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Abstract  Low power factor is usually not a big problem 
in residential homes. It does, however, become a problem in 
industries where multiple motors are operational. Therefore, 
there is a dire requirement to correct the power factor in 
industries. To rectify the issue and providing a fruitful 
solution is the major task of our research work. Although 
there are different methods of power corrections are 
available with certain pros and cons. Occasionally, the power 
factor correction capacitors are implemented to correct the 
problems using pacific techniques and somehow active 
techniques as well. Each technique has its own limitations in 
terms of computational complexity and implementation cost. 
In the proposed technique, we implement the 
micro-controller and programmable logic controller based 
system in combination with capacitor bank for the power 
factor correction. This way, we can efficiently control the 
power factor. 

Keywords  Programmable Logic Controller (PLC), 
Power Factor Correction (PFC), Induction Motor (IM), Zero 
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1. Introduction 
The use of alternating current (AC) induction motor is 

usually essential in industries and other residential utilities. 
AC induction motors consume large percentage of energy 
(i.e., more than 50 percent of the energy used in industry) [1]. 
The power factor of the induction motor is relatively poor as 
compared to other types of load, causing higher line currents, 
with additional heat in line cables and transformers. A poor 
power factor is mostly the results of large voltage and current 
phase difference. The other reasons include the high 
harmonic contents and distorted current waveform. Most 
probably the poor power factor is also the result of inductive 
loads, i.e., induction motor [2]. Low power factor is usually 
not a big problem in residential homes. It does however 
become a problem in industry where multiple motors are 
used. Therefore, power factor correction (PFC) needs to be 

done in industries [3]. A poor power factor due to inductive 
loads can be improved by adding the PFC circuit [4]. 

The ideal figure for load power factor is one (i.e., a purely 
resistive load), because it requires a very small amount of 
current to transmit a given real power [5]. Real loads deviate 
from this ideal condition. Electric motor loads are phase 
lagging (inductive), therefore, requiring capacitor banks to 
counter this lagging issue. Electricity utilities measure 
reactive power used by high demand customers and charge 
higher rates accordingly. Some consumers install power 
factor correction schemes in factories to cut down the higher 
costs [6]. 

From the discussion in [7-10], we came to know that the 
PFC is desirable because the source of electrical energy must 
be capable of supplying real power as well as any reactive 
power demanded by the load. The procedure of PFC requires 
larger and more expensive power plant equipment, 
transmission lines, and transformers and switches [5]. 
Resistive losses in transmission lines waste some of the 
generated power because the extra current is needed to 
supply the reactive power, which only serves to heat up 
power lines [11, 12]. 

The PFC is achieved by different methods including the 
passive, active, synchronous condenser and capacitor bank 
based systems [13-16]. Each method has its own limitations 
with possible advantages, depending on the desired 
application. In our proposed technique, we suggest PFC 
using a microcontroller, programmable logic controller (PLC) 
and capacitor bank based system. By using the proposed 
technique, we can improve the efficiency and system and 
electricity consumption cost as well. The proposed work 
focuses on the implementation of a laboratory model for 
PLC based PFC to improve the power factor of single-phase 
induction motor. During the online process a set of 
capacitors sized in a binary ratio was switched ON or OFF 
with the help of zero voltage static switches according to a 
control strategy to obtain a pre-specified power factor.  

The proposed control strategy relies on a look-up table and 
an intelligent system. The look-up table is prepared 
according to a measured value of the phase angle between 
the stator phase voltage and the stator phase current. The 
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design aims to monitor the phase angle continuously and in 
the event of phase angle deviation, a correction action is 
initialized to compensate the difference by continuous 
changing variable capacitor value via a switching process. 
The motor was used as a medium to show that the power 
factor can be controlled using the PLC. In the proposed 
method, the PLC senses any changes occur in the speed of 
motor. Then, accordingly, it turns ON or OFF capacitors in 
the capacitor bank (i.e., depending on the speed of motor 
either increasing or decreasing). In this way, we maintain the 
power factor value at a desired level. The power factor 
remains same no matter how many motors turned ON or OFF. 
The overall system requires only one microcontroller chip, 
some power electronic components, capacitor bank and a 
PLC unit for switching purpose. 

Our motivation in this paper is to reduce the power theft 
and provide a reliable meter reading system. By providing 
the proposed AMI system, we can improve the current 
metering system and able to collect the reliable meter data. 
We can then certainly reduce the power theft, improve the 
billing system, manage the grid and can point-out the areas 
with high line losses. There are several models of AMI 
system implemented in various parts of the world. These 
models of AMI system are categorized based on the 
communication between the meter and the central 
management system. Each model has its own technical and 
physical limitations. The AMI system model at one place 
hardly implemented to any other place with same settings. 
We have to select the model; have to modify it so that it can 
meet the challenges of the current system implementation, 
which include the technical, legal, managerial and 
economical issues in Pakistan. 

2. System Modelling 
This project is composed of a motor controller and a 

power factor correction controller for a single-phase 
induction motor (IM), utilizing the programmable logic 
controller (PLC). During the online process a set of 
capacitors sized in a binary ratio will be switched ON or OFF 
with the help of zero voltage static switches according to a 
control strategy to obtain a pre-specified power factor. This 
control strategy relies on a lookup table as described in 
Section I. The speed of the motor is controlled by the VSD 
(variable speed drive). This is used to control the rotational 
speed of the AC electric motor by controlling the frequency 
of the electrical power supplied to the motor.  

Speed of the motor changes depending on variable load. 
As the load varies the power factor also changes. This 
change in power factor is detected by PLC, which improve 
the value of power factor to the desired value. For a DC 
circuit the power is P = V I, and this relationship also holds 
for the instantaneous power in an AC circuit. However, the 
average power in an AC circuit expressed in terms of the rms 
voltage and current is [3] 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎  =  𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉(𝜑𝜑)                 (1) 

where 𝜑𝜑 is the phase angle between the voltage (V) and 
current (I). The additional term is called the power factor. 
The voltage and current is given by [5], 

Pavg = VIcos(φ)  𝑉𝑉 =  𝑉𝑉𝑚𝑚sin(𝜔𝜔𝜔𝜔)     (2) 

𝐼𝐼 = 𝐼𝐼𝑚𝑚sin(𝜔𝜔𝜔𝜔 −  𝜑𝜑)              (3) 

Then the instantaneous power at any time is given by, 

𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖 =  𝑉𝑉𝑚𝑚𝐼𝐼𝑚𝑚sin(𝜔𝜔𝜔𝜔)sin(𝜔𝜔𝜔𝜔 −  𝜑𝜑)        (4) 

Using the trigonometric identities, (4) can be further 
expanded to, 

𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖 =
 𝑉𝑉𝑚𝑚𝐼𝐼𝑚𝑚sin(2𝜔𝜔𝜔𝜔)cos(𝜑𝜑) −  𝑉𝑉𝑚𝑚𝐼𝐼𝑚𝑚sin(𝜔𝜔𝜔𝜔)sin(𝜑𝜑)cos(𝜔𝜔𝜔𝜔) (5) 

Generally, four types of techniques are used for power 
factor correction, passive, active, synchronous and 
capacitive. Each method has its own pros and cons. Passive 
PFC is very simple but it causes harmonic, which makes this 
method not useful. Capacitive PFC is better for circuits that 
use IM as a means of reducing the inductive component of 
the current and thereby reduce the losses in the supply. 
Power factor correction is achieved by the addition of 
capacitors in parallel with the connected motor circuits and 
can be applied at the starter, or applied at the switchboard or 
distribution panel. The resulting capacitive current is leading 
current and is used to cancel the lagging inductive current 
flowing from the supply [6]. The main diagram of our project 
is shown in Fig. 1. 

 

Figure 1.  Proposed system block diagram. 

The design aims to monitor the phase angle continuously 
and in the event of phase angle deviation, a correction action 
is initialized to compensate for this difference by continuous 
changing variable capacitors value via switching process. 
The overall system requires only one PIC chip, a few power 
electronic components and a bank of capacitors and PLC unit 
for switching the capacitor banks. PFC is a technique of 
counteracting the undesirable effects of electric loads that 
create a power factor that is less than one. PFC may be 
applied either by an electrical power transmission utility to 
improve the stability and efficiency of the transmission 
network or correction may be installed by individual 
electrical customers to reduce the costs charged to them by 
their electricity supplier [3, 4, 13]. This paper defines the 
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programmable interface controller (PIC) and PLC based 
power factor controller. In our proposed method, we 
consider various aspects of PIC and PLC based power factor 
controller. The main core of this research work is to design a 
PIC based power factor controller. The proposed system has 
the ability to control the power factor of both linear and 
nonlinear load system. 

2.1. Power Factor Correction using PLC 

Seimens Controller PLC (S7-300) as shown in Figure 3 
drives the PFC. System consists of following modules, 

1) Power supply 
2) CPU 
3) Digital inputs 
4) Analog to digital convertor 
The digital input module is a 12VDC, 13-30 V for ’1’ 

logic and -3 to 5 V for ’0’ logic with 6 input points. The 
module is used to read three different pulses from the signal 
conditioning circuit, which represents the phase shift 
between the voltage and current in each phase (i.e., 
𝜑𝜑𝑎𝑎,𝜑𝜑𝑏𝑏 ,𝜑𝜑𝑐𝑐). Another port of the digital input module is used 
to read the output of the zero crossing detectors (ZCD) 
circuit. Such information is used to switch the compensation 
capacitors ON or OFF at the zero crossing time to minimize 
the transient effect. 

The digital output module is a 6 points, 0.5 Amps output 
current, 12 VDC rated load voltage. It is used to switch the 
capacitors that compensates for the power factor based on 
the decision made by the control strategy (written as 
software in the PLC). The decision is developed according to 
the measurement of the phase shift, which is introduced via 
the input module. The first one of the two transducers is an 
ac-to-dc transducer (Vac-to-Vdc) for the phase voltage while 
the second is a frequency to voltage transducer (F-to-Vdc) 
for the stator frequency. These two signals are used to 
maintain constant ratio of voltage to-frequency (Voltage/f) 
during the power factor correction process. The voltage 
transducer accepts an input analog signal in the range of 
01-50V AC and gives an output of 1-5V DC (direct current) 
though 5KΩ. On the other hand, the frequency transducer 
accepts input single in the range of 55-65 Hz with a voltage 
of 120V AC 10% and gives 0-5V DC through a load of 5KΩ. 

2.2. PLC Comparison with Control Systems 

PLCs are well adapted to a range of automation tasks. 
These are typically industrial processes in manufacturing 
where the cost of developing and maintaining the automation 
system is high relative to the total cost of the automation, and 
where changes to the system would be expected during its 
operational life. PLCs contain input and output devices 
compatible with industrial pilot devices and controls; little 
electrical design is required, and the design problem centers 
on expressing the desired sequence of operations. PLC 
applications are typically highly customized systems so the 
cost of a packaged PLC is low compared to the cost of a 

specific custom-built controller design [1].  
On the other hand, in the case of mass-produced goods, 

customized control systems are economic due to the lower 
cost of the components, which can be optimally chosen 
instead of a ”generic” solution, and where the non-recurring 
engineering charges are spread over thousands or millions of 
units [13, 16]. For high volume or very simple fixed 
automation tasks, different techniques are used [8, 11]. For 
example, an electromechanical cam timer costing only a few 
dollars in production quantities would control a consumer 
dishwasher. 

A microcontroller-based design would be appropriate 
where hundreds or thousands of units are produced and so 
the development cost (design of power supplies, input/output 
hardware and necessary testing and certification) can be 
spread over many sales, and the end-user would not need to 
alter the control. Automotive applications are an example; 
millions of units are built each year, and very few end-users 
alter the programming of these controllers. However, some 
specialty vehicles such as transit busses economically use 
PLCs instead of custom-designed controls; because of low 
volumes the development cost is uneconomic. Very complex 
process control, such as used in the chemical industry, may 
require algorithms and performance beyond the capability of 
even high-performance PLCs. 

2.3. Demerits of CPFC and its Solution 

Capacitor selection is a big problem in capacitive 
power factor control [7, 8]. Static Power factor correction 
must neutralize no more than 80% of the magnetizing 
current of the motor. If the correction is too high, there is a 
high probability of over correction, which can result in 
equipment failure with severe damage to the motor and 
capacitors. Unfortunately, the magnetizing current of 
induction motors varies considerably between different 
motor designs. The magnetizing current is almost always 
higher than 20% of the rated full load current of the motor, 
but can be as high as 60% of the rated current of the motor. 
Most power factor correction is too light due to the 
selection based on tables, which have been published by a 
number of sources [4]. These tables assume the lowest 
magnetizing current and quote capacitors for this current. In 
practice, this can mean that the correction is often less than 
half the value that it should be and the consumer is 
unnecessarily penalized.  

Power factor correction must be correctly selected based 
on the actual motor being corrected. The electrical 
calculations software provides two methods of calculating 
the correct value of KVAR correction to apply to a motor. 
The first method requires the magnetizing current of the 
motor. For the availability of magnetizing current figure, this 
is the preferred method. Where the magnetizing current is 
not available, the second method is employed and is based on 
the half load power factor and efficiency of that motor. 
Supply harmonics on the supply cause a higher current to 
flow in the capacitors [3, 15]. This is because the impedance 
of the capacitors gets down as the frequency increases. This 
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increase in current flow through the capacitor results in 
additional heating of the capacitor and reduces its life. The 
harmonics are caused but many nonlinear loads, the most 
common in the industrial market today, are the variable 
speed controllers and switch mode power supplies.  

Harmonic voltages can be reduced by the use of a 
harmonic compensator, which is essentially a large inverter 
that cancels out the harmonics. This is an expensive option. 
Passive harmonic filters comprising resistors, inductors and 
capacitors can also be used to reduce harmonic voltages. 
This is also an expensive exercise. In order to reduce the 
damage caused to the capacitors by the harmonic currents, it 
is becoming common today to install detuning reactors in 
series with the power factor correction capacitors [7]. These 
reactors are designed to make the correction circuit inductive 
to the higher frequency harmonics. Typically, a reactor 
would be designed to create a resonant circuit with the 
capacitors above the third harmonic, but sometimes it is 
below. Adding the inductance in series with the capacitors 
reduces their effective capacitance at the supply frequency. 
Reducing the resonant or tuned frequency will reduce the 
effective capacitance further. The object is to make the 
circuit look as inductive as possible at the 5th harmonic and 
higher, but as capacitive as possible at the fundamental 
frequency. Detuning reactors will also reduce the chance of 
the tuned circuit formed by the capacitors and the inductive 
supply being resonant on a supply harmonic frequency, 
thereby reducing damage due to supply resonances 
amplifying harmonic voltages caused by non linear loads.  

Detuning reactors are connected in series with power 
factor correction capacitors to reduce harmonic currents and 
to ensure that the series resonant frequency does not occur at 
a harmonic of the supply frequency. The reactors are usually 
chosen and rated as either 5% or 7% reactors. This means 
that at the line frequency, the capacitive reactance is reduced 
by 5% or 7%. Using detuning reactors results a lower KVAR, 
so the capacitance needs to be increased for the same level of 
correction. When detuning reactors are used in installations 
with high harmonic voltages, there can be a high resultant 
voltage across the capacitors. This necessitates the use of 
capacitors that are designed to operate at a highly sustained 
voltage. Capacitors designed for use at line voltage only, 
should not be used with detuning reactors. Check the 
suitability of the capacitors for use with line reactors before 
installation.  

The detuning reactors can dissipate a lot of heat. The 
enclosure must be well ventilated, typically forced air-cooled. 
The detuning reactor must be specified to match the KVAR 

of the capacitance selected. The reactor would typically be 
rated as 12.5KVAR 5% meaning that it is a 5% reactor to 
connect to a 12.5KVAR capacitor. Reactive power in a DC 
circuit or in an AC circuit whose impedance is a pure 
resistance, the voltage and current are in phase, and the 
following equation holds; 

𝑃𝑃 =  𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟             (6) 

where P is the power is watts, 𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟  is the root mean square 
(rms) voltage and 𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟  is the rms current in amperes but in 
an AC circuit whose impedance consists of reactance as well 
as resistance, the voltage and current are not in phase. This 
complicates the determination of power. In the absence of 
reactance, the product 𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟  represents the true power 
but when there is reactance in an AC circuit, the product 
𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟   is greater than the true power. The excess is 
called reactive power, and represents energy alternately 
stored and released by inductors and/or capacitors. The 
vector sum of the true and reactive power is known as 
apparent power. 

3. Proposed Design Implementation 
In the working of this system it is mainly divided in to 

three sections that are power factor detection section, PLC 
section for the switching of the capacitor bank and capacitor 
bank section for the improvement of the power factor.  

3.1. Zero Crossing Detector 

ZCD circuits consist of two independent, high gains, 
internally frequency-compensated, which were designed 
specifically to operate from a single power supply over a 
wide range of voltages [1]. The circuit schematic diagram is 
shown in Fig 2. The low power supply drain is independent 
of the magnitude of the power supply voltage. Application 
areas include transducer amplifiers, DC gain blocks and all 
the conventional op-amp circuits which now can be more 
easily implemented in single power supply systems. For 
example, these circuits can be directly supplied with the 
standard +5V, which are used in logic. Such systems easily 
provide the required interface with electronics without 
requiring any additional power supply. In the linear mode the 
input common-mode voltage range includes ground and the 
output voltage can also swing to ground, even though 
operated from only a single power supply voltage.
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Figure 2.  Schematic of ZCD. 
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3.2. Power Factor Detection Unit 

In this section the major components are: current transformer, potential transformer, PIC microcontroller and LCD display. 
The potential transformer connected parallel to the supply and the current transformer connected series to the supply line. 
Both components step down the supply voltage and current to desirable values, which are given as input to the ZCD. ZCD 
convert both sine waves into the corresponding square waves. If the phase difference were 90-degree power factor would be 
zero. For 90 degree the time delay is 5 milliseconds. 

From that we generated a count value above that value the power factor is a leading one in between that by using the count 
value the angle and power factor is calculated. The programming of PIC is done on the micro controller. The count value, 
angle and power factor are shown on the LCD display. For the PIC timer 1 is used for this purpose because it’s the only 16-bit 
timer. The PIC works in the capture mode in order to find out the phase difference by continuously capturing the square 
waveforms from the ZCD. We get two outputs from the PIC and give the outputs to the PLC unit whether the power factor is 
leading or lagging. LCD is interfaced with the PIC microcontroller. 

 

Figure 3.  PIC and LCD interface circuit. 

3.3. Capacitor Bank Unit 

The capacitor banks are switched with the help of the relays. In the capacitor bank section capacitors with different values 
are present. But in our project we are using two capacitor units for the power factor improvement. According to the output of 
PLC the capacitors get switched ON. First if the power factor is lagging the C1 is switched ON then check for the power 
factor value and then switched ON C2 and then both capacitors 1 and 2 respectively. If any leading power factor came both 
the capacitor 1 and 2 switched OFF and repeat from the initial state. 
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Figure 4.  Capacitor Bank Unit 

3.4. Motor Control 

The speed of the motor is controlled through VSD circuit. 
We use MOC 3020, which acts as a dimmer for controlling 
the speed of the motor. The speed of the motor is controlled 
through two push buttons. First button increases the speed 
while the other one decreases it. The hardware of the project 
is given below, 

1) Integrated circuit (IC) LM-735 
2) MOC 3020 
3) PIC18F452 controller 
4) Light dependent resistor (LDR) 
5) Light emitting diode (LED) 
6) Resistors and capacitors. 

4. Practical Implementation and Testing 

4.1. Practical Implementation 

The practically implemented and complete system 
hardware is shown in Fig. 5, 6, 7, 8 and 9. 

 
Figure 5.  Single phase Induction Motor. 

 
Figure 6.  Motor controlling Unit. 
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Figure 7.  Power supply with CT and PT. 

 

Figure 8.  Relay section. 

 

Figure 9.  Capacitor bank unit. 

3.4. Testing 

When we started our project the first problem that we 
faced is that, PLC is a digital device and our input to PLC 
was analogue. So first we decided to design three analogues 
to digital converter (ADC) modules but this was not a 
feasible solution. From the literature [1], the use of 
microcontroller was recommended to control the motor 
instead of using ADC modules. We choose PIC18546 that 
has built-in ADC converter. In the beginning, our idea was 
to control the motor and using the PLC controlled the power 
factor of motor. By doing this we eliminated the problem of 
analogue to digital conversion. 

When first we used the microcontroller and did it’s 
soldering on a circuit board and run it for operation it burnt 
out. The issue was analyzed and we did complete 
measurements of current and potential transformers. It was 
found that transformers were over rated for the operation of 
microcontroller. Then we properly designed the transformers 
and our microcontroller began working properly. Then we 
control the motor in a proper way. 

The next task was to relate the power factor with the speed 
of the motor. At the start, when we connected the capacitor 

bank in parallel with the motor. The value of the power factor 
drops, which closes the relays and capacitors, provided the 
apparent power. The speed of motor increases due to the 
above mentioned abnormalities. We trouble shoot the issue 
by disconnecting the capacitors from motor and installed 
them at the distribution end of our main power supply. By the 
end of the day, we successfully improve the power factor of 
the motor. 

5. Conclusion and Future 
Recommendations 

We propose a flexible technique for power factor 
improvement. We see that the propose method well adapted 
by providing best power factor regarding the load. The 
proposed work can be extended to higher level by 
introducing the multiple and large motors. The PLC in our 
project belongs to FATEK PLC. We hardwired the circuit of 
the PLC and made an educational purpose PLC with low cost. 
Higher-level technical institutes and industries can purchase 
our low cost project for the practical purpose. Our proposed 
system can improve the lagging power factor up to 0.90 and 
the system remains safe from the different disadvantages of 
lagging power factors. By using the proposed system the 
power factor control becomes very fast and accurate than 
other methods. The electric charges can also be reduced with 
our system. 
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