Control Systems and Optimization Letters, VVol. 2, No 1, 2024
ISSN: 2985-6116, DOI: 10.59247/csol.v2i1.86

126

Microgrid Technologies for Remote Islands of
Bangladesh - A Review

Zohar Al Dodaev !, Tareq Aziz 2, Md. Sumon Ali 3, Saleh Ibrahim 4
134 Department of Electrical and Electronic Engineering, Prime University, Mirpur-1, Dhaka-1216, Bangladesh
2 Department of Electrical and Electronic Engineering, World University of Bangladesh, Uttara, Dhaka Bangladesh
Email: ! zadodaev13@gmail.com, ? tareqaziz3420@gmail.com, * marinersumon803@gmail.com,
4salehibrahim1245@gmail.com
*Corresponding Author

Abstract—Issues about fuel exhaustion, electrical shortages, and
global warming are growing increasingly serious as a result of
the global energy crisis. Solar and wind energy, both of which
are clean and sustainable, provide solutions to these issues via
distributed generators. Microgrids have emerged as a research
hotspot as a crucial interface for connecting the power produced
by dispersed renewable energy generators to the electrical
system. The main objective of this paper is to review the
technical aspect of microgrid in remote islands of Bangladesh.
Microgrid technologies provide great promise for tackling the
particular energy difficulties encountered by Bangladesh's
outlying islands. This review explained the application, benefits,
and limitations of microgrid solutions in the context of these
isolated places in depth. The review draws on a wide range of
academic literature and addresses the technical aspects of
microgrid architecture and renewable energy source
integration. The evaluation looks at how renewable energy
sources like hydroelectric systems, wind turbines, and solar
photovoltaics (PV) can be integrated. To identify the best
combination for producing power, this entails evaluating the
resource availability, intermittency, and variability of various
renewable sources. Furthermore, the unmet load, electricity in
excess and technological future of technical aspect has been
discussed in this review. Employment in society, comfortable life
and ecosystem of social aspect of microgrid has also been
discussed. Risk analysis, sensitivity analysis and scenario
analysis have been explained here in this paper. This review
provides significant insights for policymakers, academics, and
practitioners aiming to deploy efficient and sustainable energy
solutions for Bangladesh's remote islands. This review will also
assist decision-makers in adopting microgrids for rural
electrification and in establishing regulations that are helpful
and clear for the operation and integration of microgrids.
System effectiveness, energy storage, and grid management
breakthroughs may result from research and development of
microgrid technology.

Keywords—Muicrogrid, Technology, Remote Island, Renewable
and Sustainable, Technological Challenges

I. INTRODUCTION

A microgrid is a small-scale, self-sufficient energy system
that can produce, distribute, and control electricity from a
range of sources, such as conventional power generation,
storage, and renewable energy. It serves a particular region or
community and runs in either an isolated or linked mode to
the main grid. By maximizing the integration of various
energy supplies, improving reliability, and offering flexibility
to meet local energy demand, microgrids provide an efficient
and resilient energy supply. Microgrid technology represents

a paradigm shift in energy generation, distribution, and
management [1]. A microgrid is, at its heart, a localized
energy system that runs independently or in conjunction with
the main grid, catering to the energy needs of specific
locations, towns, or facilities. Microgrids, which are powered
by a variety of renewable energy sources such as solar panels
[2], wind turbines [3], Mechanical vibration [4] and energy
storage systems, provide a dynamic and resilient energy
solution. These systems are intended to maximize energy
supply and demand by strategically utilizing energy storage
to balance changes in generation and consumption. Because
of their flexibility to operate in an isolated state, microgrids
excel at maintaining uninterrupted power supply during grid
failures. They can power vital infrastructure, emergency
facilities, and isolated settlements in this mode, making them
less vulnerable to disturbances. Furthermore, by
incorporating renewable energy sources and fostering
efficient energy consumption through load control and
demand response mechanisms, microgrids contribute to
sustainability. As the globe attempts to improve energy
access, promote renewable energy adoption, and strengthen
grid resilience, microgrid technology emerges as a critical
tool, providing customized and long-term solutions to a
variety of energy concerns [5].

Remote islands in Bangladesh face unique energy access
issues due to their geographical isolation, inadequate
infrastructure, and vulnerability to the effects of climate
change [6]. The lack of access to centralized electrical
infrastructure, reliance on imported fossil fuels, and
vulnerability to extreme weather events made worse by
climate change are common problems faced by remote
islands. These communities may now take advantage of local
renewable energy resources like solar, wind, and tidal power
thanks to microgrid technologies, which provide a
decentralized approach to energy generation, delivery, and
administration. Microgrids are able to supply electricity in a
dependable and resilient manner, even in the face of
disruptions brought on by climatically-related events or
natural disasters, by combining renewable energy sources
with energy storage devices and sophisticated control
technology. Due to logistical difficulties and the high cost of
adding transmission lines, traditional centralized grid systems
frequently struggle to provide dependable and inexpensive
electricity to these regions. Microgrid technologies appear as
a possible approach to handle the energy needs of distant
islands in this setting. Microgrids, which are localized energy
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systems that may generate, store, and distribute electricity
independently or in conjunction with the main grid, provide
a personalized approach to energy provisioning in these
difficult conditions. Microgrids can improve energy
reliability, resilience, and environmental sustainability by
integrating renewable energy sources, energy storage
technologies, and innovative control mechanisms. The goal
of this research is to thoroughly explore the possibilities of
microgrid technologies for remote islands in Bangladesh,
looking at their technical, economic, and environmental
aspects [7]. This review intends to provide valuable insights
into the applicability and impact of microgrid solutions
through a critical analysis of existing literature and case
studies, ultimately contributing to informed decision-making
and policy formulation for sustainable energy access in these
isolated regions.

Energy access is a critical engine of economic success,
social development, and better living conditions. However,
due to geographical limits, limited infrastructure, and
vulnerability to climate-induced disturbances, this crucial
commodity remains a burden for Bangladesh's outlying
islands [8]. The existing centralized electricity grid struggles
to reach these remote areas, resulting in energy shortages and
irregular supply. As a result, new and tailored solutions are
required to efficiently meet these communities' energy
demands. This review focuses on the critical significance of
microgrid technology in transforming the energy landscape
of Bangladesh's remote islands. As self-contained and
decentralized energy systems, microgrids provide the
flexibility to utilize indigenous renewable resources, store
excess energy, and respond to local demand patterns.

This review paper makes an important contribution by
providing a complete assessment of the applicability,
benefits, and limitations of microgrid solutions customized to
the energy demands of Bangladesh's remote islands. The
review provides significant insights for policymakers,
researchers, and practitioners attempting to address the
energy access difficulties encountered by these isolated
locations by collecting and analyzing a diverse range of
academic literature, industry reports, and case studies. One
significant contribution is the technical investigation of
microgrid design and operation. The research dives into the
complexities of incorporating renewable energy sources
including solar, wind, and hydropower into microgrid
systems. It goes through energy storage technologies, control
tactics, and load management approaches that allow
microgrids to operate autonomously or in tandem with the
main grid. This technical analysis contributes to a better
understanding of the viability of implementing microgrids,
which ensures a dependable and resilient energy supply for
distant islands.

Il. METHODOLOGY

The technique wused in the review "Microgrid
Technologies for Remote Islands of Bangladesh™ is a well-
structured approach that attempts to extensively explore the
practicality and potential of microgrid solutions adapted to
the unique energy constraints encountered by remote islands
in Bangladesh. The process consists of many important steps
that ensure a full examination of technical, economic, and
environmental issues. Beginning with a thorough literature

analysis, the study collects a varied range of academic
research, industry reports, case studies, and policy papers
pertaining to microgrid technology, renewable energy
sources, and energy access in isolated island situations. This
step builds a solid fundamental understanding of the topic
matter and identifies gaps or areas of interest for additional
investigation. Following the assessment of the literature, the
technique includes data gathering and analysis. Data on the
energy consumption patterns of isolated islands, accessible
renewable resources, and existing grid infrastructure are
collected and analyzed. This informs the technical feasibility
study, which includes assessing the possibilities for
incorporating renewable energy sources such as solar and
wind into microgrid systems developed for these remote
places [9].

Another critical part of the process is the economic
evaluation [10]. It entails comparing the cost-effectiveness of
microgrid solutions to traditional energy generating and
distribution systems. This assessment takes into account the
initial construction expenditures, operational expenses,
possible savings, and overall economic benefits of a reliable
and resilient energy supply. The process also includes an
assessment of environmental effect. It focuses on calculating
the environmental benefits of implementing microgrid
technologies, such as reduced greenhouse gas emissions and
air pollution. This evaluation helps to achieve the main goal
of promoting sustainable energy alternatives.

Case studies are crucial to the technique because they
provide real-world insights and realistic examples of
microgrid installations in similar circumstances. These case
examples add to the review's applicability and relevance by
providing essential lessons gained, problems encountered,
and triumphs attained. Data synthesis, analysis, and
discussion occur in the last stages of the technique. The
outcomes of the technical assessment, economic evaluation,
environmental impact assessment, and case studies are
integrated to provide significant insights [11]. The discussion
section interprets these findings in the context of the study's
objectives, including policy recommendations, future
research paths, and practical implications for microgrid
technology adoption in Bangladesh's remote islands. This
review methodology employs a systematic and structured
approach, encompassing data collection, analysis, case
studies, and synthesis, to provide a comprehensive evaluation
of microgrid technologies' potential for addressing energy
access challenges in Bangladesh's remote islands.

I11. MICROGRID

A microgrid is a small-scale network of electrical
generators and consumers that operate as a single unit and
frequently include a control system to regulate energy flow
[12]. Microgrids can operate as an off-grid system or be
linked to a larger power grid. They are often designed to
support a small neighborhood or a single building, such as a
hospital, academic campus, or military base. Microgrids can
use a variety of energy sources, including solar panels, wind
turbines, diesel generators, and battery storage devices. To
improve efficiency and dependability, all of these energy
sources can be adjusted in real time. These can be designed
to provide backup power in the case of a main grid outage,
hence increasing system resilience. Microgrids are seen as a
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method for increasing the use of renewable energy sources
while improving the dependability and resilience of the
power grid. Microgrids have been offered as a solution to the
deterioration of traditional electrical power systems and the
energy shift to renewable sources. One of the most critical
features of a microgrid's efficient operation is its topology, or
how the components are connected. The general structure of
an MG is represented in Fig. 1 [13]. Although microgrids
have many benefits, there are a number of challenges and
constraints that must be overcome before they can be
extensively used and successfully deployed. The
incorporation of renewable energy sources and energy
storage devices may raise the initial investment required to
build a microgrid. This cost may be a significant barrier,
particularly in locations with a dearth of economic
opportunity. There are numerous sophisticated technical
issues to consider while developing, integrating, and
operating a microgrid. Coordination of diverse energy
sources, energy storage systems, and control mechanisms
necessitates advanced engineering knowledge. When
integrating microgrids with the main grid, technical issues
with synchronization and grid stability may develop.
Microgrids require energy storage technologies to balance
supply and demand, especially when employing intermittent
renewable energy sources. However, the pricing and
accessibility of energy storage alternatives can be a problem.
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Fig. 1. General scheme of an MG

Microgrid development and deployment may be impeded
in some locations by out-of-date legislation or practices.
Uncertain or burdensome regulations might stymie
development and investment in microgrid systems. It may be
challenging to acquire sufficient funding for microgrid
projects, particularly in remote or financially limited areas.
Microgrid technology implementation can be hampered by a
lack of financial resources [14].

Even while microgrids supplied by renewable energy
sources are healthier for the environment, bad planning and
location can still have negative consequences, such as
harming habitat or obscuring views. Despite these challenges
and constraints, ongoing research, technical advancements,
and supportive legislation and regulations can help remove

barriers and promote the broad usage of microgrids.
Microgrid architecture can be seen in Fig. 2.
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Fig. 2. Architecture of a microgrid

IVV. CLASSIFICATION OF MICROGRID

Microgrids are classified based on a variety of factors,
including how they are linked to the larger grid, the type of
energy they use, and the role they provide. The type of
control, which can be either centralized or decentralized, is
the final criterion [15]. According to these parameters, MGs
are categorized in Fig. 3. These are some typical microgrid
categories:

e Grid-connected vs. islanded microgrids: Grid-connected
microgrids are connected to the main power grid and have
the ability to export or import power as required. Islanded
microgrids are created to supply electricity to a particular
neighborhood or building and run independently of the
main grid [16].

e AC vs. DC microgrids: A microgrid can run on either
direct current (DC) or alternating current (AC) power.
Because to their greater efficiency for specific types of
loads, DC microgrids are growing in popularity,
particularly in sectors like data centers and telecoms [17].

e Renewable vs. non-renewable microgrids: A wide range
of energy sources, such as solar panels, wind turbines,
diesel generators, and battery storage devices, can be
incorporated into microgrids. Renewable microgrids are
those that rely largely on renewable energy sources [18],
whereas non-renewable microgrids are those that rely on
non-renewable sources.

e Residential vs. commercial/industrial microgrids:
Residential dwellings, business structures, and industrial
facilities are just a few of the many uses for which
icrogrids can be made. Each type of application's
particular requirements will have an impact on the
microgrid's design and operation.

e Purpose-built vs. retrofit microgrids: Microgrids can be
retrofitted into existing infrastructure or they can be
purpose-built, which means they are created from the
ground up to address certain needs. Retrofit microgrids
can be a cost-effective solution to modify existing
infrastructure to be more resilient and efficient, while they
are frequently more difficult to design and implement.
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V. CHALLENGES OF SMART MICROGRID

This section reviews technical aspects related to MG
integration to the power system. Microgrids' technological
perspective includes a thorough grasp of their components,
operation, benefits, and potential obstacles. Microgrids, also
known as localized energy ecosystems, use innovative
technologies to revolutionize how energy is generated,
stored, delivered, and controlled. This viewpoint dives into
the complex technological components that support the
functionality and significance of microgrid systems. A
microgrid, from a technical standpoint, represents a paradigm
shift in energy delivery and management. A microgrid is, at
its heart, a localized and decentralized energy system that
runs alone or in collaboration with the main grid. This one-
of-a-kind design goes beyond standard centralized power
generating models by including a variety of energy sources,
storage solutions, complex control systems, and dynamic
load management tactics. Microgrids' technical architecture
includes energy storage systems. These systems, which
frequently rely on modern battery technology, store excess
energy during high-production periods and release it when
demand rises or generation is low. Energy storage improves
system stability, reduces intermittency difficulties connected
with renewable energy sources, and provides a constant
power supply, particularly during grid disruptions.

Microgrids are powered by sophisticated control and
management systems. Advanced algorithms monitor energy
flows, balance supply and demand, and transition between
grid-connected and islanded modes effortlessly. When
microgrids are disconnected from the main grid, these
methods allow them to run autonomously, assuring
uninterrupted power supply for important facilities and
communities. Microgrids' technical brilliance is enhanced by
its adaptability to a wide range of environments. Microgrids
can be adapted to fulfill unique energy requirements, whether
they serve isolated villages, commercial buildings, or military
locations. Furthermore, they promote energy efficiency by
implementing load management systems that optimize
energy consumption patterns to match renewable energy
supply and demand changes. A microgrid for regional
electrification often comprises of several components that
work together to create, store, and distribute power in order
to meet the needs of the area or facility. A microgrid's primary
technological components include the following:

e Power generation: Microgrids can combine a variety of
power generation technologies, including solar cells,
wind turbines, biomass systems, and diesel generators
[19]. The location, energy requirements, and local

resource availability are only a few of the factors that will

influence the selection of power generation solutions.

o Energy storage: When demand exceeds supply, excess
energy produced by power sources is frequently stored in
microgrids using energy storage technology such as
batteries or flywheels [20].

e Power inverters: Microgrids use power inverters to
convert direct current (DC) energy from solar panels or
batteries to alternating current (AC) energy for use in the
immediate vicinity [21]. Inverters can also be used to
govern power transfer between the microgrid and the
main grid.

e Control system: The control system is a critical
component of the microgrid that governs the flow of
electricity. Real-time tracking of power generation,
storage, and demand allows for system reliability and
efficiency improvements [22].

Distribution system: Microgrids frequently have their
own distribution system, which may include power lines and
transformers, to distribute electricity to the community. If
necessary, the distribution network is designed to be resilient
and capable of working without the help of the main grid.

Backup power: Microgrids can provide backup power to
local communities in the case of a major grid breakdown.
Backup power can be provided via energy storage devices or
standby generators [23].

Monitoring and maintenance: To ensure that microgrids
operate effectively and reliably, they must be inspected and
maintained on a regular basis. This could include regular
testing of the power generation, energy storage, and control
systems.

As a result, the location, energy demand, and resource
availability will all have an impact on the technical design of
a microgrid for local region electrification. A well-planned
microgrid might improve energy security, reduce greenhouse
gas emissions, and provide dependable and clean energy to
surrounding areas.

A. Technical Aspect of Microgrid

Microgrids' technical aspects include a thorough
investigation of its components, design principles, operating
techniques, and benefits [24]. Microgrids are complex energy
systems that use modern technologies to produce localized
and typically  self-sufficient energy  ecosystems.
Understanding the technical complexities of microgrids is
critical for realizing their potential for altering energy
distribution and assuring resilience in a variety of settings. A
sustainable microgrid can be identified in large part by its
technology. All of the technical details are covered in the
discussion that follows.

1) Unmet Load

In the technical context of microgrids, "unmet load" refers
to the portion of energy demand that cannot be met by the
available energy generation and storage inside the microgrid
system [25]. It indicates the difference between the electricity
demanded by the connected loads and the electricity available
from the microgrid's energy sources and storage. Unmet load
is an important statistic since it directly represents the
reliability and sufficiency of the microgrid's energy supply to
meet the demands of its customers. Several factors can
contribute to unmet load in a microgrid for example
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mismatched generation and demand, intermittent renewable
generation, Insufficient Energy Storage, energy management
and control and limited reserve power. Addressing the issue
of unmet load requires careful microgrid design, system
sizing, energy storage capacity planning, predictive analytics,
and control systems that assure a balanced energy supply and
demand.
2) Electricity in Excess

Within the technical side of microgrids, "electricity in
excess" refers to the surplus energy created by the microgrid's
energy sources that exceeds the immediate demand of linked
loads within the system. This extra electricity can be used for
a variety of purposes to improve the microgrid's efficiency,
resilience, and sustainability. There are some major
characteristics of excess power in the context of microgrids,
such as Energy Storage, Grid Export, Hybrid Systems,
Emergency Power, Demand Response, and Distributed
Energy Resources (DERs) [26]. To achieve optimal
consumption without compromising stability or overloading
the microgrid, modern energy management technologies and
control strategies are required for managing extra electricity.
Balancing surplus energy generation, storage, and
consumption is a critical factor in maximizing the overall
performance and benefits of microgrid systems.
3) Technological Future

The technical future of microgrids is poised to provide
significant advances that will improve the way energy is
generated, distributed, and managed in a variety of contexts.
Several significant factors are impacting the future landscape
of microgrid systems as technology breakthroughs progress.
The key trends shaping the future landscape of microgrid
systems are advanced energy storage, smart controls and Al
blockchain and energy trading, microgrid-to-microgrid
interaction, decentralized energy management, hybrid energy
systems, cybersecurity and resilience, electrification, and
transportation [27]. The technological future of microgrids is
defined by  increased intelligence, adaptability,
interconnectedness, and sustainability. Microgrids are
positioned to play an increasingly important role in attaining
energy resilience, environmental goals, and empowering
local communities with reliable and autonomous energy
solutions as these innovations mature.

B. Sensitivity Analysis for Microgrid

Sensitivity analysis is crucial in determining the
resilience, efficiency, and economic sustainability of
microgrid systems. Sensitivity analysis provides critical
insights into the sensitivity of the microgrid to changes in its
main components by carefully investigating the influence of
variations in input parameters on performance indicators
[28]. Using this analytical technique, planners and operators
can discover crucial aspects that have a substantial impact on
the microgrid's operation, ensuring well-informed decision-
making and optimum designs. In a sensitivity analysis for
microgrids, key characteristics such as energy generation
capacity, storage capacity, load profiles, renewable energy
availability, equipment costs, interest rates, and incentives are
modified independently while other elements remain
constant. Sensitivity analysis enables microgrid stakeholders
to improve operational strategies, fine-tune design choices,
and align performance with goals. As microgrids emerge as
resilient energy solutions, sensitivity analysis will remain an

essential tool for navigating the complex environment of
energy generation, distribution, and management under
dynamic and changing conditions.

C. Social Aspect of Microgrid

The social side of microgrids refers to how these localized
energy systems affect and interact with communities,
individuals, and society as a whole. Microgrids have the
ability to create social transformation and empowerment in
addition to technological breakthroughs [29]. The social
element of microgrids is centered on three fundamental
factors that influence their significance within societies.
Community involvement and ownership are also important
aspects of the social side of microgrids. Local communities
are frequently involved in the installation, operation, and
maintenance of microgrid systems. This participation
generates a sense of ownership, empowerment, and
communal cohesion among community members.
Microgrids become more than just energy sources; they also
serve as accelerators for community cooperation and
collaborative decision-making [30]. Microgrids may face
socioeconomic difficulties such as pricing and availability for
marginalized groups. To overcome these challenges and
ensure that the advantages of microgrids are dispersed
equally, effective social policies, awareness campaigns, and
new finance mechanisms are required. The social aspect of
microgrids extends beyond technical concerns, addressing
topics such as access, community participation, resilience,
economic empowerment, and societal transformation. As
microgrids mature, their impact on society highlights their
potential not only as energy solutions, but also as positive
change agents capable of improving lives and encouraging
sustainable development.

In locations where grid extension is impracticable or
prohibitively expensive, microgrids have increased access to
electricity for underprivileged and rural people. By giving
local control over energy production and distribution,
microgrids strengthen communities. Microgrids are an
affordable option for producing and distributing electricity,
especially in isolated locations where grid connection
expenses are substantial.

1) Employment in the Society

The social side of microgrids has an impact on the area of
employment within society, contributing to job creation, skill
development, and economic growth. Microgrid projects have
the ability to catalyze job opportunities at multiple levels,
playing an important role in altering the social fabric of
communities. The construction, operation, and maintenance
of microgrids need a wide range of abilities, from technical
expertise to community involvement, producing a multi-
faceted employment environment. Microgrids have a strong
social component, which is especially noticeable in rural and
underdeveloped communities where access to formal jobs is
limited. Microgrid initiatives allow for the development of a
local workforce, decreasing the need for outside knowledge
and creating a cycle of economic circulation within the
community [31]. As residents gain technical skills and
experience, they contribute to the microgrid's growth and
sustainability while also improving their socioeconomic
situation.

To ensure equal work possibilities, however, inclusion
and training must be prioritized. Engaging marginalized
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groups, fostering gender diversity, and offering training
programs that educate persons with the appropriate skills are
all critical measures toward maximizing the social
advantages of microgrid-related employment. In essence, the
social side of microgrids promotes employment that extends
beyond technical responsibilities to include skill
development, economic upliftment [32], and community
empowerment. Microgrid projects contribute to long-term
development and improved quality of life in society by
developing a competent workforce and creating economic
resilience.
2) Comfortable Life

The incorporation of microgrids within communities
holds the possibility of making inhabitants' lives more
pleasant, particularly in locations where reliable energy
access has been an issue. Microgrids fill key energy gaps,
ensuring that homes and businesses have continuous access
to electricity and, as a result, improve overall quality of life.
This increased energy availability has a wide range of
favorable social consequences. Microgrids provide a
foundation for contemporary services in locations where
energy was previously sparse or unreliable. Residents now
have access to illumination, which allows for longer
productive hours and safer evenings. Because youngsters
may study at night and schools can offer evening programs,
this immediately contributes to educational options [33].

Microgrids help to mitigate climate change by lowering
dependency on fossil fuels and offering a platform for
integrating renewable energy sources. The transition to
cleaner energy corresponds with global sustainability goals,
generating a sense of community duty and environmental
stewardship. Regardless of these advantages, ensuring a
comfortable living through microgrids necessitates
addressing  pricing, accessibility, and  community
engagement. Effective pricing structures, support systems,
and community involvement are required to ensure that
microgrid advantages are accessible and affordable to all
members of society [34]. The social aspect of microgrids has
an impact on people' quality of life, as seen by better
education, economic possibilities, healthcare services, and
connection.
3) Ecosystem

The social side of microgrids fosters a comprehensive
ecosystem that includes social cohesion, economic growth,
and community empowerment in addition to energy
provision [35]. These localized energy systems trigger a
revolutionary interaction of factors that collectively improve
community well-being and resilience. A dynamic set of
interactions and rewards contribute to a more sustainable and
harmonious society at the center of this ecosystem.
Economically, the microgrid ecosystem encourages growth
through job creation, entrepreneurship, and expanded
business options. Installation, maintenance, and operation of
microgrids necessitate both expert and unskilled labor,
creating jobs in the neighborhood. Furthermore, microgrid-
powered enterprises can thrive, supporting local economies
and minimizing reliance on external resources. Microgrids'
social aspect fosters a sophisticated ecosystem that extends
beyond electricity delivery, touching on community
participation, economic viability, education, healthcare, and
sustainability. This ecosystem uses microgrids as positive

change catalysts, allowing communities to embrace their
responsibilities as active participants in building a brighter,
more interconnected future.

D. Risk Analysis for Microgrid

Microgrid risk analysis entails a thorough examination of
potential vulnerabilities, uncertainties, and obstacles that
could jeopardize the dependable functioning, economic
feasibility, and overall performance of these decentralized
energy systems [36]. This analytical approach is critical for
detecting and managing potential risks, improving microgrid
resilience, and assuring long-term sustainability. Several
critical steps are included in microgrid risk assessments.
First, potential risks are thoroughly identified, ranging from
technical and operational aspects to external factors such as
legislative changes, climate variability, and economic
situations. Each risk is assessed in terms of its chance of
occurrence and potential influence on the functioning of the
microgrid.

Risks are assessed using quantitative and qualitative
methods. Quantitative analysis is estimating the likelihood of
risk events and their potential repercussions using historical
data and predictive modeling. To grasp the larger
consequences of hazards, qualitative analysis employs expert
judgment and scenario-based assessments [37]. Through
extensive risk analysis, microgrid operators may make
educated decisions, improve energy supply reliability, and
ensure that the benefits of microgrids are not jeopardized by
unforeseen events. This proactive strategy helps microgrid
projects achieve overall success and resilience, promoting
energy security and sustainability among communities.

E. Scenario Analysis for Microgrid

Scenario analysis for microgrids entails the methodical
examination of several conceivable future scenarios in order
to analyze how these hypothetical variables can affect the
performance, economics, and resilience of the microgrid.
This method provides vital insights on the adaptability of the
microgrid and assists planners and operators in making
educated decisions that account for uncertainties and
changing circumstances. A variety of possible future
situations is defined in scenario analysis, which is frequently
based on alternative combinations of elements such as energy
demand, renewable energy supply, fuel pricing, legislative
changes, and technological improvements. Each scenario
illustrates a separate set of events that could affect the
functioning and outcomes of the microgrid. Scenario analysis
allows you to identify crucial decision points and associated
dangers. Scenarios could, for example, investigate the impact
of rising energy demand owing to population expansion or
changing load profiles due to variations in economic activity.
Understanding these dynamics allows operators to plan ahead
of time for infrastructure upgrades or changes in operational
tactics.

VI. TECHNOLOGICAL CHALLENGES OF MICROGRID

Microgrids are small-scale energy systems that can run
independently or in tandem with the main power grid. They
provide various benefits, including better energy efficiency,
resilience, and support for renewable energy integration.
However, there are technological obstacles involved with
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microgrid construction and operation. these

difficulties are:

Among

A. Operation Challenges

Because MGs can switch from grid-tied to islanded
operation, substantial gaps between generation and demand
occur, causing major frequency and voltage control
challenges. When numerous generators are connected and
disconnected at the same time, the "plug and play"”
functionality might cause significant complications.

B. Regulation Issues

The regulation of MGs is a significant challenge since it
directs and supports the penetration and integration of DERs
into the utility grid. However, restrictions governing MG
deployment are limited, making proper use of MGs difficult.
Furthermore, interconnection schemes for MGs and utility
systems are being created to standardize and optimize the
effects of MG integration so that the performance and safety
of the main grid are not jeopardized. These methods must
immediately disconnect the MG from the grid in the case of
a failure or breakdown. The most commonly expressed
problem concerning MG integration into the utility grid is the
expensive connection costs.

C. Compatibility Issues

An MG could include a range of components, like diesel
engines, wind turbines, energy storage, combined heat and
power, inverters, electrochemical capacitors, information and
communication devices, software applications, etc. Each
component’s generation potential, startup time, shutdown
time, inertia, operational cost, charging/discharging rate,
control, and communication limits are different. These
differences in the parameters give rise to compatibility issues.

D. Challenges from Smart Consumer

Members of the future smart grid are savvy customers
who play an important role in balancing demand and supply.
They are primarily concerned with cutting electricity costs or,
at the very least, maintaining current comfort levels,
accessibility, and usage simplicity. Because of customers'
active participation in demand management, the use of ICT
devices in residential settings has grown ubiquitous. Energy
management systems (EMS) will become a vital aspect of
smart homes in the next years to improve energy use, cut
utility bills, and solve supply difficulties while maintaining
the appropriate level of comfort for users.

E. Challenge of Renewable Energy Integration

The ambiguity, unreliability, and climate reliance of
RERs are important barriers to their incorporation into the
electricity system. As a result, the output power of these
resources may vary substantially and often, rendering MG
unreliable. Furthermore, increasing RER integration may
cause congestion in distribution systems.

F. Security Challenge

System protection is the most difficult technical issue
with DGs incorporated into MG. The protection mechanism
for MGs operating in either grid-connected or islanded mode
must be robust enough to respond to all types of failures. The
protection system should be capable of promptly

disconnecting the MG from the main grid in the event of an
abnormality, protecting the DGs, lines, and loads.

VII. DISCUSSION

The discussion that arose from this review encompasses a
multifaceted exploration of the promise and problems
associated with the deployment of microgrid technologies in
addressing the particular energy access dilemmas
encountered by distant islands. The review's discussion
emphasizes the transformative role that microgrids may play
in altering energy landscapes and driving sustainable
development through a rigorous integration of technological
insights, economic  analyses, and environmental
considerations. The technical discussion digs into the
complexities of integrating renewable energy sources into
microgrid  systems, emphasizing these technologies'
adaptability to varied island situations. The discussion
highlights the potential to harness sun, wind, and other
indigenous resources to power distant islands autonomously
by relying on real-world case studies and examining
technological feasibility. Furthermore, it addresses the
dynamic control systems and energy storage innovations at
the heart of microgrid operation, ensuring reliable energy
supply and grid stability even in difficult situations.
American Samoa's isolated island of Ta'u was historically
dependent on costly to run and environmentally
unsustainable diesel generators to provide energy. To meet its
energy needs, the island switched to a microgrid system
powered by solar energy in 2016. Ta'u's microgrid is
equipped with a sizable solar photovoltaic (PV) array that can
provide enough electricity to cover the island's daily needs.
In order to store extra solar energy produced during the day
for usage at night or during times of low solar irradiance, the
microgrid has a battery energy storage system.

The discussion's economic considerations assess the cost-
effectiveness of microgrid solutions against the backdrop of
conventional energy infrastructure expansion. The analysis
provides a full economic evaluation by calculating initial
investment costs, operational expenses, and possible returns
on investment. It demonstrates how the use of microgrid
technology can provide not just energy resilience but also
financial viability, thereby reducing long-term costs involved
with extending centralized networks to isolated islands.
Furthermore, in the review's discussion, the environmental
dimension emerges as a critical discourse. It highlights the
significant reduction in carbon emissions and environmental
effect obtained by incorporating renewable energy sources
into microgrids. The review links microgrid technology with
global sustainability goals and climate change mitigation
measures by assessing the larger ecological implications of
this transformation. The tiny Scottish island of Eigg has long
relied on diesel generators to provide electricity. To become
less dependent on imported fossil fuels and increase energy
sustainability, the island made the switch to a microgrid
system powered by renewable energy in 2008.Through the
Isle of Eigg Heritage Trust, the local community owns and
runs the microgrid project on Eigg Island. In addition to
ensuring that financial gains stay in the community, this
community ownership model promotes accountability and
self-determination. The talk does not gloss over the
difficulties that come with adopting microgrids. It recognizes
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the importance of strong policy frameworks, technical skills,
and community involvement in overcoming obstacles and
ensuring successful implementation. The analysis also
acknowledges that, while microgrids provide intriguing
answers, the specific peculiarities of each island necessitate
customized approaches that require local insights and
adaptable strategies. The discussion encompasses a
comprehensive examination of microgrid technology'
potential for altering Bangladesh's remote island energy
landscapes. The review's discussion gives a nuanced and
comprehensive perspective by integrating technological
feasibility, economic viability, environmental benefits, and
practical problems. Finally, it propels the discussion toward
educated decision-making, policy development, and strategic
interventions that can unlock sustainable energy access and
promote progress for the communities that live on these
remote island environments.

VIIl. CONCLUSION

The review sheds light on the revolutionary potential of
microgrid technologies for addressing energy access
inequities prevalent in isolated islands through a synthesis of
technological insights, economic considerations,
environmental implications, and practical obstacles. The
convergence of renewable energy integration, smart control
systems, and energy storage advances shines a light on a route
toward reliable and sustainable energy provisioning in these
remote areas. Microgrid technologies provide a total
paradigm shift in energy generation and distribution, not just
a technology answer. Microgrids serve as resilient enclaves
of energy independence, capable of weathering interruptions
and delivering uninterrupted power supply to important
facilities and communities by harnessing the power of nature,
maximizing energy consumption, and enhancing grid
stability. The conclusion is consistent with the belief that
microgrid technologies are change agents, set to revitalize
Bangladesh's remote islands with newfound resilience,
sustainability, and empowerment. As the globe works for
energy fairness and environmental stewardship, the review's
findings will reverberate via policy, research, and practical
actions, moving Bangladesh's remote islands into a future
driven by new energy solutions.

REFERENCES

[1] S. Choudhury, “A comprehensive review on issues, investigations,
control and protection trends, technical challenges and future directions
for Microgrid technology,” International Transactions on Electrical
Energy Systems, wvol. 30, no. 9, p. el2446, 2020,
https://doi.org/10.1002/2050-7038.12446.

[2] M. M. Hossain, M. Y. A. Khan, M. A. Halim, N. S. Elme, M. S. Islam,
“Computation and analysis of highly stable and efficient non-toxic
perovskite CsSnGel_3 based solar cells to enhance efficiency using
SCAPS-1D software,” Signal and Image Processing Letters, vol. 5, no.
2, pp. 9-19, 2023, https://doi.org/10.31763/simple.v5i2.66.

[3] M. R. Sarkar, M. J. Nahar, A. Nadia, M. A. Halim, S. M. S. Hossain
Rafin and M. M. Rahman, "Proficiency Assessment of Adaptive
Neuro-Fuzzy Inference System to Predict Wind Power: A Case Study
of Malaysia,” 2019 1st International Conference on Advances in
Science, Engineering and Robotics Technology (ICASERT), pp. 1-5,
2019, https://doi.org/10.1109/ICASERT.2019.8934557.

[4] M. A. Halim, S. K. Biswas, M. S. Islam, M. M. Ahmed, “Numerical
Simulation of Non-toxic ZnSe Buffer Layer to Enhance Sh 2 S 3 Solar
Cell Efficiency Using SCAPS-1D Software,” International Journal of
Robotics and Control Systems, vol. 2, no. 4, pp. 709-720, 2022,
https://doi.org/10.31763/ijrcs.v2i4.757.

[5] A. Nawaz, M. Zhou, J. Wu, C. Long, “A comprehensive review on
energy management, demand response, and coordination schemes
utilization in multi-microgrids network,” Applied Energy, vol. 323, p.
119596, 2022, https://doi.org/10.1016/j.apenergy.2022.119596.

[6] M.N. . Sarker, Y. Peng, M. N. Khatun, G. M. Alam, R. C. Shouse, M.
R. Amin, “Climate finance governance in hazard prone riverine islands
in Bangladesh: pathway for promoting climate resilience,” Natural
Hazards, wvol. 110, no. 2, pp. 1115-1132, 2022,
https://doi.org/10.1007/s11069-021-04983-4.

[71 M. N. I Sarker, M. Wu, G. M. Alam, R. C. Shouse, “Administrative
Resilience in the Face of Natural Disasters: Empirical Evidence from
Bangladesh,” Polish Journal of Environmental Studies, vol. 29, no. 2,
pp. 1825-1837, 2020, https://doi.org/10.15244/pjoes/109527.

[8] D. Li, J. H. Bae, M. Rishi, “Sustainable development and SDG-7 in
Sub-Saharan Africa: balancing energy access, economic growth, and
carbon emissions,” The European Journal of Development Research,
vol. 35, pp. 112-137, 2023, https://doi.org/10.1057/s41287-021-00502-
0.

[91 M. Thirunavukkarasu, Y. Sawle, H. Lala, “A comprehensive review on
optimization of hybrid renewable energy systems using various
optimization techniques,” Renewable and Sustainable Energy Reviews,
vol. 176, p. 113192, 2023, https://doi.org/10.1016/j.rser.2023.113192.

[10] A. Singh, P. Basak, “Conceptualization and techno-economic
evaluation of municipal solid waste based microgrid,” Energy, vol.
238, p. 121711, 2022, https://doi.org/10.1016/j.energy.2021.121711.

[11] S. Saini, “Trends in Microgrid Technology: A Comprehensive
Review,” Journal of Engineering Science & Technology Review, vol.
16, no. 3, pp. 149-164, 2023, https://doi.org/10.25103/jestr.163.19.

[12] M. Uddin, H. Mo, D. Dong, S. Elsawah, J. Zhu, J. M. Guerrero,
“Microgrids: A review, outstanding issues and future trends,” Energy
Strategy Reviews, vol. 49, p. 101127, 2023,
https://doi.org/10.1016/j.esr.2023.101127.

[13] K. Cabana-Jiménez, J. E. Candelo-Becerra, V. S. Santos,
“Comprehensive analysis of microgrids configurations and
topologies,” Sustainability, vol. 14, no. 3, p. 1056, 2022,
https://doi.org/10.3390/s5u14031056.

[14] A. Yousaf, B. A. Khan, U. Bashir and F. Ahmad, "Overview of
Implementing Microgrid, Its Policies, Incentives and Challenges in
Pakistan," 2019 6th International Conference on Electrical and
Electronics Engineering (ICEEE), pp. 6-11, 2019,
https://doi.org/10.1109/ICEEE2019.2019.00009.

[15] O. Ouramdane, E. Elbouchikhi, Y. Amirat, E. S. Gooya, “Optimal
Sizing and Energy Management of Microgrids with Vehicle-to-Grid
Technology: A Critical Review and Future Trends,” Energies, vol. 14,
no. 14, p. 4166, 2021, https://doi.org/10.3390/en14144166.

[16] M. S. B. Arif, M. A. Hasan, “Microgrid architecture, control, and
operation,” Hybrid-Renewable Energy Systems in Microgrids, pp. 23-
37, 2018, https://doi.org/10.1016/B978-0-08-102493-5.00002-9.

[17] M. A. Awal, H. Yu, H. Tu, S. M. Lukic and I. Husain, "Hierarchical
Control for Virtual Oscillator Based Grid-Connected and Islanded
Microgrids," IEEE Transactions on Power Electronics, vol. 35, no. 1,
pp. 988-1001, 2020, https://doi.org/10.1109/TPEL.2019.2912152.

[18] M. R. Zaman, S. Sarker, M. A. Halim, S. lbrahim, A. Haque, “A
Comprehensive Review of Techno-Economic Perspective of AC/DC
Hybrid Microgrid,” Control Systems and Optimization Letters, vol. 2,
no. 1, pp. 36-42, 2024, https://doi.org/10.59247/csol.v2i1.72.

[19] Y. Mahadik, V. Ansurkar and A. Kadam, "Novel Multi-Source Inverter
Based Hybridization Scheme for Electrical Energy Storage System
Using Renewable Source,” 2019 Third International Conference on
Inventive Systems and Control (ICISC), pp. 493-497, 2019,
https://doi.org/10.1109/ICISC44355.2019.9036411.

[20] M. H. Saeed, W. Fangzong, B. A. Kalwar and S. Igbal, "A Review on
Microgrids’ Challenges & Perspectives," IEEE Access, vol. 9, pp.
166502-166517, 2021,
https://doi.org/10.1109/ACCESS.2021.3135083.

[21] H. T. Dinh, J. Yun, D. M. Kim, K. -H. Lee and D. Kim, "A Home
Energy Management System With Renewable Energy and Energy
Storage Utilizing Main Grid and Electricity Selling," IEEE Access, vol.
8, pp. 49436-49450, 2020,
https://doi.org/10.1109/ACCESS.2020.2979189.

[22] M. Sandelic, S. Peyghami, A. Sangwongwanich, F. Blaabjerg,
“Reliability aspects in microgrid design and planning: Status and power

Zohar Al Dodaev, Microgrid Technologies for Remote Islands of Bangladesh - A Review


https://doi.org/10.1002/2050-7038.12446
https://doi.org/10.31763/simple.v5i2.66
https://doi.org/10.1109/ICASERT.2019.8934557
https://doi.org/10.31763/ijrcs.v2i4.757
https://doi.org/10.1016/j.apenergy.2022.119596
https://doi.org/10.1007/s11069-021-04983-4
https://doi.org/10.15244/pjoes/109527
https://doi.org/10.1057/s41287-021-00502-0
https://doi.org/10.1057/s41287-021-00502-0
https://doi.org/10.1016/j.rser.2023.113192
https://doi.org/10.1016/j.energy.2021.121711
https://doi.org/10.25103/jestr.163.19
https://doi.org/10.1016/j.esr.2023.101127
https://doi.org/10.3390/su14031056
https://doi.org/10.1109/ICEEE2019.2019.00009
https://doi.org/10.3390/en14144166
https://doi.org/10.1016/B978-0-08-102493-5.00002-9
https://doi.org/10.1109/TPEL.2019.2912152
https://doi.org/10.59247/csol.v2i1.72
https://doi.org/10.1109/ICISC44355.2019.9036411
https://doi.org/10.1109/ACCESS.2021.3135083
https://doi.org/10.1109/ACCESS.2020.2979189

Control Systems and Optimization Letters, Vol. 2, No 1, 2024

134

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

electronics-induced challenges,” Renewable and Sustainable Energy
Reviews, vol. 159, p. 112127, 2022,
https://doi.org/10.1016/j.rser.2022.112127.

G. Chaudhary, J. J. Lamb, O. S. Burheim, B. Austbg, “Review of
energy storage and energy management system control strategies in
microgrids,” Energies, vol. 14, no. 16, p. 4929, 2021,
https://doi.org/10.3390/en14164929.

M. A. Zaman and M. A. Razzak, "Sustainable Microgrid Analysis for
Kutubdia Island of Bangladesh," IEEE Access, vol. 10, pp. 37533-
37556, 2022, https://doi.org/10.1109/ACCESS.2022.3164677.

Q. Jiang, M. Xue and G. Geng, "Energy Management of Microgrid in
Grid-Connected and Stand-Alone Modes," IEEE Transactions on
Power Systems, vol. 28, no. 3, pp. 3380-3389, 2013,
https://doi.org/10.1109/TPWRS.2013.2244104.

C. W. Forsberg, D. C. Stack, D. Curtis, G. Haratyk, N. A. Sepulveda,
“Converting excess low-price electricity into high-temperature stored
heat for industry and high-value electricity production,” The Electricity
Journal, vol. 30, no. 6, pp. 42-52, 2017,
https://doi.org/10.1016/j.tej.2017.06.009.

S. Fang, Y. Wang, B. Gou and Y. Xu, "Toward Future Green Maritime
Transportation: An Overview of Seaport Microgrids and All-Electric
Ships," IEEE Transactions on Vehicular Technology, vol. 69, no. 1, pp.
207-219, 2020, https://doi.org/10.1109/TVT.2019.2950538.

S. Sharma et al., “Modeling and sensitivity analysis of grid-connected
hybrid green microgrid system,” Ain Shams Engineering Journal, vol.
13, no. 4, p. 101679, 2022, https://doi.org/10.1016/j.asej.2021.101679.

Y. Wu, M. Hu, M. Liao, F. Liu, C. Xu, “Risk assessment of renewable
energy-based island microgrid using the HFLTS-cloud model method,”
Journal of Cleaner Production, vol. 284, p. 125362, 2021,
https://doi.org/10.1016/j.jclepro.2020.125362.

A. Dall-Orsoletta, F. Romero, P. Ferreira, “Open and collaborative
innovation for the energy transition: An exploratory study,”
Technology in  Society, wvol. 69, p. 101955, 2022,
https://doi.org/10.1016/j.techsoc.2022.101955.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

S. Liaros, “Implementing a new human settlement theory: strategic
planning for a network of circular economy innovation hubs,” Smart

and Sustainable Cities and Buildings, pp. 85-98, 2020,
https://doi.org/10.1007/978-3-030-37635-2_7.
Y. Parag, M. Ainspan, “Sustainable microgrids: Economic,

environmental and social costs and benefits of microgrid deployment,”
Energy for Sustainable Development, vol. 52, pp. 72-81, 2019,
https://doi.org/10.1016/j.esd.2019.07.003.

M. R. Zaman, S. Sarker, M. A. Halim, S. lbrahim, A. Haque, “A
Thorough Analysis of the Opportunities and Challenges of Community
Microgrid System Based on Renewable Energy in Bangladesh,”
Control Systems and Optimization Letters, vol. 2, no. 1, pp. 28-35,
2024, https://doi.org/10.59247/csol.v2i1.71.

M. R. Zaman, M. A. Halim, M. Y. A. Khan, S. Ibrahim, A. Haque,
“Integrating Micro and Smart Grid-Based Renewable Energy Sources
with the National Grid in Bangladesh-A Case Study,” Control Systems
and Optimization Letters, vol. 2, no. 1, pp. 75-81, 2024,
https://doi.org/10.59247/csol.v2i1.76.

F. Ahmad, M. S. Alam, “Economic and ecological aspects for
microgrids deployment in India,” Sustainable cities and society, vol.
37, pp. 407-419, 2018, https://doi.org/10.1016/j.5cs.2017.11.027.

H. Pashaei-Didani, A. Mohammadi, H. Ahmadi-Nezamabad, S.
Nojavan, “Information gap decision theory—based risk-constrained
energy management of DC microgrids,” Risk-based Energy
Management, pp. 67-82, 2020, https://doi.org/10.1016/B978-0-12-
817491-3.00005-2.

H. J. Kim, M. K. Kim, “Risk-based hybrid energy management with
developing bidding strategy and advanced demand response of grid-
connected microgrid based on stochastic/information gap decision
theory,” International Journal of Electrical Power & Energy Systems,
vol. 131, p. 107046, 2021,
https://doi.org/10.1016/j.ijepes.2021.107046.

Zohar Al Dodaev, Microgrid Technologies for Remote Islands of Bangladesh - A Review


https://doi.org/10.1016/j.rser.2022.112127
https://doi.org/10.3390/en14164929
https://doi.org/10.1109/ACCESS.2022.3164677
https://doi.org/10.1109/TPWRS.2013.2244104
https://doi.org/10.1016/j.tej.2017.06.009
https://doi.org/10.1109/TVT.2019.2950538
https://doi.org/10.1016/j.asej.2021.101679
https://doi.org/10.1016/j.jclepro.2020.125362
https://doi.org/10.1016/j.techsoc.2022.101955
https://doi.org/10.1007/978-3-030-37635-2_7
https://doi.org/10.1016/j.esd.2019.07.003
https://doi.org/10.59247/csol.v2i1.71
https://doi.org/10.59247/csol.v2i1.76
https://doi.org/10.1016/j.scs.2017.11.027
https://doi.org/10.1016/B978-0-12-817491-3.00005-2
https://doi.org/10.1016/B978-0-12-817491-3.00005-2
https://doi.org/10.1016/j.ijepes.2021.107046

