© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

Power Saver for Commercial and Industrial

Establishments a Comprehensive Review

Sowmya G!, Bhuvaneshwari KU?, K Vaishnavi®, Srushti M*
! Assistant Professor, Department of Electrical and Electronics Engineering, VVIET, Mysuru

234 Student, Department of Electrical and Electronics Engineering, VVIET, Mysuru

Abstract—Energy consumption in commercial and
industrial establishments has increased significantly due
to rapid industrialization, automation, and the growing
demand for electrical energy. Rising electricity costs
and environmental concerns have accelerated the
adoption of power-saving technologies aimed at
improving energy efficiency and reducing operational
expenses. This review paper presents a comprehensive
study of power-saving techniques employed in
commercial and industrial facilities. The paper
discusses energy management systems, power factor
correction, variable frequency drives, demand-side
management, intelligent lighting systems, energy-
efficient motors, power quality improvement
techniques, and smart metering technologies. The
performance, advantages, limitations, and
implementation challenges of various energy
conservation measures are critically reviewed. Recent
advancements in Artificial Intelligence (AI), Internet of
Things (IoT), and smart grid technologies for energy
optimization are also examined. The review concludes
with future research directions toward sustainable and
intelligent energy management systems for commercial
and industrial establishments.

Index Terms—Energy efficiency, Power saver,
Commercial buildings, Industrial energy management,
Demand-side management, Smart grid, Power factor
correction, Energy conservation.

L INTRODUCTION

Energy is one of the most critical resources for
industrial growth and commercial development.
Commercial complexes, shopping malls, educational
institutions, hospitals, manufacturing industries, and
office buildings consume substantial amounts of
electrical energy. Increased energy demand has
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resulted in  higher operational costs and
environmental impacts.

Energy-saving technologies have become essential
for reducing electricity consumption while
maintaining productivity and operational efficiency.
Studies indicate that energy management practices,
energy-efficient equipment, and advanced monitoring
systems can reduce energy consumption by 10—-40%
depending on the type of facility and implemented
measures. Energy management systems have been
widely adopted to optimize energy utilization and
improve sustainability.

This review investigates the major power-saving
technologies and strategies employed in commercial
and industrial establishments, identifies current
challenges, and discusses future developments.

IL. ENERGY CONSUMPTION IN
COMMERCIAL AND INDUSTRIAL
ESTABLISHMENTS

A. Commercial Establishments:

Commercial establishments such as offices, shopping
malls, hotels, hospitals, and educational institutions
consume energy mainly for lighting, air conditioning,
computers, elevators, and other building services.
Commercial buildings account for a significant share
of global electricity consumption. Major energy-
consuming loads include:

e HVAC systems

e Lighting systems

e Elevators and escalators

e Information technology equipment

e Refrigeration systems

HVAC systems alone contribute approximately 40—
60% of total building energy consumption.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 8892



© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

B. Industrial Establishments:

Industrial establishments such as factories and
manufacturing plants consume large amounts of
energy for operating motors, machines, production
processes, heating, cooling, and material handling
equipment. Industrial energy consumption is
generally  higher than commercial energy
consumption.

Industrial facilities consume energy for:

e  Electric motors

e  Process heating

e Compressed air systems

e  Pumps and fans

e  Material handling systems

Industrial sectors are among the largest consumers of
electrical energy globally and offer substantial
opportunities for energy conservation through
management and technological interventions.

I1I. POWER-SAVING TECHNOLOGIES

A. Energy Management Systems (EMS):

An Energy Management System is a combination of
hardware and software designed to monitor, control,
and optimize energy consumptionin buildings or
industries. It helps reduce energy waste and save
electricity costs.

Functions of EMS:

e  Real-time energy monitoring

e Demand forecasting

e Load scheduling

e Energy performance analysis

e  Fault detection

Research indicates that EMS implementation can
significantly reduce energy consumption in
commercial and industrial facilities. Reported savings
typically range from 10% to 20% depending on the
application.

Advantages:

e Reduced energy cost

e Improved equipment life

e Enhanced operational efficiency

e  Better decision making

B. Power Factor Correction (PFC):

Low power factor increases apparent power demand
and utility penalties. Power Factor Correction
improves the power factor of an electrical system by
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using capacitors or other devices. It reduces power
losses, improves efficiency, and lowers electricity
bills.

Methods:

1. Capacitor Banks

2. Synchronous Condensers

3. Static VAR Compensators

Benefits:

e Reduced power losses

e Lower electricity bills

e Improved voltage regulation

e Increased system capacity

Power factor correction remains one of the most
economical power-saving solutions in industrial
installations.

C. Variable Frequency Drives (VFDs):

VFDs control motor speed according to load
requirements. A Variable Frequency Drive controls
the speed of AC motors by varying the frequency and
voltage supplied to them. It saves energy by
operating motors only at the required speed.
Applications:

e  Pumps

e Fans

e Compressors

e Conveyors

Benefits:

e  Energy savings up to 50%

e Reduced mechanical stress

e Improved process control

VFDs are among the most effective energy-saving
technologies in industries where motor loads operate
below full capacity.

D. High-Efficiency Motors:

Electric motors account for nearly 60-70% of
industrial electricity consumption. High Efficiency
Motors are specially designed motors that convert
more electrical energy into mechanical energy with
fewer losses. They consume less power and reduce
operating costs.

Features:

e Lower losses

e  Better thermal performance

e Improved efficiency

Energy Savings:
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Replacing conventional motors with premium-
efficiency motors can reduce energy consumption by
3-10%.

E. Intelligent Lighting Systems:

Lighting contributes significantly to energy
consumption in commercial buildings. Intelligent
Lighting Systems use sensors, timers, and automatic
controls to adjust lighting according to occupancy or
daylight availability. This helps reduce unnecessary
energy consumption.

Technologies:

e LED lighting

e Occupancy sensors

e Daylight harvesting

e  Smart lighting control

Benefits:

e  Energy savings up to 70%

e Improved lighting quality

e Reduced maintenance costs

Energy management studies report substantial
savings from intelligent lighting systems, particularly
in commercial facilities.

F. Demand Side Management (DSM):

DSM involves modifying consumer demand patterns
to improve energy efficiency. Demand Side
Management involves strategies to control and
reduce electricity demand on the consumer side. It
encourages efficient energy use, peak load reduction,
and energy conservation.

Techniques:

e Peak shaving

Load shifting

e Demand response

e  Energy storage integration

DSM reduces peak demand and enhances grid
stability while lowering electricity costs. Recent
reviews identify DSM as a cost-effective strategy for
commercial and industrial energy optimization.

Iv. SMART POWER-SAVING
TECHNOLOGIES

A. Internet of Things (IoT):

[oT enables real-time monitoring and control of
electrical systems. It connects electrical devices,
sensors, and appliances to the internet. It enables
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real-time monitoring and automatic control of energy
usage, helping to reduce power consumption and
improve efficiency.

Applications:

e Smart metering

e  Equipment monitoring

e  Predictive maintenance

e Automated load control

Benefits:

e  Continuous monitoring

e Remote operation

e Data-driven decision making

B. Artificial Intelligence (Al):

Al algorithms optimize energy consumption through
predictive analytics. Artificial Intelligence uses smart
algorithms to analyze energy consumption patterns
and make automatic decisions. It helps optimize
power usage, predict energy demand, and reduce
wastage.

Applications:

e Load forecasting

e  Fault diagnosis

e  Energy optimization

e Demand prediction

Intelligent energy management systems integrate Al
techniques to enhance operational efficiency and
reduce energy wastage.

C. Smart Meters:

Smart Meters are digital devices that measure and
record electricity consumption in real time. They
provide accurate billing information, help users track
energy usage, and support efficient energy
management.

Smart meters provide:

e Real-time energy measurement

e Demand analysis

e Load profiling

e Remote communication

Advanced metering infrastructure improves visibility
into energy consumption and supports conservation
measures.

V. POWER QUALITY IMPROVEMENT FOR
ENERGY SAVING

Poor power quality results in increased losses and
reduced equipment efficiency. Power quality
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improvement means reducing power losses, voltage
fluctuations, harmonics, and power interruptions in
an electrical system. Better power quality improves
equipment performance, increases efficiency, reduces
energy wastage, and lowers electricity costs.

Major Power Quality Issues:

e Harmonics

e Voltage sags

e Voltage swells

e  Flicker

e Reactive power

Mitigation Techniques:

e  Active filters

e  Passive filters

e Dynamic voltage restorers

e  Static compensators

Improved power quality enhances equipment
performance and reduces energy losses.

VL LITERATURE REVIEW

Energy conservation and power-saving technologies
in commercial and industrial establishments have
attracted significant attention from researchers over
the past decade. Early work by Abdelaziz et al.
(2011) provided a comprehensive review of industrial
energy-saving technologies and policies, highlighting
the importance of energy-efficient motors, process
optimization, waste heat recovery, and energy
management practices in reducing industrial energy
consumption. Their study demonstrated that
systematic energy conservation measures could
significantly improve productivity while lowering
operational costs.

Subsequently, Lee and Cheng (2016) investigated the
role of Energy Management Systems (EMS) in
commercial and industrial facilities. Their review
emphasized the effectiveness of real-time energy
monitoring, load management, and automated control
systems in achieving energy savings. The authors
reported that EMS implementation can reduce energy
consumption by 10-20% through continuous
monitoring and optimization of electrical loads.
Further advancements were discussed by Kumar et
al. (2019), who focused on Demand Side
Management (DSM) techniques for commercial
buildings. Their study analyzed load shifting, peak
demand reduction, and energy-efficient scheduling
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strategies, demonstrating that DSM can effectively
minimize peak electricity demand and reduce utility
costs without compromising occupant comfort or
operational efficiency.

In 2020, Trianni and Hasan reviewed various
industrial energy management assessment models
and proposed frameworks for evaluating energy
efficiency opportunities in manufacturing industries.
Their work highlighted the importance of structured
energy audits, performance indicators, and
continuous  improvement  methodologies  for
sustainable energy management. The authors
concluded that adopting energy management
frameworks enhances decision-making and supports
long-term energy conservation goals.

More recently, Williams et al. (2023) examined
demand-side management strategies across industrial,
commercial, and residential sectors. Their review
emphasized the integration of smart technologies,
advanced metering infrastructure, and demand
response programs to improve energy efficiency and
grid stability. The study identified DSM as one of the
most cost-effective  approaches for reducing
electricity consumption and peak demand.

Recent research in Non-Intrusive Load Monitoring
(NILM) and Smart Metering (2025) has further
expanded the capabilities of power-saving systems.
These studies focus on advanced load identification,
real-time monitoring, machine learning-based energy
analytics, and predictive maintenance techniques.
Smart metering technologies enable detailed analysis
of energy consumption patterns, facilitating informed
decision-making and improved energy optimization
strategies in  commercial and  industrial
establishments.

Overall, the literature indicates that the integration of
Energy Management Systems (EMS), Demand Side
Management (DSM), smart metering technologies,
power factor correction techniques, and intelligent
control systems can significantly reduce energy
consumption while improving operational efficiency
and sustainability. Emerging technologies such as the
Internet of Things (IoT), Artificial Intelligence (Al),
and machine learning are expected to further enhance
power-saving capabilities, making intelligent energy
management a key component of future commercial
and industrial energy systems.
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VIL CHALLENGES

Despite numerous advantages, several challenges
remain:

High initial investment cost

Lack of awareness

Integration complexity

Cybersecurity concerns

Lack of standardization

Maintenance requirements

. Skilled manpower shortage

These challenges often hinder widespread adoption
of advanced power-saving systems.

Nk W=

VIII. FUTURE RESEARCH DIRECTIONS

Future research should focus on:

A. Al-Based Energy Optimization:

Development of self-learning energy management
algorithms.Artificial Intelligence (AI) analyzes
energy consumption data and automatically controls
equipment to reduce energy waste and improve
efficiency.

B. Smart Grid Integration:

Seamless interaction between consumers and utilities.
Smart grids use digital communication and
automation to monitor and manage electricity flow,
improving reliability, efficiency, and energy savings.

C. Renewable Energy Integration:

Solar PV and battery storage systems. This involves
combining renewable energy sources such as solar
and wind power with existing power systems to
reduce dependence on fossil fuels and save energy.

D. Digital Twins:

Virtual modeling of industrial energy systems. A
digital twin is a virtual model of a physical system. It
helps monitor performance, predict faults, and
optimize energy usage without affecting real
equipment.

E. Non-Intrusive Load Monitoring:

Advanced load disaggregation for precise energy
management. NILM  identifies the energy
consumption of individual appliances using data from
a single meter, helping users detect energy wastage
and improve efficiency.
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F. Carbon-Aware Energy Management:

Optimization considering both energy cost and
carbon emissions. This method schedules energy
usage when carbon emissions from the power grid
are low, helping reduce environmental impact and
support sustainable energy use.

IX. CONCLUSION

Power-saving technologies play a crucial role in
improving energy efficiency and sustainability in
commercial and industrial establishments.
Technologies such as power factor correction,
variable frequency drives, high-efficiency motors,
intelligent lighting systems,
management, and energy management systems have
demonstrated substantial energy-saving potential.
Emerging technologies including AI, IoT, smart
grids, and advanced metering infrastructure are
expected to further enhance energy optimization
capabilities. Future developments should focus on
intelligent, automated, and sustainable energy
management frameworks capable of meeting the

demand-side

growing energy demands while minimizing
environmental impacts.
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