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Abstract

Due to the increasing demand for electrical energy worldwide and environmental concerns, modern power systems are
looking for a fundamental change. These changes include reducing dependence on the primary electricity grid and using
renewable energy sources on a large scale. The emergence of microgrids in electrical energy systems will improve the level
of these systems due to technical, economic, and environmental benefits. In this research work, the authors have conducted
extensive studies on control methods, types of power sources, and the size of microgrids and analyzed them in tabular form.

In addition, the review of communication technologies and standards in microgrids, as well as the review of microgrid energy
management systems to optimize the efficiency of microgrids, is one of the main goals of the authors in this article. Also, in
this article, the top 10 trends of microgrids in 2023 have been examined to increase the flexibility of network infrastructure,
which helps readers to improve their strategic decisions by providing an overview of emerging technologies in the energy
industry.
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can be introduced as a key element in developing these
networks [4, 5]. Since microgrids are usually on a smaller
scale than more extensive networks, a significant
improvement in control, management, and optimization will
be created through smart and functional technologies. In this
way, using microgrids as a part of smart grids and creating
their optimal management systems can significantly improve
power grids [6]. Microgrids are controllable and consist of a
set of distributed products such as wind turbines, diesel
generators, fuel cells, photovoltaic systems, energy storage,
and load systems, and can be used in two forms of grid
connection or islanding [7]. Microgrids have advantages such
as CO2 reduction and environmental benefits use as a system
for the simultaneous production of electricity and heat, the
production of energy needed in geographical areas far from
the reach of the national grid, the reduction of fuel costs due
to the use of renewable energy sources for production, and the
reduction of losses. In addition, they have disadvantages,
such as Changes in electricity flow, increases in voltage and
frequency fluctuations caused by renewable energy
resources, widespread imbalance due to high single-phase
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1. Introduction

Today, electric energy consumers are looking for alternatives
with higher reliability and quality at lower costs. They are
also looking for solutions that can provide energy in a more
environmentally sustainable way than other fossil fuel power
plants. Distributed generation systems, in the form of
microgrids, are the future of power generation, providing
independent  generation, integrated  control,  and
environmental benefits at an affordable cost [1]. Microgrids
are a promising potential for a modern power grid
infrastructure [2, 3]. The new network control and monitoring
field will develop network operation and provide a
comprehensive infrastructure for network monitoring and
control. This field can be considered a smart grid that, by
monitoring all network parts, from production to distribution,
suggests the most appropriate control solutions to possible
network problems. In general, the progress of electricity
networks can be mentioned under smart grids, and microgrids
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loads, and permanent unavailability of renewable energy
sources...In addition, addressing the limitations of
microgrids such as establishing appropriate connection
standards and strong protection systems, coordinating
microgrids with the main grid after an event is a fundamental
issue [8]. In Figure 1, the typical structure of a microgrid is
shown. Microgrids are a small scale of low voltage power

grids. According to the figure, it can be seen that the radial
distribution network is connected to the power grid through
an isolated device. In addition, distributed energy sources and
loads can be controlled by the microgrid central controller. In
addition, earthquakes, floods, and storms may cause
widespread outages in the main power grids, in which case
microgrids can safely supply the required electricity [9].
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Figure 1. Typical schematic of a microgrid

As mentioned, microgrids include distributed generation
units, energy storage systems, loads, and electrical devices
that maximize the use of renewable energy sources to supply
electricity to consumers and reduce dependence on external

sources. Figure 2 shows the classification of energy storage
systems and energy generation. In addition, in Table 1, a
comparison of the different capabilities of different types of
technologies has been discussed.
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Figure 2. The classification of energy storage systems and energy generation

Table 1. Comparison of different characteristic of types distributed generations

Characteristic Wind turbine Solar cell

Fuel cell Micro turbine Gas turbine

Peak shaving

High reliability

Economic fuel

Eco-friendly

NANANEIE
NANANEIE

Need to energy storage
systems

v v
v v
x x
x x
x x

x| %|%|[<|%

x
x

Dispatch able

\

v v

In addition, the energy management of microgrids has
become a hot research area, and in general, this system be
designed in such a way that the dependence of the microgrid
on the primary grid is reduced. In microgrids, loads are
divided into controllable and uncontrollable categories. The
first category includes loads with time flexibility, and their
demand can be transferred to off-peak hours. Also, the second
category comprises sensitive loads such as medical centers,
which must be supplied with the required power at the time
of demand. Sensitive and uncontrollable loads need more
time flexibility, and transferring the demand to off-peak hours
is impossible. In references [10-12], the authors provide a
comprehensive review of microgrids, challenges, advantages,

D EA

communication systems, and control methods. Also in
reference [13] , the authors provide a comprehensive review
on various technological developments related to microgrid
system and a case study on the development of microgrid
system using grid connection inverter. In addition, in the
reference [14], the concept and classification of microgrids,
control strategies and the important aspects of future
microgrid research are outlined. In another review article,
based on the research done, the optimal energy management
of microgrids is analyzed [15]. In addition, in another
research work, Cheng-Yu Yu et al <have simulated an AC
microgrid integrated with distributed energy sources with the
aim of improving its operation reliability through different

EAIl Endorsed Transactions on

Energy Web
| Volume 10 | 2023 |



Y. Wu et al.

control strategies [16]. An overview of microgrid
development, economic analysis and control strategy is
presented in [17]. In [18], the authors have reviewed
extensive research for the current progress in AC microgrid
protection. In [19], Vahid Shahbazbegian et al, provide an in-
depth analysis of various types of energy storage systems in
multi-energy microgrids. Also, in another research work, the
authors present an optimization model in which the energy
requirements of thermal and electrical loads are supplied by
using solar cells, wind turbines, thermal storage and battery
storage [20]. Additionally in reference [21], the authors' main
goal is to identify the common barriers and ultimate success
factors in real-world microgrid implementation. In another
research, many technical, political and regulatory challenges
related to microgrid development have been addressed. If
these challenges are faced, a sustainable energy system can
be achieved [22]. Finally, in [23], various optimization
algorithms have been analyzed with the aim of providing
optimal solutions for the coordination of microgrid operators.
Organization of this paper are as follows:

In Section 2, the authors focus on the classification of
microgrids in terms of size, controller and power supply, and
the types of microgrid operation models. In section 3, the
communication standards and requirements of microgrids are
reviewed. In section 4, the energy management system of
microgrids is discussed. Also, in Section 5, the authors review
the top 10 microgrid trends. Finally, section 6 is dedicated to
the conclusion of the article.

D EA

2. Classification and operating models of
microgrids

In the 1990s, with the growth of distributed energy resources,
the United States and Europe began to look for solutions to
integrate large amounts of distributed energy resources into
their grid infrastructure [24]. These solutions included
modifying network infrastructure, improving control
facilities, and establishing remote control centers in specific
areas. This integration was developed and operated for the
optimal use of distributed energy resources, reducing costs
and optimizing the use of network infrastructure, as well as
having a more stable energy system to reduce air pollution.
The emergence of microgrids has happened due to the need
for fast and stable communications in the electricity industry.
In general, each micro-network must fulfill the following
three conditions:

Ability to work in island conditions

Microgrids should be identifiable as a distinct subset of the
distribution network

That it could operate on its own if disconnected from the
macrogrid

During natural disasters, such as earthquakes, floods, and
other events, the central power grid, as one of the critical parts
of the infrastructure, becomes unstable and fails. Microgrids
can act as a temporary backup source due to the prevention of
external hazards and help the central power grid to avoid
further hazards and destruction in these conditions [25]
.According to Figure 2, in this section, the authors have
conducted studies on various control methods, size and type
of power supply.
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Figure 3. Classification of microgrids

2.1. Microgrid control approaches

Centralized control has only one controller that is in charge
of managing all microgrid components. But the decentralized
controller, unlike the centralized controller, has several
controllers [10, 26]. In the distribution method, some

information is shared among controllers so that each
understands the behavior of others, improving the overall

and disadvantages

of three

performance [27]. In Table 2, some main characteristics are
compared in three centralized, decentralized and distributed
control methods [28]. In addition, Table 3, mentions the
advantages
decentralized and distributed control methods [27].

centralized,

Table.2. Comparison of five basic features in three centralized, decentralized and distributed control methods

characteristics centralized decentralized distributed
Reliability Low High Medium
Scalability Low High Medium
The degree of complexity High Medium Low
Degree of communication High Low Medium
The degree of optimality of the Globally optimized Sub-optimal Lack of optimality
solution
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Table .3. Advantages and disadvantages of centralized, decentralized and distributed control methods

Control method Advantages Disadvantages
Globally optimized Lack of communication infrastructure,
Centralized Reduced scalability, Communication
network affect stability
Decentralized Very advanced scalability, very high Lack of optimality
reliability, no need for communication
infrastructure in this control method, no
computational complexity
no computational complexity, Very Lack of communication infrastructure,
Distributed advanced scalability, very high reliability | Sub-optimal solution, Communication
grid affect stability

2.2. Types of microgrids according to the type
of power source

In general, microgrids are divided into the following three
categories in terms of dependence on the power supply [29-
321

Ac

DC

Hybrid

2.2.1. AC microgrid

By definition, an AC microgrid is a typical microgrid system
that is connected to an AC power source. It is worth
mentioning that AC microgrids do not need additional control
and are seamlessly integrated into current power systems. AC
microgrids can be divided into the following three parts based
on application [33-35]:

Single-phase

Grounded three-phase

Ungrounded three-phase

AC microgrids are the most common architecture among
other options, such as DC microgrids or hybrid microgrids.
AC microgrids are divided into the following three categories
based on frequency [36-38]:

High-frequency

Low-frequency

Standard-frequency

High frequency AC microgrids operate at frequencies above
10 kHz. They are commonly used in applications such as
electric vehicles. Also, low-frequency AC microgrids operate
at frequencies higher than 50-60 HZ, and they are usually
used in applications such as rural electrification and island
microgrids. Finally, medium-frequency AC microgrids
typically work at a frequency of 50-60 Hz and can generally
be used in industrial and urban applications. In Figure 4, a
typical AC microgrid is shown.
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Figure 4. A simple model of an AC microgrid

2.2.2. DC microgrids

DC microgrids rely on DC electricity to distribute and store
energy. It should be noted that these microgrids are designed
to provide reliable power, often in remote or off-grid areas.
Compared to AC microgrids, DC microgrids have advantages
such as more use of renewable energy sources, high
efficiency, etc. This model of microgrids can be designed for

residential and commercial loads. For example,
telecommunication, electric vehicles, and marine power
systems are examples of commercial applications of DC
microgrids [39, 40]. In addition, DC microgrids can be
combined with energy storage systems and used when
renewable energy sources are unavailable. Although DC
microgrids can have many advantages, there are
disadvantages, such as additional costs for these microgrids
[41]. In Figure 5, a typical DC microgrid is shown.
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. . . Energy storage can store grid power for times when the grid
2.2.3. Hybrid microgrids is limited or unstable. A combination of different energy
sources such as renewable energy sources and fossil fuel
generators in a hybrid microgrid will lead to increased
flexibility and reliability. These networks can be used to meet
special needs such as events. In Table 4, the general
specifications of three microgrid models are summarized.

Hybrid microgrids use renewable energy sources and fossil
fuel generators to provide the required power [42, 43]. In
addition, according to Figure 6, they can use energy storage
systems, such as batteries. It is worth mentioning that energy
storage systems are the main element of a hybrid microgrid.

Table 4. Specifications of three types of microgrid

Micro grid type Specifications
- Presence of an AC bus to connect system components
AC - Easy integration of AC microgrids into AC power systems

- Using AC/DC converters as an interface between AC and DC system components [44-46]
- Presence of an DC bus to connect system components
- Using AC/DC converters as an interface between AC and DC system
-The performance of AC and DC microgrids are similar
-Because DC microgrids have no reactive power, their stability is better than AC
DC microgrids
-DC microgrids are the best option for integrating distributed energy sources [47-49]
-They are divided into three opposite categories: bipolar, monopolar, and homopolar [50]
-Hybrid microgrids simultaneously benefit from all the advantages of AC and DC
Hybrid microgrids
-The general structure of this type of microgrid is a combination of AC and DC microgrid
-No coordination is required for production and storage units [51, 52]
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2.2.4. Types of microgrids based on size

In general, microgrids in three scales, small, medium, and
large, are examined using Institute of Electrical and
Electronics Engineers (IEEE) test systems. Usually, small-
scale microgrids are combined with renewable energy
sources and diesel generators. Small-scale microgrids are a
stable and reliable energy source with local control
capabilities [53]. In addition to the ability to use renewable
resources, small-scale microgrids also include energy storage

technologies that provide improved performance, load
control, and improved energy supply reliability. In medium
and large-scale micro-grids, the fuel supply required is in
addition to renewable energy sources based on oil or coal.
Each of these three scales of micro-networks has a different
application. For example, small-scale microgrids are suitable
for feeding domestic loads and remote areas, but medium-
and large-scale microgrids are ideal for supplying industrial
and commercial loads. In Table 5, the characteristics of
microgrids in three sizes, small, medium and large, have been
examined [54, 55].

Table 5. Specifications related to the size of microgrids

Microgrid size Fuel Usage Capacity Market scale

renewable energy sources | Home loads ,Island, 10MW 3000

Small Remote area, Small

region power system

Medium | renewable energy sources | Industrial &commercial 100MW 100
,o0il ,coal loads

Large renewable energy sources | Industrial &commercial 1000MW 10-20
,o0il ,coal loads

2.3. operating models of microgrids

A microgrid is an independent electrical network capable of
producing, storing, distributing, and consuming electricity.
The microgrid can connect and exchange electricity with the
primary grid through the point of common coupling to the
grid and will be able to inject its electricity into the main grid
and take electricity from the main grid if electricity is
added[56]. Electricity is required. In this way, the balance
between production and consumption of electricity can be
maintained. But sometimes a fault in the main network may

cause abnormal conditions at the common connection point
of the microgrid, in which case the microgrid operates
independently and is not connected to the main network. This
means that all the electrical needs of the region are provided
by the microgrid [57]. This situation occurs mostly in areas
where access to electricity from the main grid is difficult or if
the main grid is interrupted, the microgrid continues to supply
electricity independently. For this purpose, the microgrid
consists of a series of electricity generation equipment from
renewable energies, water and heat, which are used to create
an independent electricity network. Figure 7 shows the
operational models of microgrids [58].
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Figure 7. Operating models of microgrids

3. Communication requirements and
standards in microgrids

Communication requirements and standards are essential for
optimal operation and management of microgrids. All
devices and systems in microgrids should be able to
communicate with each other effectively, safely, and
seamlessly. Some communication standards for microgrids
are shown in Figure 8. In addition, the communication system
architectures of a microgrid are divided into three basic parts
[59, 601:

Home Area Network (HAN)

Field Area Network (FAN)

Wide Area Network (WAN)

2 EAI

10

HAN networks are networks with low coverage and low
bandwidth. These networks are mostly used in
communication between microgrid assets. The three
protocols WiFi, Zigbee and Bluetooth are the most common
communication protoc ols in these networks [61, 62]. Also,
the wide WAN network is responsible for the exchange of
information between the micro-network and the bandwidth.
In addition, it should be noted that FAN is responsible for
transferring information between HAN and WAN layers [63].
Also, because the coverage range of this network can be in
kilometers and its bandwidth can be tens Mbps, this layer is
the most optimal mode for microgrid community applications
compared to HAN and WAN cases [64]. In Table 5, the
specifications of three communication systems are listed.
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utility automation-Part 7-420: Basic communication
structure-Distributed energy resources logical nodes

Communication networks and systems for power
utility automation-Part 8-2: Specific communication
service mapping -Mapping to Extensible Messaging
Presence Protocol

Communication networks and systems for power
utility automation-Part 90-12: Wide area network
engineering guidelines

Wind turbines—Part 25-2: Communications for
monitoring and control of wind power plants-
Information models

[EEE Guide for Monitoring, Information Exchange,
and Control of Distributed Resources Interconnected
with Electric Power Systems

2030-2011-IEEE Guide for Smart Grid
Interoperability of Energy Technology and Information
Technology Operation with the Electric Power System,

End-Use Applications, and Loads

Figure 8. Some communication standards for microgrids

Table 5. Specifications of three communication systems: WAN, HAN, and FAN

Communication Technology type Applications Coverage area
type
HAN -Zig-Bee -Smart microgrid -Short coverage range up to
-Bluetooth -Communication between microgrid hundreds of meters
-Wi-Fi assets
-In microgrids, building management | -Bandwidth equivalent to
system (9.6-56 kbs bandwidth with 2s- | hundreds of kilobits
5 main latency)
-In microgrids, electric vehicles
charging (9.6-56 kbs bandwidth with
0.2s-2 main latency)
FAN -Wi-Max -For long distance communication -Coverage range up to
-RF-mesh -Demand response kilometer
-PLC -In microgrids, distributed energy
-Cellular source, energy storage systems (9.6-56 | -Bandwidth equivalent to
kbs bandwidth with 20ms-15s latency) | tens Mbps
WAN -Passive optic -Adaptive islanding -Has a wide range of
network -Power transmission &generation coverage
- Cellular scale
- Synchronous
Digital Hierarchy
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4. Microgrid Energy Management System

A microgrid Energy Management System is an intelligent and
automated system designed to manage microgrid systems
[65]. These systems control the production, storage,
distribution, and consumption of energy in microgrids.
Microgrid Energy Management System controls power,
ensures safety, and maintains power quality. Figure 9, shows
a basic microgrid model with wind and solar sources,
household, industrial, commercial, and sensitive loads, and
energy management systems. In general, in forecasting

)

Energy storage systems

Uty grid

5
L
.
hY
e

0%

Electric vehicles

production and demand from machine learning and artificial
intelligence techniques are used [66]. In economic dispatch,
the goal is to focus on strategies to improve the use of
renewable energy sources to increase environmental benefits.
Also, the unit commitment aims to coordinate the electricity
generators to meet the demand. Finally, the goal of demand
management is the optimal use of the load and the timing of
the usage patterns to increase the financial profit. In addition,
the study of various optimization techniques in the field of
energy management of microgrids has become a hot research
field; some of the most basic optimization techniques are
shown in Figurel0 [67].

A Microgrid Energy Management System
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Figure 9. Basic microgrid model with wind and solar sources, household, industrial, commercial, and sensitive
loads, and energy management systems
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Figure 10. Various optimization techniques in the field of energy management of microgrids

5. Review the top 10 microgrid trends in 2023

Recently, electric power systems have faced significant challenges, including erosion of old infrastructure, cyber-attacks,
natural events such as earthquakes, and load management problems. In addition, the advancement of technologies, the
smartening of power grids, the possibility of cyber-attacks, and the increase in the lack of security lead to more concerns. This
section introduces the top 10 microgrid trends to increase energy security and flexibility of energy infrastructures. Figure 11,
shows the share of each of these 10 trends. Below is a review of these top 10 trends [68]:

3%

2% 1%1%

W Energy Storage Systems

M Distributed Energy Generation

M Blockchain

M Al-powered Microgrid
Optimization

Off-Grid Power Systems

M Virtual Power Plants

Microgrid as aService

Remote Asset Monitoring

Figure 11. Statistical chart of each of the 10 trends
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5.1. Energy storage system

Due to uncertainties in renewable energy sources, microgrids
will be affected and disrupted. Therefore, to deal with these
disturbances, startups are developing suitable technologies
for energy storage, which increase microgrids' flexibility
against disorders and their reliability and efficiency.

5.2. Artifice intelligence

Startups use artificial intelligence techniques as a
fundamental solution to improve controllability, balance
energy supply, and demand, and increase the reliability of
microgrids in smart grids [66]. These techniques ensure the
supply of the demand required by consumers, make
microgrids use more renewable energy sources and reduce
carbon emissions by reducing dependence on the main
electricity grid.

5.3. Distributed energy resource

A distributed energy source uses renewable sources such as
solar cells and wind turbines to generate electricity [69].
Therefore, the distributed energy source is used locally in
areas far from power grids to meet energy needs. Distributed
energy sources will reduce casualties. In general, distributed
energy production makes renewable energy sources in
microgrids more reliable and creates a sustainable and
environmentally friendly energy system.

5.4. Blockchains

To manage energy transactions in microgrids, a secure and
efficient system with accessibility for all grid operators
should be designed. For example, this system could include a
platform that makes the necessary permits for energy
transactions available between energy producers. Similarly,
the system can pull together information on energy
consumption, prices, rates of change, and other factors that
can aid in business decisions [60]. Therefore, blockchains can
be a decentralized way to manage transactions. In general,
blockchains protect against unauthorized access to data and
guarantee the integrity of transactions.

5.5. Virtual power plant

Managing microgrids can be difficult due to some of the
challenges that come with it. But the need to address these
challenges is essential because microgrids are known as the
best way to optimally use renewable resources in the urban
energy network. Using virtual power plants for microgrids is
an efficient solution for managing production and energy
consumption and dealing with these challenges due to high
reliability, improving efficiency, and reducing production
costs[65].

D EA
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5.6. Microgrid smart controller

Smart microgrid controllers are among the solutions that can
be used to manage microgrid affairs best. These controllers
use artificial algorithms to help control and manage different
types of microgrid energy. In addition, smart controllers may
increase the flexibility of microgrids by integrating energy
storage and renewable energy sources.

5.7. Advanced materials

Energy production and storage capacities are the main
limiting factors for microgrids, which affect the power supply
of users. Therefore, startups develop energy storage systems
that lead to increasing the efficiency of microgrids.

5.8. Microgrid as a service

The initial costs of installing and maintaining microgrids are
one of the main challenges that have slowed their
development. But microgrids can be available for small and
large industries and other service organizations under the title
of service. This service allows users to manage their energy
needs with sustainable and more uncomplicated plans. Also,
microgrids use the Internet of Things sensors and real-time
analytics to achieve stable energy networks.

5.9. Off-grid power system

Off-grid power systems are intended to provide electricity
independently of fossil fuel energy networks. These systems
are connected to renewable energy sources such as solar cells
and wind turbines [70] .In addition, the existence of energy
storage systems is one of the requirements due to the presence
of uncertainties, which guarantees the power supply to
consumers. Also, progress in microgrid controller systems
will lead to worry-free integration of off-grid power systems
in microgrids, which has advantages such as supplying power
to consumers in remote areas.

5.10. Remote asset monitoring

Start-ups have become fundamental and innovative in
microgrids by providing innovative solutions for remote asset
monitoring. Technologies like the Internet of Things,
artificial intelligence, data analytics, and imaging cameras
allow companies to monitor microgrid assets proactively and
quickly address issues. Therefore, operators can perform
optimal maintenance to increase network performance. They
also inspect microgrid assets in remote areas via drones.

6. Conclusion

In general, microgrids, as part of smart grids, play a very
important role in developing and improving the quality of
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smart grids. In the smart grid, data and information obtained
from microgrids are used to improve energy management and
grid efficiency. This research is designed to investigate some
of the microgrids' technology and key concepts. Therefore,
this review classifies microgrids into four categories: size,
control strategies, and energy source type. Also, in this paper,
the standards and communication systems of microgrids have
been examined because the communication systems of
microgrids are one of the essential components of energy
management systems of microgrids. In addition, microgrid
energy management systems are also essential due to the
extensive use of renewable energy sources such as solar cells
and wind turbines, monitoring equipment, improving grid
performance, and reducing energy costs. Therefore, in this
article, unit commitment, demand management, demand and
generation forecasting, and economic dispatch in the form of
network energy management systems have been investigated.
Finally, the authors examined 10 effective micro-grid
technologies to improve network performance, increase
productivity, protect data, ensure energy security, etc.

References
[1] Mariam, L., M. Basu, and M.F. Conlon, A review of
existing microgrid architectures. Journal of engineering,
2013.2013.

Aderibole, A., H.H. Zeineldin, and M. Al Hosani, A
critical assessment of oscillatory modes in multi-
microgrids comprising of synchronous and inverter-
based distributed generation. IEEE Transactions on
Smart Grid, 2018. 10(3): p. 3320-3330.

Jafari, M., et al., Development of a fuzzy-logic-based
energy management system for a multiport
multioperation mode residential smart microgrid. IEEE
Transactions on Power Electronics, 2018. 34(4): p.
3283-3301.

Fang, X., et al., Smart grid—The new and improved
power grid: A survey. IEEE communications surveys &
tutorials, 2011. 14(4): p. 944-980.

Gharavi, H. and R. Ghafurian, Smart grid: The electric
energy system of the future. Vol. 99. 2011: IEEE
Piscataway, NJ, USA.

Yoldas, Y., et al., Enhancing smart grid with microgrids:
Challenges and opportunities. Renewable and
Sustainable Energy Reviews, 2017. 72: p. 205-214.
Gutiérrez-Oliva, D., A. Colmenar-Santos, and E.
Rosales-Asensio, A review of the state of the art of
industrial microgrids based on renewable energy.
Electronics, 2022. 11(7): p. 1002.

Saced, M.H., et al., A review on microgrids’ challenges
& perspectives. IEEE Access, 2021. 9: p. 166502-
166517.

Li, Q., Z. Xu, and L. Yang, Recent advancements on the
development of microgrids. Journal of modern power
systems and clean energy, 2014. 2(3): p. 206-211.
Abbasi, M., et al., Review on the microgrid concept,
structures, components, communication systems, and
control methods. Energies, 2023. 16(1): p. 484.

(2]

(3]

(4]

(3]

(6]

(7]

(9]

[10]

[11] Rocabert, J., et al., Control of power converters in AC
microgrids. IEEE transactions on power electronics,
2012. 27(11): p. 4734-4749.

Han, Y., et al., Review of active and reactive power
sharing strategies in hierarchical controlled microgrids.
IEEE Transactions on Power Electronics, 2016. 32(3):
p. 2427-2451.

[13] Hartono, B., Y. Budiyanto, and R. Setiabudy. Review of
microgrid technology. in 2013 international conference
on QiR. 2013. IEEE.

[14] Uddin, M., et al., Microgrids: A review, outstanding

issues and future trends. Energy Strategy Reviews, 2023.

49:p. 101127.

Abdi, H., A Brief Review of Microgrid Surveys, by
Focusing on  Energy Management  System.
Sustainability, 2022. 15(1): p. 284.

[16] Yu, C.-Y., et al. A Study of Modelling and Inverter

Controls for AC Microgrid Simulation. in Proceedings

of the World Congress on Engineering. 2017.

Bihari, S.P., et al, A comprehensive review of

microgrid control mechanism and impact assessment for

hybrid renewable energy integration. IEEE access, 2021.

9: p. 88942-88958.

Patnaik, B., et al., AC microgrid protection—A review:

Current and future prospective. Applied Energy, 2020.

271: p. 115210.

Shahbazbegian, V., et al., Techno-economic assessment

of energy storage systems in multi-energy microgrids

utilizing decomposition methodology. Energy, 2023: p.

128430.

Lorestani, A. and M. Ardehali, Optimization of

autonomous combined heat and power system including

PVT, WT, storages, and electric heat utilizing novel

evolutionary particle swarm optimization algorithm.

Renewable Energy, 2018. 119: p. 490-503.

Soshinskaya, M., et al., Microgrids: Experiences,
barriers and success factors. Renewable and sustainable
energy reviews, 2014. 40: p. 659-672.

[22] Shahzad, S., et al., Possibilities, Challenges, and Future

Opportunities of Microgrids: A Review. Sustainability,

2023. 15(8): p. 6366.

Sami, M.S., et al, Energy management of
microgrids for smart cities: A review. Energies, 2021.
14(18): p. 5976.

Hirsch, A., Y. Parag, and J. Guerrero, Microgrids: A

review of technologies, key drivers, and outstanding

issues. Renewable and sustainable Energy reviews,

2018.90: p. 402-411.

Chartier, S.L., et al., Microgrid emergence, integration,

and influence on the future energy generation

equilibrium—A Review. Electronics, 2022. 11(5): p.

791.

Al-Ismail, F.S., DC microgrid planning, operation, and

control: A comprehensive review. IEEE Access, 2021.

9:p. 36154-36172.

[27] Espina, E., et al., Distributed control strategies for
microgrids: An overview. IEEE Access, 2020. 8: p.
193412-193448.

[28] Vasilakis, A., et al., The evolution of research in

[12]

[15]

[17]

(18]

[19]

(20]

(21]

[23]

[24]

[26]

EAIl Endorsed Transactions on
d ,/ Energy Web
P J | Volume 10 | 2023 |

15



Y. Wu et al.

microgrids control. IEEE Open Access Journal of Power

and Energy, 2020. 7: p. 331-343.

Eid, B.M,, et al., Control methods and objectives for

electronically coupled distributed energy resources in

microgrids: A review. IEEE systems journal, 2014.

10(2): p. 446-458.

Wang, X., et al., A review of power electronics based

microgrids. International Journal of Power Electronics,

2012. 12(1): p. 181-192.

Uzair, M., et al., Challenges, advances and future trends

in AC microgrid protection: With a focus on intelligent

learning methods. Renewable and Sustainable Energy

Reviews, 2023. 178: p. 113228.

Correa, J., et al. A single phase high frequency AC

microgrid with an unified power quality conditioner. in

38th IAS Annual Meeting on Conference Record of the

Industry Applications Conference, 2003. 2003. IEEE.

Chandak, S. and P.K. Rout, The implementation

framework of a microgrid: A review. International

Journal of Energy Research, 2021. 45(3): p. 3523-3547.

[34] Hossain, M.A., et al., Overview of AC microgrid
controls with inverter-interfaced generations. Energies,
2017. 10(9): p. 1300.

[35] Chandak, S., P. Bhowmik, and P.K. Rout, Robust power
balancing scheme for the grid - forming microgrid. IET
Renewable Power Generation, 2020. 14(1): p. 154-163.

[36] Aasgard, E., et al., 2014 Index IEEE Transactions on

Power Systems Vol. 29. IEEE Transactions on Power

Systems, 2014. 29(6): p. 3127.

Cheng, P., et al., Overview of resilient traction power

supply systems in railways with interconnected

microgrid. CSEE Journal of Power and Energy Systems,

2020. 7(5): p. 1122-1132.

Sangoleye, F., et al., Networked Microgrid

Cybersecurity Architecture Design Guide-A New Jersey

TRANSITGRID Use Case. 2022, Sandia National

Lab.(SNL-NM), Albuquerque, NM (United States).

Ciezki, J.G. and R.W. Ashton, Selection and stability

issues associated with a navy shipboard DC zonal

electric distribution system. IEEE Transactions on

power delivery, 2000. 15(2): p. 665-669.

Elsayed, A.T., A.A. Mohamed, and O.A. Mohammed,

DC microgrids and distribution systems: An overview.

Electric power systems research, 2015. 119: p. 407-417.

[41] Pires, V.F., A. Pires, and A. Cordeiro, DC Microgrids:
Benefits, Architectures, Perspectives and Challenges.
Energies, 2023. 16(3): p. 1217.

[42] Wang, C., et al., Energy management system for stand-
alone diesel-wind-biomass microgrid with energy
storage system. Energy, 2016. 97: p. 90-104.

[43] Jayachandran, M. and G. Ravi, Design and optimization
of hybrid micro-grid system. Energy Procedia, 2017.
117: p. 95-103.

[44] Zhu, X., et al., Past, today and future development of
micro-grids in China. Renewable and Sustainable
Energy Reviews, 2015. 42: p. 1453-1463.

[45] Justo, J.J., et al., AC-microgrids versus DC-microgrids
with distributed energy resources: A review. Renewable
and sustainable energy reviews, 2013. 24: p. 387-405.

D EA

[29]

[30]

[31]

[32]

[33]

[37]

[38]

[39]

[40]

16

[46] Patrao, 1., et al., Microgrid architectures for low voltage
distributed generation. Renewable and Sustainable
Energy Reviews, 2015. 43: p. 415-424.

Che, L. and M. Shahidehpour, DC microgrids:

Economic operation and enhancement of resilience by

hierarchical control. IEEE Transactions on Smart Grid,

2014. 5(5): p. 2517-2526.

Planas, E., et al., AC and DC technology in microgrids:

A review. Renewable and Sustainable Energy Reviews,

2015. 43: p. 726-749.

Tavakkoli, M.A., A. Radan, and H. Hassibi, Simulation

and analysis of a compact electronic infrastructure for

DC micro-grid: necessity and challenges. Smart Grid

and Renewable Energy, 2012. 3(02): p. 73.

Kakigano, H., Y. Miura, and T. Ise, Low-voltage

bipolar-type DC microgrid for super high quality

distribution. IEEE transactions on power electronics,

2010. 25(12): p. 3066-3075.

Ding, G., et al., Control of hybrid AC/DC microgrid

under islanding operational conditions. Journal of

Modern Power Systems and Clean Energy, 2014. 2(3):

p- 223-232.

Unamuno, E. and J.A. Barrena, Hybrid ac/dc

microgrids—Part I: Review and classification of

topologies. Renewable and Sustainable Energy Reviews,

2015. 52: p. 1251-1259.

Shahgholian, G., A brief review on microgrids:

Operation, applications, modeling, and control.

International Transactions on Electrical Energy Systems,

2021. 31(6): p. €12885.

Singh, N., et al., Routing based multi-agent system for

network reliability in the smart microgrid. Sensors, 2020.

20(10): p. 2992.

[55] Hu, J., et al., An overview on analysis and control of
micro-grid system. International Journal of Control and
Automation, 2015. 8(6): p. 65-76.

[56] Kandari, R., N. Neeraj, and A. Micallef, Review on
recent strategies for integrating energy storage systems
in microgrids. Energies, 2022. 16(1): p. 317.

[57] Mogaka, L.O., G.N. Nyakoe, and M.J. Saulo, Islanded
and Grid-Connected Control in a Microgrid with Wind-
PV Hybrid. International Journal of Applied
Engineering Research, 2020. 15(4): p. 352-357.

[58] Chen, W. and T. Li, Distributed economic dispatch for
energy internet based on multiagent consensus control.
IEEE Transactions on automatic control, 2020. 66(1): p.
137-152.

[59] Adams, C., Home area network technologies. BT
Technology Journal, 2002. 20(2): p. 53-72.

[60] Wyle, M. A wide area network information filter. in
Proceedings First International Conference on Artificial
Intelligence Applications on Wall Street. 1991. IEEE
Computer Society.

[61] Zohourian, A., et al., IoT Zigbee device security: A
comprehensive review. Internet of Things, 2023: p.
100791.

[62] Taghizad-Tavana, K., et al., An Overview of the
Architecture of Home Energy Management System as
Microgrids, Automation Systems, Communication

[47]

[50]

[51]

[52]

[54]

EAIl Endorsed Transactions on
Energy Web
| Volume 10 | 2023 |



State-of-the-art review on energy management systems, challenges and top trends of renewable energy based microgrids

Protocols,  Security, and Cyber
Sustainability, 2022. 14(23): p. 15938.
[63] Llaria, A., et al., Application of wireless sensor and
actuator networks to achieve intelligent microgrids: A
promising approach towards a global smart grid
deployment. Applied Sciences, 2016. 6(3): p. 61.
[64] Saleh, M., et al, Impact of information and
communication technology limitations on microgrid
operation. Energies, 2019. 12(15): p. 2926.
Pudjianto, D., C. Ramsay, and G. Strbac, Microgrids
and virtual power plants: Concepts to support the
integration of distributed energy resources. Proceedings
of the Institution of Mechanical Engineers, Part A:
Journal of Power and Energy, 2008. 222(7): p. 731-741.
Trivedi, R. and S. Khadem, Implementation of artificial
intelligence  techniques in  microgrid control

Challenges.

[65]

[66]

environment: Current progress and future scopes.
Energy and Al 2022. 8: p. 100147.

[67] Thirunavukkarasu, G.S., et al., Role of optimization
techniques in microgrid energy management systems—
A review. Energy Strategy Reviews, 2022. 43: p.
100899.

[68] https://www.startus-insights.com/innovators-
guide/microgrid-trends/.

[69] Jiayi, H., J. Chuanwen, and X. Rong, A review on
distributed energy resources and MicroGrid. Renewable
and Sustainable Energy Reviews, 2008. 12(9): p. 2472-
2483.

[70] Misak, S. and L. Prokop. Off-grid power systems. in
2010 9th International conference on environment and
electrical engineering. 2010. IEEE.

EAIl Endorsed Transactions on
C ,O Energy Web
P | Volume 10 | 2023 |

17





