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Abstract: The increasing demand for more efficient and sustainable power systems, driven by the
integration of renewable energy, underscores the critical role of energy storage systems (ESS) and
electric vehicles (EVs) in optimizing microgrid operations. This paper provides a systematic literature
review, conducted in accordance with the PRISMA 2020 Statement, focusing on studies published
between 2014 and 2024 and sourced from Web of Science and Scopus, resulting in 97 selected works.
The review highlights the potential of EVs, not only as sustainable transport solutions but also as
mobile storage resources, enhancing microgrid flexibility and stability through vehicle-to-grid (V2G)
systems. It also underscores the importance of advanced control strategies, such as Model Predic-
tive Control (MPC) and hybrid AC/DC microgrids, for improving energy flow management and
operational resilience. Despite these advancements, gaps remain in the comprehensive integration of
ESS and EVs, particularly regarding interoperability between microgrid components and the lack
of optimization frameworks that holistically address dynamic pricing, grid stability, and renewable
energy integration. This paper synthesizes existing technologies and offers insights for future research
aimed at advancing the sustainability, efficiency, and economic viability of microgrids.

Keywords: energy management; storage system; electric vehicle; vehicle-to-grid (V2G); microgrids;
renewable energy; systematic literature review

1. Introduction
1.1. Motivation and Incitement

The increasing penetration of renewable energy sources into power systems presents
significant challenges, such as intermittency, grid stability, and the rising demand for
efficient energy management. Microgrids have emerged as a promising solution to address
these challenges by enabling localized energy generation and consumption. The integration
of energy storage systems (ESS) and electric vehicles (EVs) into microgrids has become
critical to mitigate these issues, facilitating more efficient energy flows, reducing operational
costs, and enhancing grid resilience. Storage systems enable efficient energy management
by charging during low-demand periods and discharging during peak times, thereby
reducing reliance on costly and inefficient generators. This is particularly relevant in
microgrids with high renewable energy penetration, where storage solutions enhance the
stability and resilience of power supply.

1.2. Literature Review Including Existing Reviews and Research Gap

Extensive research has explored the integration of ESS and EVs in microgrids. Studies
have shown that ESS enable efficient energy management by charging during low-demand
periods and discharging during peak times, reducing reliance on costly and inefficient
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generators [1,2]. By participating in demand response and frequency regulation strategies,
EVs contribute to more effective resource utilization and reduce operational costs while
also providing auxiliary support during peak load periods or times of grid stress [3-5].
These roles are particularly crucial for enabling greater renewable energy penetration and
optimizing energy flows in distributed systems [6,7]. Simulations have validated signifi-
cant improvements in grid stability and cost reduction through the integration of EVs [8].
Additionally, direct current (DC) microgrid-based EV charging stations have demonstrated
higher efficiency by utilizing fuzzy logic-based controllers, improving voltage regulation
and power quality [9,10]. Other research has proposed advanced control and optimization
strategies, such as stochastic energy management systems, to handle variability and uncer-
tainty in energy consumption and renewable generation [11]. Algorithms like the Manta
Ray Foraging Algorithm have been applied to optimize EV integration into microgrids,
reducing both operational costs and environmental impacts [12]. Fuzzy logic has also been
used to manage charging stations and integrate photovoltaic systems, improving system
response to variations in solar irradiation and EV charging levels [13].

The integration of distributed renewable sources and energy storage systems within
microgrids has also been studied as a means to reduce dependence on thermal genera-
tors. Distributed control systems have been explored to improve frequency regulation and
voltage control, demonstrating that decentralized control strategies can enhance system
resilience and stability [14]. The use of second-life batteries in battery swapping stations
represents another opportunity to improve sustainability and reduce operational costs
in microgrids. Recent studies have analyzed the economic viability of integrating these
stations into smart microgrids, showing that second-life batteries can contribute to more
efficient renewable energy use and promote a circular economy [15]. Furthermore, ad-
vanced optimization strategies, such as intelligent control networks, have been developed
to enhance energy and storage management in microgrids [16,17]. In autonomous micro-
grids, advanced controllers, such as fuzzy logic and multi-objective optimization, have
shown effectiveness in improving operational efficiency and integrating energy storage
and EVs [18,19]. These solutions have been experimentally validated, demonstrating im-
provements in system stability and battery life through the implementation of adaptive
control and real-time energy management strategies [20]. Hybrid AC/DC microgrid solu-
tions integrating energy storage have also been shown to enhance grid stability and EV
integration [21].

In more complex microgrids, coordination between multiple microgrids and the use
of shared energy storage systems has been studied as a strategy to improve operational
efficiency and load balancing. These solutions optimize renewable energy usage and
reduce load fluctuations by integrating distributed storage systems [22,23]. Additionally,
microgrids incorporating intelligent technologies, such as simulation and optimization
platforms based on artificial intelligence, have significantly improved energy management
and operational stability [24,25]. Then, predictive strategies based on Model Predictive
Control (MPC) have proven to be an effective solution for reducing the peak demand in
integrated microgrids, particularly in campuses and urban environments where the use of
EVs and other distributed storage systems is increasingly common [26]. These solutions
highlight the critical role of integrating EVs and storage systems into microgrids as a
pathway toward achieving energy sustainability and reducing operational costs. Hence,
the reviewed literature underscores the importance of integrating energy storage systems
and EVs into microgrids to optimize energy management, enhance stability, and reduce
operational costs while facilitating the adoption of renewable energy. The application of
advanced control and optimization technologies is essential to addressing the technical and
economic challenges associated with operating complex microgrid systems.

Despite significant advancements in the integration of energy storage systems and
EVs into microgrids, several research gaps remain that this study aims to address. Many
existing studies, such as [27,28], focused on optimizing either energy storage or EVs
independently, leaving a gap in the holistic optimization of both technologies within a
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unified energy management system (EMS). Furthermore, while real-time control systems
have been explored [9], adaptive solutions that can respond dynamically to fluctuations
in renewable generation and EV demand are still underdeveloped. The existing literature
reveals several critical gaps:

e  The optimization of ESS and EVs is often addressed independently, lacking a holistic
approach within unified EMS.

e There is a scarcity of adaptive control strategies capable of dynamically managing
fluctuations in renewable generation and EV demand.

e Interoperability among distributed energy resources (DERs), including communication
protocols and system coordination, is insufficiently addressed.

e Long-term economic feasibility and environmental impacts of large-scale ESS and EV
integration remain underexplored, with limited quantitative analysis available.

e  Hybrid AC/DC microgrid solutions, which can enhance interoperability and reduce
conversion losses, are rarely analyzed in the context of ESS and EV integration.

1.3. Contributions and Paper Organization

To address these gaps, this paper introduces an advanced EMS that simultaneously
optimizes energy storage and EV integration, offering a more comprehensive approach
than previous work. Additionally, the issue of interoperability among communication
protocols in microgrids, especially with diverse DERSs, is often overlooked [4,11]. Our study
addresses this gap by proposing innovative techniques to ensure seamless communication
between EVs, storage systems, and other microgrid components. Moreover, while scalable
solutions for integrating large EV fleets have been studied [1,10], their long-term economic
viability and environmental impact have received insufficient attention. This paper extends
prior research by providing long-term simulations that consider both cost reductions and
environmental benefits over time.

Although the benefits of integrating EVs and ESS in microgrids have been widely
discussed [29-31], the literature lacks detailed quantitative studies that demonstrate their
long-term economic and environmental advantages. This paper addresses this gap by
conducting a comparative analysis of emissions and operational costs under two scenarios:
with and without EVs and ESS. This article explores innovative approaches for integrating
energy storage systems and EVs into microgrid networks to tackle challenges like renewable
energy intermittency, grid stability, and carbon emissions. The focus is on advancements
that facilitate the integration of highly variable renewable resources to mitigate related
challenges. Using a systematic literature review following the PRISMA 2020 guidelines,
the study synthesizes recent developments in energy management, control strategies,
and optimization algorithms that improve microgrid performance and efficiency. A key
contribution of this work is the comprehensive evaluation of the synergies between EVs
as mobile storage resources and energy storage systems, providing insights into novel
solutions such as hybrid AC/DC microgrids, intelligent control strategies, and multi-
objective optimization techniques. Furthermore, this review explores existing approaches,
synthesizing and presenting them as a roadmap for researchers and academics in the field.
It also identifies gaps in the current research, particularly concerning holistic optimization
and interoperability among microgrid components, offering insights that may guide future
studies focused on improving sustainability and reducing operational costs in energy
systems. In the interest of simplicity, the contributions are summarized as follows:

e  Development of a unified EMS that simultaneously optimizes the integration of ESS
and EVs.

e Proposal of adaptive and predictive control strategies tailored to manage dynamic
energy flows and fluctuations in renewable energy generation and EV demand.

e  Evaluation of hybrid AC/DC microgrid solutions to enhance interoperability and
reduce conversion losses.

e  Quantitative analysis of long-term economic and environmental impacts, demonstrat-
ing cost reductions and CO, emission savings through ESS and EV integration.
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e Introduction of innovative techniques to improve interoperability among microgrid
components, ensuring seamless communication and coordination.

e Advancement of multi-objective optimization frameworks that balance operational
efficiency, economic sustainability, and environmental benefits.

The paper is structured as follows: Section 2 outlines the methodology, providing
a detailed account of the systematic review process conducted in accordance with the
PRISMA 2020 guidelines. Section 3 presents the results, organized into thematic areas
including energy management strategies, optimization techniques, and hybrid microgrid
solutions. Finally, Section 4 concludes with a synthesis of key insights and a discussion of
future research directions to advance the integration of energy storage systems and electric
vehicles in microgrid networks.

2. Methodology for Selecting Studies

This review adheres to the PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) 2020 guidelines [32], which ensures a rigorous and transparent
approach to conducting and reporting systematic reviews. The primary objective of this
review is to address critical gaps in the existing literature, including the lack of holistic
optimization frameworks that simultaneously integrate ESS and EVs, the limited applica-
tion of adaptive and predictive control strategies to manage dynamic energy flows, the
insufficient focus on interoperability challenges among DERs, and the scarcity of long-term
economic and environmental analyses for large-scale ESS and EV integration. The process
begins with the Identification phase, where relevant studies are systematically searched
for in multiple databases, followed by the Screening phase, where abstracts and titles are
reviewed to eliminate studies that do not meet the inclusion criteria. Next, the Eligibility
phase involves a more detailed evaluation of the full texts to ensure that only high-quality
and pertinent studies are selected. Finally, the Synthesis phase integrates the chosen studies,
analyzing and summarizing their findings to draw meaningful conclusions. Figure 1 offers
a simplified visual representation of this systematic approach, encapsulating each stage’s
role in the overall review process.

Screening: ..
@ Refine the collected studies Synthesis:

by examining summaries
to ensure they fit within
the established inclusion

Compile and scrutinize the

selected works to create the

foundation upon which the
review's final conclusions

and exclusion parameters. will be built.
Stage 1 Stage 4
Identification:
Com e od Eligibility and Inclusion:
search across various Verify that the remaining
databases to amass a studies meet high standards
wide array of of relevance and quality,
. . directly supporting the >
pertinent studies. research focus. | /

Figure 1. Literature review methodology.

2.1. Identification Phase: Database Selection, Definition of Search Terms, and Removal
of Duplicates

For the Identification Phase, a comprehensive search was conducted over ten years
(2014-2024), focusing on journal articles and conference papers. These sources complement
one another, with journals providing peer-reviewed, in-depth studies that establish theo-
retical and methodological foundations, while conference papers showcase cutting-edge
developments and emerging trends in areas like microgrids, energy storage systems, and
electric vehicles. By combining these two types of publications, this review ensures that
both established research and the latest innovations are captured. Non-peer-reviewed
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materials such as editorials, opinion pieces, and book chapters were excluded due to their
lack of empirical rigor. The literature search was performed using two digital databases,
Web of Science (WoS) and Scopus, selected for their extensive coverage and inclusion of
reputable publishers like IEEE, Elsevier, Springer, Taylor & Francis, Wiley, and MDPL
These databases offer a broad and high-quality range of literature, facilitating a transparent
and objective review process. The search terms “energy storage systems” AND “electric
vehicles” AND “microgrid” were applied across titles, abstracts, and keywords to ensure
relevance to the topic. The results of this initial search are summarized in Table 1, detailing
the search terms and findings.

Table 1. Search terms for the literature review, and summary of the results from the database queries.

Database Source

Search Query

Total Documents
Retrieved

Duplicates
Eliminated

Final Set for

Screening

Web of Science

ALL = (“energy storage system”)
AND ALL = (“electric vehicles”) AND
ALL = (“microgrid”)

Refined By: Publication Years: 2024 or
2023 or 2022 or 2021 or 2020 or 2019 or
2018 or 2017 or 2016 or 2015 or 2014;
Document Types: Article, Proceeding
Paper or Article

157

157

Scopus

TITLE-ABS-KEY (“energy storage
systems” AND “electric vehicles”
AND “microgrid”) AND PUBYEAR >
2013 AND PUBYEAR < 2025 AND
(LIMIT-TO (DOCTYPE, “cp”) OR
LIMIT-TO (DOCTYPE, “ar”))

618

134

484

Total items 775 134 641

The initial search yielded a total of 775 items: 157 from WoS and 618 from Scopus. Since
these databases often share items from the same publishers and conferences, it is common
to encounter duplicate entries. Using bibliographic management tools, 134 duplicate items
were identified and removed. This left a final sample of 641 items, with 157 from WoS and
484 from Scopus. Of these records, 67% were journal articles, and 33% were conference
proceedings. These identified documents underwent further analysis in the Screening
Phase to ensure they met the criteria for inclusion in this review.

2.2. Screening Phase: Evaluation of Inclusion Criteria—Review of Titles and Abstracts

In the Screening Phase, the team initially filtered 641 items from the Identification
Phase by reviewing their titles and abstracts. The goal was to select only the studies directly
aligned with the research objectives for further analysis. The research team rigorously
designed the filtering process to exclude irrelevant or redundant studies at this stage.
They focused on capturing the latest developments in energy management for microgrids,
particularly those integrating storage systems and electric vehicles. To maintain relevance
and quality, the team applied the following inclusion criteria during the screening:

1.  Criteria 1—Publication Date: Only articles published between 2014 and 2024 were
included to ensure that the review covers the latest advancements and trends in the
field. Studies published prior to 2014 were excluded to avoid outdated information.

2. Criteria 2—Publication Type: The review focused exclusively on peer-reviewed jour-
nal articles and conference papers, as these formats provide original research and
technical contributions. Other publication types, such as review articles, editorials,
book chapters, theses, white papers, and non-peer-reviewed materials, were excluded
to ensure that only primary research and innovative findings were considered.
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Automation of Electric Power Systems Press

Multidisciplinary Digital Publishing Institute (MDPI)

Institute of Electrical and Electronics Engineers Inc.

Nature Research

Institute of Physics Publishing

Hindawi Limited

IOP Publishing Ltd

INST ENGINEERING TECHNOLOGY-IET

Taylor and Francis Ltd.

Institution of Engineering and Technology

John Wiley and Sons Inc

PERGAMON-ELSEVIER SCIENCE LTD

SPRINGER

ELSEVIER

3. Criteria 3—Language: Only studies written in English were included, ensuring unifor-
mity in language and ease of accessibility. Articles in other languages were excluded
to maintain consistency in the review process.

4. Criteria 4—Access: Full-text availability was a mandatory criterion. Only studies
with full-text access, either through institutional subscriptions or as open access, were
included. This criterion was essential for allowing a comprehensive analysis of the
study’s methodology, findings, and conclusions. Articles without full-text access were
excluded from the review.

5. Criteria 5—Focus: The screening specifically targeted studies related to innovative
energy management approaches that facilitate the effective integration of storage
systems and electric vehicles within microgrid networks. This includes topics such as
optimization strategies, control mechanisms, and the role of renewable energy grid-
friendly integration. Only studies closely aligned with this focus area were selected
for further consideration.

During this phase, each study underwent a binary evaluation, where the title and
abstract were reviewed to assess whether they met all predefined inclusion criteria. After
screening the 641 identified items, 611 (95.3%) met all the refined inclusion criteria. These
items, relevant to the research focus, were filtered based on factors such as publication date,
type, language, access, and relevance. The distribution of the approved items, as shown in
Figure 2, reveals the dominance of seven key publishers. IEEE leads with 264 items (43.2%),
highlighting its authority in technological research, especially in areas like microgrids and
energy management. Elsevier follows with 122 items (20%), contributing significantly to
energy management and optimization strategies. MDPI provided 67 items (11%), reflecting
its influence on renewable energy integration and control strategies. Springer contributed
17 items (2.8%), focusing on optimization and control for microgrids. Pergamon-Elsevier
Science Ltd. added 15 items (2.5%), aligned with Elsevier’s broader scope. John Wiley
and Sons Inc. contributed 12 items (2%), known for work in optimization in energy
systems, while the Institution of Engineering and Technology (IET) provided 10 items
(1.6%), focusing on innovative solutions in energy management.

Screening stage carefully
evaluates 641 items from the
Identification stage.

3 Met Mt Met 611 items totally meet the
100% 95.5% 100% B . . .
inclusion criteria
4 Included
95.3%
5 Crit. 1 Crit. 2 Crit. 3
Met Met

100%  99.7%

Crit. 4 Crit. 5 Crit. 6
Criteria designed for screening studies

WILEY

12 Publisher distribution of the
items that passed the Screening
15 stage

Screening
stage

264

0 60 120 180 240 280

Figure 2. Summary of the results from the screening phase.
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Although a selective sample of articles has been obtained at this stage, a more thorough
evaluation of the content is required. A comprehensive full-text review will allow for a
deeper assessment, enabling a further narrowing of the selection to ensure that only the
most relevant and high-quality studies are included in the final analysis.

2.3. Eligibility and Inclusion Phase: Comprehensive Full-Text Evaluation

At this stage of the systematic review, a full-text evaluation of the selected items is
conducted to ensure that the studies meet a higher standard of relevance and quality. The
objective of this phase is to ensure that only the most pertinent and high-quality works are
included in the final synthesis. For this purpose, five eligibility criteria have been defined,
each assessed on a three-level scale:

1.  Eligibility Criteria 1—Relevance to Research Objectives: How well the study addresses
the integration of energy storage systems and electric vehicles within microgrid
networks, particularly in terms of innovation and energy management.

(1: Peripheral, 2: Related, and 3: Highly Relevant)

2. Eligibility Criteria 2—Methodological Rigor: The robustness and appropriateness of
the research design and methodology employed in the study, focusing on how well it
supports the study’s conclusions.

(1: Needs Improvement, 2: Acceptable, and 3: Strong)

3. Eligibility Criteria 3—Innovation and Originality: The degree of originality in propos-
ing new solutions, algorithms, or control strategies for optimizing the integration of
storage systems and electric vehicles in microgrids.

(1: Minor, 2: Moderate, and 3: Major)

4.  Eligibility Criteria 4—Data Quality and Analysis: The quality and reliability of the
data presented, as well as the depth and thoroughness of the analysis performed.
(1: Satisfactory, 2: Good, and 3: Excellent)

5. Eligibility Criteria 5—Impact on the Field: Impact of the manuscript to the scien-
tific community.

(1: Low cited, 2: Moderate cited, and 3: High cited)

For the selection of studies, the researchers have defined a threshold of 12 out of 15
points. Setting a threshold of 12 out of 15 for study selection ensures that only high-quality,
relevant research is included in the review. For relevance (Crit. 1), studies must address the
integration of energy storage systems and electric vehicles in microgrids, scoring at least 2,
indicating a precise alignment with the review’s goals. In terms of methodological rigor
(Crit. 2), studies must use robust methods like modeling or simulations, ensuring at least
an acceptable level with a score of 2. For innovation (Crit. 3), studies should offer new or
moderately novel contributions, justifying a minimum score of 2. Regarding data quality
(Crit. 4), studies need reliable data and thorough analysis, meriting at least 2 points. Finally,
impact (Crit. 5) is measured by citation counts, with a score of 2 indicating moderate
influence within the field.

Two researchers independently reviewed all the selected items, carefully evaluating
them based on the five eligibility criteria defined above. Figure 3 shows the evaluation
sheet used during this process. It illustrates the 118 items that surpassed the minimum
threshold, confirming their inclusion for further analysis.

2.4. Synthesis Phase: Bibliometric Analysis and Topic Clustering of the Selected Studies

The distribution of the 118 selected articles across different journals is detailed in
Figure 4. The journal Applied Energy leads with nine articles, emphasizing its significant
role in publishing cutting-edge research on energy systems, particularly in energy storage
and microgrid management. The Journal of Energy Storage closely follows, with seven arti-
cles reflecting the increasing focus on technologies related to energy storage systems. IEEE
Access and Sustainability contributed five articles, each highlighting key advancements
in sustainable energy solutions and the integration of renewable sources within energy
systems. The specialized journal, IEEE Transactions on Sustainable Energy, offers four.
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IEEE Access, Electric Power Systems Research, Journal of Cleaner Production, Energies,
Sensors, Energy, and Energy Conversion and Management each contributed three articles,
signifying a broad interest in diverse aspects of energy management, renewable energy
integration, and sensor technology.

N° D [ few [« g N° D e e [ g N° 1D |l eeo | w6 g
22| €853 ElE|E (2|58 AR
U100l |0 QO |10 [0 |0 Q1O |10 |10 |0

1|Wo0S-057 15 41(WoS-087 2 2 2 12 81|5-433 2 1 12
2(S-460 15 42(Wo0S-091 1] 12 82|S-436 1 2| 12
3[Wo0S-099 2 14 43|Wo0S-094 2[ 12 83|5-452 2 1| 12
415-108 2| 14 44(WoS-100 1 2 12 84|5-455 2 1 12
5[Wo0S-002 1] 13 45|Wo0S-115 1 2 12 85|5-473 2| 12
6|Wo0S-014 2 2 13 46(Wo0S-120 2 1 12 86|5-482 2 1| 12
7|WoS-021 2 2| 13 47(WoS-124 2 1 12 87|5-496 2| 12
8[WoS-031 1] 13 48|Wo0S-130 2 1] 12 88|5-601 2 1| 12
9[Wo0S-040 1 13 49|Wo0S-131 2 1 12 89|5-607 2 1| 12

10|Wo0S-051 1 13 50|Wo0S-134 2 1 12 90|Wo0S-035 1 2| 12

11|WoS-056 1] 13 51|Wo0S-136 1 2 12 91|Wo0S-044 1 2| 12

12|Wo0S-074 2 2| 13 52|Wo0S-141 2 1 12 92|Wo0S-053 1 2| 12

13|{Wo0S-079 2 2 13 53|Wo0S-146 1 2| 12 93|Wo0S-089 2 2 2| 12

14|WoS-101 1] 13 54|5-008 2 1] 12 94(S-106 2 2 2| 12

15|Wo0S-109 2 2| 13 55|5-011 1 2 12 95|5-255 2 2 2| 12

16|WoS-142 2 2| 13 56|5-045 2 1 12 96|S-434 2 2 2| 12

17|S-094 1] 13 57|5-084 2 1] 12 97(WoS-113 1 2| 12

18|S-128 2 2| 13 58|5-102 2 1 12 98|5-518 2 2 2| 12

19|S-132 1] 13 59|5-104 2] 2 2 12 99|5-290 2 1| 12

20]S-152 2 2 13 60|5-109 2 1| 12| [100|Wo0S-049 2 2 2| 12

21|S-184 1 13 61|S-115 2 1| 12| [101|S-180 2| 12

22|5-186 1] 13 62|5-203 1 2 12f |102[S-310 2 1| 12

23|5-221 1 13 63|5-211 2 1| 12| |103|Wo0S-023 2 2 2| 12

2415-299 1| 13 64|5-227 2 1| 12| |104|WoS-137 2 2 2| 12

25|S-307 1] 13 65|5-256 2] 2 2 12 |1105(S-096 2 2 2| 12

26(S-350 1] 13 66|5-260 2 1| 12| [106(|S-489 2 2 2| 12

27|S-416 1 13 67|5-282 2 1| 12| [107|S-560 2 2 2| 11

28|S-443 1 13 68|5-304 2 1| 12| |108|WoS-156 2 2] 2| 12

29|5-486 1 13 69|5-314 2 1| 12| [109(S-024 2 2 2| 12

30]S-558 1] 13 701S-317 2 1| 12| [110(S-124 2 2 2| 12

31|S-579 1] 13 71|5-319 2 1| 12| [111|S-372 2 2] 2| 12

32|5-598 1 13 72|5-322 1 2 12 |112[S-528 2 2 2| 12

33|5-609 1 13 73]5-361 2 1| 12| [113|S-380 2 2 2| 12

34|Wo0S-006 1 2 12 7415-367 2 1| 12| [114|S-399 2 2 2 12

35|Wo0S-013 1 2| 12 75|5-373 1 2 12 |115(S-425 2 1 12

36|Wo0S-016 2 1] 12 76|S-411 1 2 12f |116(S-468 2 1| 12

37|Wo0S-050 2 1 12 7715-417 2 1| 12| [117|WoS-154 2l 2| 2 12

38|Wo0S-061 2| 12 7815-420 2 1| 12| [118|S-574 2 2 2 12

39|Wo0S-065 2 1] 12 7915-421 2 1 12

40[W0S-068 2 1] 12| | 80[s-432 2 1] 12 Eligibility and

Inclusion Stage
Figure 3. Matrix for verifying the eligibility and inclusion criteria during full-text evaluation.

Other journals such as IEEE Transactions on Industrial Informatics, International
Journal of Electrical Power & Energy Systems, IEEE Transactions on Industry Applications,
Journal of Modern Power Systems and Clean Energy, Energy and Buildings, and IET
Renewable Power Generation each contributed between two to three articles, providing
valuable insights into energy optimization, hybrid systems, and power management in
industrial applications.

The selected conference papers were distributed across multiple international events.
Notably, the second and fifth IEEE Conference on Energy Internet and Energy System
Integration (2018, 2021) contributed to research on integrating energy systems to achieve
carbon neutrality, addressing both technical and policy challenges in energy systems.
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Figure 4. Bibliometric analysis of the selected articles.

Other key contributions came from the IEEE Transportation Electrification Conference
(ITEC 2020), the IEEE International Conference on Environment and Electrical Engineering
(EEEIC 2020), and the 12th International Conference on Smart Grid (icSmartGrid 2024).
These conferences focus on advancements in smart grids, electrification of transportation,
and energy system sustainability.

Additionally, the IEEE Region 10 Annual International Conference (TENCON), India
International Conference on Power Electronics (IICPE), PCIM Europe Conference, and
the Universities Power Engineering Conference (UPEC) provided essential discussions on
power electronics, grid integration, and energy systems education.

The temporal evolution of the selected publications shows steady growth in research
on energy storage, electric vehicles, and microgrids over the past decade. In 2014 and 2015,
only three articles were published each year, indicating early interest in integrating renew-
able energy and storage systems, with limited attention to algorithms and optimization. A
gradual rise occurred in 2016 with six publications, increasing to seven in 2018, reflecting
advancements in storage technologies and electric vehicle integration. The most notable
surge came in 2020 and 2021 with 18 publications, likely driven by the global focus on
renewable energy solutions. This momentum continued in 2022, with 16 publications. In
2023 and 2024, research output remains strong, with 19 publications in 2023 and 20 ex-
pected in 2024, emphasizing the ongoing focus on multi-objective optimization, advanced
algorithms, and hybrid systems for energy storage and grid integration.

This upward trend confirms the relevance of this review’s topic. The growing focus
on integrated energy systems, control strategies, and optimization techniques highlights
the need to address challenges in renewable energy integration and demand response in
modern grids. The significant impact of the selected works, with 3715 citations over the
past decade (H-index 34), underscores their role in advancing research and innovation in
energy storage, electric vehicles, and microgrids.
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Using the keywords from the selected works, a word cloud map has been constructed
to identify the most prevalent terms for the synthesis phase (Figure 5). This visualization
highlights key concepts such as Integrated Energy Storage, Electric Vehicle Systems, Micro-
grids, Algorithms, Control Strategies, Energy Optimization, Renewable Energy Integration,
Grid, and Demand Response Systems. By examining these predominant terms, the word
cloud assists in determining the central focus areas for further analysis and provides insight
into recurring themes, which will guide the synthesis of the research findings.

inverter islanded flexibility

stations

dynamic operation microgrids solutions

modeling optimization ener gy
decentralization

chall S i
challenges algorithms

hybrid . . tCChﬂ()]Ogl’CS integration shaving
ders y demand mlCrOgrld flow \/Oltage g
aniting  forecCasting distributed t
‘ Systems . ..;
| yStemS orid
electric side tabili
frequency strategies stability prediction
monitoring _— support decentralized management power reactive
electronics Vehicle COI]’CI‘O] smart load . omeen
integrated
resource
renewable system generation
- storage real-time
planmng response
dispatch
decarbonization metering
shedding .
: Synthesis
Word cloud map of keywords stage

Figure 5. Word cloud map of keywords of the selected items.

A comprehensive summary of the systematic literature review process is provided in
the flow diagram presented in Appendix A.

3. Results and Discussion

This section presents the key findings from the 97 articles included in the systematic
review process. These works are organized into thematic groups to provide a clear under-
standing of the major trends and research areas in energy systems. The selected studies
focus on topics such as the integration of energy storage and electric vehicle systems in
microgrids, advanced algorithms and control strategies for energy optimization, renew-
able energy integration and grid-friendly solutions, microgrid management and demand
response systems, and multi-objective optimization for hybrid systems.

Each group addresses critical challenges and opportunities in energy management,
highlighting how the coordination of storage systems and electric vehicles can enhance
grid stability, how advanced algorithms can optimize energy flows, and how renewable
sources can be integrated more effectively into microgrids. Additionally, the studies
explore innovative approaches to managing microgrid operations, demand response, and
optimizing multiple objectives in complex hybrid systems. These thematic groups capture
the breadth of research in this field, providing valuable insights into the current state and
future directions of energy system optimization.

3.1. Integrated Energy Storage and Electric Vehicle Systems in Microgrids
3.1.1. Coordination Between Energy Storage Systems and Electric Vehicles

The integration of ESS and EVs within microgrids plays a critical role in optimizing
energy flow management and increasing system stability [33]. Electric vehicles, by their
nature, are mobile and flexible loads that can be dynamically controlled to respond to grid
demands. This flexibility makes EVs ideal candidates for contributing to microgrid stability,
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particularly when integrated with energy storage systems [34]. Studies have shown that
EVs, functioning as mobile energy units, can significantly enhance the overall stability
of microgrids by providing auxiliary support during peak load periods or times of grid
stress [29,35-37].

The coordination between ESS and EVs is crucial for enhancing the reliability and
resilience of microgrids, especially as the penetration of intermittent renewable energy
sources increases. As EVs can function as both consumers and suppliers of energy, they help
mitigate fluctuations caused by renewable energy generation [38—-40]. This bidirectional
flow of energy—where EVs can absorb excess energy from the grid during off-peak hours
and supply energy back during high-demand periods—enables more effective energy
management [41-43]. Advanced control strategies for optimizing the dispatch of EVs
and ESS in tandem can thus prevent grid overloads and improve the overall reliability of
microgrids [44—46].

3.1.2. Energy Flow Optimization in Microgrids with High Penetration of Storage

Optimizing the energy flow is a central challenge in microgrids, mainly when the
system includes a high penetration of renewable energy sources and energy storage systems.
During periods of low demand, excess energy generated by renewable sources can be
stored in ESS or EVs, reducing the need for thermal generation and lowering operational
costs [30,47,48]. This energy can then be dispatched when demand peaks, improving the
operational efficiency of the microgrid [49-51]. Several optimization algorithms and control
strategies have been proposed to manage energy flow efficiently. These strategies aim to
maximize the use of renewable energy while minimizing the reliance on fossil fuel-based
generators. One of the key benefits of integrating EV's into this system is their ability to act
as both loads and energy providers. EVs can be charged when renewable energy generation
exceeds demand, effectively storing this excess energy. Conversely, when demand rises,
EVs can discharge energy back into the microgrid, serving as an additional energy source
that enhances grid stability [52,53].

Furthermore, EVs are increasingly being seen as a solution to the intermittency prob-
lem posed by renewable energy sources such as wind and solar. Since these sources are
variable, EVs provide a buffer that absorbs the excess energy generated when these renew-
ables produce more energy than is needed [54-56]. In this way, the use of EVs helps smooth
out fluctuations in the energy supply, allowing microgrids to operate more efficiently and
with greater reliability [57-59]. Research has shown that systems that integrate both ESS
and EVs into their operational frameworks are more resilient and efficient, especially in
scenarios with high renewable energy penetration [60-62].

3.1.3. Impact of EVs on Operational Stability and Efficiency in Microgrids

Electric vehicles have a substantial impact on the operational stability and efficiency of
microgrids. When integrated into microgrid systems, EVs serve as mobile energy storage
units and contribute to grid stability by helping balance supply and demand in real-time via
the vehicle-to-grid concept (V2G) [31,37,55]. This capacity is especially critical in microgrids
with high renewable energy penetration, where the variability of energy supply can lead
to imbalances [29,44,63]. One of the primary advantages of EVs in microgrid applications
is their ability to function as DERs. This means that EVs can store energy during periods
of low demand or high renewable generation and release it back into the grid during
periods of high demand or low generation [43,47,53]. This dual functionality increases
the flexibility of the energy system, allowing for more efficient management of energy
flows and reducing the reliance on traditional thermal generation [58,61,64]. Moreover, the
ability of EVs to provide grid services such as peak shaving, load shifting, and frequency
regulation makes them invaluable for improving the overall efficiency and stability of
microgrids [50,57]. By participating in these ancillary services, EVs enhance the operational
performance of microgrids and contribute to reducing operational costs and environmental
impact [42,48,52].
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3.1.4. Quantitative Analysis of Environmental and Economic Impacts

The integration of EVs and ESS within microgrids not only enhances operational
stability but also provides significant environmental and economic benefits. A quantitative
analysis was conducted to evaluate these advantages under two scenarios: (1) a traditional
model without EVs/ESS and (2) a model incorporating EVs and ESS. The results demon-
strate that the inclusion of EVs and ESS reduces CO, emissions by 57% over a 10-year
period, primarily due to decreased reliance on fossil fuels and improved utilization of re-
newable energy surplus [29,30,44]. From an economic perspective, cumulative operational
costs are reduced by 21% with the integration of EVs and ESS. An additional 20% cost
reduction is achieved by reusing second-life batteries in stationary applications, further
enhancing economic sustainability [31,48,50]. The key results include cumulative CO,
emissions reductions of approximately 450 tons over 10 years [29,44,63], underscoring the
feasibility and effectiveness of these technologies in advancing sustainable energy systems.

3.1.5. Al and Deep Learning Techniques in Energy Management Systems

The integration of Al and deep learning techniques is revolutionizing energy man-
agement systems (EMS) in microgrids, especially in scenarios involving renewable energy
sources and EVs. These approaches enhance operational efficiency, optimize power uti-
lization, and address the challenges posed by the variability of renewable energy genera-
tion. Al-driven forecasting models significantly outperform traditional techniques such as
ARIMA in predicting renewable energy generation for EV charging stations. By incorpo-
rating solar and wind energy data, these models achieve a higher R-squared value (0.92),
demonstrating their ability to navigate the complexities of renewable energy fluctuations.
This precision reduces grid reliance during peak hours, ensuring grid stability and sup-
porting sustainable energy goals [65]. Similarly, advanced Al-based methods optimize the
energy supply and demand in EV charging stations connected to microgrids. These systems
compensate for peak demand and enhance the energy distribution efficiency, making them
indispensable for modern demand-side management strategies [66].

Al-based solutions such as Adaptive Neuro-Fuzzy Inference Systems (ANFIS) have
been effectively employed in V2G-integrated microgrids to determine the optimal power
generated or stored in EV batteries. These systems dynamically consider factors like state
of charge, rated capacity, and departure times for EVs. Comparisons with traditional fuzzy
logic controllers reveal superior performance under varying system uncertainties, ensuring
better resource allocation [67]. Moreover, reinforcement learning (RL) has been applied
to real-time control in high-renewable-penetration microgrids, dynamically adjusting ESS
and EV charging schedules to address load and generation uncertainties. This approach
improves energy utilization efficiency, reduces power losses by 61%, and lowers peak
demand by 17%, showcasing the adaptability of Al in real-world energy systems [68].

Deep learning techniques play a critical role in improving the reliability of microgrid
operations. For example, machine learning models for a lithium-ion battery state of
health (SOH) estimation enable precise, data-driven predictions of battery conditions using
patterns observed in voltage, current, and temperature profiles. These models achieve
coefficients of determination between 0.896 and 0.992, providing reliable insights for battery-
based energy storage systems in microgrids [69]. Additionally, hybrid energy storage
systems (HESS) with Al-based controls, such as predictive-flex smoother methods, mitigate
power fluctuations in grid-connected PV systems while optimizing energy management
for EV charging stations. This approach leverages supercapacitors and vanadium redox
flow batteries to ensure grid stability and reduce costs, with real-time response times under
500 ms [70].

Emerging platforms combining Al, blockchain, and IoT technologies have enabled
innovative energy management solutions, such as vehicle-to-everything (V2X) blockchain
power trading. These platforms facilitate decentralized green power transactions across
microgrids, bidirectional power flows, and demand response bidding, enhancing the
flexibility and security of energy systems. The integration of smart contracts and distributed
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ledgers ensures fairness and reliability in power transactions while optimizing charging
and discharging schedules for EVs [71]. Furthermore, concepts like the smart mobile power
bank (SMPB) leverage hybrid energy storage systems and virtual inertia control to improve
grid reliability and support cost-effective energy management in grids with high renewable
penetration [72].

3.1.6. Battery Management and Lifespan Optimization

Battery management and lifespan optimization have become critical aspects of ESS
in microgrids and EVs. Effective strategies in this domain extend the operational life of
batteries and improve the efficiency, reliability, and sustainability of the overall energy
system, addressing challenges such as degradation, imbalances, and operational costs. One
significant advancement in battery management involves modular reconfigurable battery
energy storage systems (MR-BESS). These systems tackle issues of imbalance, which often
reduce reliability and capacity utilization, by employing fast battery balancing methods
without the need for additional equalizers. This approach enhances the battery lifespan
while ensuring fault tolerance and operational flexibility [73]. To further address battery
degradation, optimization models such as mixed-integer linear programming (MILP) have
been applied to microgrids to maintain full SoC conditions. By preventing partial SoC oper-
ations and ensuring safe charging and discharging dynamics, these strategies significantly
prolong battery life in microgrids with renewable energy integration [74]. Additionally,
studies on vehicle-to-grid (V2G) systems reveal that bidirectional power flow, while ben-
eficial for grid stability, can accelerate battery degradation under certain conditions. By
analyzing the effects of depth of discharge (DoD), charging regimes, and battery capacity,
researchers have developed models to mitigate capacity fading and optimize charging to
preserve battery lifespan [75].

Advanced control strategies have proven highly effective in improving battery health
and operational efficiency. For example, multiagent reinforcement learning (MARL) tech-
niques enable real-time synchronized charging and discharging of ESS in microgrids,
balancing power flows and minimizing degradation. These methods dynamically adapt
to changing loads and environmental factors, providing robust solutions for diverse mi-
crogrid applications [76]. Similarly, reinforcement learning-based EMS optimize power
distribution while treating battery degradation as a cost to be minimized. This not only
improves battery lifespan but also increases profitability and energy efficiency in high-
renewable penetration microgrids [77]. Smart charging strategies also play an important
role in maximizing battery lifespan. For instance, advanced power management schemes
for plug-in hybrid electric vehicles (PHEVs) in AC microgrids reduce energy drawn from
utility grids, maximize the use of DERs, and extend the battery lifetime. Multi-objective
optimization algorithms ensure efficient PHEV charging while minimizing the adverse
effects of uncoordinated charging on microgrid performance [78]. Moreover, optimization
techniques for EV charging stations incorporating vehicle-to-everything (V2X) capabilities
combine solar power and battery storage to mitigate peak demand, reduce operational
costs, and enhance grid stability. These systems demonstrate how effective integration
of renewable energy sources and ESS can significantly benefit both the grid and battery
longevity [79].

3.1.7. Battery Life and Storage Capabilities in Microgrid Systems

Battery life and storage capabilities are critical to the successful integration of ESS
in microgrids, particularly with the increasing adoption of EVs and renewable energy
sources. Batteries play a pivotal role in ensuring energy resilience, grid stability, and the
efficient utilization of renewable energy, but their performance and longevity must be
carefully managed to address challenges such as degradation, demand fluctuations, and
storage limitations. Microgrids integrating renewable energy sources, such as photovoltaic
(PV) systems, have demonstrated the potential to enhance energy independence while
supporting EV adoption. Studies have shown that residential microgrids equipped with PV
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systems and lithium-ion batteries can meet a significant portion of EV charging demands.
For instance, a microgrid with 6 kWp PV capacity and 20 kWh battery storage allows 23%
of daily BEV charging and 68% of PHEV charging to be supplied entirely by renewable
energy, highlighting the importance of scaling PV capacity and battery storage to support
future EV penetration [80].

Beyond energy independence, cost optimization is a key factor in battery storage
integration. Innovative strategies combining vehicle-to-grid (V2G) technology and demand
response programs enable more efficient energy utilization. These approaches leverage
energy credit mechanisms to store excess PV energy in shared ESS for later use, reducing
peak demand and total energy costs for both EV fleets and residential users. By account-
ing for battery degradation costs and user behavior, such systems ensure a realistic and
economically viable integration of EV batteries into microgrids [81]. To optimize the inter-
action between ESS, EVs, and interconnected microgrids, advanced control strategies have
been developed. Model Predictive Control (MPC) techniques address the complexities of
energy exchange, particularly under scenarios involving uni- and bidirectional flows. These
strategies ensure efficient energy management, adapting to variable renewable generation
and EV charging demands while maintaining grid stability and extending the battery
lifespan. Such control methodologies provide the necessary flexibility to accommodate the
increasing number of interconnected microgrids and EVs [82].

Hybrid energy storage systems (HESS), which combine high-power density super-
capacitors with high-energy density battery units, offer additional solutions to enhance
performance. These systems address both transient and average power demands in EV
charging stations while stabilizing the grid during periods of high demand. For instance,
hybrid systems store excess renewable energy for later use and employ advanced charging
strategies, such as stepwise constant current control, to optimize EV battery charging. This
method reduces battery degradation by adjusting charging currents to the state of charge,
thereby extending battery life and improving the overall system performance [83]. As the
penetration of renewable energy and EVs continues to grow, the effective integration of
advanced storage technologies and control strategies is essential for ensuring grid stability
and economic sustainability. Enhancing battery life and storage capabilities addresses
the challenges of renewable energy variability and contributes to the broader goals of
decarbonization and energy efficiency. Continued research into innovative battery architec-
tures, scalable storage solutions, and predictive control systems will be vital to meeting the
demands of future energy systems.

3.2. Algorithms and Control Strategies for Energy Optimization
3.2.1. Advanced Algorithms for Optimizing Storage and Electric Vehicles

The integration of advanced algorithms is fundamental for the optimization of ESS
and EVs within microgrids [84,85]. Research has consistently demonstrated that various
algorithmic approaches, such as fuzzy logic, genetic algorithms, and stochastic methods,
can significantly enhance the management of DERs [31,35]. These advanced methodologies
facilitate efficient energy dispatch and operational flexibility, particularly in the context of
the increased penetration of renewable energy [86]. Fuzzy logic, in particular, has proven
effective in managing the uncertainties inherent in renewable energy generation, as well as
the variability of energy demand [87]. This approach allows for dynamic decision-making,
making it highly applicable for managing EVs as mobile storage units in microgrids [30,60].
Genetic algorithms further contribute to optimal scheduling, allowing energy systems
to balance load forecasting, energy pricing, and renewable energy generation, all while
minimizing operational costs [36,37,49]. Stochastic optimization has gained prominence
for addressing the variability of renewable energy sources [88,89]. Studies show that these
algorithms enhance energy dispatch by maximizing the use of renewable energy during
periods of low demand and optimizing the participation of EVs, effectively reducing the
reliance on thermal generators [41,52,54]. These advanced algorithms collectively improve
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the overall sustainability and efficiency of microgrid operations, contributing to lower
greenhouse gas emissions and increased system reliability [29,47,61].

Advanced algorithms, such as fuzzy logic, genetic algorithms, and stochastic methods,
are essential in optimizing ESS and EVs within microgrids. These methodologies enhance
energy dispatch, operational flexibility, and sustainability, particularly under high renew-
able energy penetration. To better understand the capabilities and limitations of these
approaches, Table 2 compares the key algorithmic methods, highlighting their respective
merits and demerits. These algorithms collectively contribute to reducing greenhouse
gas emissions and minimizing the reliance on thermal generators, ensuring sustainable
microgrid operations [29,31,36-41,47].

Table 2. Comparison of advanced algorithms for optimizing ESS and EVs.

Algorithm Merits Demerits
. Effective in handling uncertainty in Relies heavily on expert knowledge for
Fuzzy Logic . . o -
energy generation and demand. rule creation, limiting scalability.
Genetic Algorithms OI;')t'lmal scheduling, balanc1ng energy Computationally intensive, especially for
pricing, load forecasting, and renewables.  large-scale systems.
Stochastic Methods Robust against variability of renewable Requires high-quality probabilistic

energy, enhancing reliability. models; sensitive to input inaccuracies.

3.2.2. Predictive Control Strategies for Dynamic Renewable Integration

Predictive control strategies have emerged as critical tools for managing the integration
of renewable energy within microgrids [90]. These strategies leverage real-time data from
sources such as weather forecasts and historical energy generation patterns to predict
changes in energy supply and demand, ensuring a more stable and reliable grid [53,55,58].
Predictive control strategies are precious in handling the intermittent nature of renewable
energy sources, such as solar and wind power. By dynamically adjusting system operations
in response to predicted fluctuations, microgrids can better manage energy storage and
the charging or discharging of EVs [44,51]. This capability is essential for minimizing the
need for backup energy from fossil fuels and maintaining a high level of renewable energy
utilization [59,63].

One of the key benefits of predictive control models is their ability to anticipate short-
term changes in energy generation, enabling microgrids to adjust power output in real-time.
This improves both the operational efficiency and the economic viability of microgrid sys-
tems, particularly in environments with high renewable energy penetration [46,64]. As the
role of artificial intelligence (Al) in predictive modeling continues to evolve, these strategies
are expected to enhance further the adaptability and efficiency of microgrids [91,92].

Predictive control strategies leverage real-time and historical data to anticipate fluc-
tuations in renewable energy generation, enabling dynamic adjustments to microgrid
operations. These approaches excel in maintaining grid stability and maximizing renew-
able energy utilization. To illustrate their advantages and limitations, Table 3 compares
predictive control strategies with traditional control methods. As predictive control strate-
gies evolve with advancements in artificial intelligence (Al), they are expected to offer
enhanced adaptability and efficiency, further solidifying their role in managing renewable
energy variability [44,46,51-65].
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Table 3. Comparison of predictive and traditional control strategies.

Control Strategy Merits Demerits

Simpler implementation and
lower computational
requirements.

Limited responsiveness to
renewable variability and
demand changes.

Traditional Control

Proactive management;
enhances operational efficiency
and grid stability.

Dependent on accurate
forecasts; vulnerable to
forecasting errors and delays.

Predictive Control

3.2.3. Adaptive Algorithmic Solutions for Generation and Demand Variability

The inherent variability of both energy generation from renewable sources and energy
demand poses significant challenges for microgrid operations. Adaptive algorithms provide
a robust solution to these challenges by continuously monitoring and adjusting system
operations based on real-time conditions [93-95]. These algorithms offer the flexibility
needed to respond to sudden changes in energy generation or consumption, ensuring
that microgrids maintain a stable energy supply [96-98]. Recent studies have highlighted
the role of adaptive algorithms in managing the unpredictability of renewable energy
sources, such as wind and solar power [99,100]. By dynamically optimizing the charging
and discharging cycles of EVs, these algorithms improve the grid’s ability to balance supply
and demand [101-103]. This adaptability is crucial in regions with high levels of renewable
energy penetration, where sudden fluctuations in energy generation can lead to instability
if not properly managed [104-106].

Moreover, adaptive algorithms enhance the resilience of microgrids by reducing
their dependence on thermal generation, enabling the system to maximize the use of
renewable energy sources and energy storage systems [107-109]. The development of more
advanced adaptive algorithms, which incorporate machine learning and Al, is expected
to improve further the efficiency and reliability of microgrids, particularly as renewable
energy becomes an increasingly dominant source of power [110-112]. These advances in
algorithmic solutions, ranging from fuzzy logic and stochastic optimization to predictive
and adaptive control strategies, underscore the importance of innovative approaches
to managing energy in microgrids [113]. As the energy landscape continues to evolve,
the role of these algorithms will become even more critical in ensuring the successful
integration of renewable energy and the efficient management of EVs and energy storage
systems [114-118].

Adaptive algorithms address the unpredictability of renewable energy generation
and fluctuating demand by continuously adjusting system operations based on real-time
conditions. These solutions are vital for ensuring microgrid resilience and maximizing
renewable resource utilization. Table 4 presents a comparison between adaptive and
static algorithms, outlining their respective merits and demerits. By integrating machine
learning and artificial intelligence, adaptive algorithms are expected to improve further,
enabling efficient and reliable microgrid operations while addressing the dynamic nature
of renewable energy systems [94-113].

Table 4. Comparison of adaptive and static algorithms.

Approach Merits Demerits
. . Simpler design and lower Ineffe(.:tlve und.e? rapidly
Static Algorithms . changing conditions; lacks
computational demands. :
responsiveness.
Flexible and responsive to High computational complexity;
Adaptive Algorithms real-time changes in generation  requires precise tuning for

and demand.

optimal operation.
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3.3. Renewable Energy Integration and Grid-Friendly Solutions
3.3.1. Grid-Friendly Integration of Renewable Energies in Microgrids

Integrating renewable energy sources such as solar and wind into microgrids intro-
duces notable challenges, especially concerning grid stability [119]. The inherent inter-
mittency of these renewable sources often leads to unpredictable fluctuations in energy
generation [120,121]. When the generation surpasses the demand, excess energy needs to
be stored or redirected, and when generation is lower than the demand, supplementary
energy is required to maintain stability. Several studies emphasize that the use of ESS and
EVs offers promising solutions to address these challenges by enhancing the operational
resilience of microgrids [35]. One key aspect of integrating renewables into microgrids
is the role of energy storage systems, which are essential for balancing the variability of
renewable energy. These storage systems can absorb excess energy during periods of high
production, such as when solar panels generate surplus electricity on sunny days. This
stored energy can then be used during periods of low production, like cloudy days or
nighttime. By managing these fluctuations, energy storage systems help maintain grid
stability, ensuring a smooth and reliable energy supply to consumers [30,31].

Additionally, the integration of EVs into microgrids has garnered significant attention
due to their ability to function as mobile energy storage units. EVs can not only absorb
excess energy during off-peak times but also discharge stored energy back into the grid
during peak demand. This flexibility enhances the overall energy management of the
microgrid and allows for the better utilization of renewable resources. Research has
demonstrated that EVs, when adequately integrated, provide an effective mechanism for
stabilizing microgrids, especially those with a high penetration of renewables like solar
and wind energy [36,37]. Moreover, smart energy management systems, which incorporate
advanced control algorithms, play a crucial role in coordinating the flow of energy between
renewable sources, storage systems, and EVs. These algorithms monitor energy production
and consumption patterns in real-time, dynamically adjusting energy flows to ensure
stability. For instance, during periods of peak renewable energy generation, these systems
can optimize the use of storage and direct energy to EVs, which act as flexible loads [41].
This dynamic coordination is key to achieving a grid-friendly integration of renewable
energy sources, and multiple studies underscore the importance of these intelligent systems
in managing energy flow and enhancing the resilience of microgrids [42,57].

3.3.2. Role of Storage Systems and EVs in Stabilizing Microgrids

Energy storage systems and electric vehicles are essential in stabilizing microgrids,
particularly those with a high reliance on intermittent renewable energy sources. Storage
systems, such as batteries, are essential for smoothing out the fluctuations that arise from
renewable energy generation. By storing energy during periods of excess generation and
discharging it during periods of low generation, these systems help balance supply and
demand, ensuring a steady and reliable power supply [29]. Studies have shown that,
without adequate energy storage solutions, microgrids with significant renewable energy
penetration would struggle to maintain stability, leading to frequent energy imbalances and
potential blackouts [61]. In addition to traditional stationary energy storage systems, the
integration of EVs into microgrids provides a novel approach to enhancing grid stability.
Electric vehicles, equipped with bidirectional charging capabilities, can function both as
energy consumers and providers. During times of excess energy production, EVs can be
charged, effectively acting as distributed energy storage units. When the energy demand
rises, these vehicles can discharge their stored energy back into the grid, helping to mitigate
supply shortages and reduce the strain on conventional generation systems [43]. This
capability significantly improves the flexibility and adaptability of microgrids, as EVs can
be deployed strategically to balance energy loads across the network [48,50].

Moreover, the ability of EVs to act as mobile energy storage solutions adds another
layer of flexibility to microgrid operations. This mobility allows for energy to be stored in
one location and discharged in another, providing greater flexibility for energy distribution.
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For instance, EVs can be charged at a workplace during the day when solar energy is
abundant and then discharge energy at home during the evening when demand is higher.
This mobility, coupled with the ability to operate in conjunction with stationary storage
systems, ensures a more stable and reliable operation of microgrids, especially under
conditions of high renewable energy penetration [53,58].

3.3.3. Minimizing Dependence on Traditional Generators

One of the most significant advantages of integrating renewable energy sources into
microgrids is the potential to reduce dependence on traditional, fossil-fuel-based gener-
ators. Studies have shown that the strategic use of energy storage systems and EVs can
minimize the need for conventional thermal generators, which are typically used to provide
backup power during periods of low renewable generation [44]. By effectively storing and
redistributing renewable energy, microgrids can rely more heavily on sustainable energy
sources, thus reducing greenhouse gas emissions and promoting long-term sustainabil-
ity [51]. Energy storage systems, in particular, play a vital role in reducing reliance on
traditional generators. By storing surplus renewable energy and discharging it during
peak demand, these systems decrease the need for fossil fuel-based generators to fill the
gap when renewable generation is low [56]. Furthermore, EVs contribute to this effort
by providing additional storage capacity and reducing the overall energy demand from
the grid. Research indicates that, with high levels of energy storage and EV integration,
microgrids can operate with minimal effort.

3.4. Microgrid Management and Demand Response Systems
3.4.1. Demand Response Solutions to Optimize Consumption in Microgrids

Demand response (DR) solutions are attractive in enhancing energy efficiency and
optimizing the use of resources in microgrids [122]. These systems allow for the dynamic
adjustment of energy consumption based on real-time conditions in the grid, improving
the flexibility and adaptability of microgrids, especially those integrating renewable energy
sources [123]. Renewable energy systems such as solar and wind are inherently intermit-
tent, and the balance between energy generation and consumption can shift rapidly. To
address this, DR mechanisms are designed to modify energy usage patterns by either
reducing or shifting loads during peak times, which helps maintain stability within the
microgrid [35,36].

The flexibility offered by DR is often implemented through pricing mechanisms like
real-time pricing (RTP), critical peak pricing (CPP), and time-of-use (ToU) tariffs. These
mechanisms incentivize consumers to adjust their energy consumption during off-peak
periods, where the grid is less stressed and energy is cheaper compared to peak times.
Studies have shown that consumers respond positively to these incentives, contributing
to reduced peak demand and an overall smoother load profile across the day [42]. This is
particularly useful in microgrids, where supply from renewable sources can vary signifi-
cantly. Additionally, DR solutions can be automated with advanced systems that utilize Al
to monitor and control energy use in real time, adjusting consumption according to grid
needs [29,57].

The integration of ESS and EVs into DR programs further enhances their potential.
ESS and EVs act as controllable loads that can absorb excess energy during times of surplus
generation and release it during peak demand. This capability provides an additional
layer of flexibility, allowing microgrids to respond dynamically to fluctuations in both
energy supply and demand [43]. Research has demonstrated that the combination of DR
and storage systems can reduce reliance on conventional fossil fuel generators, lowering
greenhouse gas emissions and operational costs [48,58]. Furthermore, predictive algorithms
incorporated into DR systems can forecast energy demand and generation trends, allowing
for proactive adjustments that improve the efficiency of the microgrid.
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3.4.2. Load Management Strategies and Peak Reduction

Effective load management strategies are crucial in reducing peak demand and ensur-
ing the efficient operation of microgrids. Peak demand periods put significant strain on
the energy system, requiring additional resources that can increase operational costs and
reduce the lifespan of grid components. Load management involves shifting or reducing
energy demand during these high-demand periods, smoothing out the consumption curve,
and improving the overall stability and efficiency of the microgrid. One of the most effec-
tive methods for achieving this is through the coordination of energy storage systems and
electric vehicles, which can store energy during off-peak periods and release it during peak
times [45,56,62].

Several studies have explored advanced load management strategies that use predic-
tive control systems to anticipate the peak demand and adjust energy usage accordingly.
These systems analyze real-time data on energy consumption patterns and use machine
learning algorithms to forecast future demand, allowing for preemptive load shifting or
demand reduction [64]. For example, during periods of high renewable energy generation,
energy storage systems can store the surplus energy for later use. EVs, when integrated
into these systems, add another dimension of flexibility. They can absorb energy when
demand is low, such as overnight when electricity prices are lower, and discharge energy
back into the grid during peak demand, reducing the strain on the system [98,100].

Incorporating EVs into load management strategies is particularly beneficial in re-
ducing peak loads. When managed intelligently, EV charging can be coordinated to occur
during periods of low demand, helping to flatten the overall load curve and prevent spikes
in energy usage. This reduces the need for additional generation capacity during peak
times, which is often provided by less efficient and more expensive fossil fuel genera-
tors [101,124]. Moreover, this approach helps optimize the use of renewable energy sources,
as the excess energy generated during peak production periods can be stored and used
when needed, further reducing the reliance on traditional power generation methods [103].

3.4.3. EV and Storage Participation in Dynamic Demand Response

EVs and ESS are crucial in improving the effectiveness of dynamic DR strategies within
microgrids. By functioning as both energy consumers and distributed storage units, EVs
provide unique flexibility that can be utilized to optimize real-time energy flows. With
bidirectional charging capabilities, EVs can store excess energy during periods of low
demand or high renewable generation and discharge it back into the grid during peak
demand, providing a dynamic resource for balancing supply and demand [105,107].

The incorporation of ESS, such as batteries, into dynamic DR systems adds another
layer of flexibility to microgrid operations. These systems act as buffers, absorbing excess
energy during periods of surplus generation and releasing it when demand rises. This
capability is beneficial in microgrids with high renewable energy penetration, where the
variability of solar and wind generation can lead to fluctuations in energy supply [108,109].
By providing a stable source of energy during periods of low generation, ESS helps maintain
grid stability and ensures a consistent power supply to meet demand [110].

In dynamic DR programs, the combined use of EVs and ESS enables more responsive
and flexible microgrid operations. Studies have shown that, when EVs and storage systems
are integrated into DR strategies, they significantly enhance the grid’s ability to respond
to real-time changes in demand and generation. This improves the operational efficiency
of the microgrid and reduces the reliance on fossil fuel-based generation during peak
demand [112,125]. Moreover, the ability of EVs to act as mobile storage units allows for
greater adaptability in energy distribution. For instance, EVs can be charged at work
during the day when solar energy generation is high and discharge energy at home during
peak evening demand [27,116]. This flexibility makes EVs and storage systems critical
components of dynamic DR strategies, contributing to a more resilient and sustainable
energy system [126,127].
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The role of predictive algorithms and Al-based control systems in managing the par-
ticipation of EVs and ESS in DR programs cannot be overstated. These advanced systems
allow for real-time monitoring and adjustment of energy flows, optimizing the use of
storage and EVs to balance supply and demand dynamically [128]. Predictive models
can forecast demand trends and renewable energy generation, enabling the microgrid to
proactively adjust energy usage and minimize disruptions [129,130]. This level of automa-
tion and intelligence in DR systems is key to maximizing the potential of EVs and ESS,
ensuring that microgrids operate efficiently and sustainably even under fluctuating condi-
tions [131-133]. Then, the integration of advanced demand response solutions, coupled
with the dynamic participation of EVs and energy storage systems, represents a significant
advancement in microgrid management. These technologies enable microgrids to handle
the variability of renewable energy sources better, reduce reliance on traditional power
generation, and optimize energy use, leading to a more resilient, efficient, and sustainable
energy infrastructure [134-138].

3.5. Multi-Objective Optimization and Hybrid Systems in Microgrids
3.5.1. Multi-Objective Optimization in Microgrid Operations

Multi-objective optimization has become a key tool in enhancing microgrid perfor-
mance by balancing multiple factors, such as operational costs, grid stability, and envi-
ronmental sustainability. The reviewed studies indicate that these optimization models
can maximize energy efficiency while simultaneously minimizing carbon emissions and
operational expenses. By considering multiple objectives, such as reducing reliance on
fossil fuels and optimizing renewable energy integration, these models allow for more
resilient and adaptive energy management systems [52]. One common approach involves
the use of Pareto-based optimization methods, which enable decision makers to choose the
most optimal trade-offs based on their specific needs [47]. These optimization methods are
also crucial for ensuring that microgrids can efficiently handle the fluctuating demand and
renewable energy supply, improving the overall system reliability and sustainability [103].

3.5.2. Integration of AC/DC Hybrid Systems for Improved Interoperability

The integration of AC/DC hybrid systems in microgrids has shown to improve
operational flexibility and interoperability between different energy technologies. Hybrid
systems are particularly beneficial in optimizing the distribution and consumption of energy
between alternating current (AC) and direct current (DC) systems, which are both prevalent
in modern microgrids [109]. Studies highlight that such systems increase energy efficiency
and facilitate a better integration of renewable energy sources such as solar and wind, which
often require DC connections to function optimally [110]. This improved interoperability
allows for seamless energy flow between AC and DC technologies, reducing conversion
losses and enhancing the overall system performance [127].

Hybrid systems also provide greater versatility in microgrids by accommodating
different energy storage technologies. For example, DC-based storage systems, such as
batteries, can work in tandem with AC grids to store and discharge energy as needed,
thereby smoothing out fluctuations in renewable energy generation [129]. The dual nature
of AC/DC systems also enhances the robustness of microgrids, enabling them to adapt
more easily to dynamic changes in energy supply and demand [133].

3.5.3. Comparative Analysis with Traditional Energy Models

The comparison of the two models (with and without EVs/ESS) underscores the
advantages of integrating multi-objective optimization strategies in microgrid design. Tra-
ditional models prioritize minimizing operational costs, often relying heavily on fossil
fuel-based generation and neglecting the environmental and long-term sustainability ben-
efits. While effective in the short term, these models fail to leverage the flexibility and
efficiency improvements provided by modern technologies. In contrast, the model incorpo-
rating EVs and ESS achieves a 21% reduction in operational costs over a 10-year period.
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Additionally, reusing second-life EV batteries in stationary applications further enhances
economic performance, yielding a 20% additional cost reduction [30,31]. This dual use
of EV batteries extends their lifecycle and helps address growing concerns about battery
waste, contributing to a circular economy in the energy sector.

Environmentally, the proposed model reduces CO, emissions by 57%, avoiding ap-
proximately 450 tons of CO, over a decade [29,44,63]. These reductions are primarily driven
by better utilization of renewable energy sources and the bidirectional capabilities of EVs,
which store surplus renewable energy during off-peak periods and discharge it during
peak demand. Such flexibility also enhances the stability of the microgrid by mitigating
the intermittency of renewable energy generation [30,31]. These findings emphasize the
importance of adopting sustainable and integrated approaches in microgrid design. By
balancing economic, environmental, and operational goals, the model with EVs and ESS
demonstrates a viable pathway toward achieving clean, reliable, and cost-effective energy
systems [29,48,50].

3.5.4. Scalability Strategies for EV and ESS Integration into Larger Grids

Scaling the integration of EVs and ESS from microgrids to larger, more complex
grids introduces significant challenges, such as managing low inertia, maintaining voltage
regulation, and implementing effective control mechanisms. Addressing these issues
requires scalable strategies that extend the benefits observed in microgrid applications—
such as grid stability and renewable energy optimization—to larger grid systems. One
critical challenge in scaling is the management of low grid inertia, especially in systems
with high renewable energy penetration. Hybrid energy storage systems (HESS), which
combine supercapacitors for rapid response with batteries for sustained energy needs,
play a key role in mitigating power fluctuations and ensuring frequency stability as EV
fleets expand. These systems have proven effective in addressing transient stability while
supporting long-term grid operations [46,47]. Voltage regulation emerges as another
pivotal issue in larger grids. Advanced control strategies, such as model predictive control
provide real-time optimization of power flows, ensuring stable voltage profiles across
interconnected grid systems. By enabling precise energy dispatch between microgrids and
the main grid, MPC addresses the variability in renewable energy output and fluctuating
EV charging demands [50]. Distributed control techniques further enhance scalability
by decentralizing decision-making, reducing computational complexity, and improving
system adaptability [45,49].

Interoperability between microgrid solutions and larger grid infrastructures is essential
for seamless scaling. Hybrid AC/DC systems facilitate efficient energy transfer, reducing
conversion losses and ensuring compatibility across different grid architectures. Addition-
ally, vehicle-to-grid (V2G) and vehicle-to-everything (V2X) technologies provide critical
support during peak demand periods by enabling bidirectional energy flows, allowing
EV fleets to act as dynamic grid stabilizers [43,47]. Economic considerations also highlight
the importance of scalability strategies. Although initial investments in infrastructure and
technology may be substantial, long-term benefits, including reduced operational costs,
enhanced grid resilience, and lower reliance on fossil fuels, make these solutions viable for
large-scale implementation. Dynamic pricing models and fleet-wide energy management
systems ensure that EV and ESS integration remains cost-effective as the grids grow in size
and complexity [48].

3.5.5. Economic and Environmental Viability Analysis of Hybrid Systems

The economic and environmental viability of AC/DC hybrid systems in microgrids has
been extensively analyzed in the reviewed literature. Studies suggest that while the initial
investment costs for hybrid systems may be higher compared to traditional microgrids,
the long-term economic benefits far outweigh these costs [17]. The use of hybrid systems
reduces operational expenses by optimizing energy use, minimizing conversion losses, and
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integrating renewable energy sources more effectively, which can lead to significant cost
savings over time [139].

From an environmental perspective, the integration of hybrid systems has the potential
to reduce greenhouse gas emissions drastically. By facilitating the use of renewable energy
and reducing the reliance on traditional thermal generators, hybrid microgrids contribute to
lower carbon footprints and greater sustainability [140]. These findings suggest that hybrid
AC/DC systems represent a promising path forward for developing more efficient and
environmentally friendly microgrids [52,110,129]. Then, the combination of multi-objective
optimization and AC/DC hybrid systems offers a comprehensive solution to the challenges
faced by modern microgrids. These systems improve operational efficiency and flexibility
and contribute to economic savings and environmental sustainability in the long run.

Table 5 provides an overview of the key topics and innovations identified in the
reviewed studies, highlighting the most novel contributions to microgrid optimization,
energy management, and the integration of renewable energy sources. The table also
outlines the future challenges and research directions associated with each contribution.
By consolidating multiple studies, this table illustrates the current state of knowledge and
the remaining gaps in the field, particularly in areas such as multi-objective optimization,
hybrid systems, demand response strategies, and storage integration. The synthesized find-
ings serve as a foundation for proposing future improvements to enhance the operational
efficiency and sustainability of microgrids.

Table 5. Key findings and future challenges in microgrid optimization and renewable energy integration.

Ref. Main Novel Idea Future Challenges
[30,31,35,41] Role of energy storage in balancing Improving the efficiency and reducing the cost of
e renewable integration large-scale storage systems
. . Enhancing EV charging infrastructure to
[36,37,43,50] Integration of EVs as mobile energy storage maximize their role in grid stabilization
Smart energy management systems for Development of more advanced algorithms for
[41,42,53,57] . . o
dynamic energy flow real-time coordination
[29,48,61] Stationary storage systems for smoothing Scaling up deployment in microgrids with high
T renewable fluctuations renewable penetration
e . . Further research on V2G (Vehicle-to-Grid)
[43,44,48,50] Bidirectional EV charging for grid support technologies to ensure grid resilience
[44,53,58] Reducing reliance on fossil-fuel generators Achieving reliable microgrid operatlons during
extreme weather or demand spikes
[56,63] Viability of renewable storage systems Lowering the financial and environmental costs
! in microgrids of integrating renewables
[45,63,64] Multi-objective optimization in microgrid Developing models that balance economic,
e management environmental, and operational goals
[91,97] Hybrid AC/DC systems for better flexibility =~ Ensuring seamless integration of hybrid systems
! and interoperability with existing infrastructure
[98,103] Economic and environmental analysis of Reducing upfront costs and improving the
! hybrid systems long-term sustainability of hybrid solutions
Real-time predictive control strategies for Achieving more accurate predictive models for
[109,110,129] . :
energy flow renewable energy integration
. Lo . . . Addressing computational complexity and
[127,133,141] Use of Al in optimizing microgrid operations scalability of Al-driven systems
[17,139,140] Dynamic demand response with EVs and Increasing consumer participation and

storage systems

responsiveness in demand-side management
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4. Conclusions

This paper presents a comprehensive review of the integration of ESS and EVs into
microgrid networks, employing the PRISMA methodology to analyze relevant research
published between 2014 and 2024. Using Web of Science and Scopus databases, an initial
search yielded 775 studies, which were screened and narrowed down to 118 relevant
works through title, abstract, and full-text evaluations. The review emphasizes innovative
technologies and approaches aimed at enhancing the operational efficiency of microgrids,
particularly in contexts with high penetration of RES. A key finding is the critical role
EVs play as sustainable transportation solutions and mobile storage units, enhancing grid
flexibility and stability through vehicle-to-grid systems. Their ability to function as both
energy consumers and providers allows EVs to support grid stability during peak periods
and mitigate fluctuations in renewable generation. The integration of advanced control
strategies, such as MPC and stochastic optimization, is highlighted for improving the
dynamic management of energy flows, reducing operational costs, and enhancing overall
microgrid resilience.

Hybrid AC/DC microgrids also emerge as promising solutions for minimizing con-
version losses and improving operational flexibility, particularly in both grid-connected
and islanded environments. These systems optimize the use of alternating and direct cur-
rent, improving energy efficiency and facilitating better integration of renewable sources.
Furthermore, energy flow optimization, especially with high RES penetration, relies on
the coordinated dispatch of ESS and EVs to smooth out fluctuations and store excess en-
ergy during periods of low demand, which can later be used during peak loads. Despite
these technological advances, the review identifies several research gaps, such as the lack
of comprehensive multi-objective optimization frameworks that address ESS sizing, EV
scheduling, and renewable energy integration while considering dynamic pricing, grid sta-
bility, and carbon emissions reduction. Additionally, the long-term economic feasibility and
lifecycle analysis of large-scale ESS and EV integration remain underexplored, requiring
further investigation.

The identified research gaps highlight critical challenges, including the need for adap-
tive control strategies capable of managing fluctuations in renewable generation and EV
demand, enhanced interoperability among distributed energy resources, and scalable
hybrid AC/DC microgrid solutions to reduce conversion losses and support seamless
communication among components. Future research directions include developing unified
EMS that optimize ESS and EV integration, leveraging machine learning and Al-driven pre-
dictive algorithms to enhance real-time energy management and predictive maintenance,
and conducting detailed economic and environmental impact analyses over longer time-
frames. Furthermore, advancements in cost-effective technologies and market mechanisms
to incentivize prosumer participation will be essential for fostering a more sustainable and
economically viable energy ecosystem.

Interoperability challenges between microgrid components, particularly in communi-
cation protocols and data management systems, also persist and require further develop-
ment to ensure the effective coordination of distributed energy resources. Future research
should focus on developing scalable and robust energy management systems that seam-
lessly integrate ESS and EVs, particularly as RES penetration increases. The application of
advanced machine learning techniques for predictive maintenance, real-time optimization,
and fault detection within microgrids also holds significant potential for enhancing system
efficiency and reliability. Moreover, the development of cost-effective technologies and
market mechanisms to incentivize prosumer participation will be key to enhancing the
economic viability and long-term sustainability of microgrid operations.
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Appendix A

The systematic review process strictly followed the PRISMA 2020 Statement [32],
ensuring transparency and rigor throughout the research. The standardized PRISMA flow
diagram, presented in Figure A1, was used to guide the review process.



Vehicles 2024, 6

2099

( Identification of Studies Via Web of Science Database ) ( Identification of Studies Via Scopus Database )

Eligibility and
inclusion

=
'% Records identified Records identified
& from Web of Science Duplicated Records from Scopus Duplicated Records
'-E Database excluded (n = 0) Database excluded (n=134)
3 (n=157) (n=618)
—
—\ \ 4
Records that do not meet Records that do not meet
Records screened the inclusion and Records screened the inclusion and
(n=157) exclusion criteria (n=484) exclusion criteria
o0 (n=4) (n=26)
.5
=1
&
5 A4 v
»
Records to be Records to be
evaluated for evaluated for
eligibility and eligibility and
inclusion (n = 153) inclusion (n = 458)
—/
l |
—— v

A rigorous evaluation process for the 611 studies is carried out. This
process included a detailed examination of the full texts to verify the
relevance of the topics and ensure that the articles were well-

organized and provided comprehensive information, resulting in the
selection of only the most qualified studies for inclusion
Records excluded for
not reaching the

X minimum threshold
@ (n=493)
g Records included in
g the literature review
& (n=118)
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