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Abstract— Harmonic Distortion in Electrical Distribution System 

is increasingly growing due to the widespread use of Non-Linear 

Loads and Power Electronics Switching Devices. Large 

considerations of these loads have the potential to raise 
Harmonic Current & Voltage in an Electrical Distribution 

System. To mitigate this distortion, we are interested in Active 

Power Filter technology. In this technology, we produce specific 

current components that cancel the Harmonics Current 

components caused by the Non-Linear Load. Particular “Shunt 
Active Power Filter” is mostly used as Active Power Filter. 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. Shunt Active Filter will be reviewed as a 
concept of solving certain types of problems related to Power 

Quality. 
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I. INTRODUCTION 

Power Quality is main issue in all the categories of the 

power system those are Generat ion, Trans mission, 

Distribution and Utilisation. Different Power Quality 

problems are Power Frequency Disturbances, Power System 

Transients, Electromagnetic Interference, etc. Many big 

industries, commercial and electrical industrial loads include 

power transformers; weld ing machines, arc furnaces, 

Induction Motor driven equipments such as elevators, pumps, 

variable frequency drives (VFDs) and Printing Machines etc., 

which are mostly inductive in nature. Poor power factor and 

generation of harmonics are two most important and serious 

power quality problems nowadays. 

II. HARMONICS 

The non-linear loads draw current in non-sinusoidal form 

which contains frequency components which are integer 

multip le of fundamental frequency. These frequency 

components are known as Harmonics. Harmonics are high 

frequency phenomena involving frequencies from 50/60 Hz to 

about 3000 Hz. 

Harmonic number refers to the individual frequency 

elements that comprise a composite waveform. For example, 

for fundamental frequency of 50 Hz, then the fifth harmonic 

frequency is 5×50 or 250 Hz. Dealing with Harmonic numbers 

and not with Harmonic frequency is done for two reasons. 

 The fundamental frequency varies among individual 

countries. 

Odd Harmonics have odd numbers (i.e. 3
rd

, 5
th

, 7
th

, 9
th

, 

11
th

...) and Even Harmonics have even numbers (i.e. 2
nd

, 4
th

, 

6
th

, 8
th

, 10
th

...). 1
st 

Harmonic assigned to the fundamental 

frequency component of periodic wave. 0
th

 Harmonic  

represents the constant of DC component of the waveform. 

The DC component is the net difference between the positive 

and negative halves of one complete waveform cycle.  

Uneven current draw between the positive and negative 

halves of one cycle of operation can generate even harmonics. 

III.  SHUNT ACTIVE FILTER 

An Active Harmonic Filter is something like a boost 

regulator. The concept used in an active filter is the 

introduction of current components using power electronics to 

remove the harmonic distortion produced by non-linear loads. 

Active Filters have number of advantages over Passive 

Filters. It is used for reduce the harmonic in  the system as well 

as it can compensate the reactive current in the system.  

Shunt Active Filter is the most widely used and dominant 

form of active power filters to compensate the load current 

harmonics & the reactive power as well. It connects in shunt 

to the distribution supply at Point of Common Coupling 

(PCC) and it injects harmonic currents but having 180 degree
 

phase shift to cancel out the load current harmonics and makes  



source current pure sinusoidal. Th is  improves the power quality.

For an increased range of power ratings, several Shunt 

Active Filters can be used together to withstand higher 

currents. 

Here, in shunt active filter; jo int to PCC with coupling 

inductor & in SAF, consider voltage source inverter with DC 

link-capacitor. 

 

 

Fig. 1 Shunt Active Filter 

Here, 

Is + If = IL                                                                      (3.1) 

             Is =IL-If                                                                           (3.2) 

 

For non-linear load; 

IL= IL, f + IL, h                                                               (3.3) 

 

Now, 

By applying SAF it p rovides , 

If = IL, h                                                                      (3.4) 

 

So, we get source current, 

Is = IL, f                                                                        (3.5)   

 

As per upper discussion, we can conclude 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 theory is most 

useful. Another important characteristic of th is theory is the 

simplicity of the calculat ions, which involves only algebraic 

calculation.  

IV.  INSTANTANEOUS POWER OF THE P-Q THEORY 

This theory is very efficient and very flexib le in designing 

controller for power conditioner based on power electronics 

devices. In p-q theory, we use Clark Transformation for 

transform voltage & current from the abc to αβ0 coordinates. 

After this transformation, we get the instantaneous power 

on these (αβ0) coordinates. 

From Clark Transformat ion, we get Vα, Vβ & V0 from Va, 

Vb & Vc respectively and same as Iα, Iβ & I0 from Ia, Ib & Ic 

respectively. The advantage of this transformation is that to 

separate Zero-sequence from the abc-phase component. 

Zero-sequence current does not exist in 3-Ø, 3-wire 

system, So, I0 can be eliminated from the system and same as 

in 3-Ø, 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, 

 

𝑝0

𝑝
𝑞
 = 

𝑣0 0 0
0 𝑣𝛼 𝑣𝛽

0 −𝑣𝛽 𝑣𝛼

  

𝑖0

𝑖𝛼
𝑖𝛽

                            (4.1) 

 

     In three phase three wire systems, 𝑖0 value is zero. So, 

instantaneous power defined on the αβ axes exist, because 

𝑣0  𝑖0 = 0, so, upper equation should be write as per following,   

          
𝑝
𝑞
 =  

𝑣𝛼 𝑣𝛽

−𝑣𝛽 𝑣𝛼
  

𝑖𝛼
𝑖𝛽

                                  (4.2)                             

From that, 

p (Instantaneous real power) = Vα Iα + Vβ Iβ                    (4.3)  

 

& 

 

q (Instantaneous imaginary power) = Vα Iβ - Vβ Iα      (4.4) 

                                       

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

written as, 

                     p = 𝑝 + 𝑝                                     (4.5) 

                      q = 𝑞 + 𝑞                                      (4.6) 

& 

                   p0 = v0 i0                                                       (4.7) 

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. 

p0 = Active Power due to Zero Sequence Components. 

𝑝  =  Average value of the Instantaneous Real Power & 

transferred from the power source to the load. It is due to 

fundamental active current. 

𝑝  = Alternating value of the Instantaneous Real Power. It is 

related to Harmonic Currents. 
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𝑞  =  Average term of Instantaneous Imaginary Power and it is 

related to fundamental Reactive Power. 

𝑞  =  Alternating term of the Instantaneous Imaginary Power 

which is must be compensated. It is also related to 

Harmonic Currents. 

In this work, the adopted compensation strategy is 

Harmonics Compensation (compensation of oscillating Real 

& Reactive Power) and React ive 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 Non-Linear 

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                                    (4.8) 

Instantaneous active power supplied by the compensator, 

  𝑝𝑐 = −𝑝                                    (4.9) 

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 

(4.9), compensator has to draw some active power from the 

distribution source called 𝑝 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 (4.9) will 

become,   

𝑝𝑐  =− 𝑝  + ploss                                     (4.10) 

 

 

Fig. 2 Resulting Algorithm for the Calculation of Reference Currents of the 
Compensator for the Constant Active Power Supply 

 

From this we have to calculate the compensator reference 

currents in α-β domain, 
 

 
𝑖𝑐𝛼
∗

𝑖𝑐𝛽
∗   = 

1

𝛥
 
𝑣𝛼 −𝑣𝛽

𝑣𝛽 𝑣𝛼
  

𝑝𝑐

𝑞𝑐
                    (4.11) 

 

Where,    Δ=
1

𝑉𝛼
2 +𝑉𝛽

2                      (4.12) 

In a-b-c domain currents will be become , 

 
𝑖𝑐𝑎
∗

𝑖𝑐𝑏
∗
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 = 
2

3

 
 
 
 

1 0
−1
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2
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2
−

 3
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𝑖𝑐𝛼
∗

𝑖𝑐𝛽
∗                (4.13) 

This operation takes place only under the assumption that 

the three-phase system is balanced and that the voltage 

waveforms are purely sinusoidal. This abc domain current is 

compensated current which is totally out of phase by 180 

degree from the non linear load current. 

V. SIMULATION RESULT OF 11KV/440V DISTRIBUTION 

SYSTEMS WITH NON-LINEAR LOAD 

 

By using MATLAB-Simulator R2010a, 32 bit, simulat ion 

has been done for 11 kV/440 V d istribution system with Shunt 

Active Filter. Here, these simulation circuits’, parameters of 

non-linear load & waveforms are presented. Also mention the 

result of Individual Harmonic Distortion (IHD) for odd 

harmonics from 3
rd

 to 31
st

 and Total Harmonic Distortion 

(THD) value with & without Shunt Active Filter. 



 

 
 

Fig. 3 Simulation Circuit of 11kV/440V Distribution System with Shunt 
Active Filter 

 

 

Fig. 4 Three Phase Non-Linear Balanced & Unbalanced Load design for 11 
kV Distribution Line 

 

 

 

 

 

 

 

 

TABLE I 
SIMULATION PARAMETERS FOR NON-LINEAR LOAD SIDE (11KV) 

 

Parameters Symbols Values  

Balanced 

Load 
(Rectifier)  

Universal 

Bridge 

circuit  
(No. of bridge 

arm =3) 

Snubber 

Resistance  

Rs 

10 KΩ 

Snubber  

Capacitance 

Cs 

Infin ite 

Ron 1 mΩ 

Lon 0 H 

Series R-L 

load connect 

with 

Rectifier 

R 50 Ω 

L 0.003H 

Un-

Balanced 

Load 

In each 

phase 

(Particular 
One Unit is 

provided) 

Universal 

Bridge circuit 

in each phase                     
(No. of bridge 

arm = 2 ) 

Snubber 

Resistance 

(Rs) 

10 KΩ 

Snubber 

capacitance 

(Cs) 

Infin ite 

Series R-L  

Load 

Ra  50 Ω 

La  0.01H 

Parallel R-C 

Load 

Rb  50 Ω 

Cb 1 μF 

Series R 

Load 
Rc  50 Ω 

 

 

 

Fig. 5 Source Current, Load Current & Compensation Current for 11 kV 
Distribution Line 
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Fig. 6 Three Phase Non-Linear Load and Unbalanced Load designed for 
440V Distribution Line 

 

TABLE II 
SIMULATION PARAMETERS FOR NON-LINEAR LOAD SIDE (440 V) 

 

Parameters  Symbols Values  

Load side series R-L branch 
R 0.001 Ω 

L 1 ΜH 

Balanced 

Load 

Universal 

Bridge 

Circuit  
(No. of bridge 

arm= 3 ) 

Snubber 

Resistance  Rs 
1000 Ω 

Snubber 

capacitance Cs 
1 μF 

Ron 0.1 Ω 

Lon 0 H 

Parallel R 

load 
R 10 Ω 

Un-Balanced 

Resistive 

Load 

Parallel 

Resistive 

Load is 

provided in 

each phase 

with different 

value 

R1 2 Ω 

R2 4 Ω 

R3 6 Ω 

 
 

Fig. 7 Source Current, Load Current & Compensation Current for 440V 
Distribution Line. 

 

 

TABLE III 

IHD & THD VALUE OF SOURCE CURRENT (WITH & WITHOUT SAF) 

 

Harmonic 

Number 

Without SAF 

IHD (% ) 

With SAF 

IHD (% ) 

400V 11KV 400V 11KV 

3 0.00 0.17 1.85 0.30 

5 22.63 14.47 0.44 0.51 

7 11.30 7.22 0.36 0.61 

9 0.00 0.15 0.01 0.14 

11 9.03 5.88 0.37 1.23 

13 6.44 4.25 0.39 0.17 

15 0.00 0.13 0.03 0.16 

17 5.62 3.54 0.39 0.61 

19 4.49 2.84 0.39 0.66 

21 0.00 0.11 0.01 0.12 

23 4.07 2.71 0.36 0.70 

25 3.44 2.33 0.41 0.19 

27 0.00 0.09 0.03 0.14 

29 3.18 2.00 0.39 0.54 

31 2.78 1.76 0.42 0.67 

THD 29.33 18.83 2.22 2.10 
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VI. CONCLUSIONS 

In distribution system voltage 400V & 11kV, Harmonics  

will be generated by Non Linear Loads. The value must be 

below 3% for Individual Voltage Distortion (IHD) and below 

5% for Total Harmonic Distortion (THD) which is mentioned 

by IEEE-519-1992 Standards for distribution systems having 

Bus Voltage at PCC ≤ 69 kV. Using Shunt Active Filter, we 

compensate the Harmonics component from the system. So, 

finally  Source current is  in pure  sinusoidal fo rm. For control 

of Shunt Active Filter, instantaneous active power theory is 

use its complex than other methods but if supply voltage 

contain unbalanced and containing harmonics at that time this 

method is very useful.  
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