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Abstract— In recent years, the power quality of the ac system has become great concern due to rapid 

increased numbers of electronic equipment, power electronics and high voltage power system. Most of the 

commercial and industrial installation in the country has large electrical loads which are severally inductive in 

nature causing lagging power factor which gives heavy penalties to the consumer by electricity board. This 

situation is taken care by Power factor correction (PFC). Power factor correction is the capacity of observing 

the reactive power produced by a load. In case of fixed loads, this can be done manually by switching of the 

capacitors, however in case of rapidly varying and scattered loads it becomes difficult to maintain a good power 

factor by manually switching on/off the capacitors in proportion to variation of load within an installation. This 

drawback is overcome by using a Automatic Power factor correction (APFC) 

I. INTRODUCTION 

In the present technological revolution, power is very precious and the power system is becoming more and 

more complex with each passing day. As such it becomes necessary to transmit each unit of power generated over 

increasing distances with minimum loss of power. However, with increasing number of inductive loads, large 

variation in load etc. the losses have also increased manifold. Hence, it has become prudent to find out the causes of 

power loss and improve the power system. Due to increasing use of inductive loads, the load power factor 

decreases considerably which increases the losses in the system and hence power system losses its efficiency. An 

Automatic power factor correction device reads power factor from line voltage and line current by determining the 

delay in the arrival of the current signal with respect to voltage signal from the source with high accuracy by using an 

internal timer. It determines the phase angle lag () between the voltage and current signals and then determines 

the corresponding power factor (cos). Then the microcontroller calculates the compensation requirement and 

accordingly switches on the required number of capacitors from the capacitor bank until the power factor is 

normalized to about unity. Automatic power factor correction techniques can be applied to industrial units, power 

systems and also households to make them stable. As a result, the system becomes stable and efficiency of the 

system as well as of the apparatus increases. Therefore, the use of microcontroller-based power factor corrector 

results in reduced overall costs for both the consumers and the suppliers of electrical energy. Power factor 

correction using capacitor banks reduces reactive power consumption which will lead to minimization of losses 

and at the same time increases the electrical system ‘s efficiency. Power saving issues and reactive power 

management has led to the development of single-phase capacitor banks for domestic and industrial applications. 

The development of this project is to enhance and upgrade the operation of single phase capacitor banks by 

developing a micro- processor based control system. The control unit will be able to control capacitor bank 

operating steps based on the varying load current. Current transformer is used to measure the load current for 

sampling purposes. Intelligent control using this micro-processor control unit ensures even utilization of capacitor 

steps, minimizes number of switching operations and optimizes power factor correction.  

As society becomes increasingly conscious of its impact on the environment, reduced energy consumption 
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becomes more desirable, which is an achievable goal for everyone. Through the use of measures such as power factor 

correction, electricity consumption is optimized, which ultimately leads to reduced energy consumption and reduced CO2 

greenhouse gas emissions. Within a cost conscious market, payback considerations are also important. This report 

identifies the most appropriate application for power factor correction based on energy consumption, tariff metering, cost 

payback and emission reduction. Power factor correction is an appropriate means by which to improve the power quality 

of an installation. Its application is dependent though on the size of the installation and the extent that power factor 

correction needs to be applied. The opportunity however exists to make a significant environmental contribution whilst 

simultaneously providing economic benefit. Currently, the effective use of the capacitor bank as power factor correction 

device has been its use as a capacitor bank for domestic use. Also known as energy stability, it will correct power factor 

based on the concept of employing a capacitor as a compensator of reactive current in the single phase electric circuit. 

However, this device proves to be less efficient because of its static operation i.e. the compensation does not vary with 

changes in the load. 

 

II. EXISTING METHOD 

2.1 Capacitor Banks 

Improving power factor means reducing the phase difference between voltage and current. Since the majority of 

loads are of inductive nature, they require some amount of reactive power for them to function.A capacitor or bank of 

capacitors installed parallel to the load provides this reactive power. They act as a source of local reactive power, and thus less 

reactive power flows through the line.Capacitor banks reduce the phase difference between the voltage and current. 

2.2 Synchronous Condensers 

Synchronous condensers are 3 phase synchronous motors with no load attached to their shaft.The synchronous motor 

has the characteristics of operating under any power factor leading, lagging, or unity depending upon the excitation. For 

inductive loads, a synchronous condenser is connected towards the load side and is overexcited.Synchronous condensers make 

it behave like a capacitor. It draws the lagging current from the supply or supplies the reactive power. 

III. PROPOSED SYSTEM 

Fig -2: Block Diagram of Automatic Power Factor Correction unit 

 
The complete automatic power factor correction unit consist of following parts 
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3.1 Power supply 

Most of time embedded system circuit uses 12 volts. 5-volt DC is used as its operating voltage. It’s necessary to 

change the 230 Volt A C supply to the essential D C supply. Firstly 12 volts ac supply is obtained by using stepdown transformer 

by reducing the 230 Volt supply to 12 volts. In this project the potential transformer (PT) outputs can be used in its place 

rather than going for another different step-down transformer. By rectification process, the 12 Volts A C is converted in to 

a 12 Volts pulsating DC voltage. The pulsating D C is then sent to a capacitive filter for smoothening and a standard 12 Volt 

DC is obtained as a output. 

3.2 Potential transformer 

They convert A.C from one level to another voltage level along with some loss of power. The P T utilizes a step-

down transformer to lessen hazardously higher voltage to a more secure lower voltage in any substation. Potential Transformer 

used in automatic power factor correction project steps- down the supply voltage from 230 V to 12 V as needed by circuit 

to work. Potential Transformers output is usually used for measuring and also various monitoring purposes. 

3.3 Current transformer 

In an electrical circuit, currents is measured by using a C T.At point when current is exceptionally high to 

straightforwardly apply to measuring instruments, the C T creates a decreased current, that can be suitably connected with 

measuring and recording instruments. C T that are used in the circuit also protects the measuring instruments from an 

exceptionally higher voltage. C T are mostly used in metering devices. and also, in protective relays 

3.4 Capacitor bank 

Shunt capacitor banks basically is utilized for the improvement of the P F in electrical network. Capacitor banks are also 

used for the improvement of the voltage stability and decrease network losses. Shunt capacitor banks are not expensive. Shunt 

capacitors installation can be done easily anywhere on the network. Depending on the necessity of reactive power, capacitor 

bank which consist of shunt capacitors are made ON or OFF. With the usage of relays the switching can be done by manual way 

or automatically. 

3.5 Microcontroller 

An embedded system is not effective without logical processing. The microcontrollers take the responsibility of 

logical processing hence can be seen as a heat of an embedded system. They do majority of the work starting from taking the 

data or instructions in, processing it according the programme written and finally provide the output to complete the required 

function. It is worthy to mention another positive characteristic of the embedded system such as chip memory. This allows the 

system to store some temporarily variables during the processing procedures to smoothen the process. The PIC microcontroller 

PIC16f877a is one of the most well-known microcontrollers. This microcontroller is very suitable to use. The main benefit is that it 

can be write or can be erased as many times as possible because it uses FLASH memory technology. 

3.6 RELAY UNIT 

Relay unit contains a relay driver and some relays. The relay unit controls the high-power circuit from a low power circuit 

because microcontroller’s output cannot control direct switching of capacitors. Relay is defined as an electrically operated 

switch. When there is a need to control in a circuit by a low power signal in such cases relays are used. Current that passes from 

coil of relay generates a magnetic field that gets attracted towards lever and then the switch contacts are changed. Connections of 
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relay's switch are Common, Normally Open (NO), normally closed (NC).Relay coil is not operated by the current provided by 

the output of microcontroller as current is insufficient. Relay driver ULN2003 is used for the operation of the relay. ULN2003 

is a mono-lithic higher voltage and higher current Darlington transistor array. 

3.7 DISPLAY UNIT 

An embedded system communicates directly to a human being by use of input and output devices. It should be 

noticed that in an embedded system, the interaction is instigated by the microcontrollers. The system uses input and output 

devices those generate direct communications with human being. LCD display can be considered as the most common 

devices that is connected to the microcontroller. Specifying the types of LCD displays, 16x2 and 20x4 are the most 

common ones connected to the microcontrollers. These digits indicate the numbers of the characters and the numbers of the 

lines. For example, a 16x2 LCD display contains 16 characters and 2 lines made available to use. Similarly, 20x4 LCD 

display indicates 20 characters and 4 lines made accessible for use. In this project a 16x2 LCD display, is considered. 

3.8Program: 

#include <SDM120.h> //import SDM template library 

#include <LiquidCrystal.h> 

 
LiquidCrystal lcd(19, 18, 17, 16, 15, 14); //LCD Interfacing pins 

SDM<9600, 7, 8> sdm; //configure pins for communication with Energy meter float pf; 

int power; int 

voltage; int 

current; 

int cap_count = 0; 

 

void setup() 

{ 

pinMode(2,OUTPUT); //Relay PIN1 

pinMode(3,OUTPUT); //Relay PIN2 

lcd.begin(16, 2); //LCD Init lcd.clear(); 

//clear LCD contents 

lcd.setCursor(0, 0); //goto row0, column 0 

lcd.print("Automatic Power"); //print text on zero 

lcd.setCursor(0, 1); 

lcd.print("Factor Corrector"); //print on second zero 
 

sdm.begin(); //start energy meter communication 
} 

 

void loop() 

{ 
power = sdm.readVal((SDM220T_POWER)); voltage = 

sdm.readVal((SDM220T_VOLTAGE)); current = 

sdm.readVal((SDM220T_CURRENT)); pf = 

sdm.readVal((SDM220T_POWERFACTOR)); 

//following code display all the above parameters on LCD 

lcd.clear(); 

lcd.setCursor(0, 0); 

lcd.print("P="); 

lcd.print(power); 

lcd.print("W "); 

lcd.print("V="); 

lcd.print(voltage); 
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lcd.print("V"); 

 

lcd.setCursor(0, 1); 

lcd.print("I="); 

lcd.print(current); 

lcd.print("A PF="); 

lcd.print(pf); 

 

delay(1000); 

if(pf <= 0.95) //if the power factor is less than 0.95 
{ 

if(cap_count < 4) 

cap_count++; 

 
switch(cap_count) 
{ 

case 1: 

digitalWrite(2,HIGH); //turn on the first relay (capacitor) break; 

 

case 2: 

digitalWrite(2,LOW); //turn off the first relay (capacitor1) 

digitalWrite(3,HIGH); //turn on the second relay (capacitor2) break; 

 

case 3: //turn ON both relays (both capacitors) 

digitalWrite(2,HIGH); digitalWrite(3,HIGH); 

break; 

 

} 

} 

else 

{ 

digitalWrite(2,LOW); //Power off all the capacitors 

digitalWrite(3,LOW); //Power off all the capacitors 

delay(1000); 
 

} 
} 

   IV. RESULTS 
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    THE PROJECT “AUTOMATIC POWER FACTOR CORRECTOR USING CAPACITIVE LOAD BANK” was 

designed such that to provide continuous power factor correction without manual capacitive bank loading. A PFC controller 

provides power factor correction and peak current limiting for a switch-mode power converter of any topology (buck, boost or 

buck-boost), without having to directly sense inductor current. 

V. CONCLUSION 

 

This project is implemented to automatically correct power factor. Microcontroller used helps to sense the Power Factor 

by monitoring the load of the system, and according to the lagging behavior of P F because of type of load it will perform the 

control action by switching capacitor bank through different relays and improves the Power Factor of the load. By improving 

Power Factor electricity bill can be reduced. 
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