
Sourabh Sahu et al. 2020, 8:3 

ISSN (Online): 2348-4098 

ISSN (Print): 2395-4752 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

© 2020 Sourabh Sahu et al. 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. 

Power Factor Compensation in UPQC System 
M.Tech. Scholar Sourabh Sahu 

Dept. of Power Electronics Raipur institute of technology 

Raipur (cg), 
Assistant Professor Tikeshwar Gajpal 

Department of Electrical and Electronics Engineering, Raipur 

institute of technology, Raipur (cg) 
 

 

 

 

 

 

I. GENERAL INTRODUCTION 

 

 

 

 

 

 

I. INTRODUCTION 
 

 

 

I. INTRODUCTION 
 

1.1Power Factor Definition: 

Power factor is the ratio between the KW and the 

KVA drawn by an electrical load where the KW is the 

actual load power and the KVA is the apparent load 

power. It is a measure of how effectively the current 

is being converted into useful work output and more 

particularly is a good indicator of the effect of the 

load current on the efficiency of the supply system. 

Most loads in modern electrical distribution systems 

are inductive. Examples include motors, transformers, 

gaseous tube lighting ballasts, and induction 

furnaces. Inductive loads need a magnetic field to 

operate. Inductive loads require two kinds of current: 

• Working power (kW) to perform the actual work of 

creating heat, light, motion, machine output, and so 

on. • Reactive power (kVAR) to sustain the magnetic 
field working power consumes watts and can be read 

on a wattmeter. It is measured in kilowatts (kW). 

Reactive power doesn’t perform useful “work,” but 

circulates between the generator and the load. It 

places a heavier drain on the power source, as well as 

on the power source’s distribution system. Reactive 

power is measured in kilovolt-amperes-reactive 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(kVAR). Working power and reactive power together 

make up apparent power. Apparent power is  

measured in kilovolt-amperes (kVA). Power quality is 

critical to efficient operation of equipment. One 

contributing element to power quality is power 

factor. 

 

II. PROJECT MOTIVATION 

 
1. Compensation Power Factor: 

Power factor is the ratio between the active power P 

and the apparent power S in an electrical load. It is 

simply a measure of how efficiently the load current 

is being converted into useful work output. The 

lower the power factor of a system, the less 

economically it operates. A low power factor can be 

the result of a significant phase difference between 

voltage and current at load terminals. Generally, it is 

the use of inductive loads such as IM, power 

transformers, induction furnaces, and so on that 

causes a current to lag behind voltage. 

 

 A poor power factor resulting from inductive 

loads can be improved by power factor correction 

method. Since power factor in inductive loads is 

generally lower, they have to be supplied with 
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reactive power in order to reduce increased power 

consumption of the facilities. All inductive loads 

require P to perform the actual work, and reactive 

power Q to maintain the magnetic field. This Q is 

necessary for the equipment to operate, but imposes 

an undesirable weight on the supply, causing the 

current to be out of phase with the voltage (current 

lags the voltage). 

Low power factor can also result when inactive 

motors operate at less than full load, etc. PFC is 

applied to neutralize as much of the magnetizing 

current as possible and to reduce losses in the 

distribution systems [1-10]. A new approach for real 

time voltage control of distribution networks that has 

improvements over the conventional voltage control 

models is [1] 

 

III. UNIFIED POWER QUALITY 

CONDITIONER 
 

The schematic diagram of a single-phase Unified 

Power Quality Conditioner is shown in Figureure 

UPQC consists of two IGBT based Voltage source 

converters (VSC), one shunt and other series which 

are connected to a common DC link. The shunt 

converter is connected in parallel to the load. It 

provides VAR compensation to the load and supply 

harmonic currents. Whenever there is sag in supply 

voltage then series converter injects suitable voltage 

to overcome sag in supply. Thus, UPQC improves the 

power quality by mitigating problems due to load 

current harmonics and by power factor correction. 

 
Figureure (3.1): UPQC basic Structure. 

The key components of the system are as follows: 

a)Series converter is a VSC connected in series with 

the AC supply line. It acts as a line voltage source to 

compensate voltage disruptions. It is used to 

minimize line voltage fluctuations from the load 

supply voltage and feeds to shunt branch of the 

device to consume current harmonics produced by 

unbalance load. 

Shunt converter is a VSC which is connected in 

parallel with the AC supply line. It acts as a current 

source to eliminate current disruptions and 

eliminates the reactive current in the load circuit. It 

improves the power factor of load and acts as DC-

link voltage regulator for the reduction of the DC 

capacitor rating.  

 

 

IV. UPQC CONFIGUREURATIONS 
 

 Let us first assume that the combination of an ideal 

series voltage source and an ideal shunt current 

source represents the UPQC. There are two possible 

ways of connecting this device at the point of 

common coupling (PCC). The single-line diagrams of 

these two schemes are shown in Figureures 4.1 and 

4.2. In these Figureures the voltage at the PCC is 

referred to as the terminal voltage VI' The load 

voltage, load current and source current are denoted 

by V" i, and i l respectively. The voltage and current 

injected by the UPQC are denoted by V" and it 

respectively. The source voltage is denoted by vs, 

while Rand L constitute the feeder impedance. We 

shall restrict our discussions to three-phase, four-

wire systems only. 

 
Figureure (4.1): J The right-shunt UPQC 

compensation conFigureuration. 

 



 Sourabh Sahu et al. International Journal of Science, Engineering and Technology, 2020, 8:3 

Page 3 of 6 

 

 

 Series APF:- In a transmission line series APF is 

generally connected in series. It is connected to the 

transmission line with the transformer. Series APF is a 

voltage source inverter connected in series with 

transmission line. It is used to compensate or 

mitigate the problems which comes due to voltage 

distortions and voltage unbalances. The series APF 

injects a compensating voltage so that load voltage 

will be perfectly balanced and regulated. Controlling 

of series inverter is done by PWM (pulse width 

modulation) techniques. Here we used Hysteresis 

band PWM techniques as it implementation is easy. 

Also its response is fast. Its details are explained in 

subsequent sections. 

 Shunt APF: - In a transmission line shunt APF is 

generally connected in parallel. Shunt APF is used to 

compensate for distortions & harmonics which are 

produced due to current. Due to non- linear load 

there is harmonics in load current, so to keep source 

current completely sinusoidal and distortion free we 

uses Shunt APF. Shunt APF injects compensating 

current so that the source current is completely 

sinusoidal and free from distortions. Controlling of 

Shunt APF is done by hysteresis band PWM 

techniques. In hysteresis band PWM techniques 

output current follows the reference and current and 

is within the fixed hysteresis band. 

  Series Transformer:- The necessary voltage which is 

generated by series APF so that the voltage at load 

side is perfectly balanced and regulated i.e. 

Sinusoidal is injected into the transmission line with 

the help of these transformers. The series 

transformer turns ratio should be suitable so that 

injected voltage is suitable such that it injects a 

compensating voltage which will completely make 

the load side voltage balanced and also it reduces 

the current flowing through series inverter.  

 
Figure (4.2): ConFigureuration of UPQC 

 

UPQC conFigureuration:- 

UPQC conFigureuration:- Generally UPQC can be 

conFigureured in two ways by connecting unit to 

terminal voltage vt at PCC (point of common 

coupling).  

 Left Shunt UPQC (Figure 4.2):- In this the shunt 

compensator (ic) is placed in left side of series 

compensator (vc). 

  Right Shunt UPQC (Figure 4.3):- In this shunt 

compensator (ic) is placed in right side of series 

compensator (vc). 

 
Figureure (4.3) Left shunt UPQC 

 
Figure (4.4):   Right Shunt UPQC.. 

 

Power flow analysis of UPQC in steady state  

 
Figure (4.5): Circuit diagram of UPQC. 

 

Circuit Diagram of UPQC is given in Figure. 3.5. 

UPQC is used to eliminate harmonics present in 

current and distortions of voltage and is used for 

reactive power compensation. In UPQC series APF is 

used as voltage source inverter to compensate for 

voltage distortions and make voltage at load side 

completely balanced and sinusoidal. Series APF 

injects a voltage which is difference of source voltage 

and perfectly balanced load voltage. Shunt APF is 

used as to eliminate harmonics present in load 

current so that source current is completely 

sinusoidal and also used for compensation of 

reactive power. Shunt APF is also used to maintain 

value of DC link capacitor constant. 
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V. RESULT AND SIMULATION 
 

5.1 MATLAB Modelling of UPQC: 

 
Figure (5.1): Model of Linear and Nonlinear load. 

 

          

 
Figure (5.2): Nonlinear load. 

 

 
Figure (5.3): linear load GUI input value. 

 

 
Figure (5.4): Transformer parameters. 

 

 
Figure (5.5): voltage and current Linear load across 

outcomes. 

 

 
Figure (5.6): Linear load THD Outcomes. 
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Figure (5.7):  voltage and current non Linear load 

across outcomes. 

 

 
Figure (5.8): Non Linear load THD Outcomes. 

 

 
Figure (5.9): THD calculation Modelling. 

 

Table -(5.1): Fundamental Parameters of proposed 

system. 

 
 

VI. CONCLUSION OF THIS PROJECT 
 

This work describes Performance of Shunt active 

power filter with SRF controller. Using Synchronous 

Reference Frame Algorithm three phase reference 

current is generated, this is compared with the actual 

filter current and resultant signal is given to the 

HBCC, it provides control signal to three phase 

voltage source inverter. HBCC technique used for the 

switching pulse generation is found more effective 

and gives fast response. In this simulation it is found 

that the THD level is obtain below 0.231% as per the 

IEEE std for distribution system. In this paper THD 

obtained within the permissible limits of IEEE std for 

distribution system. 

Synchronous Reference Frame control strategy has 

been executed and investigated for harmonic 

cancellation, to reduce the THD of source current, 

reactive power compensation, load balancing and 

power factor improvement. To achieve these 

objectives DC capacitor voltage of the inverter has 

been controlled through various Artificial Intelligence 

Techniques keeping fixed reactive power 

compensation. 

The present power distribution system is usually 

conFigureured as a three-phase three-wire or four-

wire structure featuring a power-limit voltage source 

with significant source impedance, and an 

aggregation of various types of loads. Ideally, the 

system should provide a balanced and pure 

sinusoidal three-phase voltage of constant amplitude 

to the loads; and the loads should draw a current 

from the line with unity power factor, zero 

harmonics, and balanced phases. 

 

VII. FUTURE SCOPE OF THE THESIS 

 
The thesis presented here concern the development 

of the various techniques and their validation in 

different conditions for the enhancement of power 

quality using Active Filters. This research work can be 

extended to a multilevel inverter implemented for 

power conditioning. Three phase three wire system 

can be extended to three phase four wire system 

with different conditions like considering the zero 

sequence voltage present in the system. FPGA based 

controller for Active Filter can be developed to 

reduce the hardware requirement. For sustainable 

growth in power system, recently Renewable and 

Non-Renewable Energy source are gaining lot of 

attention. Hence such energy sources feeding the 

nonlinear load can be investigated for further work in 

the field of power quality. Further enhancing the 

coordinated control of the proposed Distributed 

Active Filters incorporating the design of adaptive 

gains can also be implemented. Another attractive 

aspect that can be investigated is the finding the 

solutions of power quality issues by other emerging 
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Evolutionary algorithm like Ant Colony Optimization 

and bacteria forging techniques. Thus, the quality of 

the power network can be expressively enhanced, 

and high reliability can be provided. 
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