
Chandra Kant Singh, 11:1 

ISSN (Online): 2348-4098 

ISSN (Print): 2395-4752 

 

© 2023 Chandra Kant Singh.  This is an Open Access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly credited. 

Enhancement of Performance Using Srf Based 

Shunt Filter Power Transmission 
M.Tech.Scholar Chandra Kant Singh, Assistant Professor Durgesh Vishwakarma 

Department name of Electrical and Electronics Engineering 

Radharaman Engineering college (REC) Ratibad Bhopal 

 

 

 

 

 

 

 

 

 

 

 

 

I. INTRODUCTION 

 
The New and Renewable Energy resources are 

proposed by Ministry of New and Renewable Energy 

sources and Energy Development agencies to 

balance the need for the energy in the forthcoming 

years. The exploitation and development of various 

forms of energy and making energy available at 

affordable rates is one of the major thrust areas. 

Conversion of energy resources, environmental 

protection and sustainable developments are the 

three major changes of the world.  

 

One important issue is to satisfy the energy needs of 

people without causing rapid depletion of natural 

energy resources and degradation of the 

environment. Now-a-days wind energy has the most 

exploitable potential of renewable energy and has 

attracted great interests in recent years. Large wind 

farms have been installed or planned around the 

world and the power rating of the wind turbines are 

increasing. Wind generator is the crucial equipment 

to use wind energy.  

 

Generation of electricity has emerged as the most 

important application of wind energy worldwide. The 

concept is simple; blowing wind rotates the blades of 

a turbine and causes electricity to be produced in 

generator unit. It is environmentally benign and does 

not emit greenhouse gases. Induction generators are 

more commonly used in Wind Energy Conversion 

Systems (WECS). An induction generator is an  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Induction motor operating above its synchronous 

speed. Due to its simple construction the induction 

generator is well suited for many industrial co-

generation applications. 

 

II.REASONS FOR THE INCREASED  

 

1. Interest In Power Quality (Pq) 

Some prime reasons for a growing interest in PQ can 

be listed as follows:  

 Most of the electrical appliances in modern day, 

which utilize microprocessor / microcontroller, rely 

heavily on power electronic devices almost as their 

integral components. A number of such type of 

appliances are more sensitive to PQ related issues 

and at times themselves create diverse types of PQ 

issues.  

 In the current context, advanced industrial 

equipments such as high-efficiency motor drives 

with adjustable speed and shunt capacitors, are 

extensively utilized. Due to the complexity of the 

industrial processes, any failure or malfunctioning 

of the industrial equipment would lead to 

enormous economic losses.  

 Failure of any single component could lead to 

severe consequences because of the complex 

interconnection of the systems. In addition, 

numerous power electronic equipments with 

advanced features, having a high degree of 

sensitivity to PQ related issues are utilized in order 
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to enhance system’s stability, operation and 

efficiency. 

 The embedded generation and reliance on 

renewable energy sources have been constantly 

creating new problems pertaining to power quality, 

such as voltage variations, flicker and wave form-

distortions.  

  Customers have a right to demand for the supply 

of high quality of power with the introduction of 

competitive electricity market. Unbalanced 

voltages can also be a problem of power quality in 

three-phase system.  

 Two identified major power quality problems 

causing concern to customers are harmonics and 

voltage sags. Voltage sags is now focal issue, since 

the loads are voltage sensitive loads. Fig1.1 

represents the demarcation of diverse power 

quality issues as per the definitions of the IEEE 

Standard 1159-1995[10]. 

 

III.FLEXIBLE ALTERNATING-CURRENT 

TRANSMISSION SYSTEMS (FACTS) - AN 

INTRODUCTION 

 
 The power system load is varied from time to time 

as per consumer demand. A sufficient reactive power 

should be supplied to the load as per load variation, 

as the reactive power plays an important role in 

maintaining voltage stability under load varying 

conditions. More reactive power transfer will cause 

more line losses. At the same time inadequacy of 

reactive power to meet the load leads to voltage 

instability.  

 

Further when a bulk power transmission network is 

operated close to the voltage stability limit, 

controlling the reactive power demand of that 

system becomes difficult. So system operator needs 

a fast acting device to control the reactive power so 

that to maintain the voltage stability, to reduce the 

total power losses and to increase the loadability 

limit of the power system.  

 

One of the fast acting devices, FACTS controller is 

defined as a power electronic based system with 

additional static equipment that provide control of 

one or more AC transmission system parameters. 

FACTS devices can regulate the active and reactive 

power to ensure adaptation to voltage-magnitude 

control simultaneously due to their flexibility and fast 

control characteristics.  Placement of these devices in 

suitable location can lead to control in line flow and 

maintain bus voltages at desired level and thus 

improve voltage stability margins. FACTS devices 

have the ability to control the phase angle, the 

voltage magnitude at chosen buses and line 

impedances of the transmission system.  

In order to meet the growing power demand, utilities 

have an interest in the better utilization of available 

power system capacities, existing generation and 

existing power transmission network, instead of 

building new transmission lines and expanding 

substations. The important FACTS devices used in the 

power system are  

1. Static Synchronous Compensator (STATCOM)  

2. Static VAR Compensator(SVC)  

3. Static VAR System (SVS)  

4. Static Synchronous Series Compensator (SSSC)  

5. Thyristor-Controlled Series Capacitor (TCSC)  

6. Unified Power Flow Controller (UPFC)  

7. Inter Line Power Flow Controller (IPFC) 

 

IV.OBJECTIVES OF THE RESEARCH 
 

In electric power systems, the load demand is seldom 

constant, but increasing day by day. It is difficult to 

change transmission utility with the increasing 

demand. It is essential to improve steady state 

voltage stability limit and utilize the existing 

transmission facility closer to its maximum steady 

state stability limit. A fast acting device is needed to 

operate the large power system closer to its 

maximum steady state stability limit.  

 

One of the fast acting device FACTS can increase the 

transmission line capacity by improving stability limit 

and maintain the bus voltages when they are 

optimally placed in the power system. Considerable 

research work has been carried out to optimize the 

various objectives without considering the cost of 

FACTS devices. But allocation of more FACTS devices 

without considering their cost to achieve one or 

more objectives is not advisable. In this research 

work, a cost effective objective function is proposed 

for optimizing the following mentioned objectives, 

considering the cost of FACTS devices:  

(i) Minimize the voltage deviations in the system 

 (ii) Minimize power system total loss  

(iii) Minimize possible FACTS devices sizes and 

(iv) Maximizeloadability limit. 

 

 The main aim of this research is  

(i) To formulate a effective objective function 



 Chandra Kant Singh.  International Journal of Science, Engineering and Technology, 2023,  

11:3 

Page 3 of 7 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

 (ii) To obtain optimal placement and size of multiple 

FACTS  

(iii) To ensure voltage stability improvement for best 

utilization of the existing transmission facility and 

(iv) To maintain voltage profile under various load 

conditions. This is a challenge in large power 

networks. A strong intelligent technique is needed to 

solve this proposed optimization problem. From the 

literature survey it is observed that PSO performs 

better than other intelligent algorithms in terms of 

processing time, simplicity of concept, easy 

programmability and faster convergence. So PSO has 

been chosen as the suitable algorithm for solving 

proposed optimization problem. A novel idea of 

using two most effective FACTS devices namely 

STATCOM and UPFC and choosing optimal size and 

placement of these two FACTS devices is adopted in 

this research work. 

 

V. SHUNT ACTIVE POWER LINE 

CONDITIONER 
 

Shunt active power line conditioner uses power 

electronics to produce complementary harmonic 

components that compensates the harmonic 

components produced by the non-linear load. This 

harmonic filter consists of a power converter unit and 

control unit, which controls the harmonic injection of 

the filter into the ac network based on the measured 

load harmonics. Therefore, this device senses voltage 

and current harmonics and generates offsetting 

harmonics to cancel out the superfluous harmonics 

in the source. There obviously exists a feedback 

mechanism by virtue of which the source provides 

clean waveforms for the load. Voltage regulation and 

power factor control are also normal byproducts of 

this filter operation. Some of the merits of using 

active power line conditioner are [5]  

 Harmonic reduction 

 Reduction of three-phase neutral return current  

 Impact minimization upon the distribution 

transformer  

 Power factor improvement  

 Voltage regulation Automatically adapts to changes 

in the ac network and load fluctuation  

 Eliminating risk of resonance between filters and 

network impedance. 

 1. Shunt active power filter: 

The shunt active filter approach is based on the 

principle of injection of harmonic currents into the ac 

system, of the same amplitude but opposite in phase 

to that of the load harmonic currents. Fig.1. 2 shows 

the active power filter compensation principle, which 

is controlled in a closed loop manner to actively 

shape the source current into sinusoid. Shunt active 

power topology is most popular topology for current 

harmonics elimination due to easy implementation 

and good performance. Shunt active power filter 

(SAPF) behaves as a three phase controlled current 

source and it generates compensation current in 

phase opposition to the harmonics current that 

depends on the reference current generation [6]. It 

works in a closed loop manner so that it senses the 

load current variation continuously to generate the 

required compensation current. Schematic diagram 

of SAPF is shown in figure 1. 

 

 
Fig.1 Schematic diagram of shunt active power filter. 

 

Figure shows that SAPF consists of two distinct main 

blocks  

 Active filter controller (Reference current generation 

block) 

 Pulse width modulated current controller (PWM 

controller)  

 

Active filter controller is used for instantaneous 

monitoring of load current and there by the 

generation of reference compensating current. 

Synchronous reference frame theory is the most 

popular reference current generation method. By 

using this reference compensating current and 

source current, gate pulses required for the VSI is 

generated by PWM controller. PWM controller is 

responsible for power processing in synthesizing 

compensation current required for the entire system. 

Active filter is classified as series active filter and 

Shunt active filters. Series filter is consist capacitor 
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and inductor connected in parallel with each other 

but in series with the load. This types of filter 

provides high impedance to the harmonics currents 

and allow to pass them reaching the power supply, 

but allows the fundamental frequency of 60 Hz 

current to pass through. But these types of filters 

have a drawback of carry of full load current. Shunt 

active filter consist of capacitor and inductor 

connected in series but parallel with load. This filter 

provides low impedance path for harmonics current 

and divert the harmonics to ground.  

 

Shunt filter is common and less expensive because 

they don’t have to carry the full load current [3]. Here 

shunt active power filter is used with voltage source 

inverter to mitigate the harmonics produced by Non 

linear load. It injects the compensating harmonics 

current (in 1800 ) phase shift to harmonics current) in 

to the power lines. In these shunt active power filter 

main theme is to design these filter with 

synchronous reference frame control theory which is 

signal processing based. Hysteresis band current 

controller is used to generate the switching signal to 

the voltage source inverter [4][5]. The basic diagram 

for three phase SRF based shunt active filter is shown 

in fig. 2 [5] 

 
Fig.2Three Phase SRF based SAPF. 

 

2.Series Active Filters: 

 In series active filter configuration, a voltage source, 

is constructed in such a way that when its voltage is 

added to the load voltage, the distorted voltage is 

canceled, thus resulting of a sinusoidal voltage at the 

Point of Common Coupling (PCC). For harmonic 

compensation, both shunt and series active filters 

have smaller ratings than the apparent power of the 

load. The shunt active filter is rated for supply 

voltage, but a reduced current. In the case of series 

dynamic filters, the rated load current passes 

through the filter but the rated voltage is again 

lower. Therefore, harmonic minimization can be 

implemented with converters having a reduced 

power rating. 

 

3.Hybrid Active Filters 

Hybrid structures were proposed for harmonic 

compensation of large rated loads in high voltage 

networks. Hybrid active filters configurations, 

combines passive and active filters. These filters 

improve the compensation characteristics of the 

passive filters and thus realize a reduction in the 

rating of the active filter. They are particularly suited 

in installations where L-C tuned passive filters 

already exist. In the hybrid series configuration, the 

series voltage injection is to be regarded as an 

isolator, either determining the harmonic currents to 

be supplied to the non-linear load or the harmonic 

currents that will be absorbed by the tuned LC- 

filters.Series and shunt. In the first case, the injected 

voltage is in series, and in the second case it is in 

series with the shunt passive filter. 

 

VI. SHUNT APF CONTROL METHODS 
 

This section briefly reviews three techniques for the 

estimation of the reference compensation current of 

the APF. A description of the well-known 

(conventional) p-q and d-q methods is presented, 

which is followed by a description of the STF-based 

p-q theory method in [19]. The reader is referred to 

[7, 4] for a more detailed treatment of the methods. 

Compensation of harmonies can be accomplished in 

time domain or frequency domain. First approach is 

based upon "on line” computation of an 

instantaneous error function, while the second case 

uses the principle of Fourier analysis and periodicity 

of the distorted waveform to be corrected. The error-

function in time-domain could be computed in the 

following ways:  

1. Extraction of the fundamental component from 

the distorted waveform through a notch filter  

2. Instantaneous reactive power compensation, which 

uses an instantaneous orthogonal power 

transformation on both the actual and the 

fundamental components of voltage and current 

to produce a power function. The difference 

between these two transformations is the error.  

3. Synchronous reference frame approach. Many 

PWM strategies exist (for compensation in the 
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time-domain) to generate the gating signals to the 

switches and thereby to reconstruct the distorted 

current.  The shunt APFs are used most widely used 

to cancel the current distortion. The performance 

of SAPF strictly depends on the features of the 

improved algorithms and controllers. However, 

usually one algorithm is only more appropriate to 

some situation but not to all situation. An 

improved algorithm of SAPF for harmonic 

elimination, power factor correction, and balancing 

of nonlinear loads is proposed in this paper. 

 

 
      Fig.3 Basic Principle of SAPF System. 

 

4.Instantaneous Active Power Theory (p-q 

Theory) 

The instantaneous and reactive power method, 

proposed by Akagi [8], remains one of the most 

popular APF control schemes. It first transfers the 

voltages and currents from the three-phase a-b-c 

phase coordinates to a two-phase coordinate system 

α-β-0, via Clarke transformation. Then the active and 

reactive instantaneous powers are calculated.  

 

Generally, each of the active and reactive powers is 

composed of continuous and alternating terms. The 

continuous term corresponds to the fundamentals of 

current and voltage. The alternating part represents 

power related to the sum of the harmonic 

components of current and voltage. A low-pass filter 

or high-pass filter is required to separate continuous 

and alternating terms of active and reactive 

instantaneous powers. The three phase reference 

current of the APF is obtained by applying the 

inverse Clarke transform to the stationary reference 

currents. 

 
Fig. 4 Basic shunt compensation principle. 

 

Various control strategies has been developed for 

the determination of reference currents in shunt 

active power filters namely Instantaneous Reactive 

Power Theory (p-q theory), sliding mode control 

strategy, Unity Power Factor method, One Cycle 

Control, Fast Fourier Technique etc. Here, SRF theory 

is used to evaluate the three-phase reference 

currents (ica*, icb*, icc*) by the active power used 

filters by targeting the source (ica, icb, icc) current 

Fig.4. shows the block diagram which explains three-

phase SRF-theory, used for harmonic component 

extraction. Here in SRF theory Park transformation is 

used. 

 

VII. RESULT AND SIMULATION 

 

 
 

Fig 7.1 System model. 
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Fig 7.2 SAF filter based on STATCOM SRF device, 

 

 
             

         Fig 7.3 Transmitting voltage. 

 
Fig 7.4 THD analysis. 

 

                      VIII.CONCLUSION  
 

The research work presented in the thesis mainly 

deals with analysis and development of fuzzy and PI 

voltage controller for self-excited induction 

generator based on STATCOM. The modeling and 

simulation of SFR-STATCOM has been carried out for 

different types of loads. The MATLAB based model of 

SFR is developed in q and d stationary reference 

frame. The SFR develops its terminal voltage with the 

help of excitations capacitors. But with application of 

load, terminal voltage falls down from its rated value. 

A STACOM based voltage regulator is developed for 

regulating the SFR voltage in MATLAB.  

 

The proposed scheme for maintaining the voltage of 

SFR constant is simple and easy to implement. The 

STATCOM improves the voltage regulation by 

injection of compensation currents. The STATOM is 

design for various loads like linear/ non-linear, 

balanced/unbalanced. From the simulation result it 

has been found that the non-linear load injects 

harmonics in the systems, which are also eliminated 

by STATCOM.  

 

Hence it is concluded that STATCOM can act as 

voltage regulator, load balancer and harmonic 

eliminator. In designing of STATCOM, PI and Fuzzy 

controllers are used and their simulation results are 

compared. The SFR controller based STATCOM gives 

better dynamic performance. From the simulation 

result it is also found that the Fuzzy controller has 

less peak overshoot, fast response and smooth 

steady state response as compared to conventional 
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PI control. Hence SFR-STATCOM with (HY)controller 

is a good candidate for improving the performance 

of the regulator.  

 

IX.SCOPE FOR FUTURE WORK 

 
The voltage regulations of self-excited induction 

generator using STATCOM have been investigated 

for various loads (linear/non-linear) with PI and  

controller for improving the performance of SFR in 

standalone application. However further research 

work can be carried out for better operation of SFR. 

The areas in which further work can be done are as 

follows 

 The SFR-STATCOM system can be developed for 

dynamic load also which increases the flexibility of 

controller as it can be used for any type of load 

linear or non-linear, static or dynamic, balanced or 

unbalanced.  

 The STATCOM based controller can be developed 

for three phase SEIG feeding single phase load 

using controller because  controller gives better 

dynamic response as compared to PI controller.  

 Voltage regulation for SFR driven by variable speed 

prime movers using STACOM can be developed.  

 In standalone application using wind energy 

conversion system, the performance of STATCOM 

based controller may be investigated using 

maximum power point tracking.  
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