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Abstract: The project is designed to reduce the power loss in industries by power factor compensation through a number of shunt 
capacitors. The shunt capacitors will improve the power factor and reduction in amount of electrical bill for industries and 
commercial establishments. Reactive power is the non working power generated by the magnetic and inductive loads, to generate 
magnetic flux. The increase in reactive power increases the apparent power, so the power factor also decreases. Having low power 
factor, the industry needs more energy to meet its demand, so the efficiency decreases. In this proposed system the time lag 
between the zero voltage pulse and zero current pulse duly generated by suitable operational amplifier circuits in comparator 
mode are fed to two interrupt pins of the microcontroller. Microcontroller displays the power loss due to the inductive load on the 
LCD. The program takes over to actuate appropriate number of relays at its output to bring shunt capacitors into the load circuit 
to get zero power loss. The 8 bit microcontroller used in the project belongs to 8051 family. Further the project can be enhanced 
by using thyristor control switches instead of relay control to avoid contact pitting often encountered by switching of capacitors 
due to high in rush current. 

Key words: Power saver, Shunt capacitors, Power factor compensation, Microcontroller, Embedded systems, Thyristor control 

switches. 

1.1 INTRODUCTION 

Unlike Director Current Circuits, where only resistance restricts the current flow, in Alternating Current Circuits, 
there are other circuits aspects which determines the current flow; though these are akin to resistance, they do not consume 
power, but loads the system with reactive currents; like D.C. circuits where the current multiplied by voltage gives watts, here 
the same gives only volt amperes (VA).Like resistance, these are called “Reactance”. Reactance is caused by either inductance 
or by capacitance. The current drawn by inductance lags the voltage while the one by capacitance leads the voltage. Almost all 
industrial loads are inductive in nature and hence draw lagging wattles current, which unnecessarily load the system, 
performing no work. Since the capacitive currents is leading in nature, loading the system with capacitors wipes out them.  
 

 
 

Fig-1: Waveforms for Inductive load 
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Fig -2: Waveforms for Capacitive load 
 

2. CAPACITORS FOR POWER-FACTOR IMPROVEMENT 
 

     Whatever the power factor is, however, the generating authority must install machines capable of delivering a particular 
voltage and current even though, in a particular case, not all the voltage and current products is being put to good use [2]. The 
generators must be able to withstand the rated voltage and current regardless of the power delivered. For example, if an 
alternator is rated to deliver 1000A at 11000 volts, the machine coils must be capable of carrying rated current. The apparent 
power of such a machine is 11 M V A and if the load power factor is unit this 11 MVA will be delivered and used as 11 MW of 
active power i.e. the alternator is being used to the best of its ability. If, however, the load power factor is say, 0.8 lagging, then 
only 8.8 MW are taken and provide revenue, even though the generator still has to be rated at 1000A at 11 kV. The lower the 
power factor, the worse the situation becomes from the supply authorities’ viewpoint. Accordingly, consumers are encouraged 
to improve their load power factor and in many cases are penalized if they do not. Improving the power factor means reducing 
the angle of lag between supply voltage and supply current [8].  
 

2.1 Location of power-factor improvement capacitor banks 
 
Any installation including the following types of machinery or equipment is likely to have low power factor which can be 

corrected, with a consequent saving in charges, by way of reduced demand charges, lesser low power factor penalties:  
1. Induction motors of all types (which from by far the greatest industrial load on a. c. mains).  
2. Power thyristor installation (for D.C. motor control and electro-chemical processes).  
3. Power transformers and voltage regulators.  
4. Welding machines  
5. Electric-arc and induction furnaces.  
6. Choke coils and magnetic system.  
7. Neon signs and fluorescent lighting.  
 

  Apart from penalties like maximum demand charges, penalty for low power factor, the factory cabling and supply equipment 
can be relieved of a considerable wattles or reactive load, which will enable additional machinery to be connected to the 
supply without enlarging these services. Additionally, the voltage drop in the system is reduced. The method employed to 
achieve the improvements outlined involves introducing reactive KVA into the system in phase opposition to the wattles or 
reactive current mentioned above the effectively cancels its effect in the system. This is achieved either with rotary machines 
(synchronous condensers) 
 

3. POWER FACTOR CORRECTION 
 

     The power factor of an AC electric power system is defined as the ratio of the real power flowing to the load to the apparent 
power in the circuit, and is a dimensionless number between 0 and 1 (frequently expressed as a percentage, e.g. 0.5 pf = 50% 
pf). Real power is the capacity of the circuit for performing work in a particular time. Apparent power is the product of the 
current and voltage of the circuit. Due to energy stored in the load and returned to the source, or due to a non-linear load that 
distorts the wave shape of the current drawn from the source, the apparent power will be greater than the real power.In an 
electric power system, a load with a low power factor draws more current than a load with a high power factor for the same 
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amount of useful power transferred. The higher currents increase the energy lost in the distribution system, and require larger 
wires and other equipment. Because of the costs of larger equipment and wasted energy, electrical utilities will usually charge 
a higher cost to industrial or commercial customers where there is a low power factor. Linear loads with low power factor 
(such as induction motors) can be corrected with a passive network of capacitors or inductors [3]. Non-linear loads, such as 
rectifiers, distort the current drawn from the system. In such cases, active or passive power factor correction may be used to 
counteract the distortion and raise the power factor. The devices for correction of the power factor may be at a central 
substation, spread out over a distribution system, or built into power-consuming equipment. 
 

3.1 Power factor in linear circuits and loads 
     
     In a purely resistive AC circuit, voltage and current waveforms are in step (or in phase), changing polarity at the same 
instant in each cycle. All the power entering the loads is consumed. Where reactive loads are present, such as with capacitors 
or inductors, energy storage in the loads result in a time difference between the current and voltage waveforms. During each 
cycle of the AC voltage, extra energy, in addition to any energy consumed in the load, is temporarily stored in the load in 
electric or magnetic fields, and then returned to the power grid a fraction of a second later in the cycle. It is often desirable to 
adjust the power factor of a system to near 1.0. This power factor correction (PFC) is achieved by switching in or out banks of 
inductors or capacitors. For example the inductive effect of motor loads may be offset by locally connected capacitors. When 
reactive elements supply or absorb reactive power near the load, the apparent power is reduced. Power factor correction may 
be applied by an electrical power transmission utility to improve the stability and efficiency of the transmission network [1]. 
Correction equipment may be installed by individual electrical customers to reduce the costs charged to them by their 
electricity supplier. A high power factor is generally desirable in a transmission system to reduce transmission losses and 
improve voltage regulation at the load [4]. 
 
     An automatic power factor correction unit is used to improve power factor. A power factor correction unit usually consists 
of a number of capacitors that are switched by means of contactors. These contactors are controlled by a regulator that 
measures power factor in an electrical network. To be able to measure power factor, the regulator uses a current transformer 
to measure the current in one phase. Depending on the load and power factor of the network, the power factor controller will 
switch the necessary blocks of capacitors in steps to make sure the power factor stays above a selected value (usually 
demanded by the energy supplier), say 0.9.A non-linear load on a power system is typically a rectifier (such as used in a power 
supply), or some kind of arc discharge device such as a fluorescent lamp, electric welding machine, or arc furnace. Because 
current in these systems is interrupted by a switching action, the current contains frequency components that are multiples of 
the power system frequency [7]. Distortion power factor is a measure of how much the harmonic distortion of a load current 
decreases the average power transferred to the load. 

 

4. EMBEDDED SYSTEMS 
 
     An Embedded System is a combination of computer hardware and software, and perhaps additional mechanical or other 
parts, designed to perform a specific function. An embedded system is a microcontroller-based, software driven, reliable, real-
time control system, autonomous, or human or network interactive, operating on diverse physical variables and in diverse 
environments and sold into a competitive and cost conscious market. 
      
     An embedded system is not a computer system that is used primarily for processing, not a software system on PC or UNIX, 
not a traditional business or scientific application. High-end embedded & lower end embedded systems. High-end embedded 
system - Generally 32, 64 Bit Controllers used with OS. Examples Personal Digital Assistant and Mobile phones etc .Lower end 
embedded systems - Generally 8,16 Bit Controllers used with an minimal operating systems and hardware layout designed for 
the specific purpose.  
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Fig- 3: Embedded system design calls 
 
                                                  

5. BLOCK DIAGRAM OF PROPOSED SYSTEM 
 

 
Fig-4: Block diagram of proposed System 

     Transformers convert AC electricity from one voltage to another with a little loss of power. Step-up transformers increase 
voltage, step-down transformers reduce voltage. Most power supplies use a step-down transformer to reduce the dangerously 
high voltage to a safer low voltage. The input coil is called the primary and the output coil is called the secondary. There is no 
electrical connection between the two coils; instead they are linked by an alternating magnetic field created in the soft-iron 
core of the transformer. The two lines in the middle of the circuit symbol represent the core.  Transformers waste very little 
power so the power out is (almost) equal to the power in. Note that as voltage is stepped down and current is stepped up. The 
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ratio of the number of turns on each coil, called the turn’s ratio, determines the ratio of the voltages. A step-down transformer 
has a large number of turns on its primary (input) coil which is connected to the high voltage mains supply, and a small 
number of turns on its secondary (output) coil to give a low output voltage. The LM78XX/LM78XXA series of three-terminal 
positive regulators are available in the TO-220/D-PAK package and with several fixed output voltages, making them useful in a 
Wide range of applications. Each type employs internal current limiting, thermal shutdown and safe operating area protection, 
making it essentially indestructible. If adequate heat sinking is provided, they can deliver over 1A output Current. Although 
designed primarily as fixed voltage regulators, these devices can be used with external components to obtain adjustable 
voltages and currents [5]. 
 
     A rectifier is an electrical device that converts alternating current (AC), which periodically reverses direction, to direct 
current (DC), current that flows in only one direction, a process known as rectification. Rectifiers have many uses including as 
components of power supplies and as detectors of radio signals. Rectifiers may be made of solid statediodes, vacuum tube 
diodes, mercury arc valves, and other components. The output from the transformer is fed to the rectifier. It converts A.C. into 
pulsating D.C. The rectifier may be a half wave or a full wave rectifier. In this project, a bridge rectifier is used because of its 
merits like good stability and full wave rectification. In positive half cycleonly two diodes (1 set of parallel diodes) will 
conduct, in negative half cycle remaining two diodes will conduct and they will conduct only in forward bias only.Capacitive 
filter is used in this project. It removes the ripples from the output of rectifier and smoothens the D.C. Output   received from 
this filter is constant until the mains voltage and load is maintained constant. However, if either of the two is varied, D.C. 
voltage received at this point changes. Therefore a regulator is applied at the output stage.The simple capacitor filter is the 
most basic type of power supply filter. The use of this filter is very limited. It is sometimes used on extremely high-voltage, 
low-current power supplies for cathode-ray and similar electron tubes that require very little load current from the supply. 
This filter is also used in circuits where the power-supply ripple frequency is not critical and can be relatively high. Below 
figure can show how the capacitor charges and discharges. 

 
     The AT89S52 is a low-power, high-performance CMOS 8-bit microcontroller with 8K bytes of in-system programmable 
Flash memory. The device is manufactured using Atmel’s high-density non volatile memory technology and is compatible with 
the industry standard 80C51 instruction set and pin out. The on-chip Flash allows the program memory to be reprogrammed 
in-system or by a conventional non volatile memory programmer. By combining a versatile 8-bit CPU with in-system 
programmable Flash on a monolithic chip, the Atmel AT89S52 is a powerful microcontroller which provides a highly-flexible 
and cost-effective solution to many embedded control applications. The AT89S52 provides the following standard features: 8K 
bytes of Flash, 256 bytes of RAM, 32 I/O lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a six-vector 
two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In addition, the AT89S52 is 
designed with static logic for operation down to zero frequency and supports two software selectable power saving modes. 
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt system to continue 
functioning. The Power-down mode saves the RAM contents but freezes the oscillator, disabling all other chip functions until 
the next interrupt or hardware reset 6].  

     This is the first interfacing example for the Parallel Port. We will start with something simple. This example doesn't use the 
Bi-directional feature found on newer ports, thus it should work with most, if not all Parallel Ports. It however doesn't show 
the use of the Status Port as an input for a 16 Character x 2 Line LCD Module to the Parallel Port. These LCD Modules are very 
common these days, and are quite simple to work with, as all the logic required running them is on board. A load that is 
predominantly inductive, so that the alternating load current lags behind the alternating voltage of the load. Also known as 
lagging load. Any devices that have coils of wire in there manufacture can be classed as inductive loads. E.g. motors, solenoids 
and contactor coils are a few. Example of resistive loads can be baseboard heaters, filament light bulbs, toasters and stove top 
elements.Shunt capacitor banks are used to improve the quality of the electrical supply and the efficient operation of the 
power system. Studies show that a flat voltage profile on the system can significantly reduce line losses. Shunt capacitor banks 
are relatively inexpensive and can be easily installed anywhere on the network. 

6. SOFTWARE REQUIREMENTS 
 

     Keil an ARM Company makes C compilers, macro assemblers, real-time kernels, debuggers, simulators, integrated 
environments, evaluation boards, and emulators for ARM7/ARM9/Cortex-M3, XC16x/C16x/ST10, 251, and 8051 MCU 
families.Keil development tools for the 8051 Microcontroller Architecture support every level of software developer from the 
professional applications engineer to the student just learning about embedded software development. When starting a new 
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project, simply select the microcontroller you use from the Device Database and the µVision IDE sets all compiler, assembler, 
linker, and memory options for you.Keil is a cross compiler. So first we have to understand the concept of compilers and cross 
compilers. After then we shall learn how to work with keil.Compilers are programs used to convert a High Level Language to 
object code. Desktop compilers produce an output object code for the underlying microprocessor, but not for other 
microprocessors. I.E the programs written in one of the HLL like ‘C’ will compile the code to run on the system for a particular 
processor like x86 (underlying microprocessor in the computer). For example compilers for Dos platform is different from the 
Compilers for Unix platform  So if one wants to define a compiler then compiler is a program that translates source code into 
object code. 
 
     The compiler derives its name from the way it works, looking at the entire piece of source code and collecting and 
reorganizing the instruction. See there is a bit little difference between compiler and an interpreter. Interpreter just interprets 
whole program at a time while compiler analyses and execute each line of source code in succession, without looking at the 
entire program. The advantage of interpreters is that they can execute a program immediately. Secondly programs produced 
by compilers run much faster than the same programs executed by an interpreter. However compilers require some time 
before an executable program emerges. Now as compilers translate source code into object code, which is unique for each type 
of computer, many compilers are available for the same language.  A relay is an electrically operated switch. Current flowing 
through the coil of the relay creates a magnetic field which attracts a lever and changes the switch contacts. The coil current 
can be on or off so relays have two switch positions and most have double throw (changeover) switch contacts. Relays allow 
one circuit to switch a second circuit which can be completely separate from the first. For example a low voltage battery circuit 
can use a relay to switch a 230V AC mains circuit. There is no electrical connection inside the relay between the two circuits; 
the link is magnetic and mechanical.ULN2003 is an IC which is used to interface relay with the microcontroller since the 
output of the micro controller is maximum 5Vwith too little current delivery and is not practicable to operate a relay with that 
voltage. ULN2003 is a relay driver IC consisting of a set of Darlington transistors. If logic high is given to the IC as input then its 
output will be logic low but not the vice versa. Here in ULN2003 pin 1 to 7 areIC inputs and 10 to 16 are IC outputs. If logic 1 is 
given to its pin no 1 the corresponding pin 16 goes low. If a relay coil is connected from +ve to the output pin of the 
uln2003,(the relay driver) then the relay contacts change their position from normally open to close the circuit as shown 
below for the load on (say a lamp to start glowing). If logic 0 is given at the input the relay switches off. Similarly upto seven 
relays can be used for seven different loads to be switched on by the normally open(NO) contact or switched off by the 
normally closed contact(NC) 

 

7. TESTING 
 
     In electronics, a continuity test is the checking of an electric circuit to see if current flows (that it is in fact a complete 
circuit). A continuity test is performed by placing a small voltage (wired in series with an LED or noise-producing component 
such as a piezoelectric speaker) across the chosen path. If electron flow is inhibited by broken conductors, damaged 
components, or excessive resistance, the circuit is "open".Devices that can be used to perform continuity tests include multi 
meters which measure current and specialized continuity testers which are cheaper, more basic devices, generally with a 
simple light bulb that lights up when current flows.An important application is the continuity test of a bundle of wires so as to 
find the two ends belonging to a particular one of these wires; there will be a negligible resistance between the "right" ends, 
and only between the "right" ends.This test is the performed just after the hardware soldering and configuration has been 
completed. This test aims at finding any electrical open paths in the circuit after the soldering. Many a times, the electrical 
continuity in the circuit is lost due to improper soldering, wrong and rough handling of the PCB, improper usage of the 
soldering iron, component failures and presence of bugs in the circuit diagram. We use a multi meter to perform this test. We 
keep the multi meter in buzzer mode and connect the ground terminal of the multi meter to the ground. We connect both the 
terminals across the path that needs to be checked. If there is continuation then you will hear the beep sound. 
 

8. CONCLUSION 
 

      By observing all the above aspects of the power factor it is clear that power factor is the most important part for the utility 
company as well as for the consumers. Utility companies will be free from the power losses as well as the consumers are free 
from low power factor penalty charges. The Power Factor is improved and the value becomes nearer to 0.9 to 0.95 by 
installing suitably sized power capacitors into the circuit thus line losses are improved and the efficiency of a plant increases. 
By using this system the efficiency of the system is highly improved. Precautions should be taken for over correction otherwise 
the voltage and current increases due to which the power system or machine will not remain stable and the life of capacitor 
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bank decreases. The automatic power factor correction by using capacitive load banks is very efficient as it decreases the cost 
by reducing the power drawn from the supply. As it operates automatically, no manpower is required and this Automated 
Power factor Correction by using capacitive load banks can be used for the industries purpose in the future. Further the 
project can be intensify by using thyristor control switches in place of relay control so that contact pitting is avoided which is 
often resulted by switching of capacitors due to flow of high in rush current. 
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