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Abstract—The integration of vehicle-to-grid (V2G) technology
within microgrids is emerging as a transformative solution to
enhance the resilience, reliability, and efficiency of modern
energy systems. With electric vehicle (EV) adoption accelerating
worldwide, V2G allows EVs to function not only as
transportation assets but also as mobile, bidirectional energy
storage resources capable of strengthening grid flexibility. By
enabling EVs to discharge electricity back into the grid, V2G
systems contribute to critical grid services such as peak shaving,
load leveling, frequency regulation, and emergency backup
during power disruptions. For microgrids, which are
decentralized energy systems designed to operate either
independently or in coordination with the main grid, the
integration of V2G significantly improves stability, demand
management, and the capacity to supply critical loads under
adverse conditions. This dual functionality positions V2G as an
important enabler of resilient, community-based energy
networks. Nevertheless, widespread deployment faces
challenges, including concerns over battery degradation, the
absence of standardized interoperability, high infrastructure
and implementation costs, and regulatory and market
uncertainties. Furthermore, the full potential of V2G relies
heavily on advancements in communication protocols,
optimization-based energy management strategies, and
intelligent control algorithms that can balance user preferences
with system needs. This review examines the present state of
V2G integration in microgrids, outlining its advantages,
barriers, and future research directions, while emphasizing the
importance of supportive regulations, large-scale pilot projects,
and continued technological innovation in enabling the
transition toward decentralized, decarbonized, and digitized
energy systems.
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L INTRODUCTION

The global transition toward decarbonized, decentralized,
and digitized energy systems has accelerated the
development of microgrids [1]. These self-contained power
networks are capable of operating either autonomously or in
coordination with the main grid [2]. Despite their advantages,
microgrids remain vulnerable to disruptions caused by
natural disasters, cyber-attacks, and equipment failures [3].
Therefore, strengthening their resilience defined here as the
capacity to anticipate, withstand, adapt to, and recover from

disturbances while continuing to supply critical loads is a
crucial objective. This has become particularly urgent in light
of increasing extreme weather events, widespread grid
outages, and growing energy security concerns [4], especially
in remote and disaster-prone regions. Particularly in distant
or vulnerable places. However, intermittent renewable
energy sources like wind and solar can provide a challenge to
microgrid stability [S]. In this situation, energy storage
becomes essential for maintaining a balance between supply
and demand in the event of supply changes or system
interruptions. Concurrently, the fast worldwide uptake of
electric vehicles (EVs) offers a revolutionary chance to
rethink mobile storage as a component of the energy system
[6]. EV batteries and the electric grid or microgrid
may exchange energy in both directions thanks to V2G
technology [7].

EVs may now release stored electricity back into the grid,
therefore serving as distributed energy storage devices. V2G
systems greatly improve overall system resilience when
combined with microgrids to provide load balancing, backup
power delivery, peak shaving, and voltage stability [8], [9].
The combination of V2G with microgrids signifies a
revolution in decentralized energy management. In North
America, Europe, and Asia, a number of pilot studies and
practical demonstrations have demonstrated the technical
viability and possible advantages of V2G in microgrid
applications [10].

A major challenge for microgrid resilience arises from the
intermittency of renewable energy sources such as wind and
solar. To mitigate these fluctuations, reliable energy storage
systems are essential for balancing supply and demand during
periods of variability or disruption. At the same time, the
rapid global adoption of electric vehicles (EVs) presents a
transformative opportunity: through V2G technology, EV
batteries can exchange power bidirectionally with the grid or
microgrid, functioning as mobile and flexible storage
resources. As shown in Fig. 1, V2G facilitates energy sharing
between renewable generators, the grid, and EVs, while Fig. 2
highlights the communication and control infrastructure
required to coordinate this interaction effectively.

The integration of V2G technology into microgrids faces
several challenges, including accelerated battery degradation,
the absence of standardized communication protocols,
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regulatory uncertainties, and concerns regarding vehicle
availability and user participation [11].

This review aims to provide a comprehensive assessment
of current trends in V2G-enabled microgrids, focusing on
their potential to enhance system resilience. The
technological architecture of V2G integration is examined,
along with the main advantages and implementation
challenges. In order to facilitate widespread adoption, it also
exposes research gaps and highlights current case examples.
This study provides strategic insights for academics, energy
planners, and policymakers looking to use V2G technology
to create smarter, more resilient energy networks by
combining the body of current literature with real-world
experiences.

Fig. 1. V2G integration with renewable and conventional energy sources
[12]
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Fig. 2. V2G communication and frequency regulation system [13]

II. FUNDAMENTALS OF V2G TECHNOLOGY

Modern power networks are undergoing a paradigm shift
thanks to V2G technology, which turns electric vehicles
(EVs) from passive loads into active energy resources that
can support grid flexibility and stability [14]. Fundamentally,
V2G makes it possible for EV batteries and the electrical grid
to exchange energy in both directions, enabling the dispatch
of stored energy during times of high demand or system
disruptions [15]. By adding a dynamic storage component to
distributed energy systems like microgrids, this feature not
only increases the usefulness of EVs.

e V2G System Architecture: EVs with bidirectional
inverters, intelligent charging infrastructure, energy
management systems (EMS), and a grid communication
interface are the main elements of a typical V2G system
[16]. These parts work together to facilitate smooth
charging and discharging procedures in response to
market signals, emergency situations, or real-time grid
circumstances. The system distributes electricity based on
the requirements from each server. To enable this two-

way energy exchange, bidirectional charging stations
Level 2 AC or DC fast chargers are necessary.

e Communication and Control Protocols: Strong
communication and control systems are necessary for
V2G functioning in order to manage grid interactions,
coordinate power flow, and guarantee user preferences
are honored [17]. Secure data interchange between EVs,
chargers, and grid operators is made possible by
international protocols like ISO/IEC 15118 and open
charge point protocol (OCPP) [18], [19]. In order to
optimize charging/discharging schedules in compliance
with grid needs and user limits, advanced control
strategies whether centralized, decentralized, or
hierarchical are increasingly being merged with real-time
data analytics and artificial intelligence.

o Battery Technologies and Bidirectional Power Flow:
Battery chemistry and inverter design have a significant
impact on the dependability and efficiency of V2G
systems [20]. Modern EVs are mostly powered by
lithium-ion batteries, which have advantageous features
including a high energy density, quick charging, and a
comparatively long cycle life [21]. However, the use of
bidirectional energy flow creates problems regarding
battery deterioration, cycle life decrease, and thermal
stress. Therefore, to ensure technological and economic
sustainability, current research focuses on creating
battery-friendly dispatch mechanisms and optimizing
charging algorithms.

III.  MICROGRID ARCHITECTURE AND RESILIENCE
CONCEPTS

A self-sufficient energy system that can function both
independently and in connection with the main grid is known
as a microgrid [22]. To provide dependable electricity, it
integrates energy storage, backup generators, and renewable
energy sources (wind, solar) [23]. By automatically isolating
faults, preserving supplies during outages, and incorporating
smart controls for efficiency, microgrids improve resilience.
They minimize costs, promote sustainability, and lessen grid
dependency while withstanding physical and cyber
interruptions to provide uninterrupted energy access making
them perfect for hospitals, rural locations, and disaster-prone
areas.

A. Overview of Microgrid

A microgrid is a small-scale energy system that may work
alone or in tandem with the national grid to produce, store,
and distribute power [24]. It incorporates several sources,
including solar photovoltaics, wind, biomass, and
occasionally diesel generators [25]. It is frequently paired
with sophisticated controllers and battery storage. In isolated
or rural locations where expanding grid infrastructure is
either financially or technically impractical, microgrids work
particularly well [26]. Microgrids serve vital services like
lighting, healthcare, education, and local enterprises by
supplying dependable, decentralized electricity. In Fig. 3,
shows a smart microgrid system that combines solar, wind,
and storage. Microgrids employ centralized control systems
that regulate the flow of information and energy among
residential, commercial, and industrial sectors. Their modular
architecture allows customization to align with the specific
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energy needs and resource availability of individual
communities. Operating in “island mode” during grid
failures, microgrids enhance energy resilience by ensuring
continuous supply to critical loads. Despite challenges such
as high initial investment and maintenance costs, they deliver

long-term benefits in terms of energy reliability,
environmental sustainability, and socioeconomic
development. With appropriate financial support and

enabling policy frameworks, microgrids hold significant
potential to transform rural electrification.
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Fig. 3. Architecture of a smart microgrid integrating renewable energy
sources and intelligent control [27]

B. Microgrid Operational Modes

Grid-connected and islanded are the two primary modes
of operation for microgrids [28]. When the microgrid is in the
grid-connected mode, it communicates with the main utility
grid and exchanges electricity according to pricing,
generation circumstances, and demand [29]. Services like
peak shaving, energy trading, and demand response are
supported in this mode. By controlling energy storage
devices, distributed energy resources (DERs), and V2G-
capable electric cars, the central controller maximizes power
flows. On the other hand, the microgrid functions in islanded
mode, which isolates it electrically from the main grid during
scheduled outages or grid breakdowns [30]. In this mode, the
system's stability and capacity to serve key loads are totally
dependent on local energy sources. By regulating voltage and
frequency and supplying backup power, V2G-enabled EVs
improve islanded performance [31]. The microgrid's
resistance to disruptions is increased by its smooth transition
between different modes, which guarantees uninterrupted
functioning. Safe and effective mode transitions need
sophisticated control schemes and real-time coordination.
C. Concepet of Resilience in Microgrid

The capacity of microgrids to anticipate, endure, respond
to, and recover from unforeseen disruptions like natural
catastrophes, cyberattacks, or grid failures is known as
resilience [32]. Resilience places more emphasis on
sustaining vital activities during disruptions and returning to
full performance thereafter than traditional dependability,
which aims to reduce the frequency and length of power
outages. Adaptability (learning and improving after events),
recovery (speed of system restoration), robustness (ability to
withstand disruptions), and resourcefulness (efficient use of
existing assets) are important aspects of resilience. During
outages, a resilient microgrid may provide electricity to
priority loads by utilizing local resources such as storage
systems, renewable energy, and V2G-enabled electric cars
[33]. The microgrid's capacity to withstand shocks and

continue operating is improved by the integration of flexible
resources and sophisticated control systems. Resilience has
emerged as a key design goal for contemporary microgrid
systems, particularly in distant and critical infrastructure
locations, as extreme weather events and grid vulnerabilities
grow more frequent.
D. Enhancing Microgrid Resilience with V2G

V2G technology substantially enhances microgrid
resilience by allowing EVs to operate as mobile, dispatchable
energy storage assets [34]. During grid outages or
disturbances, V2G-enabled EVs can provide backup power,
maintain the continuity of critical loads, and contribute to
voltage and frequency regulation. In islanded mode, these
vehicles support energy balance and reduce dependence on
stationary storage systems [35]. Moreover, V2G enables
black start functionality by supplying the initial power
necessary to restore microgrid operations following a
complete shutdown. V2G also supports black start
capabilities by providing initial power to restart the microgrid
after a complete shutdown. When aggregated, EV fleets can
function as a virtual power plant, offering scalable energy
reserves that increase system redundancy and flexibility.
Additionally, during grid-connected operation, V2G
integration enhances demand-side responsiveness, load
control, and peak shaving, which subtly increases the
system's resilience to future disturbances. Microgrids can
maximize grid support and battery health by scheduling
charging and discharging activities appropriately by
integrating real-time data with smart control systems. V2G is
therefore essential to creating resilient and adaptable
microgrid.

E. Standards and Communication Protocols

EVs may now be used as mobile energy storage assets that
can assist grid operations during disturbances thanks to V2G
technology, which is essential for enhancing microgrid
resilience [36]. Due to crises or malfunctions, V2G-enabled
EVs can release stored energy to power vital loads, maintain
voltage and frequency, and lessen need on conventional
backup systems when a microgrid is cut off from the main
grid [37]. This is particularly useful in islanded mode, when
system stability must be separately maintained by local
generating and storage resources. By giving generating units
the initial power, they need to restart following a complete
shutdown, V2G also improves black start capabilities [38].
By enabling demand response, load balancing, and peak
shaving in grid-connected mode, V2G helps to increase
resilience by lessening the strain on the system during regular
operations [39]. Fleets of electric vehicles (EVs) can function
as a virtual power plant, providing dispersed, scalable, and
adaptable energy assistance when managed by intelligent
control systems and aggregators. All things considered, V2G
greatly improves microgrids' resilience, recovery ability, and
flexibility.

IV. ROLE OF V2G IN ENHANCING MICROGRID
RESILIENCE

Mobile, intelligent, and dispatchable energy resources are
introduced by V2G technology, which significantly improves
microgrid resilience. Among V2G's most important
contributions are load balancing and peak shaving [40]. In
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order to maintain power balance and lower peak loads during
times of high demand, V2G-enabled electric vehicles (EVs)
can release energy back into the microgrid. In addition to
reducing the need for costly and environmentally harmful
peaking generators, this increases the microgrid's overall
effectiveness and operational flexibility.

A. Peak Shaving and Load Balancing

V2G technology allows electric cars (EVs) to function as
programmable energy storage units, which is essential for
microgrid load balancing and peak shaving [41]. V2G-
enabled EVs may release stored energy to the grid at times of
peak demand, when the microgrid's load is at its maximum,
lowering the peak load. As a result, there is less strain on
generating assets and less need to turn on costly or carbon-
intensive peaking units. V2G lowers operating expenses and
promotes more reliable grid operation by flattening the
demand curve [42]. During periods of low demand or surplus
generation particularly from intermittent renewable sources
EVs can absorb excess energy through smart charging. This
bidirectional exchange supports supply demand balance
within the microgrid while enhancing operational stability.
Intelligent scheduling of charging and discharging, informed
by time-of-use pricing, load forecasts, and user preferences,
further increases the flexibility of load management. When
coordinated at the fleet level, V2G-enabled EVs function as
a distributed balancing resource, mitigating fluctuations and
optimizing energy utilization. Collectively, these capabilities
significantly enhance both the economic efficiency and
operational performance of microgrids in real-time load
management.

B. Islanded Operation Support

Microgrid functioning during islanded mode, when the
system is cut off from the main utility grid, is greatly aided
by V2G technology [43]. Because of the necessity to provide
important loads and the limited generating resources, stability
becomes difficult to sustain in such situations. When
traditional sources are insufficient or unavailable, V2G-
enabled electric cars (EVs) can discharge electricity to the
microgrid, acting as portable and adaptable energy storage
devices that aid in frequency and voltage stabilization [44].
Their capacity to react quickly enables them to improve the
dependability of isolated operations by serving as a buffer
against abrupt changes in demand or unpredictability in
renewable generation.

Furthermore, EVs may be deployed out in response to
priority load needs, guaranteeing uninterrupted power to vital
services like communication infrastructure, hospitals, and
emergency shelters. Fleets of electric vehicles provide
scalable support, enhancing redundancy and operational
flexibility when controlled by intelligent controllers or
aggregators [45]. During grid disruptions, this capability of
supplying a localized energy source minimizes downtime,
improves power quality, and facilitates quicker recovery.
Consequently, during islanded operation, V2G is essential for
enhancing microgrid resilience.

C. Emergency Backup Power

In the event of unplanned outages or calamities, V2G
technology provides microgrids with emergency backup
power, which has several benefits [46]. Important

infrastructure, including hospitals, water treatment plants,
communication hubs, and emergency shelters, must have
electricity when natural disasters like hurricanes,
earthquakes, or grid failures strike [47]. Electric vehicles
(EVs) with V2G capability can serve as mobile backup
generators by rapidly releasing stored energy to supply these
critical loads. In contrast to traditional diesel generators,
electric vehicles (EVs) emit no pollutants and may be
deployed in a flexible manner according to the location and
demand urgency. V2G systems are very useful for improving
microgrid resilience because of their real-time response
capabilities and capacity to supply electricity where it is
needed. EVs may be planned and prioritized to support the
most important services when linked with intelligent energy
management systems, extending operation during extended
outages. Furthermore, EV fleets can provide a sizable amount
of energy to stabilize the microgrid when combined.
Therefore, V2G offers a cleaner, more intelligent, and more
flexible alternative to conventional backup systems for
emergency energy assistance.
D. Renewable Integration

Microgrids may more easily include renewable energy
sources, especially wind and solar electricity, which are
erratic and intermittent by nature, thanks to V2G technology
[48]. A major obstacle for microgrids fueled by renewable
energy is keeping a steady balance between supply and
demand, particularly when weather-related variations in
energy output cause fluctuations. By collecting extra energy
during times of strong renewable generation and releasing
stored power when generation declines, V2G-enabled electric
vehicles (EVs) can assist mitigate these swings [49]. Grid
stability is increased and a more reliable power supply is
guaranteed by this two-way energy exchange. Additionally,
by facilitating voltage and frequency regulation both of
which are frequently influenced by abrupt variations in solar
output V2G improves the dependability of renewable
integration. Fleets of EVs can function as a distributed buffer
to supplement stationary storage systems when managed by
intelligent energy management systems. Because of this
adaptability, microgrids may use more renewable energy
without sacrificing dependability. All things considered,
V2G improves the operational resilience and sustainability of
microgrids with renewable integration.

E. Frequency and Voltage Regulation

The capacity of V2G technology to offer frequency and
voltage control, which are both critical for preserving system
stability and power quality, improves microgrid resilience
[50]. Unexpected variations in load or generation can cause
frequency deviations and voltage fluctuations in microgrids,
particularly those that are fueled by fluctuating renewable
energy sources or operate in islanded mode. Electric vehicles
(EVs) with V2G capabilities can operate as fast-response
resources by rapidly injecting or absorbing electricity to
rectify these imbalances in real time [51]. EVs may react to
frequency variations in a matter of seconds thanks to
sophisticated ~ control  algorithms  and  real-time
communication with the microgrid's energy management
system, therefore averting instability or cascade failures. In a
similar manner, voltage support is accomplished by
enhancing power quality at local nodes by modifying reactive
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power via inverter-based management. A distributed network
of stabilizing resources is produced by a fleet of EVs working
together, which lessens the need for fixed assets or central
control. Because of its timeliness, V2G is a useful tool for
upholding grid standards and boosting microgrids'
operational resilience.

V. CURRENT TRENDS AND CASE STUDIES

Significant developments in V2G technology in recent
years have made it a game-changing solution for microgrids.
The growing demand for more robust, adaptable energy
systems and the rising popularity of electric vehicles (EVs)
are the main forces behind these advancements. Current V2G
integration research trends focus on using real-time
communication technologies, artificial intelligence (Al), and
sophisticated smart control algorithms to optimize V2G
operations and enable vital grid support services like
emergency backup, frequency regulation, and peak shaving
[52]. Table I, provides an overview of key case studies and
emerging trends in V2G integration within microgrids,
highlighting regional implementations, key applications,
challenges, and future advancements in the field.

Table 1. Summary of current trends and case studies in V2G integration
. Key Focus/ Emerging
Region Case Study Applications Challenges Trends
- Frequency - Battery - Smart
regulation 4
CHAdeMO Load degradation control
Japan Protocol balancing in - Limited systems for
Demonstrations island egd scalability in better grid
; . early trials integration
microgrids
V2G Virtual ’gfggr\igg;‘e‘i‘s‘ Interoperability Bl:g:;ﬁ;‘“'
Europe Power Plants - Ancilla between EVs, ener.
(VPPs) jorrary chargers, and 8y
services for rid systems transactions
grid stability snasy for V2G
- Vehicle
- Emergency .
California power - User aggregation
United . acceptance for
States COF“ munity supply - Regulatory improved
Microgrids - Demand barri
arriers energy
response
management
Integration - Balancing - Need for - Aland
Global with renewaple improved 1na§h1ne
Trends Renewable generation energy storage learning for
Ener and S (z)gly tions & optimized V2G
&y consumption u operations

Several pilot projects worldwide are demonstrating both
the potential benefits and challenges of V2G-enabled
microgrids. Notable case studies include:

e Japan: Early V2G demonstrations have been made
possible in large part by the CHAdeMO protocol,
especially in islanded microgrids where V2G systems
have been effectively applied for load balancing and
frequency control [53]. The capacity of EVs to offer grid
stability in off-grid situations has been demonstrated by
these experiments.

e Europe: Virtual power plants (VPPs) have been created
by combining fleets of electric vehicles in extensive
testing conducted around Europe [54]. By offering
ancillary services like reactive power support and voltage
regulation, these VPPs help to stabilize the grid and make
it easier to integrate renewable energy sources.

e United States: V2G integration has been investigated in
California for demand response and emergency power
supply in community microgrids [55]. Especially in

situations involving vital infrastructure, these programs
seek to improve energy dependability and guarantee
power supply during grid outages.

VI. CHALLENGES AND FUTURE WORK

Although V2G integration is increasingly recognized as a
means to enhance microgrid resilience, its large-scale
adoption remains limited by technological, financial, and
regulatory barriers [56]. A key challenge is battery
degradation, as frequent charging and discharging can reduce
the lifespan of EV batteries and discourage user participation.
The absence of standardized communication protocols and
limited interoperability across EV models and charging
infrastructure further complicate integration. High capital
costs for bidirectional chargers and necessary grid upgrades
also pose significant obstacles, particularly in developing
regions. From a regulatory perspective, unclear policies,
insufficient legal frameworks for energy transactions, and a
lack of financial incentives hinder broader engagement from

both utilities and consumers. Furthermore, system
dependability is also threatened by cybersecurity
vulnerabilities related to bidirectional communication

between EVs and the grid. Last but not least, issues with

battery deterioration, vehicle availability, and inadequate

financial returns continue to hinder user adoption. Unlocking

V2G's full potential in resilient energy systems of the future

requires addressing these issues.

e In V2G systems, frequent cycles of charging and
discharging might hasten the wear of EV batteries, lower
their lifespan and deter user engagement because of the
possible long-term replacement costs.

e Large-scale V2G adoption is made more difficult by the
lack of hardware standards and universal communication
protocols, which restrict compatibility across various
EVs, chargers, and grid systems.

e The upfront cost of bidirectional chargers, smart
controllers, and necessary grid upgrades creates financial
barriers, especially for small-scale or community-based
microgrid projects.

e Many regions lack clear policies, market structures, and
legal frameworks to support V2G services, making it
difficult for utilities and consumers to engage confidently.

o Two-way data exchange between EVs and the grid
introduces vulnerabilities, including potential threats
from hacking, data breaches,

Future research in V2G integrated microgrids should
focus on addressing current limitations while enhancing
performance, scalability, and user engagement. One critical
direction is the development of battery-friendly energy
management algorithms that minimize degradation while
maximizing grid support. Additionally, efforts are needed to
create unified communication standards and protocols to
ensure seamless interoperability among EVs, chargers, and
grid operators. Artificial Intelligence (AI) and machine
learning can play a major role in predictive scheduling,
demand forecasting, and real-time decision-making for
optimal V2G operation. Further investigation into
blockchain-based energy trading platforms could enable
secure, transparent, and decentralized V2G transactions. Pilot
projects should also expand across diverse geographic and
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socioeconomic contexts to test feasibility, particularly in

rural and disaster-prone areas.

e Develop smart control strategies that reduce battery
degradation  while maintaining effective V2G
performance for long-term EV user satisfaction.

e To guarantee interoperability and seamless integration
among diverse EVs, chargers, and microgrid systems,
establish standardized protocols and standards.

e Use artificial intelligence in microgrids to achieve real-
time V2G control, optimal EV scheduling, and precise
load forecasting.

e Explore blockchain technologies for secure, transparent,
and decentralized V2G energy trading and transaction
management.

e In order to verify scalability and practical V2G microgrid
applications, extend pilot projects to rural, isolated, and
disaster-prone regions.

VIL

The integration of V2G technology into microgrids
represents a transformative pathway toward more resilient,
flexible, and sustainable energy systems. By enabling electric
vehicles (EVs) to serve as mobile, bidirectional energy
storage resources, V2G can support essential functions such
as peak shaving, load balancing, frequency regulation, and
emergency backup. Evidence from pilot projects worldwide
confirms its potential to enhance energy independence and
system stability, particularly during crises or grid disruptions.
Despite these benefits, several challenges continue to hinder
large-scale deployment. Battery degradation, interoperability
limitations, high infrastructure costs, and regulatory
uncertainty pose barriers not only to scalability but also to
user participation and economic viability. Moreover, trade-
offs such as preserving battery health versus maximizing grid
support require careful consideration to ensure long-term
acceptance and performance.

Future research and policy efforts should prioritize three
areas. First, the development of standardized communication
protocols and supportive regulatory frameworks is essential
to ensure interoperability and market confidence. Second,
pilot projects should expand to diverse contexts including
rural, remote, and disaster-prone regions to evaluate
scalability and socio-technical impacts. Third, advanced
digital tools such as AI, machine learning, and blockchain
offer promising opportunities for optimization and secure
energy trading, but their application must be grounded in
empirical validation. Overall, V2G-enabled microgrids hold
significant promise for advancing decentralized and
decarbonized energy systems. Unlocking this potential will
require coordinated progress in technology, policy, and user
engagement, supported by continued innovation and real-
world demonstration

CONCLUSION
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