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Abstract - The project is designed to minimize penalty for industrial units by using automatic power factor correction unit 
with the help of Raspberry Pi. Power factor is defined as the ratio of real power to apparent power. This definition is often 
mathematically represented as KW/KVA, where the numerator is the active (real) power and the denominator is the (active + 
reactive) or apparent power. 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. Therefore, it can 
be seen that, to reduce the total current to the actual current required would result in greater efficiency. Power Factor values 
are in the range of 0- 1, hence an electrical system with a power factor of 1 (unity) is using 100% useful current with no 
inefficiency. However, an electrical system with a power factor of 0.5 (50%) is using twice as much current as it needs. 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 the Raspberry Pi board. . It displays the time lag between the 
current and voltage on an LCD. The program takes over to actuate appropriate number of relays from its output to bring 
shunt capacitors into the load circuit to get the power factor till it reaches near unity. Automatic power factor correction 
techniques can be applied to the industries, power systems and also households to make them stable and due to that the 
system becomes stable and efficiency of the system as well as the apparatus increases. 
 
Index Terms - Capacitor Bank, Power Factor, A.P.F.C., Industrial Load 
 
I. INTRODUCTION 
 
In the present technological revolution power is very 
precious. So we need to find out the causes of power 
loss and improve the power system. Due to 
industrialization the use of inductive load increases 
and hence power system losses its efficiency. So we 
need to improve the power factor with a suitable 
method. Whenever we are thinking about any 
programmable devices then I would like Raspberry Pi 
based technology this is because Raspberry Pi based 
technology is more advantageous than the other 
technology. Raspberry Pi is a open source 
technology, it has system on chip that uses Broadcom 
(BCM2837),in build serial communication, I2C 
protocol, Input/output interfacing. 
 
1.1 Fundamental of Power Factor 
Power factor is a measure of how effectively 
electrical power is being used by a system. To 
understand power factor, we first have to know that 
power has three components: working, reactive and 
apparent power. Working power is the current and 
voltage actually consumed. It performs the actual 
work, such as creating heat, light and motion. 
Working power is expressed in kilowatts (kW), which 
register as kilowatt-hour on electric meter. Reactive is 
not useful work, but it is needed. Power factor is the 
ratio of working power to apparent power or 
kW/kVAR. Power factor values can carry from 0 to 
1.00. Typically, values range from 0.80 to 0.98. A 
power factor below 0.80 is considered low. 

 
Fig-1: Power triangle 

 
1.2 Inductive Load Contributing to Poor Power 
Factor 
If it is an inductive loads, which require the use of a 
magnetizing current to create a magnetic field, Power 
factor corrections are required. 

 
Table-1: Typical Low Power Factor Industries 

 
Inductive characteristics are more pronounced in 
motors and transformers and are found more often in 
commercial and industrial facilities. One of the worst 
offenders is a lightly loaded induction motor, often 
found in “cycle processes” –for example, in the 
operation of saws, conveyors, and grinders- where the 
motor must be sized for the heaviest load. Other 
sources include: induction furnaces, standard 
stamping machines, weaving machines, single stroke 
presses, automated machine tools, welders and certain 
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fluorescent lamp ballasts. Table 1 shows uncorrected 
power factor of some industrial plants. 
 
1.3 Power Factor Correction 
If the power factor of the plant is low, it uses more 
power than it needs to do the work. Poor power factor 
should be corrected as it substantially increases costs. 
Capacitors generally are the most economical means 
to improve power factor. Power factor correction is 
the term given to a technology that has been used 
since the turn of the 20th century to restore the power 
factor to as close to unity as it is economically stable. 
This is normally achieved by the addition of 
capacitors to the electrical network which compensate 
for the reactive power demand of the inductive load 
and thus reduce the burden on the supply. There 
should be no effect on the operation of the equipment. 
A sample analogy for power factor is to relate it to a 
garden hose circumstances, if you need 10 litre of 
water per minute to come out at the end of the hose, 
the tap should be turned on to deliver that amount of 
water. But if your hose leaks, are squashes between 
rocks, or are kinked because it is cheap, you will 
experience a drop in pressure. To achieve your target 
of 10 litres per minute, therefore, you need to turn up 
the tap and force more water through the hose. That is 
Power Factor Correction. 
 
1.4 Benefits of Power Factor Correction 
The advantages that can be achieved by applying the 
correct power factor correction are: 
1. Environmental benefit-reduction of power 
consumption due to improved energy efficiency. 
Reduced power consumption means less greenhouse 
gas emissions and fossil fuel depletion by power 
stations. 
2. Reduction of electricity bills. 
3. Extra kVA available from the existing supply. 
4. Reduction of I2R losses in transformers and 
distribution equipment 
5. Reduction of voltage drop in long cables 
6. Extended equipment life- reduced electrical burden 
on cables and electrical components. 
 
II. PRINCIPLE OF WORKING 

 

 
Fig-2: Transmitter Section 

 
Fig-3: Receiver Section 

 
Basic Scheme 
Hardware Requirements 

 Raspberry Pi board, 
 Op-amps, 
 LCD, 
 Shunt Capacitors, 
 Relays, 
 Relay driver IC, 
 Choke, 
 Crystal, 
 Switches, Slide Switch, 
 Resistors, 
 Capacitors, 
 Diodes, 
 Transformer, 
 Voltage Regulator, 
 Lamp, 

 
Software Requirement 

 Raspberry Pi based programme 
 
Raspberry Pi 
The Raspberry Pi hardware has evolved through 
several versions that feature variations in memory 
capacity and peripheral-device support. 

 

 
Fig-4: Block Diagram 

 
The Broadcom BCM2835 SoC used in the first 
generation Raspberry Pi is somewhat equivalent to 
the chip used in first modern generation smart phones 
(its CPU is an older ARMv6 architecture), which 
includes a 700 MHz ARM1176JZF-S processor, 
Video Core IV graphics processing unit (GPU),and 
RAM. It has a level 1 (L1) cache of 16 KB and a 
level 2 (L2) caches of 128 KB. The level 2 cache is 
used primarily by the GPU. The SoC is stacked 
underneath the RAM chip, so only its edge is visible. 
The earlier models of Raspberry Pi 2 use a Broadcom 
BCM2836 SoC with a 900 MHz 32-bit quad-core 
ARM Cortex-A7 processor, with 256 KB shared L2 
cache. The Raspberry Pi 2 V1.2 was upgraded to a 
Broadcom BCM2837 SoC with a 1.2 GHz 64-bit 
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quad-core ARM Cortex-A53 processor, the same SoC 
which is used on the Raspberry Pi. 
 
Raspberry Pi module 
The Raspberry Pi Foundation recommends the use of 
Raspbian, a Debian-based Linux operating system. 
Other third party operating systems available via the 
official website include Ubuntu MATE, Snappy 
Ubuntu Core, Windows 10 IoT Core, RISC OS and 
specialized distributions for the Kodi media center 
and classroom management. Many other operating 
systems can also run on the Raspberry Pi. 

 
Fig-5: ARM Cortex-A7 processor 

 
LCD16x2 
Liquid crystal displays (LCDs) offer several 
advantages over traditional cathode-ray tube displays 
that make them ideal for several applications. Of 
course, LCDs are flat and they use only a fraction of 
the power required by cathode-ray tubes. They are 
easier to read and more pleasant to work with for long 
periods of time than most ordinary video monitors. 
There are several tradeoffs as well, such as limited 
view angle, brightness, and contrast, not to mention 
high manufacturing cost.16x2 LCD which is used in 
this project is to display data to the user. There are 
two rows and 16 columns. It is possible to display 16 
characters on each of the 2 rows. It has two registers, 
command register and data register. LCDs can add a 
lot to your application in terms of providing a useful 
interface for the user, debugging an application or 
just giving it a "professional" look. The most 
common type of LCD controller is the Hitachi 44780 
which provides a relatively simple interface between 
a processor and an LCD. This interface is not often 
attempted by inexperienced designers and 
programmers because it is difficult to find good in a 
form of an electrical amplifier. LCD has single line 
display documentation on the interface, initializing 
the interface can be a problem and the displays 
themselves are expensive. 
 
Transformer The main function of the transformer 
in the APFC panel is to step down the input AC 230V 
voltage. Then this output voltage is given to the 
rectifier unit. Rectifier The main function of the 
rectifier is to convert the AC voltage into the DC 
output. In the APFC panel we are using the bridge 
rectifier. Voltage regulator The main function of the 
voltage regulator is to convert the variable output DC 
voltage into the constant DC voltage. The IC-741 

operational amplifier is used as a voltage regulator. It 
gives the two different DC supply for the working of 
Raspberry Pi and LCD display. Current 
transformer The main function of the current 
transformer is to step down the current in a 
measurable value. Basically the C.T. senses the load 
current in the line. The part of the C.T. is, its 
transformation ratio on which it will transform the 
current. These ratios are such as 100A/10A, 50A/5A, 
etc. Then this C.T sends the signal to the Raspberry 
Pi. Zero crossing detectors The zero crossing 
detectors are a sine-wave to square-wave converter. 
The reference voltage in this case is set to zero. The 
output voltage waveform shows, when and in what 
direction an input signal crosses zero volts. If input 
voltage is a low frequency signal, then output voltage 
will be less quick to switch from one saturation point 
to another. And if there is noise in between the two 
input nodes, the output may fluctuate between 
positive and negative saturation voltage i.e. Vsat. 
Generally IC 311 is used as a zero crossing detector. 
Relay 
A relay is an electrical switch that opens and closes 
under the control of another electrical circuit. In the 
original form, the switch is operated by an 
electromagnet to open or close one or many sets of 
contacts. It was invented by Joseph Henry in 1835. 
Because a relay is able to control an output circuit of 
higher power than the input circuit, it can be 
considered to be a form of an electrical amplifier. 
 
CONCLUSION 
 
It can be concluding that power factor correction 
technique can be applied to the industries and also to 
the household to take them stable and due to that, the 
system becomes stable. Efficiency of the system as 
well as apparatus increases. Care should be taken for 
power factor correction otherwise the voltage and 
current increases due to which the power system or 
machine become unstable and the life of capacitor 
bank reduces.  
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