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ABSTRACT

Power factor is an important parameter in electrical power systems as it directly affects system efficiency, voltage
regulation, and transmission losses. Industrial and commercial electrical loads are predominantly inductive in nature,
resulting in a lagging power factor and increased reactive power consumption. Furthermore, load conditions in
practical power systems continuously vary, causing fluctuations in the power factor and making conventional fixed
capacitor compensation methods less effective.

This work presents the design and simulation of an Automatic Power Factor Correction (APFC) system using
MATLAB/Simulink under different load conditions. The proposed system is developed to operate with resistive (R),
inductive (L), and combined resistive-inductive (RL) loads that change automatically during the simulation process. A
measurement unit continuously monitors voltage, current, active power, reactive power, and power factor of the
system. Based on the measured power factor, an automatic capacitor bank switching mechanism is implemented to
provide the required reactive power compensation.

The proposed APFC system dynamically connects or disconnects capacitor banks according to load variations in order
to maintain the power factor close to unity. Simulation results demonstrate that the implementation of capacitor bank
compensation significantly improves the power factor, reduces reactive power demand, decreases line current,
minimizes transmission losses, and enhances voltage regulation. A comparative analysis between uncompensated and
compensated systems is carried out to evaluate the effectiveness of the proposed approach.

The results confirm that the MATLAB/Simulink-based Automatic Power Factor Correction system provides an
efficient and reliable solution for maintaining power quality and improving overall system performance under varying
load conditions.

Keywords: Power Factor Correction, Automatic Capacitor Bank Switching, MATLAB/Simulink, Reactive Power
Compensation, Different Loads, APFC System, Power Quality.

1 Introduction:

Power factor is an important parameter in electrical power systems that indicates how effectively electrical energy is
converted into useful work. It is defined as the ratio of real power (kW) to apparent power (kVA) consumed by a load.
A higher power factor signifies efficient utilization of electrical energy, whereas a lower power factor indicates the
presence of excessive reactive power in the system. Low power factor conditions increase current demand, resulting in
higher power losses, poor voltage regulation, and increased operating costs. Therefore, maintaining a power factor
close to unity is essential for improving system efficiency, reducing energy losses, and ensuring economical operation
of electrical networks.. [1]
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1.1 Importance of power factor correction in electrical systems.

Power Factor (PF) is defined as the ratio of useful or real power (kW) to the total apparent power (kVA) consumed by
an AC electrical system. It represents the efficiency with which electrical energy is converted into useful work. An
ideal power factor is unity (1), indicating that all the supplied power is effectively utilized. However, when the power
factor is less than unity, additional apparent power is required to deliver the same amount of useful power, leading to
increased current flow, higher power losses, and reduced system efficiency. Therefore, maintaining a high power
factor is essential for the economical and efficient operation of electrical installations. [3]

1.1.2 Power Factor Explained

In a single-phase induction motor, the current would remain in phase with the applied voltage if the connected load
were purely resistive. However, practical induction motors contain inductive components that require a magnetizing
current to establish the magnetic flux within the iron core. This magnetizing current is inherently out of phase with the
supply voltage and is essential for producing the rotating magnetic field responsible for motor operation. Although it
plays a vital role in the functioning of the motor, it does not contribute directly to the mechanical output power.
Furthermore, the magnetizing current remains relatively constant regardless of load variations and typically represents
20% to 60% of the rated full-load current under normal operating conditions. As a result, induction motors operate
with a lagging power factor, necessitating the use of power factor correction techniques to improve overall system
efficiency... [3]

1. As a Ratio

Power factor can be defined as the ratio of real (useful) power to apparent power consumed by an electrical system.

Useful Power (kW)
Total Apparent Power (kV A)

Power Factor —

Where:
. Useful Power (kW): The actual power utilized to perform useful work.
. Total Apparent Power (kVA): The total power supplied to the electrical system.
o Power Factor (PF): Indicates the efficiency with which electrical power is converted into useful
output.

A higher power factor signifies efficient utilization of electrical energy, while a lower power factor indicates the
presence of reactive power and increased system losses.
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Figurel.1: Power factors leading & lagging

1.2.2 Power factor correction

1.2.2 Power Factor Correction Techniques

Power Factor Correction (PFC) is an essential technique used in electrical and electronic systems to improve power
quality, reduce reactive power consumption, and enhance overall energy efficiency. Depending on the operating
principle and control strategy, PFC techniques can be broadly classified into three categories: Passive Power Factor
Correction (Passive PFC), Partial-Switching Power Factor Correction, and Active Power Factor Correction (Active
PFC).

Passive Power Factor Correction is one of the simplest and most economical methods of improving power factor. It
employs passive components such as inductors and capacitors to compensate for reactive power. In this method, a
reactor is typically connected in series with the power supply to shape the input current waveform and improve the
power factor. Due to its simple design, low cost, and high reliability, passive PFC is widely used in low-power
applications. However, for high-capacity power supplies, the required inductors become bulky and heavy, limiting the
practicality of passive PFC in modern high-power systems.[5]
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Figure: 1.2 Power Factor Correction (PFC) circuits

2. Literature Review
2.1 Power Factor Correction Using MATLAB with Different Loads

Dr. B. Anil Kumar, J. Hima Bindu, B. Shruthi, and Sai Sruthika (2018) proposed a MATLAB/Simulink-based power
factor correction system for different electrical loads. The study investigated the effect of various load conditions on
power factor and demonstrated the effectiveness of capacitor bank compensation in improving system performance.
Simulation results showed a significant improvement in power factor, reduction in reactive power demand, and
enhanced system efficiency. However, the proposed model mainly considered static load conditions and did not
incorporate an adaptive compensation mechanism for continuously changing loads. [24]

Drawback:
The proposed system is suitable only for static or slowly varying loads and cannot provide optimal compensation
under rapidly changing load conditions.

2.2 Inductive Load Power Factor Correction Using Capacitor Bank

M. Shanmugapriya, Aarim C. Sijini, Srinivas V. T., Karthick M., and Pavan S. (2021) presented a capacitor bank-
based power factor correction technique for inductive loads. The proposed system effectively reduced reactive power
consumption, improved the power factor, and minimized current drawn from the supply. Experimental investigations
confirmed that capacitor bank compensation enhanced overall system efficiency and reduced transmission losses.
Nevertheless, the compensation strategy relied on fixed capacitor values, limiting its capability to respond efficiently
to continuously varying load conditions. [25]

Drawback:
The use of fixed capacitor banks restricts the system from achieving optimum reactive power compensation under
dynamic load variations.
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2.3 Power Factor Correction Using Capacitors and Filters

Karthik Subramanian and Shantam Tandon (2018) investigated the application of capacitor banks together with
harmonic filters for power factor improvement. Their study demonstrated that combining capacitor compensation with
harmonic filtering significantly improved the power factor while reducing transmission losses and harmonic distortion.
The authors also emphasized the importance of harmonic mitigation in maintaining overall power quality. However,
excessive capacitor compensation may result in a leading power factor and introduce resonance-related harmonic
problems within the electrical network. [26]

Drawback:
Overcompensation may lead to a leading power factor and increase the possibility of harmonic resonance in the
system.

3 .Methodology

3.1 Solution.

Proposed Methodology

Problem Identified from Literature

A comprehensive review of the literature reveals that most existing Power Factor Correction (PFC) systems are
developed for fixed or constant load conditions. However, in practical power systems, load characteristics are not
constant and continuously vary depending on operating requirements. Different types of loads such as resistive (R),
inductive (L), and combined resistive-inductive (RL) loads create varying reactive power demands. These load
variations lead to continuous changes in the power factor and adversely affect the overall performance of the electrical
system. Conventional capacitor compensation techniques are generally designed for static operating conditions and are
unable to provide effective reactive power compensation during dynamic load changes. As a result, under-
compensation or over-compensation occurs, leading to poor voltage regulation, increased transmission losses, and
reduced system efficiency.

Research Gap

The majority of MATLAB/Simulink-based studies available in the literature focus on power factor correction under
fixed load conditions using static capacitor compensation methods. Only limited work has been reported on automatic
capacitor bank switching for systems operating under continuously varying load conditions. Furthermore, existing
approaches do not adequately address the dynamic reactive power requirements associated with different load types.
Therefore, there exists a significant need for an adaptive and automatic power factor correction system capable of
responding to load variations and providing appropriate reactive power compensation in real time.

Proposed Solution

To address the limitations identified in previous studies, a MATLAB/Simulink-based Automatic Power Factor
Correction (APFC) system is proposed. The proposed model is designed to operate under different load conditions,
including resistive, inductive, and combined RL loads. An automatic capacitor bank switching mechanism is
incorporated to continuously monitor the system power factor and provide the required reactive power compensation
according to the load demand. The controller dynamically connects or disconnects capacitor banks to maintain the
power factor near unity. By implementing this approach, the proposed system minimizes reactive power consumption,
reduces transmission losses, improves voltage regulation, and enhances the overall efficiency and reliability of the
power system under varying load conditions.
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3.2 Methodology

A review of the existing literature indicates that most Power Factor Correction (PFC) systems are designed for fixed or
constant load conditions. However, in practical electrical power systems, loads continuously vary according to
operating requirements. Different load types such as resistive (R), inductive (L), and combined resistive-inductive
(RL) loads demand different amounts of reactive power. These load variations cause fluctuations in the power factor
and adversely affect the overall performance of the electrical system. Conventional capacitor compensation methods
are generally unable to provide effective correction under changing load conditions, leading to under-compensation or
over-compensation. Consequently, transmission losses increase, voltage regulation deteriorates, and overall system
efficiency decreases.

Existing MATLAB/Simulink-based power factor correction studies mainly focus on fixed load analysis and static
capacitor compensation techniques. Very limited work has been reported on automatic capacitor bank switching under
continuously varying load conditions. Therefore, there is a need for an adaptive power factor correction system
capable of automatically responding to load variations and providing appropriate reactive power compensation.

To overcome these limitations, a MATLAB/Simulink-based Automatic Power Factor Correction (APFC) system is
proposed. The proposed system is designed to operate under different load conditions including resistive, inductive,
and combined RL loads. Initially, a three-phase power system model is developed in MATLAB/Simulink. Different
load blocks are connected to the system and are programmed to change automatically during the simulation period to
represent practical operating conditions.

4 Simulation and Analysis

In this work, a Solar Photovoltaic (PV) system integrated with an Incremental Conductance (INC) based
Maximum Power Point Tracking (MPPT) controller is developed and analyzed using MATLAB/Simulink. The
proposed system consists of a PV array, an Incremental Conductance MPPT controller, a DC-DC boost converter,
voltage and current measurement blocks, and a variable DC load. The primary objective of the simulation is to
evaluate the effectiveness of the MPPT controller in extracting maximum power from the photovoltaic array under
varying operating conditions.

The Incremental Conductance algorithm continuously monitors the photovoltaic voltage and current to determine the
Maximum Power Point (MPP). Based on the calculated operating point, the controller generates an appropriate
reference voltage, which is used to regulate the duty cycle of the boost converter. This enables the PV array to operate
close to its Maximum Power Point, thereby maximizing energy extraction and improving the overall efficiency of the
system.

The MATLAB/Simulink model includes both the complete photovoltaic power conversion system and the internal
implementation of the Incremental Conductance MPPT controller. Simulation results are analyzed by observing the
DC bus voltage, PV voltage, PV current, and output power under different irradiance conditions. The performance of
the proposed system is evaluated in terms of tracking accuracy, voltage regulation, power stability, and overall energy
conversion efficiency.

The obtained simulation results demonstrate that the proposed Incremental Conductance MPPT controller successfully
tracks the Maximum Power Point with minimal steady-state oscillations and provides stable operation of the
photovoltaic system. These results confirm the suitability of the proposed controller for efficient solar energy
harvesting and renewable energy applications. [10]
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Figure 4.1 : Simulation diagram with capacitor bank
4.1 Calculation of Capacitor Value Based on Reactive Power
To calculate the required capacitor value in an AC system, the following relationship is used:

VE

We

Q-

Where

Qc is the reactive power in kVAr,

Wec (or we) is the angular frequency in radians per second.

V is voltage in volt.

The angular frequency mc\omega ®c is given by the formula:
wc=2mnfc

where

fc_is the frequency in hertz (Hz),

n=3.1416.

Alternatively, the capacitance can be calculated using:

i 103
g 2D
Ve-2nf
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Note: The factor of 1031073103 is used to convert kVAr to VAr when calculating capacitance in farads (F).

4.2 Practical Case Analysis

In simulation described in Chapter 4, the frequency f is fixed at 50 Hz. The capacitor value was adjusted based on
changes in reactive power Qc demonstrating the direct proportionality between Qc and capacitance CC.
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Figure 4.2: Simulation diagram with capacitor bank

5.1 Final value change for achieving good power factor PF= 0.952

In MATLAB, the capacitor value was adjusted by modifying the parameter settings, as described in Chapter 4 of the
simulation. After performing three iterations, the final results for the last three cases were obtained, achieving an
output power factor (PF) of 0.952.
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Figure 5.1 : Power factor correction using capacitor bank final output
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Figure: 5.4 input current
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Figure: 5.5 Output voltage generated

6 Conclusions and Future Scope

The present work successfully developed and simulated an Automatic Power Factor Correction (APFC) system using
MATLAB/Simulink under different load conditions. The proposed system was tested with resistive, inductive, and
combined RL loads to evaluate its performance under varying operating conditions. Simulation results demonstrated
that load variations significantly affect the power factor and reactive power demand of the system.

An automatic capacitor bank switching mechanism was implemented to compensate for the reactive power
requirement according to the load condition. The controller continuously monitored the power factor and connected
the required capacitor banks whenever the power factor dropped below the specified limit. As a result, the system
maintained the power factor close to unity and reduced reactive power consumption.

The simulation results indicated a considerable improvement in power factor, reduction in line current, minimization
of transmission losses, and enhancement of voltage regulation after compensation. Therefore, the proposed APFC
system provides an effective solution for maintaining a high power factor under continuously changing load conditions
and improving the overall efficiency of electrical power systems.

Future Scope

. The proposed MATLAB/Simulink-based Automatic Power Factor Correction system can be further
enhanced in several ways. In future work, intelligent control techniques such as Fuzzy Logic Controller
(FLC), Artificial Neural Network (ANN), and Machine Learning algorithms can be incorporated to achieve
faster and more accurate capacitor bank switching. The system can also be extended to three-phase industrial
power systems with multiple capacitor bank stages for large-scale reactive power compensation.

o Additionally, real-time implementation using microcontrollers, PLCs, or IoT-based monitoring
platforms can be developed for practical industrial applications. Renewable energy sources such as solar
photovoltaic systems may also be integrated with the APFC system to improve power quality and energy
efficiency in smart grid environments. These improvements can further increase system reliability, reduce
operational costs, and enhance overall power system performance.
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