&)
2
o
4

(\werse,‘-
'V'Q" ‘T
* |4
i

&y &)
2 <

Od5n
k"“Vvv"‘

Universal Research Reports i
ISSN: 2348-5612 | Vol. 12 | Issue 2 | Apr-Jun 25 | Peer Reviewed & Refereed

[\

il

Integration of Renewable energy sources into Microgrids: Challenges and solutions

Ankit* Dr. Vipin Kumar

Department : Electrical Engineering, Professor

UIET (Power system) University Institute of Engineering and

ankitrathee511@gmail.com Technology, Maharshi Dayanand University
Rohtak

DOI : http://doi.org/10.36676/urr.v12.i2.1516
Published: 06/05/2025

* Corresponding author

Abstract: Advancing sustainable energy systems—especially in rural areas and underdeveloped countries—
depends on the integration of renewable energy sources into microgrids. This paper looks at the challenges
connected to the integration of renewable energy sources—such as solar, wind, and hydro power—into
microgrids as well as the recommended solutions to counterbalance these challenges. Along with innovative
technologies and strategies that can enhance the efficiency and reliability of microgrid systems, issues such as
intermittency, energy storage, grid stability, and system optimization are discussed. This paper also looks at
the economic, technological, and regulatory factors influencing the establishment of renewable-powered
microgrids and provides case examples demonstrating successful integration. Stressing the future potential
for general adoption of renewable energy microgrids, the report concludes by underlining the significance of
continuous research and government assistance in addressing present challenges.

Keywords: Renewable Energy Integration, Microgrids, Energy Storage Systems, Grid Stability, Intermittency,

Energy Management, Smart Grids.

1.Introduction
Developed in reaction to the global demand for clean,
reliable, and sustainable energy sources, renewable
energy systems are  Microgrids—Iocalised energy
systems capable of running independently or in
combination with the main grid—have become key
players in the integration of renewable energy. As the
world increasingly turns to wind, solar, and other
renewable sources to reduce greenhouse gas emissions
and enhance energy security, microgrids provide an
ideal platform for leveraging the potential of these
energy sources. Including renewable energy into
microgrids, thus, presents significant challenges such
variability in energy generation, storage and
distribution issues, and grid stability maintenance
under changing circumstances. A knowledge of these
challenges and a quest for practical solutions will help
to maximize the operation of renewable-powered
microgrids and increase their worldwide adoption.
1.1Challenges
Adding renewable energy sources (RES) to microgrids
creates many technical, economical, and operational
challenges. Dealing with these problems guarantees
the efficient and successful running of microgrids.
Among the main challenges are:
1. Intermittency and Variability: Among other
renewable energy sources, solar and wind are quite
variable and weather-dependent.  This variation

makes it impossible to predict energy generation
and match it with consumer demand, hence maybe
generating periods of energy shortages or surplus.

. Energy Storage Limitations: While energy

storage devices—Ilike batteries—can help to lower
intermittency by retaining additional energy for
later use, they have limitations in capacity,
efficiency, and cost. Often running into technical
and economical limits, long-term storage solutions
for balancing supply and demand remain under
development.

. Grid Stability and Synchronization: Adding

distributed renewable energy sources to the grid
could create issues with voltage regulation,
frequency control, and grid synchronization.
Ensuring the microgrid either remains stable in
island mode (when detached) or runs in sync with
the main grid (when attached) is a significant
challenge.

. Energy Management Complexity: Managing

energy flow inside a microgrid comprising
numerous renewable sources, storage systems, and
varied load requirements calls for advanced
management and  optimization  techniques.
Ensuring the microgrid functions efficiently and
reduces costs is not always easy.

. Economic and Regulatory Barriers: High initial

capital costs, lack of finance, and economic
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incentives usually haunt the construction of
renewable-powered microgrids, all of which are
economic concerns. Regulatory policies and grid
standards might not fully back the widespread
usage of microgrids, hence hindering their
expansion.

6. Reliability and Security: It is difficult to
guarantee the dependability of microgrid systems
mostly based on renewable energy sources.
Maintaining consistent and continuous operation
relies for addressing security issues, particularly
those related to cyber hazards of distributed energy
systems.

7. Scalability and Replicability: Extending
microgrids driven by renewable energy sources to
larger or more diverse geographic areas can
generate technical and logistical challenges such
site-specific constraints and different regulatory
circumstances.

1.2Motivation of the Research

The increasing importance of renewable energy
sources in achieving this goal and the global need to
shift to sustainable energy solutions drive this work.
Given the rising need to combat climate change and
reduce reliance on fossil fuels, renewable energy-
powered microgrids offer an innovative approach to
provide local, clean, and reliable energy. Operating
either alone or in tandem with the main grid,
microgrids provide the ideal foundation for the
integration of renewable energy sources in both urban
and remote settings.

This work is motivated by the wish to explore and
solve the technological, financial, and regulatory
barriers connected to the integration of renewable
energy into microgrids. By means of these issues, the
study aims to improve the efficiency, dependability,
and economic feasibility of microgrids, so enabling
their more widespread use and helping to construct
smart, distributed energy systems capable of
supporting sustainability goals.

This program provides practical ideas and solutions
for future renewable energy-powered microgrid
deployments, helping engineers, legislators, and other
stakeholders maximize integration. Studying
problems and solutions enhances microgrid and
renewable energy integration.
1.3Need for the Study
Renewable energy in microgrids—a key component—
improves power systems and achieves energy
sustainability. Several key factors inspired this work:
1. Sustainability Goals: Businesses and
governments are increasingly focused on reducing
carbon emissions and meeting renewable energy

requirements.  Renewable microgrids can assist
achieve these goals by providing localized clean
energy and reducing dependency on fossil fuel
power plants.

2. Energy Security: Many far-off and off-grid places

lack or unreliable conventional energy system.
Microgrids offer a way to deliver steady, reliable
power in these locations.  Knowing the best
methods to integrate renewable energy into such
systems helps to guarantee energy security and
self-sufficiency.

3. Technological Advancement: Their integration

into microgrids presents both opportunities and
challenges as renewable energy technologies—
such as solar PV, wind turbines, and energy storage
systems—evolve. This study is needed to evaluate
the current state of microgrid technology and
provide analysis of emerging trends and
innovations that could improve the integration
efficiency of renewable energy.

4. Economic Viability: Although the first investment

in renewable energy technologies and microgrid
systems could be a challenge, renewable energy
can provide long-term cost savings. This paper
will look at how to maximize the economic
feasibility of microgrids by means of cost-cutting,
system performance improvement, and
identification of funding opportunities or
government incentives supporting the widespread
deployment of renewable-powered microgrids.

5. Regulatory and Policy Support: Support of

Policies and Regulations Laws and policies often
lag behind technology advances. Understanding
the legal concerns hindering the deployment of
renewable energy microgrids and offering
solutions will help governments create positive
frameworks to support the growth of these
systems.

6. Adaptation to Climate Change: For areas

susceptible to natural disasters or climate-related
disruptions, microgrids offer a resilient energy
option. Microgrids become more robust and reduce
their disaster recovery carbon footprint by adding
renewable electricity.  This research is needed to
determine how renewable energy would boost
microgrids under climate change.

2. Literature Review

Manjula et al. (2025) underline intermittency, voltage
control, and the need of sophisticated control
techniques to guarantee system stability in their
research on integration of renewable energy into grid
networks. To increase grid resilience and renewable
energy use, the authors advocate smart grids, energy
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storage systems, and demand response technologies.
These rules are required to control the growing usage
of renewable energy, which might create operational
and financial problems for power systems [1].
Ramkumar et al. (2025) underline the need of
maximizing energy management in renewable energy-
based multi-energy microgrids because of its
unreliability. To reduce renewable variability, they
advise integrating forecasts, optimization algorithms,
and real-time monitoring. Their paradigm guarantees
that renewable energy may be further integrated into
energy management systems by enhancing microgrids'
economic efficiency and operational flexibility. Hai et
al. (2025) look into microgrid energy management of
renewable energy and energy storage. Their model
decides when to discharge and store energy using
power pricing. Particularly in dynamic power markets,
the research underlines the need of inexpensive energy
management strategies to optimize renewable energy
advantages and microgrid economic viability [3].
Focusing on renewable energy, Rehman (2025)
investigates microgrid integration economics and
strategy. The paper claims that microgrid-renewable
energy feasibility is influenced by regulatory
frameworks, economic efficiency, and grid stability. It
also underlines the need of strategic planning and
technical advancement in eliminating obstacles to
large-scale microgrid adoption, therefore
recommending academic and legislative solutions [4].
Song et al. (2025) investigate the coordinated
optimization of energy storage and renewable energy
sources in off-grid microgrids. They suggest
combining flexible storage systems with renewable
energy sources to boost energy efficiency, hence
enhancing grid stability and lowering reliance on
conventional power supply. The result is pertinent to
future electric power systems giving sustainability and
energy independence first priority [5].
Alam et al. (2024) look at DC microgrids' renewable
energy possibilities and obstacles. Particularly when
combined with solar and wind energy, DC microgrids
boost system efficiency and lower conversion losses.
They admit, nonetheless, that DC microgrids present
technical issues including voltage regulation and
protection; they suggest sophisticated control and
integration of energy storage [6]. Focusing on
distributed energy solutions and regional significance,
Ibekwe et al. (2024) examine US energy infrastructure
microgrid systems. They investigate how microgrids
increase sustainability and energy resilience in
disaster-prone and rural locations. The paper covers
policies, funding, and technological standards to
provide a whole view of microgrid adoption across
many sectors [7]. Alvarez-Arroyo et al. (2024) argue

that flexible storage technologies and renewable
energy integration should guide microgrids' energy
management. Their study indicates that to stabilize
power sources and balance renewable energy
variation, energy storage is required. To increase
microgrid performance and financial feasibility, they
suggest sophisticated optimization techniques, hence
increasing their competitiveness with conventional
energy systems [8]. Singh and Singh (2024) look at the
difficulties of incorporating renewable energy into
distribution networks. Including grid stability and
infrastructure expenditures, the writers address
technical, financial, and legal obstacles to renewable
energy deployment. Their approach emphasizes
continuous research and development to maximize
integration and address these issues [9]. Focusing on
cybersecurity concerns and remedies, Rouhani et al.
(2024) investigate cyber resilience in renewable
microgrids. Microgrids become susceptible to
cyberattacks that might interfere with electricity
distribution as they use digital technology for control
and monitoring. The paper looks at rules, procedures,
and suggestions for renewable microgrid security [10].

Talaat et al. (2023) study microgrid hybrid renewable
energy source integration and management with Al.
They focus on how machine learning and optimization
may increase microgrid efficiency, notably in
matching renewable energy supply with demand. The
work suggests that Al could predict energy generation
and optimize energy storage control for grid
integration [11].
Shahzad et al. (2023) examine microgrids' future
prospects and challenges. Microgrids can be
significant in decentralized energy systems, especially
in rural and disadvantaged areas. While highlighting
opportunities for future research to increase microgrid
system efficiency and reliability [12], the report
addresses important challenges such financing, legal
issues, and technical innovation.

Shah et al. (2023) examine power systems using
renewable energy sources and their security risks.
Renewable energy influences grid safety, and the
article suggests adaptive protection and sophisticated
control systems to decrease hazards. This work is
essential to grid safety as renewable energy
penetration develops [13].

Badal et al. (2023) analyze microgrids as smart grids
through technology difficulties, solutions, and future
potential. Authors show how microgrid systems are
adopting advanced control, communication, and
optimization technologies for more efficient and
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sustainable operation. They also explore renewable
energy's challenges for system stability and grid
management [14].

Focusing on flexible renewable energy, Saha et al.
(2023) examine community microgrid energy
management. Demand response and optimization
methods are examined to help community microgrids
balance energy supply and demand. The study
emphasizes the necessity for energy management
system flexibility to meet community needs [15].
Mojumder et al. (2022) study Bangladesh's renewable
energy microgrid opportunities and challenges.
Solar, wind, and other renewable energy sources may
power off-grid and rural microgrids, the authors
investigate.  They consider technical, financial, and
social challenges linked to microgrid expansion, such
as government aid, infrastructure, and finance [16].

Shafiullah et al. (2022) discuss solar PV grid
integration challenges and solutions. They cover
solar PV unpredictability, grid stability, and the need
for better forecasting and management tools to
integrate solar energy. The study thoroughly
evaluates methods [17] that could increase solar-
powered network reliability and efficiency.

Polleux et al. (2022) study remote industrial
microgrid solar integration challenges. They propose
approaches to increase solar-powered microgrid
performance and resilience by addressing industrial
dependability restrictions. Strong energy
management systems and storage technology are
needed to provide remote power distribution [18].

Choudhury (2022) reviews energy storage system
and microgrid integration technologies.  Batteries,
supercapacitors, and other energy storage technologies
are discussed in microgrid operation.  The research
emphasizes the necessity for appropriate microgrid
energy use and storage control methods [19].

Agupugo et al. (2022) examine renewable energy
microgrid technology alongside energy storage, smart
grid, and renewable energy integration. They
examine microgrid system scaling challenges and
suggest invention and research solutions [20].
Blesslin et al. 2021 summarizes microgrid
optimization and renewable energy integration.
Smart grid technology, real-time monitoring, and
improved optimization are among the latest industrial
innovations. The report also covers renewable
energy integration issues including system stability
and cost-effectiveness and offers solutions [21].

Saeed et al. (2021) examine microgrid challenges
from technological, economic, and legal perspectives.
The study stresses energy management, dependability,
and microgrid performance improvement through

improved control methods. Future microgrid
possibilities, including how renewable energy may
affect the next generation of energy systems, are also
discussed [22].

Husin and Zaki (2021) study renewable energy
integration with energy storage, grid management, and
control systems.  They study the technical difficulties
of merging technologies and offer system performance
suggestions. A thorough analysis of renewable
energy integration's future focuses on efficiency and
cost reduction [23].

Erdiwansyah et al. (2021) critique the integration of
multiple renewable energy technologies. The
authors discuss renewable energy integration with
storage, power electronics, and smart grid
technologies' pros and cons.  The article emphasizes
integrated strategies to maximize energy use and
system resilience [24].

Bihari et al. (2021) examine hybrid renewable

energy integration into microgrids' control systems
and impact studies, addressing the challenges of
balancing renewable energy demand and supply and
the effects of alternative control mechanisms.  The
report thoroughly examines hybrid microgrid
technological difficulties and solutions [25].
3. Problem Statement
Microgrids have immense promise, but adding
renewable energy sources is difficult. The variability
of renewable resources like solar and wind power
makes it harder to provide reliable -electricity.
Energy storage systems must balance supply and
demand with capacity, efficiency, and cost
restrictions.  Other technical issues include power
quality, voltage management, and grid
synchronization. Economic factors like early
investment costs, legal constraints, and market
structures may also hinder renewable energy
microgrid development.  New technology, laws, and
regulatory frameworks are needed to efficiently
integrate renewable energy into microgrid systems and
overcome these barriers.

4. Objective

This study examines microgrids' renewable energy

integration difficulties and solutions.  The work aims

to:

1. lIdentify Key Challenges: To examine the
technological, economical, and legal challenges
of integrating renewable energy sources like
solar, wind, and hydro into microgrids, including
intermittency, energy storage, grid stability, and
system optimization.
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2. Explore Potential Solutions:

reliability.

3. Assess Real-World Implementations: Perform
case studies of renewable energy-integrated
microgrids and assess the effectiveness of
different integration strategies based on real-
world deployments in different geographies and

circumstances.

4. Develop Best Practices and Frameworks: To
propose practical concepts, methodologies, and
frameworks for integrating renewable energy

maximize  energy

management, economic feasibility, and system

into  microgrids  to

sustainability.
5. Provide Recommendations for

technical

microgrids,  particularly in
funding, and control.

5. Proposed Research Methodology

This mixed-methods study will examine microgrid
renewable energy integration issues and solutions.

The study will have these phases:

1. Literature Review: A comprehensive literature

review of renewable energy integration into

microgrids will emphasize key concerns, trends,

and breakthroughs.

2. Case Studies: Comprehensive case studies of
renewable energy microgrid deployments
will assess difficulties and solutions. These
case studies will highlight renewable energy

sources from several regions.

3. Simulation and Modeling: Computational
models of renewable energy-integrated
microgrids will mimic their behavior under
various scenarios using MATLAB or HOMER.
The models will focus on energy generation,
storage, and distribution to evaluate system
performance and uncover optimization

opportunities.
4. Stakeholder Interviews:
industry experts, government officials,

microgrid operators will reveal microgrid

To examine
control methodologies, smart grid technologies,
optimization algorithms, and advanced energy
storage systems that could increase renewable-
powered microgrid performance, stability, and

Future
Research and Policy: To identify research,
development, and policy
recommendations to enhance renewable energy
infrastructure,

Interviews  with

renewable energy integration challenges and
solutions.

Data Analysis: Emphasizing the knowledge of
the effectiveness of various approaches in
resolving integration problems, the collected data
will be analyzed to show trends and shared
patterns.

Algorithm: Renewable Energy Integration into
Microgrid

Step 1: Input Data Collection

o

O

Input Variables:

Renewable Energy Generation (RES): Solar,
wind, hydro, etc. (time-series data or real-time
data from sensors).

Energy Demand: Load profiles from consumers
within the microgrid (time-series or real-time
data).

Storage System Status: Current state of charge
(SOC) of batteries or other storage systems.
Grid Connection Status: Whether the microgrid
is connected to the main grid or operates in
islanded mode.

Electricity Prices (if applicable): Time-of-use
pricing or real-time market prices.

Step 2: Evaluate Renewable Energy Availability

e Check if renewable energy resources are
available (e.g., solar radiation or wind speed).

e Decision 1: If renewable energy is
insufficient or unavailable, proceed to Step 4
(Energy Storage Management) and/or Step 5
(Grid Support).

o Decision 2: If renewable energy is sufficient,
continue to Step 3 (Energy Distribution).

Step 3: Energy Distribution Management

o

Task 1: Energy Allocation

Prioritize energy distribution based on critical
loads.

Allocate energy to different consumers according
to demand, with higher priority to critical

infrastructure (e.g., hospitals, essential services).

Task 2: Energy Storage Charging

If there is surplus renewable energy, charge energy

storage systems (batteries or other storage
devices).

Condition: If storage systems are at full capacity,
excess energy should be curtailed or sent to the
main grid (if connected).

e Decision 3: Check if there is enough
renewable energy to meet the demand.
o If yes, supply the required energy to
the load.
o If not, move to Step 4 (Energy
Storage Management).
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Step 4: Energy Storage Management

e Task 1: Charge/Discharge Storage System
o If renewable energy generation is not

sufficient, discharge stored energy from

batteries to supply the load.

o Decision 4: Ensure that the storage
system operates within its safe SOC
limits. If the SOC is low, the microgrid
will need to import power from the grid
or depend on other backup resources.

e Task 2: Storage Optimization

o Use optimization algorithms (e.g., linear
programming, genetic algorithms, or
machine learning) to decide when to
charge or discharge the energy storage
system to minimize cost and maintain
system stability.

e Decision 5: If the storage is exhausted or
insufficient, proceed to Step 5 (Grid
Support).

Step 5: Grid Support or Island Mode Operation

e Decision 6: Check Grid Availability
o Ifthe microgrid is connected to the main

grid:

= Task 1: If the local renewable
energy is insufficient, purchase
electricity from the main grid
(considering electricity prices and
demand).

= Task 2: If the renewable energy is in
surplus, feed excess energy into the
grid (if allowed).

o Decision 7: If the grid is not
available  (islanded  operation),
continue relying on energy storage
or other backup generation systems
(e.g., diesel generators).

e Task 3: Islanded Mode (if no grid
connection)

o Monitor system stability, voltage,
and frequency in islanded mode.
Adjust generation and storage
output to maintain a stable
microgrid.

Step 6: Optimization and Control

e Optimization Algorithm:

o Objective: Maximize the use of
renewable energy and minimize the
reliance on grid power or backup
generation.

o Input: Energy generation forecasts,
storage capacity, energy demand,
grid conditions, electricity price.

o Use optimization techniques such as:
= Dynamic Programming
= Predictive Control
= Machine Learning-based Forecasting for
load and renewable generation predictions.
o Output: Optimal charge/discharge
schedules for storage, load allocation,
and grid interaction.
Step 7: Real-Time Monitoring and Adjustment
e Continuously = monitor  the  system's
performance, including energy demand,
generation, storage, and grid status.
e Adjust the system parameters dynamically
based on real-time data to optimize the
microgrid’s operation.

Step 8: Feedback and Learning
e Task 1: Data Collection for Future
Optimization

o Store historical data regarding renewable
energy availability, demand, and energy
storage performance.

o Analyze this data to improve future
forecasting models and optimization
strategies.

e Task 2: Feedback Loop

o Implement machine learning or Al
models to improve energy forecasting,
storage management, and grid interaction
strategies over time.

Step 9: Reporting and Decision Support
e Report grid interaction, storage performance,
renewable energy generation, and energy use.
e Give feedback on microgrid system
improvements to stakeholders like grid
operators, utility companies, and legislators.
This method advocates for microgrids using renewable
energy sources to ensure energy security, grid
stability, and resource efficiency.  Optimization of
storage systems, energy distribution, and renewable
energy availability takes grid connection status and
power pricing into account. The application
optimizes microgrid operation in island or main grid
mode by dynamically adapting to system conditions.
Advanced optimization and forecasting tools increase
decision-making to affect renewable energy microgrid
growth and success.

6. Result and discussion
Monitoring the microgrid for 24 hours reveals the
relationship between renewable generation, energy
consumption, storage behavior, grid dependency, and
cost dynamics. Figure 1 depicts the change in load
demand with solar and wind renewable production.
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Although wind generation remains rather steady
throughout the day, solar energy peaks around midday,
therefore significantly raising the energy supply. On
the other hand, the load demand reveals morning and
evening peaks that create times when renewable
sources by themselves are insufficient, particularly in
the early morning and night hours.

Renewable Generation vs Load Demand

10

Power (kW)

0 5 10 15 20
Hour of Day

Fig 1 Renewable Generation vs Load Demand

As seen in Figure 2, energy storage balances this by
showing the state of charge (SOC) of the battery
system. SOC suggests the battery is being emptied to
support the load as demand exceeds supply; it climbs
during times of excess generation, particularly from
solar energy in the afternoon.

Storage State of Charge (SOC) Over 24 Hours

— Storage SOC (%)

100

80

60

S0C (%)

20

a

o 5 10 15 20
Hour of Day

Fig 2 Storage state of Charge (SOC) Over 24 Hours

When both renewable power and stored energy are
weak, Figure 3 shows that especially during low
renewable generation times dependency on the main
grid increases.

Grid Power Usage Over 24 Hours

—— Grid Usage (kw)

Grid Usage (kw)

- T T T T
0 5 10 15 20

Fig 3 Grid Power usage over 24 Hours

Figure 4 illustrates daily electricity pricing showing
rising costs during peak evening demand hours. This
underlines the significance of smart scheduling to
lower costs by limiting grid use during peak price
hours.

Electricity Prices Throughout the Day

— Elecricity Price ($/kwh)

L] 5 10 15 20
Hour of Day

Fig 4 Electricity prices Throughout the Day

With renewable energy predominating during daylight
hours and non-renewable (grid) sources filling the gap
during generation shortfalls, Figure 5 illustrates the
relative contribution of renewable versus non-
renewable sources.

Renewable vs Non-renewable Energy Contribution

—— Total Renewable

Grid/Non-renewable

Power (kW)

0 5 10 15 20
Hour of Day

Fig 5 Renewable vs Non-renewable energy
Contribution

Finally, Figure 6 emphasizes surplus times when
renewable generation exceeds demand and deficit
times when external support is required by displaying
the net energy balance (generation minus demand).
These findings taken together underline the need of
integrated energy management systems—including
optimal storage use and dynamic grid interaction—to
assure dependability, cost-efficiency, and sustainable
microgrid operation.

Hour of Day
.: BY NC
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Fig 6 Net energy Balance Generation-load

7. Conclusion

The modeling and analysis of renewable energy
integration into a microgrid reveal the essential role
smart energy management plays in reaching
sustainability and dependability. Dynamic interplay
among renewable generation, energy demand, storage
systems, and grid support reveals real-time monitoring
and optimization.  Renewable sources—especially
solar and wind—can significantly reduce dependence
on non-renewable grid electricity when appropriately
integrated with energy storage technologies. But the
changing nature of renewables demands smart
strategies to maintain balance during deficit periods,
as shown in the net energy balance and SOC patterns.
Moreover, time-of-use power pricing drives the need
for cost-conscious decision-making. All things
considered, the study underlines that a well-
orchestrated  microgrid  system—capable  of
forecasting, adaptive control, and load prioritization—
not only maximizes the use of renewable resources but
also provides energy security and economic efficiency
in both grid-connected and islanded modes.

8. Future Scope
The possible range of this investigation spans several
significant domains. First, advances in energy storage
technology and grid management technologies will
continue to increase the feasibility of integrating
renewable energy. Future research could focus on
their application in microgrids and evolving energy
storage technologies as flywheel systems, pumped
hydro storage, and solid-state batteries. Moreover,
since artificial intelligence (Al) and machine learning
( ML) play more and more significant role, these
technologies could be quite crucial in optimizing
energy management and predicting trends in
renewable energy generation. Increasing the usage of
hybrid systems—which mix various renewable
sources and energy storage technologies—to improve
system dependability and performance is also rather
likely. Finally, policy and legislation will have to alter

to allow the construction and operation of microgrids
driven by renewables, hence ensuring their economic
sustainability and scalability for more general use.
Future research could therefore focus on developing
suggestions for lawmakers and business leaders to
assist the global growth of renewable energy
microgrids.
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