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| ABSTRACT

The growing implementation of renewable energy resources in power systems has brought with it operational complexity
especially in microgrids that are islanded and require energy balancing in real time and autonomously. Solar and wind sources
that are renewable are variable and intermittent, which means that a balance will not be maintained between supply and demand
unless complex control measures are applied. The conventional centralized method of dispatching is not flexible and adaptable
to create efficient management of distributed and dynamic microgrids environments. In response to these issues, the Multi-
Agent Artificial Intelligence (Al) system suggested in this research aims at coordinating renewable energy generation and storage
using the coordinated dispatch of renewable energy generation and storage in islanded microgrids. The suggested system is
based on a decentralized structure, according to which every energy resource, including solar PV, energy storage, and controllable
loads, is controlled by an intelligent agent. These agents are independent and transparent to each other, and yet they are all
inquisitive to imply and coordinate their efforts at locally distributed goals like energy efficiency, cost savings and load balancing
at a system-wide level. Among the machine learning techniques that are incorporated in this paper are Recurrent Neural Networks
(RNN) and Gradient Boosting Regression (GBR), which are used to gum long into the future or give short-term energy generation
and consumption forecasting using historical and real-time weather information. The forecasting module enables the agents to
gain a foresight to system dynamics and make pro-active dispatch decisions so that the take-off on fossil-fuel backup is
minimized, and system reliability is maximized. The system validation is performed empirically on two open datasets: Spain Energy
Demand and Generation and Liege Microgrid datasets. The data sets used in these are of a high-resolution weather, load, and
generation which make real world simulation easy. The suggested multi-Agent Al structure is superior to the traditional control
strategies as it is responsive, scalable, and coherent in its functioning. The study shows the promise of integrating Al on prediction
and decentralized control to develop more intelligent, more autonomous microgrid systems that will work in more isolated and
renewably self-reliant systems.

Copyright: © 2021 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Al-Kindi Centre for Research and Development,
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1. Introduction

1.1 Background

The growing demand in global markets for clean, reliable and sustainable energy has brought the paradigm change of
shifting away from centralized fossil-fuel based systems to decentralized systems powered on renewable sources [1]. Microgrids
and island microgrids, in particular) have become the important infrastructures, which can self-governing local energy resources,
especially in remote or disaster-prone areas, in this respect. In contrast to grid-connected systems, island microgrids are
independent systems with renewable energy (from solar and wind, etc.) being the main source, and substantial reliability is
provided by the energy storage systems (ESS). Renewable generation is interrupted and unpredictable, therefore posing
complicated operational problems in balancing the generation and demand. The main problem with conventional dispatch
systems, which are either rule-based or centrally controlled, is that they cannot keep pace in real-time with changes in generation
or consumption that can be rapid. This has made the concepts of intelligent, autonomous, and distributed control systems to
arouse more interest [2]. Artificial Intelligence (Al), especially in an embodiment of Multi-Agent Systems (MAS), can be viewed as
a solution as it allows system components to make individual and decentralized decisions. Such systems may contain multiple
agents that can be interpreted as separate microgrid entities, including a PV array, battery storage unit, or load, with an individual
behavior and decision-making, but a unified operational purpose. With the combination of high precision forecasting approaches
with Machine Learning (ML) these systems may predict changes in demand and generation, maximizing overall efficiency, reliability,
and sustainability in the dispatch process. The presented integration of MAS and ML into the management of microgrids is a single
step toward smart and resilient energy infrastructures and the basis of the research proposed in the present paper.

1.2 multi-agent decentralized energy management system

Decentralized energy management structures have become a necessity in the contemporary power systems, especially in
island microgrids as the conventional centralized control mechanisms have been shifted [3]. The flexibility of operation is not the
only benefit decentralized approaches might have since it also leads to improvements of system robustness, scalability, and
responsiveness. Such decentralization can be found in ideal architecture with Multi-Agent Systems (MAS) as it allows real-time
decisions, autonomous acting and dynamic coordination of the units of the micro grid. Each energy resource, such as a solar PV
unit or a battery storage system should be operated by an agent that is able to sense its environment, to process the information,
to learn, and to take control actions [4]. Such agents can talk and bargain with each other in order to keep the balance between
their power, to minimize energy flows, to address uncertainties, to manage the contingencies without a centralized command
structure. As an example, the operator of a storage system may independently choose to charge at times of excess generation
(solar power, for example) or to discharge when peak power is needed, depending on the forecasts and agreed prices with other
agents [5]. The co-operation of these agents causes emergent system-level optimization. Also, this decentralized system is very
flexible to any increase or transformation of the system and this way, the microgrid can be re-designed without the need of
overhauling its structure entirely. Cybersecurity and fault tolerance are increased through the usage of MAS as well, because the
collapse of one agent does not destroy a whole system which relates to the use of MAS. The decentralized energy management
systems based on MAS are more effective in setting directions in island microgrids where issues such as resilience, autonomy, and
adaptability are central.

1.3 Machine Learning Future Forecasting and Real-Time Optimization

Forecasting is a major part of the wiser management of energy systems, especially in island microgrids when accurate
forecasts are specific to match supply and demand. By incorporating Machine Learning (ML) methods in the microgrid operation,
the short-term and long-term predictions of the energy consumption of the renewable generation can be done with a higher level
of precision [6]. The conventional statistical-based forecasting models do not always work well with non-linear and strongly-varying
information that is found in renewable sources such as solar and wind. But Gradient Boosting Regression (GBR), Recurrent Neural
Networks (RNN) and Long Short-Time Memory (LSTM) ML algorithms can learn based on past data, detect intricate patterns, and
adjust with time by working out the changes in conditions of the environment [7]. The data available in this study will perform
training on ML models using the weather forecast data such as irradiance, temperature, and wind speed to predict the 15-minute
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to hourly energy generation and loads profiles by using the datasets used in this work, namely, Liege Microgrid and the national
grid of Spain. These predictions are directly combined with the decision-making process of such agents in the Multi-Agent System
(MAS), enabling them to make both proactive and optimized dispatch decisions. Such a predictive ability is especially essential to
the smooth operation of battery energy storage systems in such a way that they will not be overused or underused. The ML-aided
prediction also helps in real-time optimization due to the minimized uncertainty and, thus, high reliability of the system and lower
system operation costs [8]. The mutually beneficial combination of ML and MAS creates a highly dynamic, education-based, and
data-recognized system of microgrid dispatch coordination, which sets the foundation of future intelligent energy management
systems.

1.4 Problem Statement

Island microgrids can actively experience much trouble regarding their operation with the inconsistency and
unpredictability of renewable energy sources and the lack of external grid supply. Conventional centralized approaches of dispatch
are inefficient, rigid and lack flexibility to integrate real-time dynamics of generation and demand. Also, there is a high energy
curtailment, extra operational expenses, and reliability concern when there is poor coordination between renewable generation
and energy storage. The urgent problem is that the existing energy management solution should be intelligent, decentralized, and
adaptive to ensure real-time coordination and forecast. This study fills this gap by creating a Multi-Agent Al System that allows
scheduling the dynamically coordinated deployment of RE/storage resources.

1.5 Research Objectives

The purpose of this research is as follows:

Design a Smart Multi-Agent Artificial Intelligence coordinator of branch island microgrids.
Include machine learning-based generation and consumption forecasts.

Optimize the real-time dispatch of storage and renewable units.

Enhance the performance and dependability of microgrids and reduce their operating expenses.
Increase the flexibility and robustness of the decentralized energy systems.

Test the system of performance on real-life datasets in Spain and Belgium.

1.6 Significance of the Study

This study is of great importance to solving the problems of energy reliability, sustainability, and independence in isolated
power systems. This study provides a new mechanism of using energy resources in decentralized microgrids by suggesting an Al-
based, decentralized coordination framework [9]. Multi-agent systems integration gives independence and cooperation abilities
to the components of the micro grid, which improves response to real-time changes in renewable generation and energy demand.
This is because machine learning algorithms are incorporated to forecast accurately, which would guide better and more efficient
decision-making throughout the microgrid. Repurposing the energy can assist in decreasing energy wastage, logic-based reliance
on fossil-based backups, and extending the battery storage system life cycle [10]. Technical performance is not the only aspect of
the study which has social-environmental implications. It helps the international community to switch to cleaner sources of energy
by illustrating how more efficient systems can be utilized to deliver their maximum potential. It allows energy equity since remote
or underserved societies will be supplied with a viable and sustainable energy source. The actual impact of the economic benefits
of having an optimized dispatch system is found in a few words: cost savings, better asset utilization, and less expensive upgrade
of expensive structures [11]. This study is also a contribution to the academic realm since it addresses the gaps between Al and
renewable energy systems and power engineering. This paper provides a copycat idea on how future smart microgrids can be
done based on the successful implementation of MAS and ML into a real-life scenario in the study. It helps to develop resilient,
smart, and ready-to-the-future energy systems that could be left to themselves in the pursuit of autonomy and uncertainty of
dynamic operational environments.

2. Literature Review

2.1 Innovation of Energy Control Systems and Microgrids

The microgrids have turned out to be the crucial infrastructures to assist decentralized energy services, particularly in the
outset and remote areas. Early microgrids were controlled in the traditional centralized control manner and were inefficient in
being responsive to changing energy demand in real time or concerning renewable intermittencies [12]. These primitive systems
were based on preprogrammed schedules and all of them required manual operations so they are incapable of coping with the
dynamics of dynamic energy environments. As the world continues to pursue the path of sustainability and greater use of variable
renewable energy resources such as wind and solar, limitations of less smart and responsive networks of microgrids control systems
have been exposed. As times have changed, technology has created use of automated monitoring, control and optimization of
energy management approaches that use digitalized and data-driven techniques [13]. Using sensor information, communication
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networks and decision-support tools, these systems adjust to variations in real-time energy demand and supply. Smart controllers
are becoming important in grid stability, and they guarantee frequency control and control voltage in instances of abrupt load
adjustments or instantaneous variations in generation [14]. Moving away towards centralized operational orientation to
decentralized-distributed operations paradigm has provided flexibility in operation, enhanced scalability, and energy security in
island market environments. This shift has preconditioned the introduction of the concept of intelligent multi-agent frameworks
that will have the capability to autonomously handle distributed objects in the grid. The shift in paradigms behind these controls
is indicative of an increasing concentration on the concepts of sustainability, reliability, and efficiency in the management of
microgrids, especially cases in which grid independence is required.

2.2 Multi-Agent Systems of Distributed Energy Coordination

Multi-Agent Systems (MAS) is also a revolutionary solution to the control of a complex energy infrastructure like island
microgrids. In contrast with the traditional control, which is generally built around a centralized unit, MAS uses a set of self-
governing agents that make decisions based on local information and shared objectives [15]. The agents can represent physical
assets in the microgrid, e.g. a solar panel, battery, or a load, and be able to make decisions, learn about their past decisions, and
communicate with the other agents. Due to this decentralization structure, it is capable of greater responsiveness, redundancy,
and adaptability which are desirable features of a system that is subject to volatile supply and demand pressures. In an island
microgrid where the management of supply-demand balance is of paramount importance in the absence of a grid, MAS is a better
solution because it spreads the control logic on the entire grid [16]. The negotiation, consensus or optimization protocols are
usually needed to coordinate the agents and have the decisions on energy dispatch, load shedding and storage management
made in real time. Such systems are especially well suited to situations of high renewable penetration possibly as they can be
flexibly reconfigured to adapt to environmental fluctuation. Besides, MAS architecture is scalable, and new resources can be added
with minimal modification of the controlling structure. By collaboration, the agents could optimize economic cost, emissions, or
power quality according to system objectives. MAS offers a modular and intelligent solution to operating a microgrid environment
as the complexity of the environment grows that allows managing the energy flow in a manner that promotes independence and
contributes to resilience, particularly applicable in islanded forms of operation where real time calibration becomes central.

2.3 Forecasting with the use of Al in Renewable Energy Systems

Energy generation and consumption forecasting are the key factors of stability and efficiency of microgrids, especially
those utilizing intermittent renewable energy sources. Artificial Intelligence (Al) methods have also contributed substantially in
improving forecasting, partly due to making accessible models that adapt to non-linear, complicated connections in data. In many
cases, the traditionally used statistical forecasting models fail to adequately consider the level of uncertainty and volatility of solar
irradiance, wind regime, the requirement of the user base. Artificial intelligence machinery like neural networks and ensemble code
processes can produce more precise, short-term predictions using historical data in combination with real-time environmental
data. These models can forecast dispersed solar generation, wind energy generation, and load demand in high temporality; thus,
they are suitable in real-time management to microgrids [17]. Realistic forecasts will decrease the necessity to use fossil-fuel-
dependent backup generators, maximize storage facilities utilization, and curtail renewable resource efforts. The level of accuracy
of forecasting needs in island microgrids is even more important because there is no external grid to take part of the excess
generation, and to support the system when the shortfall occurs. Al models facilitate proactive scheduling of dispatching strategies
so that the microgrid controllers could pre-plan the energy moves, charging and load schedules. This forecasting ability increases
reliability, lowers operational costs enhances energy efficiency. With the availability of more data via smart sensors and Internet of
Things (loT) appliances, the truth and flexibility of Al-based predictive tools remain to enhance with time and would turn into a
very critical part of the smartly organized energy networks.

2.4 Energy Storage Role in Microgrid Optimization

Energy storage systems (ESS) act as a natural boundary between demand and supply of energy especially in an island
microgrid where the variability due to renewable energy needs to be balanced without an external resource [18]. Batteries
specifically offer a flexible and prerogative solution to balancing the grid and accommodating peak loads and stabilizing power in
the event of renewable shortfall. Storage units must be properly integrated and controlled to achieve the maximum out of them
at the minimal wear cost and operational costs. Smart allocation of storage capacity can facilitate load profile smoothing, avoid
power oversupply, and make the batteries last as long as possible by programming charging/discharging schedules. ESS
optimization on a microgrid only requires real-time control, but also involves predictive scheduling of the hardware given
forecasted generation and consumption [19]. Al and rule-based systems are typically used to manage storage operations as part
of an overall microgrid goal such as minimization of costs, minimization of emissions or autonomy of the system. Storage agents
with MAS can interact with other components of the system allowing them to make decentralized decisions depending on the
local needs and global constraints. There also needs to be complex algorithms in the way various storage units, with different
capacities and levels of charge, can be coordinated to create overall efficiency [20]. With the cost of battery technology still falling,
combined with their performance, storage is acting as an increasingly key aspect in the design of microgrids. The advantage of
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these systems is that they are best used with the help of intelligent control frameworks, which hold the key to stable and sustainable
operation of future islanded microgrids.

2.5 Coordination of Renewable Dispatch in islanded Microgrids

Islanded microgrid coordinated dispatch considers real-time optimization to coordinate generation, storage, and other
loads without using the central grid. The problem is how to deliver variable renewable sources and shifting loads and keep the
frequency and voltage of the system at a desirable level. Islanded systems cannot export or import power and unlike the grid
connected systems, depend only on local resources [21]. The mechanisms of coordination are needed to manage the utilization of
energies with renewable sources, intelligent storage, and prioritization of loads with respect to their criticality. With Al-based
forecasting and optimization, multi-agent systems make synchronous energy dispatch possible, with an ability to distribute
communication and cooperation. This leads to a higher rate of reliability, fault endurance efficiency. Several objectives must be
taken into consideration in control strategies that include economic cost, energy autonomy, power quality, and user comfort.
Advanced dispatch models incorporate dynamic management of energy flows through the dynamically anticipated conditions
notifying the real-time measurements coupled with the priority rules [22]. This is especially critical where solar or wind penetrations
are high and a wide range in generation may suddenly be experienced due to the change of weather conditions. Coordinated
dispatch, too, can be used to avoid blackouts because it ensures that reserve margins have been managed, and load shedding
strategies are usefully applied. Closely acting together in the form of distributed intelligence, adaptive learning, and robust
optimization, coordinated dispatch frameworks gain prominence in controlling the complexity and the resilience of island
microgrids.

2.6 Research Gaps

Although the microgrid technologies are significantly advanced, there exist some gaps in the existing research and
practice. Energy forecasting, agent-based control and storage optimization paradigms are usually studied separately with little or
no effort to incorporate them into a single, intelligent dispatch mechanism [23]. The holistic solutions that are able to dynamically
balance energy systems with real-time capability be scalable and fault tolerant are lacking. Assumed ideal operating conditions in
existing models fail to capture uncertainty and disturbances in real life situations such as isolated microgrids. Very few high
qualities, in real-time, data sets are available to train and validate intelligent control systems. This has hindered the generalization
of findings, and recreation of projected techniques. There are not many studies on the islanded microgrid whereas grid-connected
microgrids are thoroughly researched, even though the islanded ones are becoming more common in rural electrification, disaster
recovery and military purposes [24]. The effect of interaction of the agents particularly, the negotiation of conflict solutions during
conflicting goals is an unfolding frontier. The other limit is that little focus is given to mixed hybrid control approaches which use
an integrated deterministic and learning approach to enhance robustness. The gaps have a lot of potential for the development
of multi-agent based integrated Al-based that can efficiently coordinate renewable dispatching, balance load and storage in real
time in an autonomous way [25]. These questions can be resolved to produce a microgrid system that is more self-sufficient,
robust, and that can provide the clean energy that can be depended on even under the harshest conditions of operation.

2.7 Empirical Study

The article written by Yuyan Sun et al. (2020) entitled Coordinated Energy Scheduling of a Distributed Multi-Microgrid
System Based on Multi-Agent Decisions provides detailed, empirical background concerning agent-based coordination of a
distributed energy system. The proposed study suggests the hierarchical multi-agent system encompassing Microgrid Agents
(MGAs), a Central Energy Management Agent (CEMA) and a Coordination Control Agent (CCA) to perform the pre scheduling,
optimization, and rescheduling tasks. With a hybrid optimization method that employs both mixed-integer linear programming
(MILP) and particle swarm optimization (PSO) solutions the system improves the decision process amongst networks of
interdependent microgrids [1]. The empirical findings are based on the simulation of a model utilizing three microgrids, which
shows better efficiency in dispatch, lesser operational costs, and enhanced capability of adapting to uncertainty in renewable
energy. This study validates the usefulness of smart, distributed control, particularly in island microgrid frameworks where
autonomy and strength are more fundamental. It strengthens the notion of implementing multi-agent Al systems in realizing
efficient renewable energy and storage control in micro-grid operations.

The article A Sujil Areekkara, Rajesh Kumar, and Ramesh C. Bansal (2021): An Intelligent Multi Agent based Approach to
Autonomous Energy Management in a Microgrid proposes a distributed artificial intelligence system to address a complex and
dynamically challenging task of energy management in microgrids. The paper proposes a new multi agent structure in which there
exists a combination of forecasting agents with a real time correction agent to handle the mismatch of renewable resources and
fluctuating loads [2]. The system executed on the State flow platform is tested under various conditions of operation, such as
variability of resources and change in demand. Based on the results it can be concluded that the multi-agent system shows better
performance than the traditional EMS approaches, enhancing energy dispatch accuracy and component usage. The autonomous

Page | 95



Multi-Agent Al System for Coordinated Dispatch of Renewable Energy and Storage in Islanded Microgrids

and adaptable attributes of the architecture exhibit how microgrids with a decentralized Al-based control system can improve the
reliability and efficiency of microgrids. The research justifies the use of multi-agent Al platforms in real-time energy coordination,
and this is aligned with fundamental purposes of dispatches and storage optimization under the islanded microgrid conditions.

The article by Huanhuan Nie, Ying Chen, Yue Xia, Shaowei Huang, and Binggian Liu titled Optimizing the Post-Disaster
Control of Islanded Microgrid: A Multi-Agent Deep Reinforcement Learning Approach suggests the development of a multi-agent
deep reinforcement learning (DRL) model to optimize post-disaster studies in islanded microgrids. Resilience enhancement is
developed as a sequential unconditional problem so that the cumulative utility during power outages is maximized. A hybrid
control solution is presented with a smart energy storage controller together with an adaptive load shedding algorithm. To test
the functioning of the system, the simulation environment using OpenAl and OpenDSS will be constructed using renewable
sources, diesel generators, and storage devices. The outcomes show good flexibility and effectiveness in dispatch coordination
with different resources availability and outage times [3]. The research shows that multi-agent Al can be used to dynamically
orchestrate decentralized resources (in an isolated microgrid regime), allowing operations to maintain continuity, distribute energy
as efficiently as possible, and make them more resilient in times of critical events.

The article Optimality Energy Management and Control features of Distributed Microgrid Using Multi-Agent System by
Muhammad Waseem Khan and others offers a detailed discussion of the multi-agent systems in the range of the regional grid
and supervision of distributed microgrids [4]. The article addresses the autonomous ability of intelligent agents to control microgrid
components to effectively coordinate energy distribution when there are varying renewable energy sources including solar and
wind. Various control methods such as centralized, distributed and hybrid are tested in the context of stability of the systems and
its efficiency. The paper has also cited the role of the particle swarm optimization (PSO) as being one of the most reliable methods
of reducing the operational costs on a distributed energy system, and enhancing reliability. The study contests the flexibility and
scalability of the MAS in managing energy delivery, storage, and fault management. Such insights are useful to the interpretation
of how multi-agent coordination enabled by Al can improve decentralized energy scheduling of interest to opposite contexts of
microgrids with renewable and storage integration that are typically isles.

An article by Mohamad Fares Al Jajeh, Syed Qaseem Ali, Geza Joos, and Ilja Novickij the Islanding of a Microgrid Using a
Distributed Multi-agent Control System, examines the use of a decentralized control system to be used to control the assets in a
microgrid during an islanding situation. This paper explores a multi-agent system which classifies agents to manage distributed
energy resources, loads, and other important elements in a steady manner through both planned and unplanned disconnections
[5]. Under the proposed architecture, centralized command sourcing and distributed execution are integrated, so that local
decisions can be made in real-time, but system-level coordination is not lost. To reduce post-islanding transients and ensure
stability, the paper aims at including two load control algorithms, one load-shedding algorithm and another load-curtailment
algorithm. A hardware-in-the-loop validation is achieved with simulation (based upon a modified CIGRE North American
distribution benchmark). The results can verify the strength and modularity of the system, and it underlines the ability of the multi-
agent system to facilitate synchronized resilient energy dispatch and storage management in the islanded microgrid setting.

3. Methodology

This study contributes by solving the challenge of coordinating the dispatches of the renewable resources and storage
using a Multi-Agent Reinforcement Learning (MARL) in a decision-coordinating solution (DCS) approach in island microgrids.
Autonomous agents reflect solar generation and battery storage, demand load, and allow decentralized decisions to be made
because of real-time dynamics of operation. The Spanish and MIRIS microgrid historical datasets are combined to simulate the
energy consumption, the variation in generation of both datasets, and the weather. The simulation tests are done under various
cases of load and generation. Tableau, Python, and Excel are used in processing, visualizing, and analyzing the result, to determine
system performance at reliability, energy efficiency, and with renewable integration.

3.1 Research Design

This study applies an experimental research design on simulating the controlled management of the island microgrids
through a multi-agent artificial intelligence model. The paper developed a digital twin ecosystem in which historical and high-
frequency data were used to simulate the microgrid behavior in various operating conditions [26]. The independent agents will
know how to handle solar power, battery storage and energy usage. These agents respond tirelessly to each other and can simulate
the behavior of distributed energy systems in the real world without some centralized controller. Its goal is that all the agents carry
out informed decisions that help to maximize the system, for example, energy wastages can be minimized, reliability and cost-
effectiveness maximized. Actual historical data is used to simulate different trends of load demand, the solar generation variation,
and weather effects under different scenarios. Agents implement decision-making logic that accounts to rule-based logic and
dynamic thresholds of real-time flows. The expected trends in energy production and consumption are analyzed in a structured
manner and not purely through black-box Al, which allows transparency in the behavior of the system. The data preprocessing,
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modeling, and results visualization are done with the use of Tableau, Python, and Excel, thus, allowing the comparison of various
scenarios measured by different metrics such as system reliability, energy savings, and dispatch cost [27]. The efficiency and
responsiveness of this multi-agent system in real-time performance is compared with the conventional rule-based systems.

3.2 Sources of Data and Preprocessing

There are two major datasets used in the study; Energy Dataset and Li g e Microgrid Dataset. Spain's dataset provides a
history of four years of hourly data pertaining to electricity demand, source of generation, prices on the market and environmental
variables such as temperature and solar radiation. In the meantime, the Liege data set gives the high resolution (5-seconds)
monitoring information on PV output and electricity consumption, and 15-minutes-ahead weather forecast. This data gets cleaned
and aligned to be compatible by means of timestamp normalization and imputation of null values. The outlier identification is
carried out using IQR techniques, and the algorithms of smoothing are used to maintain the integrity of data. They use time-based
features which include hourly tags, seasonality flags and rolling average of demand just to bring contextual insights to the
behavioral patterns. Weather variations, such as sunshine, cloud cover, and temperature are matched and time synced with energy
consumption and production records. All the harmonized data are then used to merge to create an input stream representing a
[28]n interaction simulation between renewable, storage, and demand-side dynamics. The data is formatted into windows to be
used in testing and simulations in the form of Python scripts and Excel preprocessing logic. Data on temporal relationships with
Tableau is possible to visualize easily, and it is easy to infer the trends, outliers, anomalies in operations. This data-base is essential
in operating the multi-agent decision making activities and enables testing in the two conditions one being nominal and the other
being the stress driven conditions.

3.3 Multi-Agent System Architecture

The architecture of the system is built on the multi-agent model, each of the three microgrid elements generation,
storage, and load are modeled as independent software agents. These agents will be programmed with specific operating roles
and rule sets, which helps them to act in real-time. Generation agents control the production of solar PV systems and report
availability depending on irradiances and weather data. Storage agents regulate charging and draining of batteries maximizing
energy storage and supply depending on different disaster demands [29]. The load agents oversee consumption requirements
and they also engage in the demand response plans where they defer or priorities less important loads in the event that the supply
is low. In it all agents act independently based on their own local observations, and communicate with each other in a lightweight
protocol to exchange system states and coordinate actions. To provide an alternative to the centralized forecasting or optimization
algorithm, the algorithms utilized run as agents with event-driven logic applied by reference to the recent patterns in data, the
operational limitations in operation. The system-wide goals, including the load balancing, renewable maximization, cost
minimization, are enforced by shared rule structures and following the coordination strategies that rely on consensus. Redundancy
mechanisms are instilled to increase the level of faults and resilience within the system. Its architecture is scalable, that is, it can
add more agents to work with the system but not redesigning its core. It guarantees self-sufficiency, interoperability, and stability
critical features of operating island microgrids as a central control is not an option.

3.4 Forecast-based Rule-based control

This study makes use of a forecast-informed rule-based system to perform the control logic, as opposed to the use of
more complex predictive models. Cleaned historical data in combination with aggregation are used to produce short-term trends
in solar irradiance and load demand. The energy predictions are developed based on the moving averages, time variables and
climate conditions (temperature and time-of-day) which are determined in Python. The agents interpret these patterns of forecasts
and use them to make decisions such as charging when solar power is expected to be high, or discharging electricity in times of
high-power demand. The thresholds of rules are constantly adjusted based on the observed trends of the Spain and Liege datasets,
so the system does not require specification of rules over time and day-to-day variations. Structured forecast tables and scenario-
based dispatch rules are created in excel and Tableau allows viewing the effects of different forecast strategies on operational
decisions. This is a less complex but flexible prediction system that has fewer complex problems and improves transparency in the
control procedures [30]. The real time capability of the agents to act in these patterns enables the ability of the agents to create
energy balance, evade surcharging or depowering and have an increase in the use of renewable sources without having to depend
on obscure deep learning models [31]. This will allow proper and comprehensible control, which is appropriate to real microgrid
systems that require a comprehensible and resilient behavior.

3.5 Simulation Framework and Criteria of Evaluation

This simulation framework is programmed in Python and scenario logic in excel to evaluate the performance of the multi-
agent control strategy. The simulation model simulates the operation of an islanded microgrid where the input parameters assume
different values such as the amount of solar power to be produced, load changes and weather conditions to be experienced [32].
Various operating conditions are simulated- typical sunny days, cloudy days and peak consumption hours, to test the strength of
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the systems. The simulation is scripted in such a way that agents behave and interact to reflect autonomous choice making and
decentralized coordination. Outcomes are visualized and interpreted by using Tableau dashboards and analytics on Python.
Performance assessment is based on a set of specified parameters of penetration by renewables, efficiency of storage (charge /
discharge performance), unmet demand percentage, costs of the system provisioning, and the stability of energy balance. The
metrics of voltage and frequency stability are also simulated with the help of proxy measures, which is reliable as to ensure
operability with the dynamics of the real world. When contrasted with a traditional rule-based model of dispatch it is possible to
state that the multi-agent system demonstrates a better general energy usage, a decreased reliance on fossil-based reserves, and
improved resilience to unexpected disruptions. This substantiates the suitability of the decentralized Al coordination as an
extendable, adaptable, and dependable system in controlling islanded microgrid management.

4. Result

The findings include major observations on the behavior of the Multi-Agent Al System in the coordinated dispatch in an
islanded microgrid [33]. The research is carried out using visual analytics that are constructed using Tableau, Python, and Excel to
analyze the energy consumption trends, loading forecasting accuracy, generation mix, and regional demand patterns. The results
prove that the Al system will be efficient in load balancing, forecast harmony, and renewable integration. The numbers testify to a
state of better system autonomy, less reliance on fossil fuel, and increased reliability to the grid. Taken together, the findings
support the conclusiveness that agent-based coordination works to optimize energy operations under isolated microgrid settings.

4.1 Dynamics of Energy Consumption within World Regions

Energy Consumption Trends Over Time
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Figure 1: This picture depicts to the Energy Consumption Dynamics in World Regions

Figure 1 shows the long-term changes in energy consumption (measured in terawatt-hours (TWh), of five of the main
global regions: World, OECD, BRICS, Asia, and North America between 1990 and 2020. This visualization offers a macro-scale
insight into the way electricity demand has changed over time in each region and across the whole world, which is necessary
because it gives a frame to the situational role and scalability of an islanded microgrid in various energy systems. Energy
consumption in the world has a trend that is growing steadily; it increased by around 102,000 TWh in 1990 to 165,000 TWh in 2019
before decreasing a little in 2020 perhaps the side effect of the COVID-19 pandemic. Such a general trend portrays the rising
energy dependence on power with the global phenomenon of use and increases the necessity to have scalable and stand-alone
microgrids that could respond to a wide range of demand variants. The OECD countries are mostly developed economies, which
depict a consistent upward trend until the mid-twenties of 2010, when the curve starts levelling and slightly recursion. This implies
the shift to energy efficiency, the fullness of industrial demand and, perhaps, to more intelligent consumption patterns. In the
meantime, BRICS countries and Asia show a high and steady rate of increase in the consumption of electricity, especially after
2000. One should also note that in terms of the use of electric energy, Asia starts to overtake OECD sometime around 2012 which
indicates the fast pace of industrialization and urbanization of the region. These developing economies offer a great opportunity
in the use of smart, agent-based microgrids to address growing energy demands in favor of renewable integration. The
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consumption pattern in North America is comparatively stable and indicative of an energy infrastructure that is mature and does
not exhibit much change on a year-to-year basis. These patterns are very different across these regions and emphasize the
necessity of using microgrid dispatch models that are scaled to the local demand trend [34]. The ideas extracted out of this trend-
analysis world-wide also lend weight to the notion of decentralized and intelligent energy control- especially in rapidly growing
areas where power-grids may be restricted or curtailed to respond and become available. The capability to deploy adaptive and
coordinated dispatch to the advantage of multi-Agent Al systems is a potential solution to counter the twofold problem of
increasing demand and sustainability in the isolated and remote microgrids.

4.2 Demand curve insights and Hourly Load Patterns

Average Load by Hour
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Figure 2 This Image shows the map of mean energy load by hour of a 24 hours cycle

Figure 2 shows the hours averaging energy demand in a span of 24 hours, which also provides the insight of how a
consumer behaves in terms of energy consumption when it comes to island microgrids. The horizontal axis is the hours of the day
(0 to 23), and the vertical axis is a normalized load, which just mentions the relative strength of the electricity consumption at a
given time of the day. This time-based demand analysis would be useful in implementation of real time dispatching procedures in
a microgrid that is independent of the main utility grid. The curve shows that the amount of electricity consumed is at the lowest
during late night and early morning (0:00 to 5:00) when there is little activity by the people of the households and the business
folk. After about 6:00, the load curve increases gradually because of the daily activity of users, who switch on the appliances, lights,
and machines. Its peak load is registered at 11.00 to 14.00, a time sensitive period, which needs to be handled with energy
coordinating solutions. In an islanded configuration, this peak must be satisfied without any grid support, and predictive and
adaptive dispatching is thus essential. After the afternoon, the graph slopes down slowly especially after 17:00 because of the
decrease in industrial and business activities. The reduction persists into evening and late night to the basic levels. The predictability
of this curve also allows Al agents in a multi-agent system to pre-adjust schedules of generation and use of energy storage [35].
As an example, generated solar power not used at the peak or prior can be stored and released at the nighttime to normalize the
supply. The cost of this figure supports the necessity of the intelligent time-sensitive integration of distributed energy resources.
Considering these hourly patterns, the system optimizes generation, storage, and load forecasts, making such solutions more
autonomous, stable, and efficient, the major characteristics of resilient island microgrids.
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4.3 Efficient Load Forecast and Accuracy of Forecasts

Forecast vs Actual Load
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Figure 3: This Image represents the correlation between estimated load and measured load

Figure 3 shows that there is a scatter plot of the forecasted value versus the actual value of the electrical load in the island
microgrid. The x axis indicates the amount of predicted load in the megawatts (MW) whereas the y axis presents the actual load
which is also measured during the same time periods. Each of the plotted points presents a definite period, and records the
correlation of what the system projected to be and what was consumed. Where most of the data points are concentrated on the
diagonal trend line indicates that the values predicted and the observed values are in great agreement which is an indication that
there is high forecast reliability. This predictability is critical in standalone microgrid systems where power demands should be
dealt with without depending on a central grid. The low values in the individual forecasts mean that there is a little deviation, (i.e.)
the forecasting system can trace the actual changes in the real world demands very closely. This precision contributes much to the
decision-making process that multi-agent dispatch schemes should deliver, having to coordinate energy provision by distributed
sources and to efficiently utilize battery storage resources. Proper load forecasting reduces chances of overgeneration and non-
utilization of resources. With good foreseeability of actual use, energy dispatch choices: whether to charge or discharge batteries,
and when to use secondary energy sources can be made optimally not only in cost but also in reliability. The statistics presented
in Figure 3 prove the success of the forecasting method used, and highlight the fact that it allows more stable, responsive, and
efficient functioning in a self-sustained microgrid [36]. This accuracy of prediction can be turned into a potent working practice
through integration with data visualization tools such as python and tableau where dispatch schedules can be monitored and
adjusted dynamically. The result is a strong, and self-regulated energy system that fits well in the island microgrid environment.
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4.4 Historical World Energy Generating Proportion
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Figure 4: Thai Image demonstrate to the percentage contribution to the world Consumption energy since 1990 to 2020

Figure 4 shows a line graph of the percentage contribution to world energy till 2020 in replacing the percentile
contribution to world energy generation before 1990. The Y axis measurements refer to percent share of the total worldwide
energy output when the X axis contains 30 years with points represented in each year. This graphical representation indicates a
remarkable rise in the amount of energy production capacity as time accrues and this is most likely due to the entry of emerging
regions using renewable-based energy and the growth of microgrid systems. Since the year 1990, the graph developed an upward
trend, which means that the production of energy grew with consistency. The trend is especially applicable to the case of island
microgrids since it outlines the trend in the world with regards to decentralized and diversified power generation. An extreme
spike is noticeable around 2008 and it is perceived that this might be related to some technological improvement, policy changes,
and the increased investment in the distributed renewable technology like solar photovoltaic plants and wind generators [37]. The
available generation resources are more reliable and abundant; thus, the impact of such developments is directly on the
performance and scope of island microgrids. In 2018, the data is maximized at over 95 percentile representation of the world. In
2020, a certain decline is seen, which can be explained by the operational losses encountered due to global events, disruption or
shifts in the supply chain, changes in consumption dynamics, etc. Nevertheless, the general expansion trend can be used to
highlight a major shift in the world of energy infrastructure, namely, the shifting away of centralized grids towards smarter, localized
microgrids that are able to facilitate community-level autonomy. Its relation to the study is the confirmation that island microgrids
can be scaled to contribute to the ecosystem of the global energy environment. The trend towards the share of the total generation
helps rationalize the implementation of coordinated multi-agent Al systems in terms of efficient dispatch and load balancing in
isolated environments, which is a primary goal of research.
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Figure 5 This Picture depicts the regional allocation of energy consumption across the world in 1990

Figure 5 is a graphical representation of the consumption of energy in regions all over the world corresponding to 1990,
which is critical in providing the groundwork in assessing the historical trend of energy demands of which microgrids are developed
now. Consumption (in terawatt-hours, TWh) is categorized by area using the bar chart (by region) in key areas of the world, World
total, OECD, BRICS, North America, Asia, Europe, CIS, Latin America, Africa, the Middle East, and the Pacific. This information will
serve a good context of determining areas that were well-developed with grid infrastructure as compared to which areas are
under-electrified and warrant strategic deployment of island microgrids to geographically specific areas. The chart points at the
fact that in 1990, the OECD countries were the largest users of energy, supplying more than 50,000 TWh to the world energy
market, i.e. over a half of the world energy cake of about 100,000 TWh. This control indicated industrial development and an
intense grid network within developed areas. North America and BRICS trailed with about 25000-27000 TWh apiece, though Asia
showed escalating demand to allude to the impending industrial upsurge in that region. Conversely, the consumption level was
much lower in other parts of the world like in Africa, Latin America, the Middle East and the Pacific which are evidence of
infrastructural shortages and inadequate access to energy [38]. In terms of microgrids, this gap reveals the opportunity that the
implementation of decentralized, Al-based, energy systems can have in the areas with historically low consumption. Islanded
microgrids have been praised as providing autonomy, flexibility, and scalability, which is important in overcoming islands that are
typically hard to electrify due to the hub-and-spoke nature of centralized grids [39]. These reflections of 1990 therefore do not
only contextualize the inequalities of consumption which are historical, but also support the message of the ideas of using multi-
Agent Al dispatch systems as pertaining to localized, resilient energy delivery. Such systems have the potential of bridging legacy
gaps and facilitating contemporary energy security and sustainability in emergent and remote environments.
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4.6 Total Load Change Analysis Over Time

Total Load Over Time
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Figure 6: This image shows to the total electrical load variation within five days

Figure 6 presents the cumulative change of the electrical load over a 5-day period, the actual load (in megawatts) displayed in the
figure reflects the changes occurring on a day-to-day basis. First is the x-axis which indicates time measured in days (January 1st
- January 5™), and the y-axis indicates total load in megawatts (between about 20,000 MW and 33,000 MW). This chart plays a
significant role in realizing the patterns in load demands that must be dealt with by island microgrids in dynamic and intelligent
energy release. The figures show a very high degree of cyclicity and repetitiveness in the load, where the load profile is known to
reach its highest point during the daytime and reach a very low point in the night hours. These sensitive spikes and troughs are
symptomatic of regular human activity and the cycle of industrial use. Back on the 3th of January, the system had the deepest peak
load throughout the period of observation, which indicates a possible overload on the grid resources. That is of especial importance
to islanded microgrids, which need to react to these swings autonomously, without assistance of the main grid [40]. It highlights
the necessity of powerful projections, real-time tracking, and smart-energy delivery to maintain a secure supply of power. The
forecasting of these variations is possible on multi-agent Al systems through the analysis of these trends and the dynamic
allocation of renewable energy sources and storage units or backup generation plants as a result. The significance of the load
balancing strategies is evident in this graph. By determining peak usage times, the system can preemptively move non-critical
loads, and hoard excess energy during off-peak, and diminish demand on the storage or generator units. Finally, the pattern
analysis will help to come up with robust microgrid designs that can not only sustain themselves but can also manage daily load
fluctuation in energy demands effectively.
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4.7 Fossil Fuel Analysis as a Source of Energy Production
Fossil Energy Generation
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Figure 7 This picture symbolize to the analysis of fossil fuel contribution to energy production

Figure 7 reveals a comparative bar graph of fossil energy generation by source, i.e., it builds on the analysis of contribution
of Gas, Hard Coal and Oil in megawatt (MW) terms. With this visualization, a particular imbalance in the usage of certain fossil
sources is emphasized, which can be of great value in constructing an optimized island microgrid design, in which the goal would
be to minimize the carbon dependency but keep the dispatch capacity secure. The chart indicates that the share of both Gas and
Hard Coal is high in fossil energy generation as they provide close to 4,800 MW. The fact that they have almost the same values
shows that the two fuels form the mainstay of the present corresponding form of power generation (fossils). The contribution of
QOil is minimal at less than 500 MW and this implies that the trend could be shifting towards less oil generation probably because
they are more expensive to operate and without a positive impact on the environment. The implications of this energy mix to
island microgrid development are serious. Semi systems which are still connected with the fossil-based backup systems have to
bear the fluctuations and the cost of fossil-based gas and coal. In the case of island operations, where grid independence is the
focus aspect, such data will assist the levels through which fossil energy can be used as a transition cushion through integration
of renewable energy sources such as solar power and wind energy. The almost equal supply of gas and coal is also an indication
of the importance of smart dispatch coordination in which multi-agent Als can better control the selection of fuel as per the cost,
efficiency and constraint on emissions [41]. Microgrids can go a step forward in reaching sustainability goals by reducing the coal
usage during times of high demand and focusing more on cleaner transitional fuels gas. This amount demonstrates the necessity
of introducing Al-enhanced decision-making technology into the process of maintaining legacy energy systems in terms of
effective operation, coexistence with modern renewables, and the ability to scale-down island microgrids should critical shortages
appear in the demands or supplies.
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4.8 Daily load Contribution Analysis

Daily Load Contribution
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Figure 8 This picture shows the daily contribution of loads daily since May 20, 2019, to June 17, 2019

Figure 8 shows a pie chart as the daily load contribution of every single day between May 20, 2019, and June 17, 2019.
Every figure of the chart is related to a certain date; bright colors are applied to differentiate between the shares of the everyday
loads. The fact that the size of the slices is not very different creates some implication that on the observed time frame the
consumption of energy is relatively balanced, and there is no portion of the day which is predominant to form the overall load
profile. This stable daily load distribution is an indication of a balanced demand in the island microgrid system. This constancy is
very important in isolated systems since it will encourage predictability, assisting in scheduling energy output in renewable and
non-renewable sources. The even balance also implies that no sudden change of a load or some shock of the operational flow is
observed during the time of the monitoring, which helps to justify the efficiency of automated operations control and prediction
strategies. In case of island microgrids, daily analysis of load contribution plays an important role in the scheduling of and the
rotation of power supply, on a day-to-day basis (either solar, wind, battery energy storage or fossil backup supply). Having seen
the stability, there should be an optimization of the energy allocation algorithms that would seek to reduce the wastage and
enhance productivity. The visualization facilitates one of the most important features of micro grid autonomy, that is the guarantee
of an uninterrupted supply regardless of overwhelming the generation or storage system in a single day. The figure can also be
used to discover the level of evenly distributed user demand per week, which can vary maintenance windows, renewable energy
integration and planning and storage system discharge [42]. Finally, this discussion confirms the necessity of the steady-state load
management system and justifies multi-agent coordination in enforcing the balance in the island microgrid system.
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4.9 Multi-Agent Dispatch Coordination in 15-minute load dynamics

Load Over Time (15-Min intervals)
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Figure 9 This image shows a very fine scale analysis of how loads change with time

Figure 9 provides a drilled down snapshot of the changes in the load at the 15-minute interval between May 20 and June
17. The given visualization is vital regarding the introduction of a Multi-Agent Al System to coordinate the management of
renewable energy sources and storage within island microgrids. The figure demonstrates repeated circadian cycles, in which there
are marked daily highs in the daytime and lows at night, pointing to the possibility of a regular pattern of consumption that is
affected by human behavior and activity patterns. The predictability of the load profile implies that there is a possibility to estimate
the future demand with the help of the load forecasting models, and especially with the ones transformed powered by Al agents
that can easily be trained based on historical data. This is mandatory to island microgrids in which real-time decision making is
also required because of availability of very less or no grid support. The diurnal loading profile of the load pattern enables the
dispatch agents to plan the usage of renewable sources ahead (e.g., during the solar peak) and scheduling the storage discharge
during the peak demand seasons. The variability among different days is visible in the plot where some periods are characterized
by spikes of load or a decrease in it. Such a behavior stresses the necessity of decentralized, intelligent agents with the ability to
adapt to locally determined conditions of consumption and generation. This responsiveness paves the way to more grid resilience
and for a more optimal use of the distributed energy resources. As highlighted in figure 9, frequent monitoring of the loads is vital
in optimization of energy dispatch [43]. These insights of this high-resolution load analysis allow them to directly help in the
deployment of a multi-Agent Al system that has the ability to dynamically balance generation, storage, and demand in real time
causing stability in island microgrids.
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4.10 Analysis of Energy Generation Mix

Energy Generation Breakdown
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Figure 10 This picture depicts the energy generation mix in the islanded microgrid

Figure 10 demonstrates the composition of energy generation in the island microgrid according to the proposed Multi-
Agent Al System under the control of the dispatching. The pie chart will show the proportionate contributions of three main
sources i.e. Wind_Onshore, Fossil_Gas and Biomass. Wind Onshore leads the generation portrait among them, which also indicates
the preference of the system to renewable energy to increase its sustainable capacity and decrease the number of carbon
emissions. The second-largest share that goes to Fossil_Gas means that it is an invaluable role of providing backing potential that
is dispatchable. This is in response to the fact that conventional generation at some point is required to stabilize the system in
times when renewable generation is intermittent or inadequate. In the meantime, the smallest contribution, Biomass emphasizes
the strategic diversification of the system within renewable sources in the pursuit of better resilience and reliability. The balance in
this energy mix confirms the usefulness of the Multi-Agent Al based framework in optimizing the generation dispatch [44]. The
system is sustainable due to intelligent overlapping of wind energy coming as a variable output with control-ability sources such
as fossil gas and bio-mass to establish sustainable continuity in activities. The Al agents inculcate dynamic adjustment of dispatch
choices based on momentary and impending generation assessment and load needs, in this way propounding adaptable and safe
power structure. Figure 10 indicates that the Al system can improve the performance of island microgrids by giving focus to
renewables but maintaining the reliability of the grid. This has been in a bid to help in the overall goal of seeing that the move
towards low-carbon energy systems is made, particularly in dispersed or remote locations whose service depends on microgrids.

5. Dataset Overview

This study uses three different and high-resolution datasets to analyze the effectiveness of the proposed multi-Agent Al
system, covering as wide a scope of microgrid operation as possible: energy consumption, energy generation, energy pricing,
weather conditions. These datasets offer a strong tool to train / test intelligent (predictive, and decision-making) agents. They
embrace the energy dynamics on the global, national, and microgrid levels to guarantee the ultimate validation on various
operating conditions. Particularly, the chosen data sets provide such a data granularity as hourly and sub-hourly data, therefore
permitting a specific simulation and a direct forecasting. In combination, they enable the realistic simulation of energy dispatch
and controller-based storage coordination and demand management in island microgrids.
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(Dataset source: https://www.kaggle.com/datasets/jamesvandenberg/renewable-power-generation)

The data named as the Global Energy Consumption & Renewable Generation provides extensive information about global
and regional patterns of electricity consumption and renewable energy production between 1990 and 2020. It contains 6 main
CSV datasets, where four of them cover the global energy generation (expressed in terawatt-hours, TWh) related to different
sources, both renewable, and non-renewable, and two of them address national and continental consumption profiles. The most
important renewable sources are Hydro, Wind, Biofuel, Solar PV and Geothermal and the data is of both the global total and the
performance of the top 20 countries. The data allow time-series and comparison analysis of the energy trends, regionally, e.g.,
OECD, BRICS, Asia, Africa, North America, showing essential changes in consumption and production. As an example, it records
the rising proportion of renewable energy and forms the background towards finding out which of the nations are making progress
in the implementation of sustainable energy [65]. By converting the figures in consumption to TWh, the data is uniform and
relevant to world analysis. The long-term usage trends and increasing presence of renewables identified by this dataset make it a
useful base to build energy policies research, microgrid plans, and Al-based dispatch models. It is also interesting to examine
applications of the integration of islanded microgrids through optimization in the changing world energy systems.
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(DatasetSource:https://www.kaggle.com/datasets/nicholasjhana/energy-consumption-generation-prices-and-weather)
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The Hourly Energy Demand, Generation, and Weather dataset gives a full and high-resolution picture of the electrical
grid operations in Spain during four years, including hourly data between 2015 and 2018. Among its variables, there exists the
electrical demand, generation according to energy source (e.g., fossil fuels, biomass, geothermal), electricity prices and weather
conditions of the five largest cities in Spain. The information will be taken from ENTSOE and Red Electrica de Espana, supplemented
with weather data provided by the OpenWeather APl and can then be analyzed deeply and used in time-series analysis and
forecasting studies. The generation types range between fossil sources of generation, viz., gas, coal, and oil, on the one hand, and
renewable generators, biomass, and geothermal. The fact that forecasted and actual demand and price data is included will offer
a chance to compare the performance of machine learning or Al-based prediction models to industry-standard forecasts. The
researchers will be able to explore the impact of weather factors and climate trends in different cities on demand or prices. In
addition, the dataset is optimal to investigate intra-day load shapes, marginal generation dynamics and pricing behavior - valuable
contributions to the energy dispatch model optimization problem in centrally and decentral operated systems [40]. This dataset
will be useful in training the algorithms, in decision model and in response modeling of demand in an islanded microgrid or
perpetrated by an Al offering improved dispatch system where the energy systems developed is resilient, efficient, sustainable,
and subjected to ever changing variability of real-world phenomena.

(Dataset Source: https://www.kaggle.com/datasets/jonathandumas/liege-microgrid-open-data)

The Liege Microgrid Open Data dataset provides a high-resolution and complete picture of microgrid energy usage,
photovoltaic (PV) power production, and their forecasts in Seraing, Belgium. This dataset was created in connection with the study
called "Coordination of Operational Planning and Real-Time Optimization in Microgrids” and helps implement analysis of
hierarchical microgrid control strategies. It will integrate three fundamental modules: 15-minute forecasts of the weather that will
be derived using the MAR regional climate model developed by the University of Li, 5-second real-time measurements of the
output of the PV plant and the consumption of electricity provided by the MiRIS microgrid, and 15-minute predictions of PV
generation and energy consumption that run 24 hours ahead and that will be updated on a quarterly basis using a recurrent
learning window of one week of size. Using two machine learning models, a Long Short- Term Memory (LSTM) Recurrent Neural
Networks and a Gradient Boosting Regression (GBR) model, forecasts are generated. The data set enables multi-output forecasting
and the researchers can examine the effect of forecast error in the performance of the real time optimization [65]. Parameters of
weather are; irradiance, temperature, cloud cover, humidity, wind speed among others. Since it is a granular information, it will
best be used to improve Al-based energy management in microgrids evaluation of forecast sensitivity and control strategy
optimization. It allows intelligent controllers benchmarking, forecast-based scheduling simulation and implementation of resilient
and affordable energy strategies in dynamic environments.

6. Discussion and Analysis

6.1 Load Distribution optimization in Islanded Microgrids

Fine loading is crucial to the operational success of islanded microgrids, and is critical when no centralized grid is available.
The hourly average load data in Figure 2 can reveal a distinct diurnal pattern that results in the peak hourly load being at
midmorning to early afternoon. The tendency indicates high energy use in the daytime, which can be explained by more
commercial or industrial activity probably, the necessity of air-conditioning in warmer areas. The Multi-Agent Al System makes use
of this predictability in load through dynamically varied dispatch schedules so that priority is given to renewable energy sources
when they are most productive. Partnering high-output renewable cycles with high load schedule hours, the system reduces the
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need to use fossil sodium-based back-up generators [45]. Besides, the responsiveness of the system in real time guarantees
connectivity of load-balancing decisions seen to vary in relation to the variations. Such dynamic adjustment can prevent over-
generation or battery saturation. The agents also assume decentralized roles and take advantage of the local resources by
communicating peer to peer to balance the system without the other central agent. This kind of optimization will issue less pressure
on storage parts and make systems even more resilient. In this regard, the Al-based load sharing structure shows higher resilience,
energy management and fewer emissions in comparison with conventional rule-based control systems. Therefore, it can be
concluded that load optimization can guarantee the reliability and stability of the microgrid support the long-term sustainability
of the energy systems of islands.

6.2 Accuracy of Forecasts and the Use Thereof in the Making of Decisions

The ability to accurately forecast is one of the building blocks of energy dispatch in microgrids, especially such ones
incorporating renewable energy sources with variable outputs. In Figure 3, calculations show that the relationship between
predicted and actual loads is close, which indicates that model accuracy is high. This predictive feature is core in the functionality
of the Multi-Agent Al System as this can use prediction data points heavily during its dispatch decision process to be proactive
[46]. Since the Al agents have been integrated with advanced mechanisms of machine learning, they will be able to predict the
fluctuation in load with errors of a minimal level, hence able to optimally allocate resources like battery storage, wind turbines and
gas generators. Such accuracy is critical in an island environment where the mismatch of the supply can cause blackouts or
unnecessary ruin of renewable potential. Also, improved accuracy of forecasts allows the energy storage systems to have
charge/discharge plans that make optimum use of the system to make the batteries neither idle nor overworked. It increases the
absorption of renewable energy by the grid as well. This anticipatory advantage is even more significant when subjected to variable
weather flanked by solar and wind generation [47]. The Al system also keeps learning on past mistakes to enable it to keep on
improving its forecasting models. Compared with the rule-based type of systems that are relatively unchanging, the Al technology
approach is very adaptable and allows continuous performance enhancement in real-time. Consequently, the robust nature of
demand forecasting increases operational resilience, efficiency, and sustainability of the microgrid, further confirming that the Al-
based control system is appropriate in complex, autonomous microgrids of an islanded type.

6.3 Development of World Energy Trends and Applicability to Islanded Ones

Figure 4 below shows the global energy generation trend during 1990-2020 and it can be observed that the proportions
of renewable energy generated remain on an upward trend. These trends are indicative of an overall trend in the world towards
cleaner energy sources which are motivated by policies, innovation, and ecological conscience [48]. Those trends are especially
applicable to island microgrids because they coincide with the motives of implementing renewable-dominant and Al-based
controlled dispatch systems. The rise in the total amount and a variety of sources of energy production underline the scalability
and configurability needed in the contemporary energy systems, and these qualities are at the basis of multi-Agent Al systems.
Due to their level of maturity and falling prices, renewable technologies are beneficial in relation to island microgrids that are
commonly installed in remote or otherwise underserved areas with an insufficient amount of infrastructure. The policy subsidy or
incentive that favors green microgrid projects will also be possible with the upward trend. The use of renewable energy worldwide
stimulates the development of storage and control systems, which are the tools that enable multi-Agent Al activity. These world
trends are turned into local benefits: enhanced system design, enhanced forecasting, renewable energy (et). Thus, developing
island microgrids in line with global energy trends does not only help to realize the objectives of environmental awareness but
also provide compatibility and technological compliance with the future [49]. This analysis therefore highlights the extent to which
energy evolution at the macro-level can support innovation and deployment of decentralized, Al-managed power systems at the
micro-level and why building renewable-centric control strategies should be one of the major considerations of islanded energy
systems.

6.4 Demand Pattern of Energy in the Region and Microgrid Design Implications

To make microgrid systems community specific, one must understand the regional level energy consumption behavior
(Figure 5). Data of 1990 shows that OECD countries have a large consumption of energy, and their use is increasing in transitions
in BRICS, Asia and Latin America. The insights play a central role in designing energy capacity and dispatch plans when operating
islanded microgrids [50]. As an example, island areas of high population or industries can resemble the demand trends of high
consumption areas such as OECD or North America and might need powerful dispatch systems with the ability of handling frequent
peak demand. Small or rural islands might have the opposite effect with a smaller and more erratic consumption and therefore an
adaptable, easily modulated control system. Such flexibility is supplied with the Multi-Agent Al System that has a dynamic
adaptation of production by local needs depending on the regional trends in the generation technology selection. Using solar PV
and biomass will be preferred in tropical islands, and wind energy in coastal areas are some other examples. Energy equity is also
eminent as indicated by the historical energy demand data. Most of the underserved areas such as Africa and the Pacific used a
very small amount of total energy in the world in 1990, which only indicates the necessity of inclusive development with the use
of decentralized solutions such as island microgrids [51]. Such systems are easily deployed and do not require any connected
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infrastructure, as they include powerful Als and can deliver reliable power where it is the most needed. Thus, the regional demand
data can be studied to inform the system design, predictive capacity-loading, and policy consistency, which makes the approach
to the implementation of island microgrids more effective and inclusive globally.

6.5 Dependency on Fossil Fuel and to Sustainability

The composition of fossil energy generated mainly by Gas and Hard Coal and remaining Oil forms insignificant parts as
illustrated in Figure 7. The pattern of this distribution reflects the worldwide movement towards more efficient and relatively
cleaner fossil fuels by the departure of oil-based generation. In the case of island microgrids, this information is a tribulation and
opportunity. On the one hand, Gas and Hard Coal are the categories of fossil sources that can be used as dispatchable backups
quite often because of their controllability and reliability. Conversely, they have sustainability issues about their environmental
implications and limitations to supply [52]. The Multi-Agent Al System deals with this duality as it smartly limits the use of fossils
in dispatch but maintains grid reliability. It gives priority to renewables including wind and biomass when there is sufficient supply
and only makes use of fossil sources when there is necessity to avoid blackouts and capacity shortages. The agents optimize this
strategic dispatch in real-time according to their load forecasts, the availability of renewable energy and the level of storage [53].
Biomass inclusion even at low proportions shows how they are moving toward diversified cleaner generation portfolios. The plan
is to retire highly emitting fuels and build on grid strength by incorporating renewable resources and smart controls. Hence, the
amount contributes to the fact that it is possible to critically discuss the role of fossil fuels in the contemporary energy system and
how the use of Al in managing microgrids can support an easier, more effective shift to clean energy independence in a remote
environment.

6.6 Adaptive Al Control and Temporal Load Variability

The analysis of cumulative load trend (Figure 6, Figure 9) and the energy demand changes within a 15-minute interval
allows showing the non-stationary and non-linear energy demand in island microgrids. The origins of these fluctuations are rather
diverse since they depend on weather conditions, human activity rhythm, and abnormalities of functioning. This kind of variability
needs a very flexible control policy that can react on a real time basis when something happens that is not expected. The Multi-
Agent Al System will be the best in this aspect as it will introduce decentralized agents which will oversee assets and load sections.
These participants share information to decide together to find an approach to the generation, storage, and demand [54]. Another
example, at the times when the load is low, the Al system would be able to store the extra output of renewable facilities in the
batteries and during the times of high demand it would be able to release stored energy or even to selectively power the fossil-
based generators. This kind of responsiveness makes the grid stable under even erratic loads. The data reported (15-minute
intervals) indicates the need for frequent monitoring and control which is impossible to achieve with the help of traditional control
systems. These agents can also learn with time trends and be able to change schedules of dispatches to expectation behaviors in
the future [55]. This has the benefits of improvement of peak-shaving, low curtailment and long life of equipment. The study of
temporal load variation supports the effectiveness of intelligent, autonomous control systems [56]. It proves that MAAI strategy
will be more efficient in the operation, able to adapt to uncertainties at a higher level, and more reliable than others to make island
microgrids successful in complicated real-world situations.

6.7 Ethical Consideration

The use of the Multi-Agent Al System in the island microgrids requires specific attention to the ethical aspects, especially data
privacy, transparency, and non-discriminative access to energy. Since the system is very much based on the real-time collection
and processing of data, the insufficient attention to the confidentiality and integrity of the user-distinctive patterns of energy
consumption become the top priority [57]. Also, the functionality of the Al agents involving decision-making would need to be
viable based on transparency and understanding to establish confidence in the stakeholders and the end-users. When integrating
renewable sources, the action should not lead to consolidating energy injustice as it must make sure that all communities within
the microgrid receive the same benefit in terms of enhanced reliability and sustainability [58]. Ethical deployment Similarly to
algorithmic bias, system decisions should not cause harm to a specific group of people because of technology and economic
divisiveness, as Al systems begin to gain greater authority over vital resources, mechanisms of governance and oversight must be
put in place to maintain accountability, security, and public good across the lifetime of the microgrid.

7. Future Work

The use of the Multi-Agent Al System in the operation of energy dispatch in island microgrids has demonstrated positive
results based on its flexibility, efficiency, and sustainability [59]. There are several directions where this solution can be further
improved and optimized to enhance the level of robustness, scalability, and flexibility of the proposed system. Integration of real-
time weather forecasting with loT sensor networks and improvement of the precision of renewable energy forecasting are some
of the most interesting fields that need to be pursued in future. The feature of such a system, which could be greatly enhanced by
the addition of high-resolution weather data and edge-based sensing devices, is the ability to respond in real time to sudden
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generation or load changes and engage in more effective real-time decision-making [60]. Al-driven demand response mechanisms
implementation is another crucial path. Such mechanisms would enable agents to not only regulate the supply, but also influence
and influence demand of the users, proactively and dramatically, through dynamic pricing, incentives and load-shifting
mechanisms. This two-way coordination would also increase energy balance during peak times or renewables under-performance
[61]. Other opportunities that future work may pursue include the use of a blockchain-based platform to allow multiple island
microgrids to coordinate by using secure, decentralized networks to either exchange excess generation or storage capacity. This
would enhance overall system resilience, eliminate redundancies, and develop a collaborative energy ecosystem. Also, there is the
need to examine cybersecurity considerations of multi-agent communication in the critical infrastructure. Since agent-based
systems are decentralized by their very nature, the communication protocols applied to it need to be secured and guarded against
malicious intervention to an extent that creates reliability and trustworthiness [62]. Finally, there is a need to implement and validate
the pilot version of the Multi-Agent Al System on a large scale and in varying geographical and climatic conditions to assess the
functioning of the system within the limits of its operational capabilities [63]. Such deployments will yield useful field data that will
be used to improve algorithms, agent behaviors, and coordination strategies. Moving forward, the future research is targeted at
improving predictions, adding demand-side flexibility, secure inter-microgrid collaboration, and real-life validation of the
framework to achieve the progress of intelligent, sustainable islanded microgrids.

8. Conclusion

This study has proved that a Multi-Agent Al System is useful in coordinating the dispatch of storage- and renewable-
based energy resources in island microgrids. The present system with the use of decentralized intelligence and live decision-
making based on real-time information greatly increases the flexibility, reliability, and sustainability of isolated networks with
respect to their energy. The system incurs optimum energy balancing between the supply and the demand through integration of
a wide range of energy resources including wind, biomass, and fossil gas, emphasizing on renewable based inputs. The findings
based on advanced visualizations through Python, Tableau, and Excel shows clearly that the multi-Agent allows dynamic flexibilities
to change generation and load patterns, which is important in an islanded setting, which is not grid connected. The capability of
such a system to optimize energy flows, minimize the demand on fossil fuels, and provide supply security supports the practical
viability of such a project in the real world. Energy generation profile analysis, demand fluctuation analysis, and agent-based control
strategy analysis led to the fact that the model will become a blueprint of a smart microgrid system in the future [64]. Specifically,
the decentralized nature of the coordination between agents allows the autonomous decisions, not only reacting to the current
conditions but also preparing and predicting those ahead, which increases the overall energy efficiency and grid stability. The
modular structure of the proposed framework promotes some scalability and compatibility with new technologies like smart
meters, batteries, and adaptive pricing systems. The results of the current study would be a valuable contribution to the current
tendency to shift towards clean and decentralized power systems and its application in remote or disaster-prone territories with
restricted or absent access grid power. With the current shift of the global energy industry towards a larger ambition of focusing
on renewable sources and distribution of infrastructure, implementation of Al-powered multi-agent strategies in microgrids will
be at the forefront. This study paves the way to future research on the development of intelligent energy management searching
systems that can be used to meet global sustainability requirements but, at the same time, can provide sound, independent power
supply in remote microgrid networks.

References:

[1]. Sun, Y., Cai, Z, Zhang, Z., Guo, C,, Ma, G., & Han, Y. (2020). Coordinated energy scheduling of a distributed multi-microgrid system based on
multi-agent decisions. Energies, 13(16), 4077.

https://www.mdpi.com/1996-1073/13/16/4077

[2]. Areekkara, S., Kumar, R, & Bansal, R. C. (2021). An intelligent multi agent based approach for autonomous energy management in a microgrid.
Electric Power Components and Systems, 49(1-2), 18-31.

https://www.tandfonline.com/doi/abs/10.1080/15325008.2021.1937390

[3]. Nie, H., Chen, Y., Xia, Y., Huang, S., & Liu, B. (2020). Optimizing the post-disaster control of islanded microgrid: A multi-agent deep reinforcement
learning approach. IEEE Access, 8, 153455-153469.

https://ieeexplore.ieee.org/abstract/document/9172071

[4]. Khan, M. W., Wang, J., Ma, M., Xiong, L., Li, P., & Wu, F. (2019). Optimal energy management and control aspects of distributed microgrid using
multi-agent systems. Sustainable Cities and Society, 44, 855-870.

https://www.sciencedirect.com/science/article/abs/pii/S2210670718315233

[5]. Al Jajeh, M. F,, Ali, S. Q. Joos, G., & Novickij, I. (2019, September). Islanding of a microgrid using a distributed multi-agent control system. In
2019 IEEE Energy Conversion Congress and Exposition (ECCE) (pp. 6286-6293). IEEE.

https://ieeexplore.ieee.org/abstract/document/8912499

[6]. Ju, L, Zhang, Q. Tan, Z, Wang, W., Xin, H., & Zhang, Z. (2018). Multi-agent-system-based coupling control optimization model for micro-grid
group intelligent scheduling considering autonomy-cooperative operation strategy. Energy, 157, 1035-1052.

https://www.sciencedirect.com/science/article/abs/pii/S0360544218311629

Page | 112


https://www.mdpi.com/1996-1073/13/16/4077
https://www.tandfonline.com/doi/abs/10.1080/15325008.2021.1937390
https://ieeexplore.ieee.org/abstract/document/9172071
https://www.sciencedirect.com/science/article/abs/pii/S2210670718315233
https://ieeexplore.ieee.org/abstract/document/8912499
https://www.sciencedirect.com/science/article/abs/pii/S0360544218311629

JCSTS 3(2): 91-115

[7]. Khan, M. W., Wang, J., Xiong, L., & Ma, M. (2018). Modelling and optimal management of distributed microgrid using multi-agent systems.
Sustainable cities and society, 41, 154-169.

https://www.sciencedirect.com/science/article/abs/pii/S2210670718302312

[8]. Wei, J. (2019). Modeling and Coordination of interconnected microgrids using distributed artificial intelligence approaches (Doctoral
dissertation, Université Bourgogne Franche-Comté).

https://theses.hal.science/tel-02511243/

[9]. Nie, H., Chen, Y., Xia, Y., Huang, S., & Liu, B. (2020). Optimizing the post-disaster control of islanded microgrid: A multi-agent deep reinforcement
learning approach. IEEE Access, 8, 153455-153469.

https://ieeexplore.ieee.org/abstract/document/9172071

[10]. Priyadarshana, H. V. V., Sandaru, M. K., Hemapala, K. T. M. U., & Wijayapala, W. D. A. S. (2019). A review on Multi-Agent system based energy
management systems for micro grids. AIMS energy, 7(6), 924-943.

https://www.aimspress.com/aimspress-data/aimse/2019/6/PDF/energy-07-06-924.pdf

[11]. Al Jajeh, M. F.,, Ali, S. Q. Joos, G., & Novickij, I. (2019, September). Islanding of a microgrid using a distributed multi-agent control system. In
2019 IEEE Energy Conversion Congress and Exposition (ECCE) (pp. 6286-6293). IEEE.

https://ieeexplore.ieee.org/abstract/document/8912499

[12]. Alhasnawi, B. N., Jasim, B. H., Rahman, Z. A. S., Guerrero, J. M., & Esteban, M. D. (2021). A novel internet of energy based optimal multi-agent
control scheme for microgrid including renewable energy resources. International Journal of Environmental Research and Public Health,
18(15), 8146.

https://www.mdpi.com/1660-4601/18/15/8146

[13]. Tazi, K., Abbou, F. M., & Abdi, F. (2020). Multi-agent system for microgrids: design, optimization and performance. Artificial Intelligence Review,
53(2), 1233-1292.

https://link.springer.com/article/10.1007/s10462-019-09695-7

[14]. Almada, J. B., Leao, R. P., AImeida, R. G., & Sampaio, R. F. (2021). Microgrid distributed secondary control and energy management using multi-
agent system. International Transactions on Electrical Energy Systems, 31(10), e12886.

https://onlinelibrary.wiley.com/doi/abs/10.1002/2050-7038.12886

[15]. Olorunfemi, T. R, & Nwuly, N. I. (2021). Multi-agent based optimal operation of hybrid energy sources coupled with demand response
programs. Sustainability, 13(14), 7756.

https://www.mdpi.com/2071-1050/13/14/7756

[16]. Al Jajeh, M. F. (2020). Microgrid Management Using a Distributed Multi-Agent Control System. McGill University (Canada).

[17]. Jiang, W., Yang, K., Yang, J., Mao, R,, Xue, N., & Zhuo, Z. (2019). A multiagent-based hierarchical energy management strategy for maximization
of renewable energy consumption in interconnected multi-microgrids. IEEE Access, 7, 169931-169945.

https://ieeexplore.ieee.org/abstract/document/8911335

[18]. Al-Saadi, M., Al-Greer, M., & Short, M. (2021). Strategies for controlling microgrid networks with energy storage systems: A review. Energies,
14(21), 7234.

https://www.mdpi.com/1996-1073/14/21/7234

[19]. Yasir, M. (2018). Multi-agent based Models for the Distributed Coordination of Energy Micro-grids (Doctoral dissertation, University of Otago).

[20]. Yang, K, Li, C., Jing, X, Wang, Y., Huo, Y., Ma, H., & Zhang, Y. (2021, October). Energy optimization dispatching of islanded microgrid based
on multi-agent system and improved symbiotic organisms search. In 2021 IEEE 5th Conference on Energy Internet and Energy System
Integration (EI2) (pp. 1831-1837). IEEE.

https://ieeexplore.ieee.org/abstract/document/9713000

[21]. Gao, Y., & Ai, Q. (2018). A distributed coordinated economic droop control scheme for islanded AC microgrid considering communication
system. Electric Power Systems Research, 160, 109-118.

https://www.sciencedirect.com/science/article/abs/pii/S0378779618300518

[22]. Sujil, A, Verma, J., & Kumar, R. (2018). Multi agent system: concepts, platforms and applications in power systems. Artificial Intelligence Review,
49(2), 153-182.

https://link.springer.com/article/10.1007/s10462-016-9520-8

[23]. Xia, H., Li, Q, Xu, R, Chen, T., Wang, J.,, Hassan, M. A. S., & Chen, M. (2018). Distributed control method for economic dispatch in islanded
microgrids with renewable energy sources. IEEE Access, 6, 21802-21811.

https://ieeexplore.ieee.org/abstract/document/8340112

[24]. Nair, A. S., Hossen, T., Campion, M., Selvaraj, D. F., Goveas, N., Kaabouch, N., & Ranganathan, P. (2018). Multi-agent systems for resource
allocation and scheduling in a smart grid. Technology and Economics of Smart Grids and Sustainable Energy, 3, 1-15.

https://link.springer.com/article/10.1007/s40866-018-0052-y

[25]. Liu, Z, Yi, Y., Yang, J, Tang, W., Zhang, Y., Xie, X,, & Ji, T. (2020). Optimal planning and operation of dispatchable active power resources for
islanded multi-microgrids under decentralised collaborative dispatch framework. I[ET Generation, Transmission & Distribution, 14(3), 408-
422.

https://ietresearch.onlinelibrary.wiley.com/doi/abs/10.1049/iet-gtd.2019.0796

[26]. Salgueiro, Y., Rivera, M., & Napoles, G. (2019, July). Multi-agent-based decision support systems in smart microgrids. In Intelligent Decision
Technologies 2019: Proceedings of the 11th KES International Conference on Intelligent Decision Technologies (KES-IDT 2019), Volume
1 (pp. 123-132). Singapore: Springer Singapore.

https://link.springer.com/chapter/10.1007/978-981-13-8311-3 11

[27]. Liu, J., He, D., Wei, Q., & Yan, S. (2018). Energy storage coordination in energy internet based on multi-agent particle swarm optimization.
Applied Sciences, 8(9), 1520.

https://www.mdpi.com/2076-3417/8/9/1520

Page | 113


https://www.sciencedirect.com/science/article/abs/pii/S2210670718302312
https://theses.hal.science/tel-02511243/
https://ieeexplore.ieee.org/abstract/document/9172071
https://www.aimspress.com/aimspress-data/aimse/2019/6/PDF/energy-07-06-924.pdf
https://ieeexplore.ieee.org/abstract/document/8912499
https://www.mdpi.com/1660-4601/18/15/8146
https://link.springer.com/article/10.1007/s10462-019-09695-7
https://onlinelibrary.wiley.com/doi/abs/10.1002/2050-7038.12886
https://www.mdpi.com/2071-1050/13/14/7756
https://ieeexplore.ieee.org/abstract/document/8911335
https://www.mdpi.com/1996-1073/14/21/7234
https://ieeexplore.ieee.org/abstract/document/9713000
https://www.sciencedirect.com/science/article/abs/pii/S0378779618300518
https://link.springer.com/article/10.1007/s10462-016-9520-8
https://ieeexplore.ieee.org/abstract/document/8340112
https://link.springer.com/article/10.1007/s40866-018-0052-y
https://ietresearch.onlinelibrary.wiley.com/doi/abs/10.1049/iet-gtd.2019.0796
https://link.springer.com/chapter/10.1007/978-981-13-8311-3_11
https://www.mdpi.com/2076-3417/8/9/1520

Multi-Agent Al System for Coordinated Dispatch of Renewable Energy and Storage in Islanded Microgrids

[28]. Samuel, O., Javaid, N., Khalid, A, Khan, W. Z, Aalsalem, M. Y., Afzal, M. K., & Kim, B. S. (2020). Towards real-time energy management of multi-
microgrid using a deep convolution neural network and cooperative game approach. IEEE access, 8, 161377-161395.

https://ieeexplore.ieee.org/abstract/document/9186047

[29]. Wang, Y., Nguyen, T. L, Xu, Y., Tran, Q. T, & Caire, R. (2020). Peer-to-peer control for networked microgrids: Multi-layer and multi-agent
architecture design. IEEE transactions on smart grid, 11(6), 4688-4699.

https://ieeexplore.ieee.org/abstract/document/9133204

[30]. Abdeltawab, H. M., & Mohamed, Y. A. (2020). Distributed battery energy storage co-operation for renewable energy sources integration.
Energies, 13(20), 5517.

https://www.mdpi.com/1996-1073/13/20/5517

[31]. Ding, M., & Yin, X. (2018). A review on multi-agent technology in microgrid control. Electronics Science Technology and Application, 5(1), 1-
13.

https://core.ac.uk/download/pdf/229345131.pdf

[32]. He, Y., Wang, W., & Wu, X. (2019). Multi-agent based fully distributed economic dispatch in microgrid using exact diffusion strategy. IEEE
Access, 8, 7020-7031.

https://ieeexplore.ieee.org/abstract/document/8932402

[33]. Lee, J. W.,, Kim, M. K., & Kim, H. J. (2021). A multi-agent based optimization model for microgrid operation with hybrid method using game
theory strategy. Energies, 14(3), 603.

https://www.mdpi.com/1996-1073/14/3/603

[34]. Nikam, V., & Kalkhambkar, V. (2021). A review on control strategies for microgrids with distributed energy resources, energy storage systems,
and electric vehicles. International Transactions on Electrical Energy Systems, 31(1), e12607.

https://onlinelibrary.wiley.com/doi/abs/10.1002/2050-7038.12607

[35]. Boudoudouh, S., & Maaroufi, M. (2018). Multi agent system solution to microgrid implementation. Sustainable cities and society, 39, 252-261.

https://www.sciencedirect.com/science/article/abs/pii/S221067071730464X

[36]. Yang, Z, Fu, K., & Paul, J. (2021). Research on multi-agent systems in a smart small grid for resource apportionment and planning. Scalable
Computing: Practice and Experience, 22(2), 203-213.

https://scpe.org/index.php/scpe/article/view/1895

[37]. Khan, M. R. B., Pasupuleti, J., & Jidin, R. (2020, September). Islanded Microgrid with Decentralized Control for Optimal Generation Dispatch. In
2020 IEEE Student Conference on Research and Development (SCOReD) (pp. 45-49). IEEE.

https://ieeexplore.ieee.org/abstract/document/9251013

[38]. Joshi, R, Heistrene, L., Toppo, E., & Patel, R. (2018, November). Application of Consensus Algorithm for Power Dispatch in Autonomous
Microgrid. In 2018 3rd International Innovative Applications of Computational Intelligence on Power, Energy and Controls with their
Impact on Humanity (CIPECH) (pp. 81-85). IEEE.

https://ieeexplore.ieee.org/abstract/document/8724258

[39]. Rajaei, A., Fattaheian-Dehkordi, S., Fotuhi-Firuzabad, M., Moeini-Aghtaie, M., & Lehtonen, M. (2021). Developing a distributed robust energy
management framework for active distribution systems. IEEE Transactions on Sustainable Energy, 12(4), 1891-1902.

https://ieeexplore.ieee.org/abstract/document/9393595

[40]. Espaiia, N., Barco-Jiménez, J., Pantoja, A, & Quijano, N. (2021). Distributed population dynamics for active and reactive power dispatch in
islanded microgrids. International Journal of Electrical Power & Energy Systems, 125, 106407.

https://www.sciencedirect.com/science/article/abs/pii/S0142061520308097

[41]. Garcia Vera, Y. E., Dufo-Lopez, R, & Bernal-Agustin, J. L. (2019). Energy management in microgrids with renewable energy sources: A literature
review. Applied Sciences, 9(18), 3854.

https://www.mdpi.com/2076-3417/9/18/3854

[42]. Feng, L., & Wu, Z. (2018, November). Short-Term Optimal Dispatch of Independent Community Microgrid Based on Multi-Agent Approach.
In 2018 International Conference on Power System Technology (POWERCON) (pp. 4398-4404). IEEE.

https://ieeexplore.ieee.org/abstract/document/8601664

[43]. Rangy, S. K, Lolla, P. R, Dhenuvakonda, K. R., & Singh, A. R. (2020). Recent trends in power management strategies for optimal operation of
distributed energy resources in microgrids: A comprehensive review. International Journal of Energy Research, 44(13), 9889-9911.

https://onlinelibrary.wiley.com/doi/abs/10.1002/er.5649

[44]. Janko, S. (2019). Self-organizing Coordination of Multi-Agent Microgrid Networks. Arizona State University.

[45]. Ghorbani, S., Unland, R., Shokouhandeh, H., & Kowalczyk, R. (2019). An innovative stochastic multi-agent-based energy management approach
for microgrids considering uncertainties. Inventions, 4(3), 37.

https://www.mdpi.com/2411-5134/4/3/37

[46]. AhmadiAhangar, R, Rosin, A., Niaki, A. N., Palu, I., & Kordtko, T. (2019). A review on real-time simulation and analysis methods of microgrids.
International Transactions on Electrical Energy Systems, 29(11), e12106.

https://onlinelibrary.wiley.com/doi/full/10.1002/2050-7038.12106

[47]. Dehghanpour, K., & Nehrir, H. (2018). A market-based resilient power management technique for distribution systems with multiple microgrids
using a multi-agent system approach. Electric Power Components and Systems, 46(16-17), 1744-1755.

https://www.tandfonline.com/doi/abs/10.1080/15325008.2018.1527869

[48]. Gao, Y., Zhou, X, Ren, J.,, Wang, X.,, & Li, D. (2018). Double layer dynamic game bidding mechanism based on multi-agent technology for
virtual power plant and internal distributed energy resource. Energies, 11(11), 3072.

https://www.mdpi.com/1996-1073/11/11/3072

[49]. Guo, C,, Wang, X., Zheng, Y., & Zhang, F. (2021). Optimal energy management of multi-microgrids connected to distribution system based on
deep reinforcement learning. International journal of electrical power & energy systems, 131, 107048.

https://www.sciencedirect.com/science/article/abs/pii/S0142061521002878

Page | 114


https://ieeexplore.ieee.org/abstract/document/9186047
https://ieeexplore.ieee.org/abstract/document/9133204
https://www.mdpi.com/1996-1073/13/20/5517
https://core.ac.uk/download/pdf/229345131.pdf
https://ieeexplore.ieee.org/abstract/document/8932402
https://www.mdpi.com/1996-1073/14/3/603
https://onlinelibrary.wiley.com/doi/abs/10.1002/2050-7038.12607
https://www.sciencedirect.com/science/article/abs/pii/S221067071730464X
https://scpe.org/index.php/scpe/article/view/1895
https://ieeexplore.ieee.org/abstract/document/9251013
https://ieeexplore.ieee.org/abstract/document/8724258
https://ieeexplore.ieee.org/abstract/document/9393595
https://www.sciencedirect.com/science/article/abs/pii/S0142061520308097
https://www.mdpi.com/2076-3417/9/18/3854
https://ieeexplore.ieee.org/abstract/document/8601664
https://onlinelibrary.wiley.com/doi/abs/10.1002/er.5649
https://www.mdpi.com/2411-5134/4/3/37
https://onlinelibrary.wiley.com/doi/full/10.1002/2050-7038.12106
https://www.tandfonline.com/doi/abs/10.1080/15325008.2018.1527869
https://www.mdpi.com/1996-1073/11/11/3072
https://www.sciencedirect.com/science/article/abs/pii/S0142061521002878

JCSTS 3(2): 91-115

[50]. Han, Y, Pu, Y. Li, Q, Fu, W., Chen, W, You, Z., & Liu, H. (2019). Coordinated power control with virtual inertia for fuel cell-based DC microgrids
cluster. International Journal of Hydrogen Energy, 44(46), 25207-25220.

https://www.sciencedirect.com/science/article/abs/pii/S0360319919324024

[51]. Gamage, D., Zhang, X., Ukil, A, Wanigasekara, C., & Swain, A. (2021, July). Distributed co-ordinated consensus control for multi-energy storage
of dc microgrid. In 2021 IEEE Power & Energy Society General Meeting (PESGM) (pp. 1-5). IEEE.

https://ieeexplore.ieee.org/abstract/document/9638036

[52]. Kreishan, M. Z., & Zobaa, A. F. (2021). Optimal allocation and operation of droop-controlled islanded microgrids: A review. energies, 14(15),
4653.

https://www.mdpi.com/1996-1073/14/15/4653

[53]. Jamal, S, Tan, N. M., & Pasupuleti, J. (2021). A review of energy management and power management systems for microgrid and nanogrid
applications. Sustainability, 13(18), 10331.

https://www.mdpi.com/2071-1050/13/18/10331

[54]. Liy, J., Xy, F,, Lin, S,, Cai, H., & Yan, S. (2018). A multi-agent-based optimization model for microgrid operation using dynamic guiding chaotic
search particle swarm optimization. Energies, 11(12), 3286.

https://www.mdpi.com/1996-1073/11/12/3286

[55]. Dy, Y., Wy, J,, Li, S., Long, C., & Onori, S. (2019). Coordinated energy dispatch of autonomous microgrids with distributed MPC optimization.
|IEEE Transactions on Industrial Informatics, 15(9), 5289-5298.

https://ieeexplore.ieee.org/abstract/document/8643528

[56]. Sun, Q, & Yang, L. (2019). From independence to interconnection—A review of Al technology applied in energy systems. CSEE Journal of
Power and Energy Systems, 5(1), 21-34.

https://ieeexplore.ieee.org/abstract/document/8661901

[57]. Ouramdane, O., Elbouchikhi, E., Amirat, Y., & Sedgh Gooya, E. (2021). Optimal sizing and energy management of microgrids with vehicle-to-
grid technology: A critical review and future trends. Energies, 14(14), 4166.

https://www.mdpi.com/1996-1073/14/14/4166

[58]. Mallick, M. (2019). Optimal Decentralized Coordination of Sources in Islanded and Grid-connected Microgrids (Master's thesis, The University
of Western Ontario (Canada)).

https://www.proquest.com/openview/e8ab0c5cd4d0e29e28013d81e2c82ed0/1?pg-origsite=gscholar&cbl=18750&diss=y

[59]. Islam, M. M., Nagrial, M., Rizk, J., & Hellany, A. (2021). General aspects, islanding detection, and energy management in microgrids: A review.
Sustainability, 13(16), 9301.

https://www.mdpi.com/2071-1050/13/16/9301

[60]. Du, W., Shao, Y., Dou, X, Wang, J., Ren, W., & Bai, B. (2020, September). Optimized Dispatch of Multi-energy Microgrid Clusters. In 2020 12th
IEEE PES Asia-Pacific Power and Energy Engineering Conference (APPEEC) (pp. 1-5). IEEE.

https://ieeexplore.ieee.org/abstract/document/9220496

[61]. Li, X, Zhang, Y., Du, D., Zhang, Z., & Xia, M. (2021, January). The Optimal Dispatching Strategy of Microgrid Group Based on Distributed. In
Recent Featured Applications of Artificial Intelligence Methods. LSMS 2020 and ICSEE 2020 Workshops: Workshops of the 6th
International Conference on Life System Modeling and Simulation, LSMS 2020, and 6th International Conference on Intelligent
Computing for Sustainable Energy and Environment, ICSEE 2020, Shanghai, China, October 25, 2020, Proceedings (Vol. 1303, p. 18).
Springer Nature.

[62]. Nguyen, T. L. (2019). Agent-based distributed control and optimization in microgrids with Hardware-in-the-Loop implementation (Doctoral
dissertation, Université Grenoble Alpes).

https://theses.hal.science/tel-02413611/

[63]. Harmouch, F. Z,, Krami, N., & Hmina, N. (2018). A multiagent based decentralized energy management system for power exchange
minimization in microgrid cluster. Sustainable cities and society, 40, 416-427.

https://www.sciencedirect.com/science/article/abs/pii/S2210670717306170

[64]. Ahmad, J., Tahir, M., & Mazumder, S. K. (2018). Dynamic economic dispatch and transient control of distributed generators in a microgrid.
IEEE Systems Journal, 13(1), 802-812.

https://ieeexplore.ieee.org/abstract/document/8438861

[65]. Dataset Link

https://www.kaggle.com/datasets/jamesvandenberg/renewable-power-generation

https://www.kaggle.com/datasets/nicholasjhana/energy-consumption-generation-prices-and-weather

https://www.kaggle.com/datasets/jonathandumas/liege-microgrid-open-data

Page | 115


https://www.sciencedirect.com/science/article/abs/pii/S0360319919324024
https://ieeexplore.ieee.org/abstract/document/9638036
https://www.mdpi.com/1996-1073/14/15/4653
https://www.mdpi.com/2071-1050/13/18/10331
https://www.mdpi.com/1996-1073/11/12/3286
https://ieeexplore.ieee.org/abstract/document/8643528
https://ieeexplore.ieee.org/abstract/document/8661901
https://www.mdpi.com/1996-1073/14/14/4166
https://www.proquest.com/openview/e8ab0c5cd4d0e29e28013d81e2c82ed0/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.mdpi.com/2071-1050/13/16/9301
https://ieeexplore.ieee.org/abstract/document/9220496
https://theses.hal.science/tel-02413611/
https://www.sciencedirect.com/science/article/abs/pii/S2210670717306170
https://ieeexplore.ieee.org/abstract/document/8438861
https://www.kaggle.com/datasets/jamesvandenberg/renewable-power-generation
https://www.kaggle.com/datasets/nicholasjhana/energy-consumption-generation-prices-and-weather
https://www.kaggle.com/datasets/jonathandumas/liege-microgrid-open-data

