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Abstract

Internet of Things (IoT) integration with Multi-Agent Systems (MAS) comes up
with an elaborate energy management solution on smart homes and other
connected environments. This approach provides a way of using autonomous
agents which interact with loT devices in time while consuming energy efficiently.
Through energy management systems integration, users can adapt usage across
devices based on their dynamic and varying needs, and be able to minimize waste
and optimize their use of different devices’ consumers. Newvertheless, there are still
problems associated with trust, security, standardization, and interoperability. It
investigates the capability of IoT and MAS in reducing a sustainable energy
consumption and comes up with a number of technological approaches for the
decision making and the user interaction with the system. Furthermore, it suggests
2 current limitations within the system that require future research in order to
overcome them and to increase the system’s performance, scalability and user
acceptance in real world applications.

INTRODUCTION

The global demand for energy has been steadily
increasing, and with it, the depletion of traditional
fossil fuel sources such as coal, oil, and natural gas.
This rapid consumption of non-renewable resources
is not only unsustainable but also poses significant
environmental threats due to carbon emissions and
other pollutants released during energy production.
The urgency to transition towards more sustainable
and renewable energy sources has never been greater,
as the world faces the challenges of climate change and
the need for energy security [1].

Solar power is among the renewable energy options
with many benefits, particularly in terms of clean
energy, and it is abundant. The use of solar energy,
harnessed by photovoltaic (PV) cells, has long been
established as a cleaner alternative to conventional

power sources [2]. However, due to its intermittent
nature, one of its key drawbacks is that solar energy
generation is limited to daylight hours, often failing to
meet peak demand, especially during nighttime. To
address this issue, excess energy produced during
sunny periods is stored in energy storage technologies,
such as supercapacitors, fuel cells, and hydrogen
storage systems [4].

Particularly, hydrogen is becoming crucial as an
energy carrier for the future. Electrolysis uses
electricity to split water into its components—
hydrogen and oxygen—storing the hydrogen and then
using it to create power through fuel cells. This
process makes hydrogen a key component of the move
toward a hydrogen economy. Efficient energy storage
solutions, such as large caverns or small steel tanks,
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are necessary to store hydrogen and use it when
needed. This flexibility offers an alternative to fossil
fuels in various applications and stabilizes the energy
grid, particularly where energy production from
sources like wind and solar is dependent on weather
conditions [18].

Therefore, other energy storage solutions, such as
lithium-ion batteries and supercapacitors, have
become increasingly desirable as the world shifts away
from fossil fuels. The high energy density and long
lifetime of lithium-ion batteries make them ideal for
storing energy, which can later be used in renewable
energy systems. In particular, supercapacitors, which
offer high energy density and fast charging
capabilities, are useful in hybrid electric vehicles [2].
The integration of these storage technologies with
renewable energy infrastructure has improved both
energy storage and conversion.

However, even though renewable energy systems and
storage technologies have advanced, their effective
management still poses challenges—especially in
integrating renewable energy systems into existing

__

Devices Network

power grids. This is where the Internet of Things (IoT)
and Multi-Agent Systems (MAS) come into play.
Through IoT, a network of connected devices gathers,
exchanges, and processes data in real-time to manage
the generation, distribution, and consumption of
energy more effectively. [oT-enabled devices can make
rational decisions based on actual data, thereby
improving system performance and energy efficiency
[3].

MAS, on the other hand, offers a decentralized
approach to energy management. Autonomous agents
interact with each other to optimally use distributed
energy resources (DERs) such as solar panels, wind
turbines, and batteries. These agents communicate
with each other to achieve system-wide goals like
energy reduction, stability, and resource allocation.
This dynamic, real-time decision-making is
particularly beneficial for managing the complexity of
modern energy systems, which require the integration
of multiple renewable energy sources and storage
solutions [8].

Data User

Processing Interface

Figure 1: Multi-Agent Communication Layers - This figure illustrates how various components of a multi-agent
system in an loT-based smart energy management system interact and communicate.

Figure 1 represents the various components of the
loT-based smart energy systems, including sensors,
actuators, communication modules, and data
processing units. These components interact to gather
real-time data about energy consumption, production,
and environmental conditions. For example, sensors
monitor appliance usage, while actuators adjust
lighting and temperature based on received data. The
communication modules manage the flow of
information between devices, ensuring that the system
adapts to real-time changes to minimize energy use. In
this context, MAS provides capabilities such as
autonomous decision-making to improve efficiency
and minimize human intervention in energy
management tasks.[5]

Nevertheless, despite the potential of [oT and MAS in
optimizing energy systems, the implementation of
such systems is far from simple. Key issues include
data  security, system scalability, and the
interoperability =~ of  devices from  different
manufacturers. Moreover, user trust and acceptance
are critical for the widespread adoption of these
technologies. To encourage the broader use of such
systems, these concerns must be addressed,
particularly with respect to privacy, transparency, and
control [17].

This review paper examines the integration of MAS
and [oT in decentralized energy management systems,
specifically in the context of smart homes and
microgrids. We explore the current state of research
on MAS-based energy management systems, the
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operational mechanisms of loT-enabled devices, and
the challenges that need to be overcome for successful
implementation. The paper also discusses the benefits
of integrating MAS with IoT and provides an overview
of the methodologies and technologies used. Finally,
it outlines future research directions to improve the
scalability, efficiency, and applicability of these
systems in real-world applications.

L RELATED WORK

MAS and IoT for energy management is an emerging
and an important area of research. By necessity, the
need for efficient utilization of energy, distribution
and storage is increasing the pace at which these
systems will decentralize control of power generation
in real time as IoT devices continue to be harnessed
by energy system integration. By using the features of
MAS and IoT, these systems take advantage of the
advantages that these systems can offer to the
management of energy sources from renewable
energies to optimize energy resources in the smart,
home energy management, industry and grid.
Essential topics in the research of this field are as
below: role of IoT in energy management, application
of MAS in decentralized system, energy optimization
algorithm, and seamless integration of renewable
energy sources into microgrid and smart grid.

ﬁ % Environment +————
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Based on the ability to collect, monitor and control
real time data, [oT technologies have had a significant
effect on energy optimizations. IoT enabled energy
management systems include smart meters, appliances
as well as renewable energy sources (e.g. solar panels
and wind turbines) connected into homes, industries
and energy grids. These systems help in intelligent
decisions making by dynamically changing the energy
usage according to the real time data. For instance, in
the case of smart homes, IoT gadgets change the
heating, lighting, and energy utilization in line with
the user preferences and external factors, for example,
climate condition and the time of day. The ability to
tailor energy use has resulted in increased energy
efficiency that has resulted in lower costs to service on
behalf of energy.[11]

Reinforcement learning (RL) is an emerging approach
for energy optimization for IoT systems shown in Fig.
2. This is a method in which intelligent agents
themselves learn from their environment and change
their behavior according to what system would feed
back to them. In dynamic environments when the
conditions e.g. energy generation from renewable
sources fluctuate, this approach is particularly
valuable. For example, if renewable energy production
is high, the system can store the extra energy for later
use; or if it is lower, the system will use stored energy.

Action

Figure 2: Reinforcement Learning - This figure demonstrates how agents in the energy management system learn
from real-time data and adjust their energy consumption behavior based on feedback.

In the IoT network, they used the reinforcement
learning algorithms to tune their energy consumption
so as to optimize the communication intervals
between devices depending upon the real time
availability of energy. These adjustments enable the
system to respond optimally to fluctuating energy
conditions, and it increases the system efficiency as
well as reduces energy wastage.

2.1. IoT in Energy Management

The integration of Internet of Things (IoT) in energy
management systems has been extensively explored.
By connecting various devices through IoT, energy
systems can gather real-time data to optimize energy
consumption. Smart appliances, meters, and sensors
allow energy management systems to dynamically
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adjust operations based on external conditions and
user preferences [14]. These IoT systems are crucial for
optimizing energy in smart homes, where they can
monitor and adjust appliances like lighting and
heating to reduce consumption while maintaining
comfort [11].

In addition, IoT enables better integration of
renewable energy sources, such as solar and wind
power, into existing energy networks. By continuously
monitoring energy generation and consumption, loT
can ensure that energy is used efficiently, stored when
available, and drawn from renewable sources when
needed, reducing reliance on non-renewable energy
(17].

Figure 1 illustrates the architecture of the loT-based
smart energy systems, showing how various
components like sensors, actuators, communication
modules, and data processing units interact with each
other to optimize energy management. The figure
highlights how these components work together to
gather data on energy consumption, production, and
environmental conditions

2.2. Multi-Agent Systems (MAS) for Energy
Optimization

Multi-Agent Systems (MAS) offer a decentralized
method for energy management, where autonomous
agents make decisions based on local data. These
agents can manage distributed energy resources
(DERs) such as solar panels, wind turbines, and
batteries. By interacting with each other, the agents
aim to optimize energy use across the system,
maintaining energy balance and reducing waste [12].
The decentralized nature of MAS enables real-time
decision-making, which is particularly beneficial for
renewable energy systems that require constant
adjustment due to fluctuating production levels.
MAS is also used to optimize energy consumption by
coordinating the use of energy storage and generation
systems. In smart grids and microgrids, MAS can
coordinate energy resources, ensuring stability and
optimal energy usage. MAS allows these systems to
manage renewable energy resources in dynamic
environments, ensuring that excess energy is stored
when possible and used when necessary [14].

Figure 2 in the paper depicts the Reinforcement
Learning approach used in energy management
systems. This approach involves agents learning from

real-time data to optimize energy consumption. The
diagram shows how the system can adjust based on
fluctuating energy conditions, such as increased
generation from renewable sources or peak
consumption periods

2.3. Hybrid Energy Management Systems (HEMS)
Hybrid energy management systems combine multiple
energy sources, such as photovoltaic (PV) cells, fuel
cells, and supercapacitors, to ensure efficient energy
storage and usage. These systems store excess energy
generated during peak production and use it during
low generation periods or high demand. Real-time
energy management systems (RT-HEMS) are essential
for coordinating energy storage and generation,
optimizing both for better performance [10].

For instance, hybrid systems that integrate solar power
and hydrogen storage have gained attention for their
ability to store energy efficiently and provide backup
during periods of low renewable generation. These
systems also enhance the resilience of the energy grid
by ensuring that power is available during fluctuations
in energy generation [2].

In addition to renewable integration, supercapacitors
and batteries are critical for energy storage in hybrid
systems. These technologies allow for fast charging
and discharge, making them particularly suitable for
systems with rapid energy demand fluctuations, such
as in hybrid electric vehicles [4].

2.4. Security Challenges in IoT and MAS for Energy
Management

While IoT and MAS offer great potential for
optimizing energy systems, they also introduce security
vulnerabilities that need to be addressed. The vast
amount of data exchanged between devices in these
systems exposes them to various cybersecurity threats,
including Denial of Service (DoS) attacks, Man-in-the-
Middle (MitM) attacks, and data breaches [18]. These
vulnerabilities can undermine the reliability and
performance of energy management systems,
potentially compromising both operational stability
and user privacy.

To mitigate these risks, researchers have suggested
using encryption, secure communication protocols,
and access control mechanisms. Encryption ensures
that sensitive data, such as energy consumption
patterns, is protected from unauthorized access.
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Secure communication protocols like SSL/TLS
prevent the interception of data during transmission,
while access control mechanisms ensure that only
authorized users can access critical system functions

[13].

Table 1

the

discusses

Security Attacks
Vulnerabilities in MAS-based energy management
systems. This diagram provides an overview of various
types of security attacks, such as DoS and MitM, and

and

suggests mitigation strategies like encryption and
access control.

Table 1: Security Attacks and Vulnerabilities in MAloT-based Energy Management Systems

Attack Type

Description

Targeted Component

Potential Impact

Mitigation Strategies

Denial of Service Overloading the system  IoT devices, Control System becomes = Implement traffic
(DoS) with excessive requests to | terminals unresponsive, leading to loss = filtering, rate limiting,
disrupt service of control over energy redundant systems
management
Man-in-the-Middle = Intercepting Data transmission | Data manipulation, Use encryption (e.g.,
(MitM) communications (sensor data,  unauthorized control over SSL/TLS), secure
between [oT devices and = commands) devices, loss of = communication
the central controller confidentiality protocols
Data Breach Unauthorized access to User data, IoT devices, Privacy violations, ~Encrypt sensitive data,
sensitive energy data, energy consumption unauthorized data access, implement strong
user  preferences, or | records financial loss authentication  (multi-
system parameters factor)
Physical Attacks Attacking physical | [oT  devices, smart Device tampering, system Secure devices with
devices (e.g., [oT sensors meters, sensors manipulation, incorrect tamper-proof
or energy meters) readings mechanisms,  physical
security measures
Botnet Attacks Compromising IoT IoT devices in the Distributed attacks on the Regular firmware
devices to create a botnet | energy system grid or network, overload of = updates, use of intrusion
for launching further resources detection systems
attacks
Replay Attacks Replaying legitimate Communication Unauthorized execution of @ Use message
messages or commands channels between = commands, potentially = timestamps, nonce-
to gain unauthorized  devices and control @ causing system instability based verification, and
access systems encryption
Eavesdropping Unauthorized Data transmission = Sensitive data leakage (e.g., Use strong encryption
interception of system @ (between devices and = energy consumption, user (end-to-end), protect
communication for | control system) habits) communication
sensitive data channels
Fault Injection Manipulating sensor = Sensors, smart meters, False readings leading to Implement data
data or IoT device energy data streams incorrect energy = validation, anomaly
behavior  to  inject management decisions detection, and
incorrect information redundancy
Jamming Interfering  with  the = Wireless Communication breakdown, = Use frequency hopping,
wireless communication = communication links ' loss of connectivity, delayed = signal encryption, robust
between IoT devices and = (Wi-Fi, ZigBee, actions communication
the grid Bluetooth) protocols
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Insider Threats

Cross-Site
Scripting (XSS)

Privilege
Escalation

Attacks launched by
insiders with access to
system  resources  oOr
sensitive data

Injecting malicious
scripts  into  web-based
interfaces (e.g., smart
home dashboards)
Exploiting vulnerabilities
to gain higher system
privileges

Control terminals,
data storage, system
access

Web interfaces,

control dashboards

[oT devices, control
systems, cloud
platforms

Data theft, unauthorized
control, sabotage

Unauthorized access or
control of smart home
devices

Unauthorized  access to

critical system functions or
admin privileges

Strict access control,
continuous monitoring,
audit logs

Use input validation and

sanitation, secure user
interfaces

Regular software
patches,  vulnerability

scanning, access control

This section has reviewed the integration of IoT and
MAS for energy management. IoT enables real-time
monitoring and optimization of energy use, while
MAS allows for decentralized decision-making to
production,
consumption. Hybrid energy management systems
further enhance energy efficiency by integrating

balance

energy

storage,

and

multiple energy sources and storage technologies.

Table 2: Comparison of Papers

However, security and privacy challenges remain, and
more robust security frameworks are necessary to
protect IoT and MAS systems from cyber threats.
Future research should focus on overcoming these
challenges while improving the scalability, efficiency,
and practical applications of these technologies in
real-world energy systems.

Paper Focus Energy Results/Findings Challenges Energy Scalability | Cost
Management Addressed Efficiency Effectiveness
Approach
Anderi et al. | Quality of Integration of Enhanced energy Interoperability | High Medium | Medium
(2021) life and ambient control efficiency through | between devices
energy in smart homes layered MAS and system
efficiency in | with agents architecture complexity
smart homes | managing energy
flows
Amin & Building Interval Improved energy Handling of Medium | High High
Tiago (2020) | Energy optimization for | prediction and uncertainties in
Management | handling energy load management | time-of-use
System uncertainties in smart homes energy
(BEMS) management
Green Hybrid Real-time energy | Efficient load Integration of High Medium | High
Hydrogen microgrid management balancing between | renewable
Microgrid with system (RT- solar power, fuel sources, grid
renewable HEMS) for co- cells, and independence
energy scheduling energy | supercapacitors
sources components
Smitha & Intelligent Optimized energy | Reduced energy Environmental High Medium | Medium
Mary (2019) energy consumption use while impact, real-time
management | with automated maintaining control of
in smart control occupant comfort | devices
buildings
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Aparna & Residential | Dynamic pricing | 14% improvement | Dynamic High High Medium
Sudep (2018) | Energy and demand in energy consumption
Management | response using Q- | management and environment,
System learning 97% reduction in | pricing
(REMS) costs optimization
Nehrir & Microgrid Real-time Improved fault Fault detection, | High High Medium
Dehghanpour | power monitoring and tolerance and system resilience
(2019) management | fault correction resilience in
for microgrids microgrids
This Paper Smart home | Constant retrieval | Significant User High High High
(MAIoT) energy and processing of | reduction in convenience,
management | energy electricity usage privacy concerns,
consumption data | and consumer bills | millisecond-level
latency issues
1L MAS and IoT for Energy Management particularly for dynamic environments where

3.1. Role of IoT in Energy Management

[oT technologies have energy
management by enabling the collection, monitoring,
and control of real-time data. IoT-based systems in
energy management include smart meters, renewable
energy sources (such as solar panels and wind
turbines), and appliances connected within homes,
industries, and energy grids. These systems
dynamically adjust energy usage based on the real-time
data they collect, leading to smarter, more efficient
energy consumption [ 11 ].

For example, in smart homes, loT devices adjust
heating, lighting, and energy consumption based on
user preferences and external factors like climate
conditions and the time of day. This ability to tailor
energy consumption based on real-time data has
significantly improved energy efficiency, reducing
operational costs for both users and service providers

[14]

revolutionized

3.2. Reinforcement Learning for Energy
Optimization
Reinforcement Learning (RL) is a key technique for

optimizing energy usage in loT-enabled systems,

conditions fluctuate, such as in renewable energy
production. In RL, intelligent agents learn from the
environment and adjust their behavior based on
feedback from the system. This approach is
particularly valuable when dealing with the
unpredictability of renewable energy sources like solar

and wind [13].

3.3. Learning Mechanisms via Markov Decision
Processes (MDDPs)

Energy optimization is further enhanced through the
use of Markov Decision Processes (MDPs), which
allow IoT devices to learn and optimize energy usage
by acting as agents within a system. Agents use
feedback from their environment—such as energy
production rates and system demands—to make
decisions regarding energy consumption [2].

Figure 3 illustrates the use of MDPs in loT-based
energy systems. The agents various
environmental parameters to energy
consumption, ensuring that energy usage is efficient
and waste is minimized. This continuous cycle of
feedback allows the system to adapt autonomously to
changes in energy generation, consumption, and

demand [ 4 ].

analyze
optimize
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Figure 3: Learning Mechanisms Constructed by Markov Decision Processes (MDPs) - This figure depicts how
10T devices, acting as agents, use feedback from their environment to make decisions that optimize energy
consumption, based on energy production rates and system demands.

3.4. Multi-Agent Systems (MAS) for Smart Grid
Energy Management

MAS play a critical role in managing complex energy
systems, such as smart grids, where they enable the
coordination of multiple distributed energy resources.
In a smart grid, smart agents are deployed across
different components to manage energy generation,
storage, and consumption. These agents operate
autonomously, yet coordinate with each other to

uE g puiy

Solar Plants

optimize energy flow, ensuring efficiency and stability
[14].

Figure 4 shows a MASbased smart energy
management system within a smart grid. The diagram
illustrates how agents manage renewable energy
sources, storage systems, and energy consumption,
working together to balance supply and demand
efficiently [ 12 ].

abe-

Transmission

Smart Home

Figure 4: Smart Multi-Agent System for Optimized Energy Management in a Smart Grid - This diagram
illustrates how various smart agents are deployed across different components of the grid to optimize the
generation, storage, and consumption of energy in a smart grid

3.5. Smart Agents and Communication Networks

The smart agents in MAS communicate with each
other through a Smart Social Network (SN), which
serves as the central communication platform for the
entire system. This communication network enables

agents to exchange data, make informed decisions,
and respond dynamically to energy conditions [ 17 ].
Figure 5 provides a detailed network diagram of a
Smart  Multi-Agent  System, illustrating  the
communication flow between agents and other
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components of the energy system. It also shows how
the Smart System Operator Agent and the Smart

-

@ X SECONDARY
R W
e T, | B \

\

Frequency Demand Management (FDM) Agent
collaborate to ensure grid stability.

I ——) ™
1 NETWORK

| She N B 3
. > <l . FOM
AGENT
> .

Figure 5: Network Diagram of a Smart Multi-Agent System - This diagram represents the structure and
nteractions within a smart multi-agent system used for energy management, showing the communication flow
between agents and other system components like IoT devices and controllers.

3.6. Internet of Energy (IoE) Communication
Network Layers

To enable seamless data exchange between devices
and agents, the Internet of Energy (IoE)
communication network connects the different layers
of the system. The IoE network consists of four
distinct layers: The Agent Layer, loT Platform Layer,
Network Layer, and Data Processing Layer. Each layer

)

F Y

(i
lullql

1

® 0 :
%

F
-
-

@

1)
b b Ié}q "

R

has specific functions, from collecting real-time data
to processing and storing information [ 10 |.

Figure 6 highlights the IoE Communication Network
Layers, providing insight into how the data flows
between devices and the cloud, facilitating real-time
energy  management  across  various  system
components.

Cloud platform layer

Data processing layer

MNetwork layer

loT platform layer

Agents layer

Figure 6: IoE Communications Network Layers - This figure shows the four layers in the Internet of Energy (IoE)
communication network, including the Agent Layer, IoT Platform Layer, Network Layer, and Data Processing
Layer, highlighting how data flows between devices and the cloud for energy management.

https://sesjournal.com | Sajid et al., 2025 | Page 806


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

Volume 3, Issue 5, 2025

3.7. Smart Grid Integration and Renewable Energy
A smart grid system integrates renewable energy
sources, energy storage, and demand-response
mechanisms to optimize energy distribution. Figure 7
illustrates the components of a Smart Grid System,
where smart energy sources (like solar panels and wind
farms) are connected to the grid, and energy flows are

Generation Side

Diesel Generator @ } B

Solar Panel

FAmm 4

Wind Farm

%]

Electric Vehicles

= A

Battery Storage

Grid Station

——— — ——

Energy Management
Controller

optimized across residential, commercial, and
industrial sectors [ 2 ].

The smart grid framework ensures efficient,
sustainable, and optimized energy management by
balancing the supply of renewable energy with

consumption demands.

Distribution Side

Commercial Load Distributed

Generation

Industrial Load

Figure 7: Smart Grid System - This figure illustrates the components of a smart grid system, integrating renewable
energy generation (such as solar and wind), energy storage systems, and demand-response mechanisms to optimize
energy distribution and consumption across various sectors.

3.8. Green Hydrogen Microgrid System for Clean
Energy

A Green Hydrogen Microgrid system, shown in Figure
8, is proposed as a sustainable hybrid renewable
energy system that combines photovoltaic (PV)
generation, fuel cells (FC), supercapacitors (SC), and
vehicle-to-home (V2H) technologies. This system

-

Wind Energy

Solar Energy

I —

Hydro Lnergy

Pure Water
Tank

Nuclear Energy

Llectrolyze

balances energy storage and consumption, ensuring
that clean energy is efficiently distributed and used,
particularly during periods of fluctuating energy
production [ 10 ]. The hybrid system guarantees
efficient energy usage even under variable renewable
energy generation, optimizing the energy load across
different components.

Fuel cell

'1‘ransportati(;1,1
R
R L
Pharmacy Natural Gas

— [}

Power to gas

—dile

Industry
Tinergy Storage

Figure 8: Green Hydrogen Microgrid System - This figure depicts a hybrid renewable energy microgrid system
that incorporates photovoltaic (PV) generation, fuel cells (FC), supercapacitors (SC), and vehicle-to-home (V2H)
technologies for energy storage and consumption balancing.
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MAIOT Operations

MAIQOT - agentbased energy management system for
smart home, multi agent artificial intelligence of
things is an innovative concept of integrating the
multi agent systems with IoT to achieve energy
management in smart homes. This combined system
has been designed as a means to address the complex
issues in smart home environments. Various loT
devices are scattered with potential intelligence all
across the smart home. These include sensors,
actuators and controllers to collect data concerning
energy consumption, outside or inside weather
conditions and behavior of users. Some examples
include, smart thermostats, motion sensors, lighting
controllers, smart appliances; some of these devices
communicate directly with the home network while
others communicate through hubs.[22].

Services
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Figure 9: Four-layered Architecture for the IoT-enabled MAIoT System - This figure illustrates the four-layer
architecture of a Multi-Agent Internet of Things (MAIoT) system, showing the interaction between sensors, agents,
data processing units, and cloud-based platforms for real-time energy management.

The Multi Agent System is the main component in
the framework. The difference is that in this system,
capable soft agents work independently to process
data, make decisions, and operate devices. Each agent
has certain responsibilities and thus can work together
to implement certain objectives. It is called a central
unit or simply a controller whose main role is to
coordinate the entire setup. It is configured to manage

data from IoT devices and relay commands to the
appropriate agents in a multi agent system for
decisions on energy consumption and home control.
Analysts express that agents render data to [oT devices
regarding energy consumption and environment
conditions e. g. Detail-level information, such as the
geographical location of the user (latitudinal and
longitudinal coordinates), environmental parameters
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(e.g., temperature and humidity), user action patterns,
and device condition, are collected. The collected data
is forwarded to a centralized controller or to the other
agents in the multi agent environment. Processors are
a critical part of smart meters and they analyze data to
come up with information concerning energy
consumption, choice of the consumers, and the
prevailing environment. The agents in their turn
being able to model the system are able to decide how
to implement the energy utilization more effectively
using the data which have been modelled. It may for
instance involve some programming on a device for
instance certain items that are allowed are set, the
operations to be performed, the turning on and off of
equipment are planned and initiated.[26]

Every agent is seeking to collect information from the
other party and to take as much from the other party
as possible and in some way is implicated in the entire
stage of strategies which are used in the matter of
controlling the energy. For instance, agent may
contribute towards regulating energy flows from
between the adjoining connections of other devises or
modify variations of aspects in the environment.
Centralized controller system is built on the fact that
an agent itself decides what it can do and what it
cannot do [22]. It may be associated with the authority
in the hands of IoT devices itself or redirecting the
machines for its management. This means that
MAIOT systems have the feature of being flexible or
dynamic in the sense that it is able to turn or
transform itself without disruption by the input
information while the change or transformation
process is taking place. The other characteristic is that
agents have a possibility to evolve their behavior
dynamically or to change the decision-making strategy
- they can change the mechanisms of decision
making in the process of feedback. It is possible that
the users of the MAIoT systems will have interfaces
that enable information relaying functions such as the
input or decision-making components specifying the
aspects of energy management like switch setting;
thermostat management etc. [13]

It is understood that the aim of MAIoT in general and
the systems being realized under it is to achieve the
energy efficiency at least to the extent that will not
intrude much in end-user comfort and convenience.
The aim of learning manager at maximizing the
efficiency of units of energy consumption, the

resources that are used to deliver the services at the
least resources possible and the ability to satisfy the
expectations of customers [18]. They are the ones that
are the most concerned with some kind of monitoring
of the performance of system and pass information on
to the user or administrator. These bills may include
those on energy used, performance and work
measurement to gauge productivity and those with
suggestions on how performance should be enhanced
or how effectiveness should be increased.[19]

V. SMART ENERGY MANAGEMENT USING
MAIOT

The concept of Smart Energy Management using
MAIoT (Multi-Agent Internet of Things) combines
Artificial Intelligence (AI) and Internet of Things
(IoT) to optimize energy usage in smart homes and
communities, particularly for prosumers—consumers
who both produce and consume energy. The
architecture of such a system treats each prosumer as
an independent agent within the network, each
making real-time decisions based on available data to
enhance the efficiency of energy consumption. [12]
In this architecture, a central control terminal for the
[oT network plays a critical role in managing the
energy status of various smart devices. The system
operates by adjusting the energy usage of devices based
on realtime factors, such as the current electricity
price in the market and the physical characteristics of
each device (e.g., energy demand, load capacity). This
dynamic regulation enables more efficient energy
management, balancing the cost of electricity with
user comfort.

However, the article acknowledges that certain aspects
of the system have been left unaddressed. One such
limitation is the millisecond-level broadcasting latency
between the community energy management system
agent and the IoT terminals. While this level of delay
is typically negligible for most applications, it is an
area for future work to refine, particularly in high-
speed, real-time applications.[6]

Another important consideration is the handling of
different load preconditions in relation to the 15-
minute time scale used for system operation. In future
versions, the system could account for these
preconditions, enabling more precise and responsive
energy management.
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In practical terms, MAloT-based systems are designed
to continuously monitor and process the energy
consumption data from various loT devices installed
within a smart home. By using analytical models and
Al algorithms, the system can make optimized
decisions to minimize energy use while maximizing
user comfort. This approach not only leads to
significant savings on electricity bills but also reduces
the environmental impact by lowering energy waste
and curbing emissions from non-renewable
sources.[11]

The function of MAIoT extends beyond just reducing
energy costs; it also focuses on enhancing user
experience and making daily life more comfortable
and efficient. The system can intelligently adjust
power use based on personal preferences, daily
routines, and schedules. For instance:

. It can control lighting, heating, and cooling
devices according to the occupants' preferences or
daily patterns, ensuring that energy is only used when
needed and at optimal levels.

. It can prioritize comfort by adjusting these
devices to create a conducive living environment,
while also ensuring that resources are used efficiently,
which benefits both the user and the environment.
Overall, MAIoT in smart home energy management
provides a comprehensive approach to optimize
energy use, reduce costs, and support sustainable
living. By seamlessly integrating IoT and Al, it
enhances both the convenience and efficiency of
energy consumption, paving the way for a greener,
smarter future.[16]

In the context of smart energy management, various
studies have explored different approaches,
technologies, and methodologies to optimize energy
consumption and enhance system efficiency. These
studies highlight a variety of energy management
techniques, such as multi-agent systems (MAS),
reinforcement learning, dynamic pricing, and hybrid
microgrid solutions. Below is a comparison of several
significant papers that investigate these approaches,
focusing on their methodologies, results, challenges,
and effectiveness in terms of energy efficiency,
scalability, and cost-effectiveness.

VI RESEARCH METHODOLOGY

This research aims to explore the integration of Multi-
Agent Systems (MAS) with the Internet of Things

(IoT) for energy management, focusing on optimizing
energy consumption and improving the efficiency of
energy distribution in decentralized energy systems
such as microgrids and smart homes. The
methodology outlined below consists of several steps,
including system design, data collection, agent-based
modeling, optimization techniques, and evaluation
metrics.[14]

1. Problem Identification and Scope

The first step in the methodology involves identifying
the primary problem that the study seeks to address.
The increasing demand for energy, coupled with the
challenges of renewable energy integration and
fluctuating power demand, necessitates an optimized
energy management system. This research focuses on
the following:

Integration of MAS and IoT in Energy Management:
Investigating how  autonomous agents can
communicate and collaborate to control and optimize
distributed energy resources (DERs) in real-time.

Energy Consumption Reduction: Identifying the key
factors contributing to energy wastage and

inefficiency, and designing systems to minimize these
inefficiencies using MAS and [oT.[16]

2. Research Strategy

The research strategy for this review paper focuses on
synthesizing existing literature on the integration of
IoT and Multi-Agent Systems (MAS) for energy
management. The strategy begins by defining the
research scope, followed by a comprehensive literature
search to identify relevant studies on energy
optimization, MAS, and IoT. The studies are then
categorized by methodology and application, such as
reinforcement learning and hybrid microgrids, and
key findings are synthesized, highlighting strengths,
weaknesses, and challenges. The strategy also
identifies research gaps, particularly in scalability,
security, and interoperability. Finally, the review
concludes by summarizing findings and suggesting
future research directions, including scalable models,
improved security measures, and real-world
implementation of [ocT-MAS systems.[18]

This figure 10 illustrates the step-by-step research
strategy for reviewing loT-based energy management
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systems using Multi-Agent  Systems (MAS),
highlighting the process from defining the research

Identify the Problem Area

E Literature Review

Categorize and Analyze
Studies

scope to identifying research gaps and suggesting
future directions.

E Synthesize Key Findings

i_ I

Identify Research Gaps

Conclusions and Future

Directions

Figure 10: Research Strategy Diégram

3. System Design and Architecture

The system architecture is designed to integrate IoT
devices (sensors, actuators, and energy meters) and
MAS into a smart energy management system. The
architecture involves the following components:

IoT Devices:

These include smart meters, temperature sensors,
photovoltaic (solar) panels, and batteries. IoT devices
will collect data on energy consumption, weather
conditions, and energy generation.

MAS Framework:

The multi-agent system is composed of agents
representing various components in the energy
management system, such as:

Comparison of Energy Management Approaches

DER Agents:
Manage distributed energy generation sources (e.g.,
solar, wind).

ESS Agents:

Oversee energy storage systems (e.g., batteries).

Load Agents:
Represent energy consumption points (e.g., homes,
industrial loads).

Optimization Agents:
Ensure optimal energy usage across the system.

System Operator Agent:

Coordinates the operation of all agents and ensures
overall system stability.

Application in IoT-based Energy Management

MAS (Multi-Agent Decentralized control, = Scalability issues, security = Efficient for managing multiple distributed

Approach Advantages Challenges
Systems) real-time optimization concerns
Reinforcement

Learning dynamic environments

Fuzzy Logic Handles

easy to implement

systems, requires tuning

energy resources

Selflearning, adapts to Requires large data sets, Optimizes energy consumption in real-time
computationally expensive
uncertainty, Less precise for dynamic Controls energy use based on user preferences

and environment
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4. Data Collection

Data collection is crucial for the proper functioning
of the MAS-based energy management system. The
following data will be collected in real-time:

Energy Consumption Data:
Collected from smart meters placed at various energy
consumption points.

Energy Generation Data:
Data from renewable energy sources (e.g., solar panels
or wind turbines).

Environmental Data:

Weather conditions (temperature, wind speed, etc.)
will be gathered to predict energy production from
renewable sources.

Battery Storage Data:

Data from energy storage systems (e.g., state of charge
in batteries) will be monitored to manage stored
energy effectively.

This data will be transmitted to the MAS for real-time
processing and decision-making.

5. Agent-Based Modeling

The research core consists in building agent-based
models to simulate interaction between the different
components of the energy system. For instance, the
agents will follow some predefined rules to make
autonomous decisions, such as following.

DER agents will take energy generation decisions in
line with real time environmental conditions and
users demand. When the energy produced in the
renewable energy system is high, the agent stores
excess energy in the battery storage system. When the
production is low, the agent will discharge the battery
or use energy coming from the grid.[23]

Load Management:

Energy will be used based on supply availability by
load agents. For instance, in cases of peak demand,
load agents may postpone or defer non-essential
energy use or shift it to off peak time.

Energy Distribution Optimization:

Optimization agents will keep an eye on how the
overall energy consumption is being handled and
distribute the energy as saving goes minimal and cost

is minimal. For continuous optimization, this may
include algorithms such as genetic algorithms, fuzzy
logic, or reinforcement learning. [9].

6. Optimization Algorithms

This research is broadly based on optimization.
Techniques of following optimization will be used:

A genetic algorithm will be used to optimize the
parameters of the MAS agent. For example, the GA
will be used to tune agent behaviors, e.g., energy
production thresholds and storage limits to achieve
minimum energy consumption outcomes.

Using reinforcement learning:

The system will adopt the spectrum of reinforcement
learning to make decisions that will enable agents to
learn from the environment and change their actions
to minimize energy consumption. On the other hand,
it will be especially important for load and DER
management.

Energy consumption prediction and decision making
will be carried out utilizing Fuzzy Logic since this will
allow the system to handle fuzzy data such as energy
generation or unpredicted demand.[27]

7. Simulation and Testing

The agentbased model is then developed and
simulates are carried out to evaluate the system
performance. For simulation of IoT devices and MAS
agents we will use such tools as MATLAB Simulink
and OpenModelica. These aspects will be subjected to
the simulations.

Energy Efficiency: The ability of the system to
consume less energy by compared with other
centralized management system. This is related to that
known as System Stability, the ability of the system to
keep supply and demand in balance without failures
or significant deviation. The scalability or the
performance of the system with increasing number of
agents and IoT devices.

8. Evaluation Metrics

The following metrics will be used to evaluate the
success of the MAS-based energy management system.
Bottleneck Reduction: A MAS based system is
measured by comparing the energy usage before and
after implementation of the MAS based system.
Energy Optimum Distribution ratio; Energy wasted or
lost in the system as a ratio to the energy optimally
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distributed. Operational Cost reduction: Reduction
in all the operational costs like energy procurement
and storage costs. Performance of IOT system:
Measuring the scale and adaptability of the system to
manage such an increase in the number of loT devices
and agents and keeping performance.[24]

9. Challenges and Mitigation Strategies
It also provides some strategies that may become a
problem during implementation.

Interoperability:
Ensuring seamless communication between various
IoT devices and agents from different manufacturers.

Data Transmission:

Strong encryption and authentication protocols are
implemented to enable the data transmitted by IoT
devices to be secure.

Efficient optimization algorithms to manage the
system complexity of large scale IoT networks and
make sure the agents could run on auto without
killing the system.[26]

10. Validation and Results

Finally, the research will validate the system's
performance by running multiple test scenarios,
including:

Real-time energy management in a simulated smart
home environment.

Large-scale simulation of a microgrid with multiple
distributed energy resources and varying levels of
demand.

The results will be compared to traditional energy
management systems to assess improvements in
energy efficiency, cost reduction, and overall system

stability.[27]

VII. CONCLUSION

In this paper, we explored how Integration of Multi
Agent Systems (MAS) and Internet of Things (IloT)
can be used to optimize energy in smart homes and
the decentralized system such as microgrid. Evidence
of successful application of the combination of MAS
and IoT is demonstrated in the improvement of
energy efficiency, reduction of operational costs, and
improvement of sustainability by allowing real time
autonomous decision making. But many of the

challenges that remain such as system scalability and
interoperability of the system and data security should
be understood and addressed for larger adoption. The
future research should perform these technologies,
previtalize system resistance and purify trust utilizing
solid security measures by the individuals. In the end,
integration of MAS and IoT is a promising way for the
future towards smarter and more efficient energy
management systems.
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