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Abstract—This research explores the integration of
demand response and energy management systems in smart
homes, leveraging IoT technologies and AI algorithms to
enhance energy efficiency and grid stability. The developed
prototype demonstrates the successful incorporation of smart
plugs and smart meters to monitor and control energy
consumption in real time. The integration with the Smart Life
app provided a user-friendly interface for remote control and
automation of devices. The system showed significant potential
for reducing energy costs and contributing to grid stability
during peak demand periods, highlighting the feasibility of
smart home technologies in modern energy management.

Keywords— demand response, energy management, smart
homes, energy consumption, Smart Life, smart meter

1. INTRODUCTION

Demand response is the process through which demand-
side resources adjust their regular habits of usage of
electricity in response to changes in the price of electricity
over time or to incentive payments meant to lower the
amount of electricity used during times of high wholesale
market prices or when system reliability is threatened [1]. It
refers to motivating consumers to shift their energy
consumption to periods when there is a greater supply of
electricity in order to balance the demand on power grids
[2]. Through their ability to react to reliability or economic
signals, demand response programmes seek to maximise
ratepayer benefit by reducing electricity use or altering it
from on-peak to off-peak periods [3]. Since 1970, demand
response programmes have been in place to manage peak
hours in the US and back then, demand was managed
through time of use pricing (TOU) and incentive schemes
[3]. Now, demand response (DR) programs have been
implemented in various countries worldwide such as United
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Kingdom, Canada, Singapore, Italy, Japan, South Korea,
New Zealand, Australia, India, China and Germany. The
demand for electricity varies greatly depending on the
season and time of day. Historically, the only way to balance
the supply and demand for electricity was to vary the
electrical output of power plants. However, this approach
frequently demanded large investments in rarely used,
capital-intensive places or the deployment of increasingly
expensive, inefficient generators [4]. Demand response
assists utilities in better managing energy demand and
optimising energy delivery by lowering peak demand. As a
result, the grid is more dependable and efficient and can
supply enough energy to meet consumer demands even
during times of peak demand [5].

The concept of smart home energy management has
drawn a lot of attention lately due to its potential to optimize
energy usage, reduce costs, and minimize environmental
impacts. Smart home energy management systems utilize
advanced technologies, such as sensors, automation, and
data analytics, to track and manage the energy consumption
of various devices and appliances within a home [6]. At the
heart of the smart home revolution is the concept of energy
management. Energy management in this context refers to
the proactive monitoring, controlling, and conserving of
energy usage in a home [7]. Research findings by Ma et al.
[8] on the use of smart home energy management systems
for demand response have been done, emphasising how
smart grid technology and residential load resources can
enhance the power system's ability to operate safely and
steadily.

Grid stability and energy sustainability are put at risk by
the rising demand for energy in the residential sector and the
fluctuating pattern of the energy supply. Traditional home
energy consumption patterns are not intelligent or flexible
enough to adjust to shifting energy prices, peak load periods,
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or the availability of renewable energy sources. This
inefficiency strains the energy grid, especially during
periods of peak demand, and raises consumer energy costs
and carbon emissions. These issues could be resolved by
smart homes, which come with energy management systems
and modern technology. Nevertheless, there is still a long
way to go before demand response (DR) approaches are
completely integrated and optimised in smart homes.
Efficient energy management systems are necessary as they
must not only track and control energy consumption in real-
time but also predict and adjust to the constantly shifting
energy market and usage patterns. A comprehensive
demand response and energy management system for smart
homes will be developed and evaluated as part of this
research to address these problems. Along with promoting
the overall stability and sustainability of the energy grid, it
aims to minimise costs, optimise energy consumption, and
maintain residents' comfort and convenience. Scalability,
efficiency, and user engagement will be the main focus of
this project, which will investigate innovative solutions to
automated control systems, real-time energy monitoring,
predictive analytics, and user-friendly interfaces. The
results of this study will not only offer an achievable remedy
to the energy issues that current households face, but they
will also advance the larger goals of energy conservation,
lowering carbon emissions, and ensuring grid stability.

The objective of this study is to develop energy
management system for smart homes that incorporates
demand response capabilities, implement machine learning
algorithms to predict energy consumption patterns and
optimize energy usage and integrate a user-friendly
interface for homeowners to monitor and control their
energy consumption.

II. METHODOLOGY

This study adopts a structured methodology to explore
integration of demand response and energy management
systems in smart homes, leveraging IoT. The research
process encompasses several key stages, including general
framework, prototype development, prototype setup, wiring
diagram, hardware tools specification, user manual and
integration to smart life apps.

The prototype setup involved connecting the Proskit
Bag, which houses all components and provides a portable
demonstration unit, to a power source to supply electricity
to all the smart devices. The Zigbee Hub was integrated with
the router via a LAN cable, enabling communication
between the smart devices and the Smart Life app. The
bottom side of the bag was wired with a circuit breaker and
smart meter, including smart plugs, smart switches (1 gang
and 2 gang dimmer switch), and the Zigbee gateway hub,
which managed power distribution and allowed remote
control and monitoring of connected devices. The top side
of the bag featured three LED lights, a door sensor, a motion
sensor, and an alarm buzzer, automating lighting based on
occupancy and providing security alerts. The entire system
was connected to the Smart Life app, ensuring all devices
could be monitored and controlled remotely. The prototype
functioned correctly, demonstrating the potential for
efficient energy management in a smart home environment.

A. Prototype Development
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Fig. 1. Flowchart of Prototype Development
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Fig. 2. Wiring Diagram of Proskit Bag

The wiring diagram illustrates the electrical connections
for a smart lighting and socket setup. It includes a main
switch, which serves as the primary control point for the
entire circuit. From the main switch, live (L), neutral (N),
and earth (E) wires are distributed to various components.
Two miniature circuit breakers (MCB1 and MCB2) are
connected to ensure circuit protection. MCBI1 is dedicated
to lighting, while MCB2 is for sockets. The lighting circuit
includes three types of lights: a halogen light, two LED
lights (LED Light 1 and LED Light 2), and an LED strip
dimming light. These lights are connected through a smart
switch, a 20A switch, and a dimmer switch, allowing for
both manual and automated control. The smart switch
integrates with an IoT platform for remote control. Two
sockets are included in the diagram, providing power outlets
for other electrical devices. The wiring ensures that all lights
and sockets are properly grounded and protect by the MCBs,
ensuring safety and functionality in the smart home setup.
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B. Integration with Smart Life App

The Smart Life app is structured to provide a user-
friendly interface that facilitates easy integration and
management of smart devices. Its main components include
a dashboard that displays all connected devices and provides
quick access to control them, and a device management
section where users can add, remove, and configure devices,
including naming, categorizing, and assigning them to
specific rooms. The automation feature allows users to
create rules based on conditions like time, device status, or
sensor inputs, such as turning on lights when a door sensor
detects movement. The app also offers energy monitoring,
providing real-time and historical data on energy
consumption for each device, helping users track and
manage their energy usage. Additionally, users can create
scenes to control multiple devices simultaneously with a
single tap or on a schedule, such as a “Good Night” scene
that turns off all lights and activates security sensors.
Finally, the app sends notifications for various events,
including security breaches detected by sensors or
significant changes in energy consumption.

III. RESULTS AND DISCUSSION

A. Prototype’s Performance and Functionality

The prototype's functionality was validated through
extensive testing, which demonstrated the system's ability to
manage energy efficiently and respond to demand changes
effectively. The first key aspect is centralized control via
Zigbee Hub. The Zigbee Hub acted as the central
communication point, ensuring all devices could
communicate seamlessly. This centralization was critical for
coordinating the various components and enabling the
Smart Life app to manage the entire system. The hub's
reliable performance ensured low latency and quick
response times for device commands and status updates.
The Smart Life app provided an intuitive interface for users
to interact with the system.

Fig. 4 Proskit Bag Prototypein ON State

The hub's reliable performance ensured low latency and
quick response times for device commands and status
updates. The Smart Life app provided an intuitive interface
for users to interact with the system. Users could easily
monitor energy consumption, create schedules, and receive
alerts for unusual activity or energy usage patterns. The
user-friendly design of the app made it accessible to users
with varying levels of technical expertise, ensuring wide
usability. Next crucial point is on reliability and safety. The
inclusion of a circuit breaker in the prototype ensured the
system's safety by protecting against overloads and short
circuits. This feature was crucial for maintaining the
reliability and longevity of the system, as well as ensuring
user safety.

The prototype's performance in real-world scenarios
provided wvaluable insights into the feasibility and
practicality of the proposed energy management. The
system demonstrated significant potential for energy
savings by automating the control of various devices and
optimizing their operation based on real-time data. The
ability to monitor and manage energy consumption in real-
time allowed for proactive energy management, reducing
waste and lowering energy bills. The automation of routine
tasks, such as adjusting thermostats and controlling lights,
enhanced user convenience. The system's ability to learn
from user behavior and preferences further personalized the
smart home experience, making it more comfortable and
efficient. The modular nature of the system, with its reliance
on widely used protocols like Zigbee, ensured scalability.
Additional devices could be easily integrated into the
system, allowing for future expansion and upgrades. This
flexibility made the system adaptable to various home sizes
and configurations.
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C. Integration to Smart Life app

The integration of the Smart Life app for energy
management offers several advantages: homeowners can
track their energy usage in real time, enabling proactive
management of consumption; remote control capabilities
ensure that energy is not wasted when devices are left on
unintentionally; automated routines and scenes reduce the
need for manual intervention, making energy-saving actions
seamless and consistent; optimizing energy usage can
significantly reduce utility bills; and efficient energy
management contributes to reducing the carbon footprint,
promoting a more sustainable lifestyle.

D. Case Scenario: Smart Home Energy Management

Ahmad and Aisyah are a tech-savvy couple living in a
suburban home in Kuala Lumpur, Malaysia. They are
conscious about their energy consumption and are looking
for ways to reduce their electricity bills and carbon footprint.
They have installed the Smart Home Energy Management
System to help manage their energy usage more efficiently.
The smart home system includes smart plugs, smart
switches, LED lights, a smart meter, a Zigbee hub, and the
Smart Life app for control and monitoring. The devices are
set up to control the lighting, air conditioners, refrigerator,
water dispenser, and security systems. The system also
integrates with Siri, Apple's voice assistant, for voice
control.

The daily routine starts in the morning. At 6:00 AM, the
air conditioner in the bedroom automatically turns off,
allowing Ahmad and Aisyah to wake up naturally with the
ambient temperature. At 6:30 AM, the water dispenser
connected to a smart plug starts heating water for their
morning beverages, and the kitchen lights gradually
brighten to simulate a natural sunrise, easing their wake-up
process. During the daytime, when Ahmad and Aisyah leave
for work at 8:00 AM, the system detects no occupancy and
turns off unnecessary lights and appliances, with the
refrigerator entering energy-saving mode to reduce cooling
intensity during peak electricity hours. One day, while at
work, Ahmad remembers he forgot to turn off the iron and
uses the Smart Life app on his phone to remotely turn it off,
preventing unnecessary energy consumption and ensuring
safety. Before leaving the office, Aisyah uses the app to turn
on the air conditioner in the living room, ensuring a cool and
comfortable home upon their arrival. On their way home,
they use voice control with Siri to pre-cool the bedroom, and
later, Aisyah uses Siri to turn off the kitchen lights while

they watch TV. In the evening, the system detects their
arrival at 6:00 PM through the smart door sensor, activating
the air conditioner in the living room, turning on the lights,
and powering up the television and other entertainment
systems via smart plugs. At night, the system gradually dims
the lights at 10:00 PM to signal bedtime and activates the
security system, including motion and door sensors, while
the refrigerator returns to normal cooling intensity to ensure
food safety.

The implementation of the Smart Home Energy
Management System has led to significant energy savings
for Ahmad and Aisyah by enhancing energy efficiency in
their daily routine. In the morning, the system automates the
air conditioner to turn off at 6:00 AM, allowing them to
wake up naturally with the ambient temperature, and starts
heating the water dispenser at 6:30 AM, just in time for their
morning beverages, preventing unnecessary energy use.
During the day, the system detects their absence and turns
off unnecessary lights and appliances, while the refrigerator
switches to an energy-saving mode, significantly reducing
energy consumption during peak electricity hours.
Additionally, the air conditioner in the living room is
programmed to turn on periodically, maintaining a moderate
temperature without excessive energy use. One of the
standout features of the system is remote control via the
Smart Life app, allowing Ahmad to turn off forgotten
appliances like the iron or air conditioner, preventing energy
wastage and ensuring safety. The ability to pre-cool the
home before their arrival ensures comfort without keeping
the air conditioner running all day, leading to significant
energy savings. Integration with Siri for voice commands
adds another layer of convenience and efficiency, allowing
hands-free control of various appliances. For example, they
can use voice commands to pre-cool the bedroom or turn off
the kitchen lights while watching TV. These measures have
resulted in a 20% reduction in their electricity bill, offsetting
the initial investment in smart devices within the first year,
making the system a financially viable solution for long-
term savings. Ahmad and Aisyah are highly satisfied with
the system's user-friendly interface and seamless integration
with Siri, which not only enhance their comfort but also
contribute to a lower carbon footprint and environmental
sustainability. The reduction in energy consumption aligns
with their goal of minimizing their carbon footprint and
making a positive impact on the environment. In summary,
the Smart Home Energy Management System has
significantly improved their energy consumption efficiency,
resulting in cost savings and a positive environmental
impact. The system's remote control capabilities, automated
scheduling, and voice control integration have proven to be
valuable features, enhancing both convenience and
efficiency. Despite some initial setup challenges, the system
has been a worthwhile investment, offering long-term
benefits. With future enhancements and integrations,
Ahmad and Aisyah can look forward to even greater
improvements in energy efficiency and sustainability.

IV. LIMITATIONS AND FUTURE WORKS

The research on demand response and energy
management in smart homes faces several limitations.
Primarily, it relies heavily on synthetic data for training and
testing models, which may not accurately reflect the
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complexities and variabilities of real-world energy
consumption patterns. This reliance can lead to
discrepancies when the system is applied in actual
households. Additionally, the scalability of the proposed
system has not been thoroughly evaluated, raising concerns
about its performance in larger, more diverse environments.
The optimization strategies used are based on predefined
user preferences, which may not dynamically adapt to
changing behaviors and preferences over time, potentially
limiting the system's effectiveness. Furthermore, security
concerns, particularly the protection of user data and the
integrity of IoT devices and communication protocols, are
not extensively addressed, posing potential risks in the
deployment of such systems.

Future research should consider several avenues for
improvement and expansion. Integrating renewable energy
sources like solar panels and wind turbines can promote
sustainable energy practices, aligning with global
environmental goals. Developing adaptive learning models
that continuously learn from wuser behavior and
environmental changes can provide more accurate and
personalized energy-saving recommendations. Increasing
user education about the benefits of smart home
technologies and demand response programs can improve
acceptance and participation, which is crucial for the
successful deployment of these systems. Developing
interoperability standards will ensure seamless integration
of various smart devices, enhancing overall system
performance. Addressing the security of IoT devices and
communication protocols is vital to protect user data and
ensure system integrity. Finally, tackling practical
implementation challenges, such as cost efficiency, user
adaptability, and deployment issues, will be essential for the
widespread adoption and success of smart home energy
management systems.

V. CONCLUSION

The research successfully demonstrated the development
and implementation of an energy management system that
integrates demand response strategies in smart homes. The
integration of various smart devices such as smart meters,
sensors, and smart plugs enabled real-time monitoring and
control of energy consumption. The system’s modular
nature and reliance on widely used protocols like Zigbee
ensured scalability and adaptability to various home
configurations. The Smart Life app provided a user-friendly
interface for homeowners to monitor and control their
energy consumption. Features such as energy reports,
customizable scenes, and remote control capabilities
contributed to significant cost savings and improved energy
efficiency. The implementation of demand response
strategies enabled the system to reduce energy consumption
during peak periods, thus supporting grid stability. The
automated scheduling and real-time adjustments based on

demand response signals further enhanced energy
management efficiency.
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