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ABSTRACT 

The wiind energy generation, utilization and its grid penetration in electrical grid are increasing worldwide.The wind 
generated power is always fluctuating due to its time varying nature and causing stability problem.Unified Power Flow 
Control (UPFC) is used to control the power flow in the transmission system by controlling the impedance , voltage 
magnidute and phase angle.The flexible Alternating Current Transmission (FACTS) devices such as UPFC are 
becoming important in supressing power system  oscillations and improving system damping.A Unified Power Flow 
Control (UPFC) is an electrical divice for providing fast-sensation on high-voltage electricity transmission 
networks.UPFC uses a pair of three-phase controllable  bridges to produce current that is injected into a transmission 
line using a series transformer. The controller can control active and reactive power flows in tranmisson line.The UPFC 
can control the transmission real power, as its sereis – connected output end, shile independently providing reactive 
power support to the transmission line at its shunt- connected input end. 
A MATLAB/SIMULINK simulation has been carried out to demonstrate the performance of the UPFC in achieving 
harmonic mitigation and stability of the wind energy grid connected system. 
 
Keywords:  Harmonics, Power quality, wind energy, UPFC, STATCOM  
 
1. INTRODUCTION 
To have sustainable growth and social progress, it is necessary to meet the energy need by utilizing the renewable 
energy resources like wind, biomass, hydro, co-generation, etc. In sustainable energy system, energy conservation and 
the use of renewable source are the key paradigm. The need to integrate the renewable energy like wind energy into 
power system is to make it possible to minimize the environmental impact on conventional plant. The integration of 
wind energy into existing power system presents a technical challenges and that requires consideration of voltage 
regulation, stability, power quality problems. The power quality is an essential customer-focused measure and is greatly 
affected by the operation of a distribution and transmission network.A proper control scheme in wind energy generation 
system is required under normal operating condition to allow the proper control over the active power production. In the 
event of increasing grid disturbance, a battery energy storage system for wind energy generating system is generally 
required to compensate the fluctuation generated by wind turbine. A UPFC based control technology has been proposed 
for improving the power quality which can technically manages the power level associates with the commercial wind 
turbines. The proposed UPFC control scheme for grid connected wind energy generation for power quality improvement 
has following objectives. 

• UPFC is independent of real and reactive power and it is a combination of STATCOM and SSSC. 
• Reactive power support only from STATCOM to wind Generator and Load. 
•  STATCOM is used to achieve fast dynamic response. 
• Injects current by SSSC the line and it is independent of current.  

 
1.1  Harmonic Distortion 
Harmonic problems are almost always introduced by the consumers’ equipment and installation practices. Harmonic 
distortion is caused by the high use of non-linear load equipment such as computer power supplies, electronic ballasts, 
compact fluorescent lamps and variable speed drives etc., which create high current flow with harmonic frequency 
components. The limiting rating for most electrical circuit elements is determined by the amount of heat that can be 
dissipated to avoid overheating of bus bars, circuit breakers, neutral conductors, transformer windings or generator 
alternators.  
 

MITIGATION OF HARMONICS AND 
POWER QUALITY IMPROVEMENT FOR 

GRID CONNECTED WIND ENERGY 
SYSTEM USING UPFC 

 
1 Dr. K.Ravichandrudu, 2P.Suman Pramod Kumar,  3V.E.Sowjanya 

 
1Professor of EEE, Krishnaveni Engg College/Women, Guntur,A.P, India 

2,Associate Professor of EEE, C.R.Engg College, Tirupathi, A.p, India 
3Assistant Professor of EEE, C.R.Engg College,Tirupathi, A.p, India 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 10, October 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 10, October 2013 Page 142 
 

 Definition 
•Ratio of the square root of the sum of squares of the rms value of harmonic component to the rms value of the 
fundamental components defined as Total Harmonic Distortion (THD) 
•If the waveform under discussion is current, then the THD definition is called Current Harmonic Distortion. If the 
waveform under discussion is voltage, then the THD definition is called Voltage Harmonic Distortion. 

                                

THD is defined as the RMS value of the waveform remaining when the fundamental is removed. A perfect sine wave is 
100%, the fundamental is the system frequency of 50 or 60Hz. Harmonic distortion is caused by the introduction of 
waveforms at frequencies in multiplies of the fundamental i.e.: 3rd harmonic is 3x the fundamental frequency / 150Hz. 
Total harmonic distortion is a  measurement of the sum value of the waveform that is distorted.   
 
1.2 IMPROVEMENT OF POWER FACTOR BY USING FILTERS 
Definition 

Electronic filters are electronic circuits which perform signal processing functions, specifically to remove 
unwanted frequency components from the signal, to enhance wanted ones, or both. Electronic filters can be: 

• passive or active  
• analog or digital  
• High-pass, low-pass, band pass, band-reject (band reject; notch), or all-pass.  
• discrete-time (sampled) or continuous-time  
• linear or non-linear  
• infinite impulse response (IIR type) or finite impulse response (FIR type)  
The most common types of electronic filters are linear filters, regardless of other aspects of their design. See the 

article on linear filters for details on their design and analysis. 
 

1.3UNIFIED POWER FLOW CONTROLLER (UPFC) 
The UPFC is a device which can control simultaneously all three parameters of line power flow (line impedance, 

voltage and phase angle). Such "new" FACTS device combines together the features of two "old" FACTS devices: the 
Static Synchronous Compensator (STATCOM) and the Static Synchronous Series Compensator (SSSC).  

As the need for flexible and fast power flow controllers, such as the UPFC, is expected to grow in the future due 
to the changes in the electricity markets, there is a corresponding need for reliable and realistic models of these 
controllers to investigate the impact of them on the performance of the power system. In this article emphasis is laid to 
project the use of UPFC in transmission link to increase the power flow and to improve the voltage profile of the system 
using MATLAB/ SIMULINK. 

 
2.  SCOPE OF WIND IN RENEWABLE ENERGY SOURCES 
2.1Wind Turbine Generators 
The wind turbine generator converts mechanical energy to electr ical energy. Wind turbine generators are a bit 
unusual, compared to other generating units you ordinarily find attached to the electrical grid. One reason is that the 
generator has to work with a power source (the wind turbine rotor) which supplies very fluctuating mechanical power 
(torque). 
The main drawback of wind power is that its availability is somewhat statistical in nature and must be supplemented 
by additional sources to supply the demand curve. Traditionally, wind generation systems used variable pitch constant 
speed wind turbines (horizontal or vertical axis) that were coupled to squirrel cage induction generators or wound-field 
synchronous generators and fed power to utility grids or autonomous loads. The recent evolution of power 
semiconductors and variable frequency drives technology has aided the acceptance of variable speed generation 
systems. In spite of the additional cost of power electronics and control, the total energy capture in a variable speed 
wind turbine  (VSWT)  system  is  larger  and,  therefore,  the  life-cycle  cost  is  lower.  The following generator-
converter systems have been popularly used: 
  • Doubly fed induction generator with cascaded converter slip power recovery; 
  • Doubly fed induction generator with cyclo-converter slip power recovery. 
  • Synchronous generator with line-commutated and load commutated      

         thyristor converters. 
In addition to the above schemes, squirrel cage generators with shunt passive or active VAR (volt ampere reactive) 
generators have been proposed which generate constant voltage constant frequency power through a diode rectifier and 
line-commutated thyristor inverter.  Recently, a variable reluctance machine and doubly stator-fed induction machine 
have also been proposed in wind generation systems.  
 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 10, October 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 10, October 2013 Page 143 
 

2.2 WIND TURBINE GLOSSARY 
 

 
Fig. 2.1 Parts of a wind turbine 

 
3. POWER QUALITY STANDARDS, ISSUES AND its CONSEQUENCES 
3.1 Power Quality 
The term "power quality" refers to the voltage stability, frequency stability, and the absence of various forms of electrical 
noise (e.g. flicker or harmonic distortion) on the electrical grid. More broadly speaking, power companies (and their 
customers) prefer an alternating current with a nice sinusoidal shape. 

. 
Soft Starting with Thyristors 
If you switched a large wind turbine on to the grid with a normal switch, the neighbours would see a brown out 
followed by a power peak due to the generator current surging into the grid. You may see the situation in the drawing in 
the accompanying browser window, where you see the flickering of the lamp when you operate the switch to start the 
wind turbine. The same effect can possibly be seen when you switch on your computer, and the transformer in its    
power supply all of a sudden becomes magnetized. 
Another unpleasant side effect of using a "hard" switch would be to put a lot of extra   wear on the gearbox, since 
the cut-in of the generator would work as if you all of a sudden slammed on the mechanical brake of the turbine. 
 
3.2. Voltage Variation 
The voltage variation issue results from the wind velocity and generator torque. The voltage variation is directly related 
to real and reactive power variations. The voltage variation is commonly classified as under: 

• Voltage Sag/Voltage Dips. 
• Voltage Swells. 
• Short Interruptions. 
• Long duration voltage variation. 

The voltage flicker issue describes dynamic variations in the network caused by wind turbine or by varying loads. Thus 
the power fluctuation from wind turbine occurs during continuous operation. The amplitude of voltage fluctuation 
depends on grid strength, network impedance, and phase-angle and power factor of the wind turbines. It is defined as a 
fluctuation of voltage in a frequency 10–35 Hz. The IEC 61400-4-15 specifies a flicker  
 
3.3. Harmonics 
The harmonic results due to the operation of power electronic converters. The harmonic voltage and current should be 
limited to the acceptable level at the point of wind turbine connection to the network. To ensure the harmonic voltage 
within limit, each source of harmonic current can allow only a limited contribution, as per the IEC-61400-36 guideline. 
The rapid switching gives a large reduction in lower order harmonic current compared to the line commutated 
converter, but the output current will have high frequency current and can be easily filter-out. 
 
3.4. Self-Excitation of Wind Turbine Generating System 
The self-excitation of wind turbine generating system (WTGS) with an asynchronous generator takes place after 
disconnection of wind turbine generating system (WTGS) with local load. The risk of self-excitation arises especially 
when WTGS is equipped with compensating capacitor. The capacitor connected to induction generator provides 
reactive power compensation. However the voltage and frequency are determined by the balancing of the system. The 
disadvantages of self-excitation are the safety aspect and balance between real and reactive power. 
 
3.5 GRID COORDINATION RULE 
The American Wind Energy Association (AWEA) led the effort in the united states for adoption of the grid code for the 
interconnection of the wind plants to the utility system. The first grid code was focused on the distribution level, after 
the blackout in the United State in August 2003. The United State wind energy industry took a stand in developing its 
own grid code for contributing to a stable grid operation. The rules for realization of grid operation of wind generating 
system at the distribution network are defined as-per IEC-61400-21. The grid quality characteristics and limits are 
given for references that the customer and the utility grid may expect. According to Energy-Economic Law, the operator 
of transmission grid is responsible for the organization and operation of interconnected system. 
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1) Voltage Rise (u): The voltage rise at the point of common coupling can be approximated as a function of maximum 
apparent power of the turbine, the grid impedances R and X at the point of common coupling and the phase angle [7], 
given in (1)  

      (1) 

 
Where Φ-phase difference, U-is the nominal voltage of grid. The Limiting voltage rise value is <2% 
2) Voltage Dips (d): The voltage dips is due to startup of wind turbine and it causes a sudden reduction of voltage. It is 
the relative %voltage change due to switching operation of wind turbine. The decrease of nominal voltage change is 
given in (2). 

d=             (2) 

Where d is relative voltage change, rated apparent power, short circuit apparent power, and sudden voltage reduction 
factor. The acceptable voltage dips limiting value is ≤3%. 
3) Flicker  

The measurements are made for maximum number of specified switching operation of wind turbine with 10-min 
period and 2-h period are specified, as given in (3) 

 = C( )           (3) 

Where  Long term flicker. C( ) Flicker coefficient calculated from Rayleigh distribution of the wind speed. 
The Limiting Value for flicker coefficient is about, for average time of 2 h . 
4) Harmonics 

The harmonic distortion is assessed for variable speed turbine with a electronic power converter at the point of 
common connection [9]. The total harmonic voltage distortion of voltage is given as   

        (4) 

Where Vn is the nth harmonic voltage and V1 is the fundamental frequency (50) Hz. The THD limit for 132 KV 
is <3 %. 

THD of current is given as in (5) 

=                  (5) 

Where In is the nth harmonic current and I1 is the fundamental frequency (50) Hz. The THD of current and limit for 
132 KV is <2.5%. 
5) Grid Frequency: The grid frequency in India is specified in the range of 47.5–51.5 Hz, for wind farm connection. 
The wind farm shall able to withstand change in frequency up to 0.5 Hz/s. 
 
4. STATIC SYNCHRONOUS COMPENSATOR (STATCOM) 
4.1 INTRODUCTION 
The STATCOM is a solid-state-based power converter version of the SVC. Operating as a shunt-connected SVC, its 
capacitive or inductive output currents can be controlled independently from its terminal AC bus voltage. Because of the 
fast-switching characteristic of power converters, STATCOM provides much faster response as compared to the SVC. 
In addition, in the event of a rapid change in system voltage, the capacitor voltage does not change instantaneously; 
therefore, STATCOM effectively reacts for the desired responses. For example, if the system voltage drops for any 
reason, there is a tendency for STATCOM to inject capacitive power to support the dipped voltages. 
STATCOM is capable of high dynamic performance and its compensation does not depend on the common coupling 
voltage. Therefore, STATCOM is very effective during the power system disturbances.  
Moreover, much research confirms several advantages of STATCOM. These advantages compared to other shunt 
compensators include:  

• Size, weight, and cost reduction  
• Equality of lagging and leading output  
• Precise and continuous reactive power control with fast response  
• Possible active harmonic filter capability  

This chapter describes the structure, basic operating principle and characteristics of STATCOM. In addition, the 
concept of voltage source converters and the corresponding control techniques are illustrated.  
 
4.2 STRUCTURE OF STATCOM 
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Basically, STATCOM is comprised of three main parts (as seen from Figure below): a voltage source converter (VSC), 
a step-up coupling transformer, and a controller. In a very-high-voltage system, the leakage inductances of the step-up 
power transformers can function as coupling reactors. The main purpose of the coupling inductors is to filter out the 
current harmonic components that are generated mainly by the pulsating output voltage of the power converters. 

 
Fig.4.1 Reactive Power Generation by a Statcom 

Two Modes of Operation  
There are two modes of operation for a STATCOM, inductive mode and the capacitive mode. The STATCOM regards 
an inductive reactance connected at its terminal when the converter voltage is higher than the transmission line voltage. 
Hence, from the system’s point of view, it regards the STATCOM as a capacitive reactance and the STATCOM is 
considered to be operating in a capacitive mode. Similarly, when the system voltage is higher than the converter 
voltage, the system regards an inductive reactance connected at its terminal. Hence, the STATCOM regards the system 
as a capacitive reactance and the STATCOM is considered to be operating in an inductive mode 

. 
Fig: 4.2 STATCOM Operating in Inductive or Capacitive Modes 

 
In other words, looking at the phasor diagrams on the right of Figure 3.2 when1I, the reactive current component of the 
STATCOM, leads (THVE−1) by 90º, it is in inductive mode and when it lags by 90º, it is in capacitive mode.  
This dual mode capability enables the STATCOM to provide inductive compensation as well as capacitive 
compensation to a system. Inductive compensation of the STATCOM makes its unique.This inductive compensation is 
to provide inductive reactance when overcompensation due to capacitors banks occurs. This happens during the night, 
when a typical inductive load is about 20% of the full load, and the capacitor banks along the transmission line provide 
with excessive capacitive reactance due to the lower load. Basically the control system for a STATCOM consists of a 
current control and a voltage control. 
 
Current Controlled STATCOM 
Figure above shows the reactive current control block diagram of the STATCOM. An instantaneous three-phase set of 
line voltages, vl, at BUS 1 is used to calculate the reference angle, θ, which is phase-locked to the phase a of the line 
voltage, vla . An instantaneous three-phase set of measured converter currents, il, is decomposed into its real or direct 
component, I1d, and reactive or quadrature component, I1q, respectively.  

 
Fig: 4.3 Current Controlled Block Diagram of STATCOM 

 
The quadrature component is compared with the desired reference value, I1q

* and the error is passed through an error 
amplifier which produces a relative angle, α, of the converter voltage with respect to the transmission line voltage. The 
phase angle, θ1, of the converter voltage is calculated by adding the relative angle, α, of the converter voltage and the 
phase – lock-loop angle, θ. The reference quadrature component, I1q

*, of the converter current is defined to be either 
positive if the STATCOM is emulating an inductive reactance or negative if it is emulating a capacitive reactance.  
 
Voltage Controlled STATCOM  
In regulating the line voltage, an outer voltage control loop must be implemented. The outer voltage control loop would 
automatically determine the reference reactive current for the inner current control loop which, in turn, will regulate the 
line voltage. 
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Fig: 4.4 Voltage Controlled Block Diagram of STATCOM 

 
Figure shows a voltage control block diagram of the STATCOM. An instantaneous three-phase set of measured line 
voltages, v1, at BUS 1 is decomposed into its real or direct component, V1d, and reactive or quadrature component, V1q, 
is compared with the desired reference value, V1

*, (adjusted by the droop factor, Kdroop) and the error is passed through 
an error amplifier which produces the reference current, I1q

*, for the inner current control loop. The droop factor, Kdroop, 
is defined as the allowable voltage error at the rated reactive current flow through the STATCOM.  
 
4.3 BASIC OPERATING PRINCIPLES OF STATCOM 
The STATCOM is connected to the power system at a PCC (point of common coupling), through a step-up coupling 
transformer, where the voltage-quality problem is a concern. The PCC is also known as the terminal for which the 
terminal voltage is UT. All required voltages and currents are measured and are fed into the controller to be compared 
with the commands. The controller then performs feedback control and outputs a set of switching signals (firing angle) 
to drive the main semiconductor switches of the power converter accordingly to either increase the voltage or to 
decrease it accordingly. A STATCOM is a controlled reactive-power source. It provides voltage support by generating 
or absorbing reactive power at the point of common coupling without the need of large external reactors or capacitor 
banks. Using the controller, the VSC and the coupling transformer, the STATCOM operation is illustrated in Figure 
below 

.  
Fig.4.5 STATCOM Operation in a Power System 

 
The charged capacitor Cdc provides a DC voltage, Udc to the converter, which produces a set of controllable three-phase 
output voltages, U in synchronism with the AC system. The synchronism of the three-phase output voltage with the 
transmission line voltage has to be performed by an external controller. The amount of desired voltage across 
STATCOM, which is the voltage reference, Uref, is set manually to the controller. The voltage control is thereby to 
match UT with Uref which has been elaborated. This matching of voltages is done by varying the amplitude of the output 
voltage U, which is done by the firing angle set by the controller. The controller thus sets UT equivalent to the Uref. The 
reactive power exchange between the converter and the AC system can also be controlled. This reactive power exchange 
is the reactive current injected by the STATCOM, which is the current from the capacitor produced by absorbing real 
power from the AC system.  

 
 
where Iq is the reactive current injected by the STATCOM , UT is the STATCOM terminal voltage , Ueq is the equivalent 
Thevenin voltage seen by the STATCOM , Xeq is the equivalent Thevenin reactance of the power system seen by the 
STATCOM  
If the amplitude of the output voltage U is increased above that of the AC system voltage, UT, a leading current is 
produced, i.e. the STATCOM is seen as a conductor by the AC system and reactive power is generated. Decreasing the 
amplitude of the output voltage below that of the AC system, a lagging current results and the STATCOM is seen as an 
inductor. In this case reactive power is absorbed. If the amplitudes are equal no power exchange takes place.  
A practical converter is not lossless. In the case of the DC capacitor, the energy stored in this capacitor would be 
consumed by the internal losses of the converter. By making the output voltages of the converter lag the AC system 
voltages by a small angle, δ, the converter absorbs a small amount of active power from the AC system to balance the 
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losses in the converter. The diagram in Figure below illustrates the phasor diagrams of the voltage at the terminal, the 
converter output current and voltage in all four quadrants of the PQ plane. 

 
Fig: 4.6 Phasor Diagrams for STATCOM Applications 

 
The mechanism of phase angle adjustment, angle δ, can also be used to control the reactive power generation or 
absorption by increasing or decreasing the capacitor voltage Udc, with reference with the output voltage U.  
Instead of a capacitor a battery can also be used as DC energy. In this case the converter can control both reactive and 
active power exchange with the AC system. The capability of controlling active as well as reactive power exchange is a 
significant feature which can be used effectively in applications requiring power oscillation damping, to level peak 
power demand, and to provide uninterrupted power for critical load. 
 
5. UNIFIED POWER FLOW CONTROLLER (UPFC) 
5.1 A REVIEW ON UPFC 
The Unified Power Flow Controller (UPFC) was proposed' for real  turn-off  time control and dynamic compensation of 
ac transmission systems, providing the necessary functional flexibility required to solve many of the problems facing the 
utility industry. The Unified Power Flow Controller consists of two switching converters, which in the implementations 
considered are  voltage  sourced  inverters  using  gate  thyristor  valves,  as illustrated  in  Fig.3.1.  These inverters, 
labeled "Inverter1" and "Inverter 2" in the figure, are operated from a common dc link provided by a dc storage 
capacitor. This arrangement functions as   an ideal auto ac power converter in which the real power can freely flow 
in either direction between the ac terminals of the two inverters and each inverter can independently generate (or absorb) 
reactive power at its own ac output terminal since the series branch of the UPFC can inject a voltage with variable 
magnitude and phase angle it can exchange real power with the transmission line. However a UPFC as a whole cannot 
supply or absorb real power in steady state (except for the power drawn to compensate for the losses). Unless it has a 
power source at its DC terminals. Thus the shunt branch is required to compensate (from the system for any real power 
drawn/supplied by the series branch and the losses. if the power balance is not maintained, the capacitor cannot remain 
at a constant voltage. Shunt branch can independently exchange reactive power with the system.The main advantage of 
the power electronics based FACTS controllers is their speed.  
 
5.2 OPERATION OF UPFC 
The basic components of the UPFC are two voltage source inverters (VSIs) sharing a common dc storage capacitor and 
connected to the power system through coupling transformers. One VSI is connected to in shunt to the transmission 
system via a shunt transformer, while the other one is connected in series through a series transformer. A basic UPFC 
functional scheme is shown in Fig: 4.1 

 
Fig: 5.1 UPFC Link in Transmission Line 

 
The series inverter is controlled to inject a symmetrical three phase voltage system (Vc), of controllable magnitude and 
phase angle in series with the line to control active and reactive power flows on the transmission line. So, this inverter 
will exchange active and reactive power with the line. The reactive power is electronically provided by the series inverter, 
and the active power is transmitted to the dc terminals. 
The shunt inverter is operated in such a way as to demand this dc terminal power (positive or negative) from the line 
keeping the voltage across the storage capacitor Vdc constant. So, the net real power absorbed from the line by the UPFC 
is equal only to the losses of the inverters and their transformers. The remaining capacity of the shunt inverter can be 
used to exchange reactive power with the line so to provide a voltage regulation at the connection point.  
The two VSI’s can work independently of each other by separating the dc side. So in that case, the shunt inverter is 
operating as a STATCOM (Static Synchronous Compensators) [8] that generates or absorbs reactive power to regulate the 
voltage magnitude at the connection point. Instead, the series inverter is operating as SSSC (Static Synchronous series 
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compensators) that generates or absorbs reactive power to regulate the current flow, and hence the power flows on the 
transmission line. 
 
5.3 Operating Modes of UPFC 
VAR Control Mode: The reference input is an inductive or capacitive VAR request. The shunt inverter control 
translates the var reference into a corresponding shunt current request and adjusts gating of the inverter to establish the 
desired current. For this mode of control a feedback signal representing the dc bus voltage, Vdc, is also required. 
Automatic Voltage Control Mode: The shunt inverter reactive current is automatically regulated to maintain the 
transmission line voltage at the point of connection to a reference value. For this mode of control, voltage feedback 
signals are obtained from the sending end bus feeding the shunt coupling transformer. 
The series inverter controls the magnitude and angle of the voltage injected in series with the line to influence the 
power flow on the line. The actual value of the injected voltage can be obtained in several ways. 
Direct Voltage Injection Mode: The reference inputs are directly the magnitude and phase angle of the series voltage. 
Phase Angle Shifter Emulation mode: The reference input is phase displacement between the sending end voltage and 
the receiving end voltage.Line Impedance Emulation mode: The reference input is an impedance value to insert in 
series with the line impedance. Automatic Power Flow Control Mode: The reference inputs are values of P and Q to 
maintain on the transmission line despite system changes. 
 
5.4 UPFC CONTROL SYSTEM 
The UPFC consists of two voltage source converters; series and shunt converter, which are connected to each other with a 
common dc link. Series converter or Static Synchronous Series Compensator (SSSC) [9] is used to add controlled voltage 
magnitude and phase angle in series with the line, while shunt converter or Static Synchronous Compensator 
(STATCOM) is used to provide reactive power to the ac system, beside that, it will provide the dc power required for both 
inverter. Each of the branches consists of a transformer and power electronic converter. These two voltage source 
converters shared a common dc capacitor. The energy storing capacity of this dc capacitor is generally small. Therefore, 
active power drawn by the shunt converter should be equal to the active power generated by the series converter. The 
reactive power in the shunt or series converter can be chosen independently, giving greater flexibility to the power flow 
control. The coupling transformer is used to connect the device to the system. Fig. 5.2 shows the schematic diagram of the 
three phase UPFC connected to the transmission line. 

                      
Fig: 5.2 Schematic Diagram of Three Phase UPFC                                          Fig: 5.3 Single Line Diagram of UPFC and 

Connected to a Transmission Line                                                Phasor Diagram of Voltage And Current 
 
Control of power flow is achieved by adding the series voltage, VS with a certain amplitude, |VS| and phase shift, ϕ to 
V1. This will gives a new line voltage V2 with different magnitude and phase shift. As the angle ϕ varies, the phase shift 
δ between V2 and V3 also varies. Fig. 5.3 shows the single line diagram of the UPFC and phasor diagram of voltage and 
current. 
This FACTS topology provides much more flexibility than the SSSC for controlling the line active and reactive power 
because active power can now be transferred from the shunt converter to the series converter, through the DC bus. 
Contrary to the SSSC where the injected voltage Vs is constrained to stay in quadrature with line current I, the injected 
voltage Vs can now have any angle with respect to line current. If the magnitude of injected voltage Vs is kept constant 
and if its phase angle with respect to V1 is varied from 0 to 360 degrees, the locus described by the end of vector V2 
(V2=V1+Vs) is a circle as shown on the phasor diagram. As is varying, the phase shift δ between voltages V2 and V3 at 
the two line ends also varies. It follows that both the active power P and the reactive power Q transmitted at one line end 
can be controlled.  
The shunt converter operates as a STATCOM. In summary, the shunt converter controls the AC voltage at its terminals 
and the voltage of the DC bus. It uses a dual voltage regulation loop: an inner current control loop and an outer loop 
regulating AC and DC voltages. Control of the series branch is different from the SSSC. In a SSSC the two degrees of 
freedom of the series converter are used to control the DC voltage and the reactive power. In case of a UPFC [10] the two 
degrees of freedom are used to control the active power and the reactive power. The series converter can operate either in 
power flow control (automatic mode) or in manual voltage injection mode. 
 
5.4.1 BASIC PRINCIPLE OF p and q CONTROL 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 10, October 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 10, October 2013 Page 149 
 

Consider Fig.4.3 At (a) a simple two machine (or two bus ac inertia) system with sending-end voltage Vs, 
receiving-end voltage Vr, and line (or tie) impedance X (assumed, for simplicity, inductive) is shown. At (b) the 
voltages of the system in form of a phasor diagram are shown with transmission angle δ  and Vs = Vr =V.  

Active Power  

                            Reactive Power  

ends of the line are shown plotted against angle δ  .At (d) the reactive power Q=Qr=Qs, 

is shown  plotted  against  the  transmitted  power  P  corresponding  to  the  "stable"  values  of  δ  (i.e.,0≤ δ ≤ 90
0 

) 

 
 

Fig.5.4.Simple Two Machine System (a) Related Voltage Phasors (b) Real and Reactive Power Versus Transmission 
Angle (c) Sending End and Receiving End Reactive Power Versus Transmitted Real Power (d) 

 
Consider Fig: 4.4 where the simple power system of Fig.4.4 is expanded to include the UPFC. The UPFC is represented 
by a controllable voltage source in series with the line which, as explained in the previous section, can generate or 
absorb reactive power that it negotiates with the line, but the real power it exchanges must be supplied to it, or 
absorbed from it, by the sending-end generator.The voltage injected by the UPFC in series with the line is 
represented by phasor V, having magnitude Vpq (0≤Vpq≤0.5 p.u.) and angle  (0≤ ρ≤ 360 measured from the given 
phase position of phasor as illustrated in the figure. The line current, represented by phasor I, flows through the 
series voltage source, Vpq and generally results in both reactive and real power exchange. In order to represent the 
UPFC properly, 

 

 
Fig 5.5 Two-Machine System with the Unified Power Flow Controller 

  
the series voltage source is stipulated to generate only the reactive power Q, it exchanges with the line. Thus, the 
real power P, it negotiates with the line is assumed to be transferred to the sending end generator as if a perfect coupling 
for real power flow between it and the sending-end generator existed. This is in agreement with the UPFC circuit 
structure in which the dc link between the two constituent inverters establishes a bi-directional coupling for real power 
flow between the injected series voltage source and the sending end bus.  
As Fig.4.5 implies, in the present discussion it is further assumed for clarity that the shunt reactive compensation 
capability of the UPFC is not utilized. That is, the UPFC shunt inverter is assumed to be operated at unity power factor, 
its sole function being to transfer the real power demand of the series inverter to the sending- end generator. With 
these assumptions, the series voltage source, together with the real power coupling to the sending-end generator as 
shown in Fig. 4.5 is an accurate representation of the basic UPFC.It can be readily observed in Fig.4.5 that the 
transmission line "sees" Vs+Vpq  as the effective sending-end voltage. Thus, it is clear that the UPFC affects the 
voltage (both its magnitude and angle) across the transmission line and therefore it is reasonable to expect that it is 
able to control, by varying the magnitude and angle of Vpq the transmittable real power as well as the reactive 
power demand of the line at any given transmission angle between the sending-end and receiving- end voltages. 

 
5.5 PERFORMANCE COMPARISON 
The unified power flow controller can regulate or vary the line impedance, voltage, and phase angle via a single series 
voltage-source injection, and generate controllable reactive power for independent shunt compensation. Comparing this 
to a roughly equivalent arrangement of a thyristor controlled tap changing transformer for phase angle control together 
with a static VAR compensator for reactive power control, the advantages of the universal power-flow controller become 
quite obvious. The unified power-flow controller can simultaneously or selectively provide series impedance 
compensation and phase angle control. (The conventional approach would require two totally different, independent 
equipments to do that.) It internally generates all of the reactive power required to accomplish the power-flow control by 
series voltage injection.(The conventional  phase  shifter  cannot  generate  its  own  reactive  power demand; it has to be 
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supplied by the line or, as in the case considered, by a separate controllable VAR source.) It is able to regulate 
voltage, without additional power hardware, by direct, in- phase voltage injection. (The conventional approach would 
require another set of ‘in-phase’ transformer windings with an independent thyristor switch arrangement.) It is capable 
of providing controllable shunt reactive compensation for the line independently of the reactive power demand of the 
series voltage injection. (In the conventional combined arrangement of phase shifter and static VAR compensator, 
the VAR capacity of the compensator is dedicated for the supply of the reactive power demand resulting from the series 
voltage injection). 
The inverter with the parallel coupling transformer (called the advanced static VAr compensator) can supply controllable 
reactive power for shunt compensation (the inverter voltage is in phase with the AC system voltage), and the one with 
the series injection transformer can provide controllable series compensation (the inverter voltage is in quadrature with 
the line current). It should be noted for completeness that the shunt compensator arrangement can also be converted into 
an energy storage system, with independent reactive output power control, by appropriately   interfacing   its   DC   
terminal   with an energy storage device, such  as a superconducting coil These two main constituents of the universal 
power flow controller, when used independently as an advanced static VAR compensator and controllable series 
compensator,individually exhibit characteristics   superior   to   those   pertaining   to   their conventional thyristor 
controlled counterparts.The advanced static VAR compensator, owing to its superior VI characteristic , can supply full 
capacitive current at any system voltage down to about 0.15p.u. (thus it needs normally an appreciably lower VAR rating 
than a conventional SVC  whose maximum capacitive output current decreases with voltage - for the same stability 
improvement or voltage support). In addition, it can have an increased transient rating in both the inductive and 
capacitive operating regions (the conventional SVC cannot increase the capacitive VAR output above its rated value 
at, or below, the nominal system voltage). 
The simulation circuit can be explained as follows: 
A Three phase programmable Voltage source 
This is the supply to the designed Power system components and we can inject the harmonics of desired order, magnitude 
and phase into the line from this source itself. 
Series Insertion Transformer 
Through this series insertion Transformer, the series converter is connected to the line. The line and the series filter are 
being fed from the same source of supply through this transformer. This could be either step-up or step-down depending 
upon the requirement and the distribution system location. 
Ground 
The generator is being grounded through this block in order to give protection from the fault currents. This enables the 
zero sequence currents bypassed to the ground and also used in some kind of relay connections to the generator. 
Three phase V-I Measurement Blocks 
These are connected in the line wherever we need to measure the Current & Voltage and are being assigned a variable 
which we can link with the scope later. 
Lumped RL Parameters 
Practical lines always possess resistance and inductance which cannot be neglected in all the cases. We need to represent 
the resistance and inductance values which are distributed along the line. Here, while connecting in the MATLAB, we 
assume these parameters to be lumped somewhere in the line and thus we need to connect the RL parameters in the line. 
Three-phase capacitor filters 
We follow the Pulse Width Modulation technique in the converters to eliminate the lower order harmonics which are 
severe than the higher order harmonics. The disadvantage with the PWM converters is that they inject the higher order 
harmonics into the line. To eliminate the higher order harmonics from the line, we connect capacitor filters or high pass 
filters across the PWM converters. 
Three phase circuit breakers 
The simulation circuit consists of 2 three phase circuit breakers. One is located at the shunt converter that connects the 
Shunt controller of the unified power quality conditioner to the line. Another serves the purpose of switching the 
Industrial load on the power system network.  
5.5.1 SIMULATION CIRCUITS OF UPFC 

            
Fig: 5.6 Unified Power Flow Controller Block                     Fig. 5.7 Unified Power Flow Controller Sub Block in MATLAB Simulation 
   in MATLAB Simulation 
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Unified Power Flow Controller (Subsystem) 
A conventional UPFC topology consists of the integration of two voltage source converters are connected back to back 
through a large dc-link capacitor. The performance of UPFC mainly depends on how accurately and quickly the reference 
signals are derived. After efficient extraction of the distorted signal, a suitable dc-link current regulator is used to derive 
the actual reference signals. 
5.6.1 Shunt Controller 
The shunt controller is the Heart of the project. We are always concerned with the generation of pulses for the shunt 
converter using the shunt controller. We need to send the triggering pulses such that the harmonics and the other power 
quality problems are being solved with the injection of the shunt current into the line.  
The previously existing techniques used the PI, Predictive, and Sliding Mode, Fuzzy controllers to achieve the task 
whereas we designed the shunt controller using the Artificial Intelligence technique to achieve the dynamic and faster 
response than the earlier cases. The corresponding shunt controller designs with the PI and ANN Controllers are as 
shown below. 

 
Shunt controller using PI Controller 
Major Components of shunt controllers 

 3 Phase PLL (Phase locked loop) 
 ABC-dq0 Transformation block 
 Discrete 2nd order filter 
 Controller block (PI) 

These blocks can be explained as follows 

                
Fig. 5.8 Proportional Integral Controller                     Fig. 5.9 Series Controller of UPFC for Line Voltage Compensation 

                      Based Shunt Controller Design 
Three Phase PLL  
PLL is a simple negative feedback architecture that allows economic multiplication of crystal frequencies by large 
variable numbers. By studying the loop components and their reaction to various noise sources, we will show that PLL is 
uniquely suited for generation of stable, low noise tunable RF signals for radio, timing and wireless applications. Some of 
the main challenges fulfilled by PLL technology are economy in size, power and cost while maintaining good spectral 
purity. 
The four basic components of a PLL circuit are the VCO, the phase-frequency detector, the main and reference dividers, 
and the loop filter. Typically, the PLL IC integrates the dividers and phase detectors onboard. The reason for excluding 
the VCO and loop filter is to prevent the noise associated with the digital dividers and phase detectors from coupling with 
the VCO’s active circuitry. This also allows the IC more flexibility in application. The phase locked loop system can be 
used to synchronize a set of variable frequency, three phase sinusoidal signals. If the automatic gain control is enabled, 
the input (phase error) of the PLL regulator is scaled according to the input signals magnitude. 
For optimal performance, the following settings are recommended. 

[Kp Ki Kd] = [180 3200 1]. 
Input1: Vector containing the normalized three phase signals [Va Vb Vc]. 
Output1: Measured frequency in Hz. 
Output2: Ramp w.t varying between 0 and 180 degrees, synchronized on zero crossings of the fundamental of phase A. 
Output3: Vector [sin(wt) cos(wt)]. 
 In the simulation circuit connected, the PLL majorly functions as follows 

 Phase Locked Loop continuously checks the phases of the input and output signals. 
 It resolves the input signal into magnitude and frequency components. 
 The frequency components after resolved being used for the comparison for the PLL operation. 
 If the phases of the two signals are different, the Phase locked loop operation starts and continued until the 

phase performance is achieved. 
ABC-dq0 transformation block 
In electrical engineering, direct–quadrature–zero (or dq0 or dqo) transformation or zero–direct–quadrature (or 0dq or 
odq) transformation is a mathematical transformation used to simplify the analysis of three-phase circuits. In the case of 
balanced three-phase circuits, application of the dqo transform reduces the three AC quantities to two DC quantities. 
Simplified calculations can then be carried out on these imaginary DC quantities before performing the inverse transform 
to recover the actual three-phase AC results. It is often used in order to simplify the analysis of three-phase synchronous 
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machines or to simplify calculations for the control of three-phase inverters. The dqo transform presented here is 
exceedingly similar to the transform first proposed in 1929 by Robert H. Park. In fact, the dqo transform is often referred 
to as Park’s transformation. 
This block performs the abc to dq0 transformation on a set of three phase signals. It computes the direct axis Vd, 
Quadratic axis Vq and zero sequences V0 quantities in a two axis rotating reference frame according to the following 
transformation: 

Vd  = 2/3*[Va*sin(wt) + Vb*sin(wt-2pi/3) + Vc*sin(wt+2pi/3)] 
Vq  = 2/3*[Va*cos(wt) + Vb*cos(wt-2pi/3) + Vc*cos(wt+2pi/3)] 
V0 = 1/3*[Va + Vb + Vc] 

Where w = rotation speed in rad/sec of the rotating frame. 
This transformation is commonly used in three phase electric machine models where it is known as the Park 
transformation. 
5.6.2 Series Controller 
In the conventional PI Controller, the error between the actual dc-link current and a reference Value, which is generally 
slightly greater than the peak of the dc-link value, is fed to the PI controller. The output of the PI controller is added 
suitably for the generation of a reference template. 
  
5.6.3 Series injected voltage control 
To achieve real and reactive power flow control we need to inject series voltage of the appropriate magnitude and 
angle. The injected voltage can be split into two components which are in phase ("real voltage") and in 
quadrature ("reactive voltage") with the line current. It is to be noted that the line current measurement is locally 
available. The real power can be effectively controlled by varying the series reactance of the line. Reactive voltage 
injection is like series insertion of reactance except that the injected voltage can be independent of the transmission line 
current. Thus we control active power flow using the reactive voltage. It should  be  kept  in  mind  that  real  and  
reactive  power  references  are obtained from (steady state) power flow requirements. The real power reference can also 
be modulated to improve damping and transient stability.  
 
5.6.4 shunt current control 
It is well known that shunt reactive power injection can be used to control bus voltage. Thus the shunt current 
is split into real (in phase with bus voltage) and reactive current components. The reference value for the real 
current is set so that the capacitor voltage is regulated (which implies power balance). The reactive current reference 
is set by a bus voltage magnitude regulator (for port 1 of the UPFC).The voltage reference of the voltage 
regulator itself can be varied (slowly) so as to meet steady state reactive power requirements. 
 
6. MATLAB SIMULATION AND RESULTS 
6.1 MATLAB 
Matlab features a family of add-on application-specific solutions called toolboxes. Very important to most users of 
matlab, toolboxes allow you to learn and apply specialized technology. Toolboxes are comprehensive collections of 
matlab functions (M-files) that extend the matlab environment to solve particular classes of problems. Areas in which 
toolboxes are available include signal processing, control systems, neural networks, fuzzy logic, wavelets, simulation, 
and many others.  
 
6.2 SIMULINK 
6.2.1 Introduction 
Simulink is a software add-on to matlab which is a mathematical tool developed by The Math 
works,(http://www.mathworks.com) a company based in Natick. Matlab is powered by extensive numerical analysis 
capability. Simulink is a tool used to visually program a dynamic system (those governed by Differential equations) and 
look at results. Any logic circuit, or control system for a dynamic system can be built by using standard building blocks 
available in Simulink Libraries. Various toolboxes for different techniques, such as Fuzzy Logic, Neural Networks, dsp, 
Statistics etc. are available with Simulink, which enhance the processing power of the tool. The main advantage is the 
availability of templates/ building blocks, which avoid the necessity of typing code for small mathematical processes. 
Concept of signal and logic flow 
In Simulink, data/information from various blocks are sent to another block by lines connecting the relevant blocks. 
Signals can be generated and fed into blocks dynamic / static).Data can be fed into functions. Data can then be dumped 
into sinks, which could be scopes, displays or could be saved to a file. Data can be connected from one block to another, 
can be branched, multiplexed etc. In simulation, data is processed and transferred only at discrete times, since all 
computers are discrete systems. Thus, a simulation time step (otherwise called an integration time step) is essential, and 
the selection of that step is determined by the fastest dynamics in the simulated system. 
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Fig 6.1 Simulink Library Browser                              Fig: 6.2 Sources And Sinks 

 
 

6.3 Continuous and discrete systems 
All dynamic systems can be analyzed as continuous or discrete time systems. Simulink allows you to represent these 
systems using transfer functions, integration blocks, delay blocks etc 

         
Fig: 6.3 Continous and Descrete Systems                                       Fig: 6.4 Simulink Math Blocks 
 

Signals & Data Transfer 
In complicated block diagrams, there may arise the need to transfer data from one portion to another portion of the 
block. They may be in different subsystems. That signal could be dumped into a goto block, which is used to send 
signals from one subsystem to another. 

 
                                                                                                     Fig: 6.5signals and Systems 

.  
 

 6.4 SIMULATION RESULTS 
The performance comparison of STATCOM and UPFC Controllers in controlling the harmonics of an grid connected 
wind energy system is performed. In this comparison, the time required for stable operation at initial and load change 
conditions as well as the change. The performance of STATCOM with the PI controller and while that with an UPFC 
with PI controller controller is given in following simulation results. 

 

 
Fig: 6.6 Source Voltage Without UPFC and With UPFC              Fig: 6.7 Source Current  Without UPFC and With UPFC 

 
In both the above figures(6.6), the first plot is the source voltage without UPFC which is measured at the Point of 
common coupling (PCC). Second plot is the source voltage with UPFC.From Figs, it is observed that in case of the 
STATCOM controller, the harmonic level is more where as in case of UPFC the harmonics are suppressed, thus 
improving system performance.                                                                                                                                                                                  
In both the above figures(6.7), the first plot is the source current without UPFC which is measured at the Point of 
common coupling (PCC). Second plot is the source current with UPFC. From Figs, it is observed that in case of the 
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STATCOM controller, the harmonic level is more where as in case of UPFC the harmonics are suppressed, thus 
improving system performance. 
 

         

         
Fig: 6.8 Voltage Without UPFC And With UPFC                                         Fig: 6.9 Load Current Without UPFC And With UPFC 

 
In both the above figures(6.8), the first plot is the load voltage without UPFC which is measured at the Point of common 
coupling (PCC). Second plot is the load voltage with UPFC. From figures, it is observed that in case of the STATCOM 
controller, the harmonic level is more where as in case of UPFC the harmonics are suppressed, thus improving system 
performance.In both the above figures(6.9), the first plot is the load current without UPFC which is measured at the Point 
of common coupling (PCC). Second plot is the load current with UPFC. From figures, it is observed that in case of the 
STATCOM controller, the harmonic level is more where as in case of UPFC the harmonics are suppressed, thus 
improving system performance. 
 
6.5 Total Harmonic Distortion (THD): 
Total harmonic distortion (THD) is an important figure of merit used to quantify the level of harmonics in voltage or 
current waveforms. Two different definitions for THD may be found in the literature. According to one definition, the 
harmonic content of a waveform is compared to its fundamental. By the second definition, the harmonic content of a 
waveform is compared to the waveform’s RMS value. Harmonic Distortion refer to the distortion factor of a voltage or 
current waveform with respect to a pure sine wave.  
Distortion factor (harmonic factor) is the ratio of the root- mean-square of the harmonic content to the root-mean-square 
value of the fundamental quantity, expressed as a percent of the fundamental. Total Harmonic Distortion, see distortion 
factor above. This term is commonly used to define either current or Voltage "distortion factor”. Harmonics have 
frequencies that are integer multiples of the waveform’s fundamental frequency. For example, given a 50Hz fundamental 
waveform, the 2nd, 3rd, 4th and 5thharmonic components will be at 100Hz, 150Hz, 200Hz and 250Hz respectively. In the 
simulation results through the FFT Analysis, we find out the THD values and the same is as shown below. 
 

       

      
Fig: 6.10 Source Voltage Without UPFC and With UPFC                       Fig: 6.11 Source Current without UPFC and With UPFC 

 
In both the above figures(6.10), the first plot is the source voltage without UPFC which is measured at the Point of 
common coupling (PCC). Second plot is the source voltage with UPFC. From figures, it is observed that in case of the 
STATCOM controller, the harmonic level is 24.73% where as in case of UPFC the harmonic level is reduced to 0.06%, 
thus improving system performance.In both the above figures(5.11), the first plot is the source current without UPFC 
which is measured at the Point of common coupling (PCC). Second plot is the source current with UPFC. From figures, it 
is observed that in case of the STATCOM controller, the harmonic level is 21.14% where as in case of UPFC the 
harmonic level is reduced to 0.77%, thus improving system performance. 
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Fig: 6.12 Load Voltage Without UPFC and With UPFC              Fig: 6.13 Load Current Without UPFC and With UPFC 

 
In both the above figures(6.12), the first plot is the load voltage without UPFC which is measured at the Point of common 
coupling (PCC). Second plot is the load voltage with UPFC. From figures, it is observed that in case of the STATCOM 
controller, the harmonic level is 24.73% where as in case of UPFC the harmonic level is reduced to 0.25%, thus 
improving system performance.  In both the above figures(6.13), the first plot is the load voltage without UPFC which is 
measured at the Point of common coupling (PCC). Second plot is the load voltage with UPFC. From figures, it is 
observed that in case of the STATCOM controller, the harmonic level is 49.83% where as in case of UPFC the harmonic 
level is reduced to 1.19 %, thus improving system performance.  

 
6.6 Total Harmonic Distortion Comparison Without and With UPFC 
 
 

 
 
 
 
 
 
 

5.1 Total Harmonic Distortion Comparison Without and With UPFC 
 

7. CONCLUSION 
In power system transmission it is desirable to maintain the voltage magnitude, phase angle and line impedance. 
Therefore, to control the power from one end to another end, this concept of power flow control and voltage injection is 
applied. Modeling the system and studying the results have given an indication that UPFC are very useful when it comes 
to organize and maintain power system. The UPFC is a device which can control simultaneously all three parameters of 
line power flow (line impedance, voltage and phase angle). The UPFC combines together the features of the Static 
Synchronous Compensator (STATCOM) and the Static Synchronous Series Compensator (SSSC). In practice, these two 
devices are two Voltage Source Inverters (VSI’s) connected respectively in shunt with the transmission line through a 
shunt transformer and in series with the transmission line through a series transformer, connected to each other by a 
common dc link including a storage capacitor.The shunt inverter is used for voltage regulation at the point of connection 
injecting an opportune reactive power flow into the line and to balance the real power flow exchanged between the series 
inverter and the transmission line. The series inverter can be used to control the real and reactive line power flow 
inserting an opportune voltage with controllable magnitude and phase in series with the transmission line. It was found 
that the UPFC regulates the voltage of the bus as well as regulates the active and reactive power of the buses and the lines 
within specified limits. Therefore the UPFC can fulfill functions of reactive shunt compensation, active and reactive series 
compensation and phase shifting. The UPFC controller mitigates the harmonic distortion that caused by the nonlinear 
load where all values of THD for voltage and current at all AC buses are decreased to values within allowable limits of 
IEEE standard. 
 
FUTURE SCOPE 
The graph of Power demand is always is of positive slope and progressive. The power quality problems are also following 
the same trend in their aspect. There’s a need to reduce the complex power problems and supply an efficient and 
sufficient power to the utilities. There’s always a continuous research carried out to improve the power quality. Unified 
Power Flow Controller is one of such a promising technology.  

Parameter Without UPFC (in%) With UPFC (in%) 
Source current  21.14 0.77 
Source voltage 24.73   0.06 
Load Current 49.83   1.19 
Load voltage 24.7  0.25 
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The power quality can be still improved  by using soft computing techniques FACT devices can be controlled to get better 
coordination between real and reactive power.  
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