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Abstract - The power quality in electrical systems can be
severely affected by low power factor (PF) and high total
harmonic distortion (THD). Both factors can cause
inefficiency, overheating, and equipment failure. This
paper presents a methodology for improving the power
factor and reducing THD using an automatic capacitor bank
(ACB) system. The ACB is dynamically adjusted based on
real-time power factor and harmonic analysis, ensuring
optimal power quality. The system's performance is
demonstrated through simulations and experiments,
showing improvements in both power factor and THD. The
results indicate that the proposed system offers a practical
solution for energy efficiency and equipment protection in
industrial and commercial installations.
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1.INTRODUCTION

The power factor (PF) of an electrical system is a key
parameter in selecting the efficiency of power
transmission. Low PF represents ineffective use of
available power, resulting in unwanted losses in the
system. Furthermore, harmonics content can also cause
distortion in the voltage and current waveforms and
impact the performance and longevity of electrical
equipment. Power factor correction (PFC) methods have
been thoroughly researched to solve these problems. Of
the several methods available, automatic capacitor banks
(ACBs) are most commonly used because they can
dynamically compensate for reactive power. Although
ACBs enhance power factor, they might not be effective in
handling harmonic distortion.

In this work, we introduce a novel method that combines
harmonic minimization in the capacitor bank system and
maximizes power factor and THD in parallel. In this paper,
the design, installation, and performance evaluation of an
ACB system equipped with harmonic filtering are
presented.

2. OVERVIEW

Power factor is defined as the relation of real power to
apparent power and is a measure of efficient use of power.
An efficient energy consumption is implied by a power
factor near unity, whereas low power factor leads to high
demand of reactive power. THD is a measure of distortion
in voltage and current waveforms on account of non-linear
loads, e.g., variable frequency drives (VFDs), rectifiers, and
electronic equipment. High THD causes overheating,
equipment failure, and extra losses of power.

2.1. Power Factor and Total Harmonic Distortion

Power factor is also the cosine of the voltage and current
phase angle. An indication that a power factor closer to 1
shows efficient electrical power usage. Harmonics, in
contrast, refer to the integer multiples of the fundamental
frequency (50 Hz or 60 Hz, based on location). Excessive
THD may result in overheating, malfunction of equipment,
and more losses within the system.

Power factor (PF) is an indication of how efficiently
electrical power is being utilized to perform useful work. It
is the ratio of real power () to apparent power ()..

where:

o Real Power (P) is the actual power consumed by
the load to perform useful work.

e Reactive Power (Q) is the power required to
maintain the electric and magnetic fields in
inductive or capacitive loads.

e Apparent Power (S) is the total power supplied by
the source, combining both real and reactive
power.

2.2. Total Harmonic Distortion (THD) in Power

Quality

Total Harmonic Distortion (THD) is one of the most
important parameters to quantify distortion in a power
system caused by harmonics. It is defined as the ratio of
the summation of all harmonic components powers to the
fundamental frequency power.

© 2025,IRJET | ImpactFactor value: 8.315 |

IS0 9001:2008 Certified Journal |

Page 714


http://www.irjet.net/

‘// International Research Journal of Engineering and Technology (IRJET)

JET Volume: 12 Issue: 02 | Feb 2025

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

2.2.1. Definition of THD

THD (Total Harmonic Distortion) is a distortion measure
of a signal due to harmonics, which are integer multiples of
the fundamental frequency. It is employed in electrical
power systems, audio systems, and communication
systems to measure how far a signal is from a pure sine
wave.

2.2.2 Effects of THD on Power Systems

Increased levels of THD have the following problems in
electrical systems:

Equipment Overheating - Harmonics enhance the heating
impact in conductors, motors, and transformers.

Efficiency Loss - Extra losses in the system mean extra
power usage.

Faulty Operation of Sensitive Devices - High THD can
disrupt electronic circuits, causing computers, medical
equipment, and industrial equipment to malfunction.

Resonance Problems - Harmonic currents can resonate
with system inductances and capacitances, amplifying
voltage.

Low Power Factor - Harmonics cause increase in reactive
power, lowering overall power factor.

2.3. Automatic Capacitor Bank System

The suggested system includes an automatic capacitor
bank which varies the capacitor switching according to
real-time feedback from the electricity network. A
microcontroller-based controller constantly monitors the
voltage, current, and THD levels, initiating the
corresponding capacitor bank setting in order to maintain
an optimum power factor as well as ensure that the THD is
within viable levels.

2.4 Harmonic Filtering

Besides capacitive compensation, the system includes passive
harmonic filters that are intended to suppress particular
harmonic frequencies. They are paralleled with the capacitor
bank and automatically switched in and out depending on the
system- observed harmonic profile.

2.5 Capacitor Bank Control

The Capacitor Bank controller relies on a series of pre-
established values for PF and THD. When the PF goes below a
critical value or the THD goes above a determined value,

controller switches on the capacitor bank to offer reactive
power correction. The capacitor bank is segmented into
various stages so adjustments can be made in increments
depending on the requirements of the system.

3. EXISTING METHOD

The current Power Factor Correction method uses a
microcontroller-based strategy, with Arduino UNO serving as
the main controller, combining several components to
maximize power factor correction. The system begins with
voltage and current transformers reducing high voltage and
current levels to Arduino-friendly safe levels for processing.
Then, voltage and current sensor circuits transform analog
values into digital ones, which are processed by Arduino UNO
to determine power factor, voltage, and current. Depending on
these calculations, Arduino regulates the capacitor bank
through a relay shield to counteract reactive power, thus
enhancing power factor. Real-time observation is made
possible through an LCD display (20x4), displaying power
factor, voltage, and current values. Also,a COM port facilitates
communication between Arduino and computer for data
logging and analysis. The Power Factor Correction algorithm
comprises calculating voltage and current values, finding
reactive power compensation, and regulating the capacitor
bank. The method enhances power factor, decreases reactive
power, increases system efficiency, and facilitates real- time
monitoring and automatic control, which makes it
appropriate for industrial power systems, commercial
buildings, residential, and renewable energy systems. Design
considerations for the system include the choice of proper
voltage and current transformers, the design of voltage and
current sensor circuits, configuration of capacitor bank, relay
shield, and LCD display interface. Individual component
functional testing, system integration testing, and
performance validation of the power factor correction
ensures the system efficiency. Based on Arduino UNO and
components used, the current method achieves an efficient
automated power factor correction.

=e.........._______________________________________—
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Fig 1: Block Diagram of Existing Method

4. PROPOSED METHOD

Power quality is the reliability and stability of electricity
delivered to consumers. It guarantees that the voltage,
current, and frequency are within tolerable limits to prevent
electrical device interruptions. Low power quality may result
in voltage sags, swells, harmonics, flicker, and unbalanced
loads, all of which can adversely affect electrical equipment,
resulting in inefficiency, overheating, and possible failure.
Voltage regulation is one of the primary causes of power
quality issues. Voltage fluctuations may result from abrupt
changes in load demand or power system faults. Volts
regulators and automatic tap-changers are utilized to
counter these problems. Harmonics, a principal problem,
result from nonlinear loads like electronic equipment,
fluorescent lamps, and industrial drives. These waveforms'
distortions may result in overheating of motors and
transformers and consequently energy loss. These are
mitigated using harmonic filters, active or passive. Power
factor is also a vital parameter of electrical systems that
refers to how well electrical power is utilized. It is defined as
the ratio of real power, which performs useful work, to
apparent power, which is the total power supplied to a
system. A low power factor means that a large portion of the
supplied power is not being converted into useful work but
is instead being lost as reactive power. Inductive loads like
motors, transformers, and fluorescent lighting tend to
generate a lagging power factor, i.e., current lags voltage. To
correct power factor, techniques are used called power
factor correction. The most prevalent technique is through
the utilization of capacitor banks, which deliver leading
reactive power to compensate for the lagging reactive power
of inductive loads. It alleviates the load from the power
system and enhances efficiency. Good power quality and a
high power factor are necessary to ensure efficient power
system operation. Low power quality results in equipment
malfunction, higher maintenance costs, and loss of energy.

Likewise, low power factor raises current flow in the system,
creating increased transmission losses and penalties from the
utility companies. Through the use of voltage regulation,
harmonic reduction, transient protection, and power factor
correction techniques, utilities and industries can provide
stable and efficient electrical supply of power.

e T
R R [ e
Zv -
AC supply ] [ ! | on
| — |
- .

|
——

B ‘

Fig 2: Schematic Diagram of Proposed Method
4.1 Role of Capacitor Banks

Capacitor banks help boost the power factor by providing
reactive power to the network. This reactive power
compensates for the inductive reactive power of the network,
thus boosting the total power factor and reducing the burden
on generators and transformers.

Table -1: Specification

Relay Module Controlled Pin Capacitor
Load (Arduino) Bank
Relay 1 Fluorescent D5 2 micro
Lamp farad
Relay 2 Incandescent Not Required | none
Lamp
Relay 3 Motor D6 20 micro
farad
4.2 TESTING

Verify PF Correction Efficiency: Measure before/after PF
improvement.

THD Reduction Analysis: Ensure THD is within IEEE-519
standards (<5% for voltage, <8% for current).

Load Variation Testing: Check system response toload changes.
4.3 MAINTENANCE & OPTIMIZATION

Regular Monitoring: Check the performance of the
capacitors and controller settings at regular intervals.
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Harmonic Reanalysis: For Re-evaluating THD levels and
making filter adjustments, if necessary.

Capacitor Bank Inspection: Check for overheating, bulging,
or deterioration.

Table -2: Evaluation Table For PF & THD

Types of Load Power Factor Total_ Harn_lonics
Distortion
LED Drivers 0.5-09 10% - 40%
Switch Mode 0.6 - 0.95 30% - 90%
Power
Supplies
(SMPS)
Compact 0.5-08 20% - 80%
Fluorescent
Lamp (CFL)
Variable 0.7 - 0.98 10% - 100%
Frequency
Drives (VFD)
Uninterruptible 0.6-09 30% - 80%
Power Supply
(UPS)
Electric Vehicle 0.7-095 10% - 40%
Chargers
Welding 04-085 30% - 100%
Machines

4.4 IMPLEMENTATION & INTEGRATION

Capacitor Bank & Controller Installation: Parallel connection
of capacitor banks to loads and implement control logic.

CT Installation for Feedback: Put current transformers (CTs)
on the primary supply for tracking reactive power

requirement.

Increase Energy Efficiency - Reduce transformer & cable loss

4.4.1 HARDWARE IMPLEMENTATION

Fig 3: Circuit Connection

4.5 BENEFITS

The benefits that can be achieved through the utilization of
the appropriate

* power factor correction are: Reduction in power
consumption due to improved energy efficiency.

* Reduced power consumption results less
greenhouse gas emissions and fossil fuel depletion
of power stations.

*  More KVA can be drawn from the available supply
only.

* Reduction of I2R losses in transmission and
distribution equipment.

*  Reducing voltage drop in long cables.

* Long equipment life - Reduced electric load on
electrical cables and equipment.

5. EXPECTED OUTCOMES

Power Factor Improvement: Normally greater than 0.95 .
Reduction of THD: Keeps THD within acceptable limits.
Energy Cost Savings: Reduction of penalty and energy loss.
System Efficiency: Improved voltage stability and
reduced transformer and cable overloading.
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6. EXPERIMENTAL RESULTS

The power factor was also enhanced from 0.82 to 0.96
following the energization of the capacitor bank. Further, the
THD decreased from 18% to 4%, The system also proved
stable operation with no overcompensation or instability
with load fluctuations.

7. COMPARISON WITH TRADITIONAL METHODS

In contrast to conventional static capacitor banks, the new
system provides dynamic compensation based on power
factor and harmonic conditions in real time.
Overcompensation or instability, particularly during
fluctuating loads or changing harmonic distortions, is a
typical problem of conventional systems. Combining
harmonic filters with capacitive compensation ensures
power factor correction as well as mitigation of THD
simultaneously, delivering a more reliable and efficient
solution.

8. SUSTAINABLE DEVELOPMENT GOAL
SDG 7: Affordable and Clean Energy

Power factor correction and THD reduction improve energy
efficiency by ensuring that the electrical system uses power
more effectively, reducing losses and enhancing the
reliability of the energy supply. This contributes directly to
SDG 7's goal of providing affordable, reliable, and
sustainable energy for all.

SDG 9: Industry, Innovation, and Infrastructure

The application of automatic capacitor bank control to
improve power factor and reduce THD directly supports the
development of resilient infrastructure, promoting efficient
and sustainable industrial processes. By ensuring that
energy systems are optimized, industries can reduce
operational costs and improve energy performance.

SDG 13: Climate Action

By improving energy efficiency and reducing waste (through
lower THD and better power factor), the overall carbon
footprint of energy use can be reduced. Efficient systems
require less energy generation, which can lead to lower
greenhouse gas emissions and help combat climate change.

9. CONCLUSION

The proposed automatic capacitor bank system delivers a
robust method of enhancing the power factor as well as
overall harmonic distortion within electrical systems.
Through dynamic setting of capacitor bank stages and
embedding harmonic filters, the system achieves not only

compensation of the power factor but also minimizes
the negative impacts of harmonics. Experimental results
show the capability of the designed system to improve
power quality, increase energy efficiency, and extend the
lifespan of electrical equipment. Future research will be
aimed at optimizing the control algorithms for
improved system performance in complicated industrial
applications.
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