ=
 

  
    

                    (3.6) 

In a-b-c domain currents will be become: 
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 ]      (3.7)                                         

This operation takes place only under the 

assumption that the three-phase system is balanced and that 

the voltage waveforms are purely sinusoidal. This    a-b-c 

domain current is compensated current which is totally 

opposite the nonlinear load current.  

IV. SIMULATION RESULT OF 11 KV DISTRIBUTION SYSTEM 

WITH NON LINEAR LOAD: 

By using MATLAB-Simulator R2010a, 32 bit, simulation 

has been done for 11KV distribution system with shunt 

active filter. Here following simulation circuits and their 

specifications and also their waveforms represented and also 

mention the result of THD and IHD value with & without 

shunt active filter. 

 

Fig. 3:.simulation circuit of 11KV distribution system with 

Shunt active filter 

we have taken specification as per following table for this 

simulation circuit 

 

 

 

TABLE I. Simulation Parameters for supply side 

Parameters Symbols Values 

Three Phase 

Source 

Va, Vb,Vc  

 

11 KV rms (ph 

to ph) 

Supply 

Frequency 
f 50Hz 

Source 

Resistance 
Rs 

0.001Ω 

 

Source 

Inductance 
Ls 

0.01 μH 

 

Three Phase 

Series  R-L  

Branch 

R 
0.01Ω 

 

L 
1μH 

 

Now, simulation circuit of nonlinear balanced & unbalanced 

load 

 

Fig. 4: nonlinear balanced & unbalanced load 

TABLE II. Simulation Parameters for Nonlinear Load   side 

Balanced 

load 

(Rectifier) 

Universal Bridge 

circuit  

(No. of arm= 3 ) 

Rs 1000

0 Ω 

Cs 

Infini

te 

 

Series    R-L 

load connect 

with Rectifier  

R 50 Ω 

L 
0.00

3H 

Un 

balanced 

load 

In each 

phase 

particular 

one unit is 

provided 

Universal Bridge 

circuit in each 

phase                     

(No. of arm= 2 ) 

Snubber 

Resistance  Rs 

1000

0 Ω 

Snubber 

capacitance Cs 

Infini

te 

Series     R-L  

Load 

Ra  50 Ω 

La 0.01

H 

Parallel R-C 

Load 

Rb  50 Ω 

Cb 1μF 

Series R Load Rc 50 Ω 
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  Wave forms of the 11KV distribution system A.

 

Fig. 5; Source voltage Vs for 11KV distribution system 

 
Fig. 6: Source current is when SAF is connected max 704A 

 
Fig. 7: Nonlinear Load current 

 

Fig. 8: Compensate current provided by SAF to the system 

Now, harmonics analysis in terms of IHD & THD 
with & without Shunt active filter 

TABLE III. IHD & THD value with & without Shunt Active 
Filter 

Harmonics Order 

IHD (%) 

With Shunt 

Active filter 

Without Shunt 

Active filter 

1 100 100 

3 0.30 0.17 

5 0.51 14.47 

7 0.61 7.22 

9 0.14 0.15 

11 1.23 5.88 

13 0.17 4.25 

15 0.16 0.13 

17 0.61 3.54 

19 0.66 2.84 

21 0.12 0.11 

23 0.70 2.71 

25 0.19 2.33 

27 0.14 0.09 

29 0.54 2.00 

31 0.67 1.76 

THD (%) 2.10 18.83 

V. CONCLUSION   

From this paper, in 11 KV distribution line, at load side 

nonlinear loads are the prime source of the harmonics and 

instantaneous active power strategy is used for controlling 

purpose of the shunt active filter in p-q theory. With shunt 

active filter THD value is so small; here it is 2.10% while 

without filter its value is too high i.e. 18.83%   
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