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Abstract: As Kosovo navigates the global shift toward renewable energy and sustainable mobility, Vehicle-to-Grid (V2G)
technology stands out as a transformative innovation for the country’s energy infrastructure. By enabling bidirectional
energy flow between electric vehicles (EVs) and the power grid, V2G allows EVs to function as decentralized energy
storage units, supporting the grid during periods of peak demand and compensating for fluctuations in renewable
energy generation. In a nation where, renewable energy sources such as solar and wind power are steadily expanding,
V2G technology offers a unique opportunity to address pressing challenges in grid stability, peak load management, and
the seamless integration of intermittent renewable resources. Leveraging the capabilities of V2G can not only enhance
Kosovo’s energy efficiency and grid reliability but also reduce its reliance on fossil fuels and improve the overall flexibility
of its power system. This paper explores the strategic role of V2G in stabilizing Kosovo’s grid and optimizing renewable
energy integration. It provides an analysis of EV adoption trends, the readiness of existing grid infrastructure, and the
potential scale of V2G-enabled vehicle fleets. Key technical considerations, including the deployment of bidirectional
chargers and the adaptation of smart grid technologies, are also discussed. Additionally, the paper highlights economic
and regulatory pathways to facilitate V2G adoption, focusing on the need for incentives, market mechanisms to reward
EV owners for grid services, and lessons learned from countries where V2G is already in practice. By examining case
studies and tailoring best practices to Kosovo’s unique context, the paper identifies actionable steps to harness V2G’s
potential for improving grid stability and managing peak loads effectively. Nevertheless, the potential of V2G is immense,
but its success hinges on significant substantial funding, and the advancement of technology
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INTRODUCTION

The global transition toward sustainable energy systems
necessitates innovative solutions for grid flexibility and
stability. V2G technology, which allows bidirectional energy
flow between EVs and the power grid, has emerged as
a promising mechanism to support renewable energy
integration. V2G technology enables bidirectional energy
exchange between EVs and the power grid, allowing EVs
to function as mobile energy storage units that can supply
power back to the grid when needed [1]. This capability
supports grid stability and enhances the integration of
renewable energy sources such as solar and wind [2].
The global push for sustainable transportation and energy
efficiency has accelerated interest in V2G solutions.
However, numerous challenges remain in implementing
this technology at scale [3].

V2G is the technology consisting of energy transfer in two
directions, either from the vehicle to the grid if the energy
stored in the battery is high, or from the grid to the vehicle

when the energy stored in the battery is low. Since the
energy flows to the vehicle from the grid, and from the grid
to the vehicle, there occurs a bi-directional energy flow.
During the energy flow, conversion operations are made
with power electronics circuits to fit the type of power. For
the purpose of taking the voltage level of the current grid
voltage to the appropriate level, firstly an AC/DC conversion
system is carried out, and then the reduction is done with
a descending converter. To transfer the DC energy in the
battery to the grid, firstly, an additional operation is done with
an increasing converter, and then the DC/AC conversion
process is carried out. These operations are performed
bi-directionally depending on the amount of energy in the
battery. Hybrid electric vehicles usually charge their batteries
through fuel, whereas electrical vehicles charge their batteries
from the grid, thus having significant differences in charging
circuitry. However, both are of considerable interest in V2G
technology. The EV is plugged into a charge station, which is
connected to a power converter, followed by a transformer
connected to the main grid [4].

This paper was submitted to the Conference of the South-East European Regional Council of CIGRE (SEERC 2025), held in Sarajevo, Bosnia and Herzegovina, on June 4-5, 2025.

" Kosovo Electricity Distribution Company, Kosovo
2 Correspondence email: fatbardha.mehani@keds-energy.com

© 2025 Author(s). This is an open access article licensed under the Creative Commons Attribution License 4.0. (http://creativecommons.org/licenses/by/4.0/).

37



F. Mehani, A. Grajcevci: BIDIRECTIONAL CHARGING: UNLOCKING THE POTENTIAL OF VEHICLE-TO-GRID (V2G)

TECHNOLOGY IN KOSOVO

In a V2G ecosystem, grid operators manage the aggregate
capacity of thousands of connected vehicles through an
aggregator rather than handling each vehicle individually.
The aggregator acts as a large, rapidly controllable resource,
contracting with the grid via day-ahead and hour-ahead
markets for regulation capacity. Communication occurs
over secure data links, with the aggregator allocating grid
commands to vehicles, tracking their locations via GPS,
and serving as the interface for drivers through a web portal.
This setup allows drivers to set profiles, check vehicle
status, and monitor benefits, while ensuring vehicles are
assigned to the correct control zones.

In Kosovo, where solar and wind power capacities are
expanding, leveraging V2G can enhance energy efficiency,
reduce reliance on fossil fuels, and improve grid reliability
[5]. However, the adoption of V2G requires addressing
technical, economic, and regulatory challenges. Despite
growing interest in V2G, the technology remains
underutilized in many developing energy markets,
including Kosovo. A key factor limiting its adoption is the
absence of a well-developed charging infrastructure [6].
Furthermore, concerns about battery degradation and
the financial viability of V2G services delay widespread
participation [7]. Addressing these challenges requires
a comprehensive strategy involving policy reforms,
technological advancements, and financial incentives to
encourage EV adoption and integration into the grid.

1. V2G TECHNOLOGY AND ITS ROLE IN GRID STABILITY

V2G technology facilitates energy exchange between EVs
and the grid, allowing vehicles to store excess energy and
supply it back during peak demand. Studies highlight the
economic and technical viability of V2G in grid stabilization
[8]. Furthermore, integrating battery aging considerations
in bidirectional charging strategies can improve cost-
effectiveness and sustainability [7]. Research also underscores
the need for advanced charging algorithms to optimize V2G
efficiency [9]. These insights reinforce the potential of V2G as
a decentralized energy management tool.

Electric vehicles can transfer energy to the grid when
the vehicle will not be used for a long time or when the
electricity sales price is at its highest. Users can charge
the battery when energy prices are low and provide both

the current energy demand of the grid and gain financial
benefits. While, if the energy of the electric vehicle battery
is supplied to individual houses instead of the grid, it is
called as the V2H technology. The operating modes of
the bi-directional EV chargers are given in Figure 1. [10].

V2G systems contribute to power system stability by
providing ancillary services such as frequency regulation,
reactive power compensation, and spinning reserves [3].
These services are crucial for maintaining grid reliability,
particularly as renewable energy penetration increases.
However, effective deployment requires advanced control
strategies and compensation mechanisms for EV owners
who participate in ancillary service provision. Additionally,
a case study on V2G response to frequency contingencies
in national grids demonstrated that EVs can discharge
power within seconds of an emergency, showcasing their
potential for enhancing grid stability and security [11].
However, technical challenges such as inconsistencies
in response rates and the need for improved control
mechanisms highlight areas for further research [12].

The primary advantages of V2G technology include
improved grid reliability, peak load reduction, and enhanced
utilization of renewable energy [13]. By leveraging the
aggregated energy storage of EVs, V2G can provide load
balancing, frequency regulation, and voltage support
[14]. Additionally, EV owners can benefit financially by
participating in energy markets, selling excess stored
energy back to the grid [15]. Despite these benefits,
several challenges delay widespread V2G adoption. These
include the need for robust grid infrastructure, advanced
communication protocols for energy management, and
battery degradation concerns due to frequent charging
and discharging cycles (Cao). Furthermore, regulatory
and market structures must evolve to facilitate seamless
V2G integration and incentivize stakeholders [16].

2. EVADOPTION TRENDS AND TRANSPORTATION
INFRASTRUCTURE IN KOSOVO

While Kosovo’s EV market is still in its early stages,
projections indicate steady growth in EV adoption.
Studies show that EV penetration is expected to increase
in the coming years, supported by policy initiatives and
infrastructure development [6]. However, limited charging
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Figure 1: Operating modes of the bi-directional electric vehicle (EV) charger. (a) grid-to-vehicle (G2V) mode; (b) vehicle-to-grid (V2G)
mode; (c) vehicle-to-home (V2H) mode [10]
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infrastructure remains a key barrier. Comparative analyses
of standard and fast EV charging highlight the importance
of integrating V2G technology to enhance grid resilience
and manage peak loads effectively [5].

As per transportation infrastructure, the chart in Figure 2.
illustrates the evolution of Kosovo’s Road network broken
down by motorways, national roads, regional roads, and
connecting roads between 2005 and 2024. It shows that
connecting regional roads make up the largest share of
the network, while national roads are the second-largest
category. From an EV adoption and grid-readiness
perspective, these trends imply that Kosovo’'s Road
expansion is primarily focused on improving connectivity
across smaller towns and rural areas, while incremental
motorway development can support the placement
of charging infrastructure along major corridors. This
balanced expansion highlights the need to integrate EV
charging solutions not just on highways but also along
national and connecting roads to ensure comprehensive
coverage for electric vehicle users.
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Figure 2: Roads of Kosovo according to categories 2005 - 2024
(17]

On the other hand, on the Figure 3. shows a steady rise in
both passenger cars and transporting vehicles in Kosovo
from 2011 to 2023, with lighter commercial vehicles
(under 3.5 tons) growing more rapidly than heavier ones.
Coupled with the roads chart on road categories, this
trend suggests that Kosovo’s expanding vehicle fleet,
especially smaller and more frequently used vehicles, calls
for broader, more distributed charging solutions across all
road types (motorways, national, regional, and connecting
roads) to support growing EV adoption.
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Figure 3: Number of cars and transporting vehicles in Kosovo
through years [17]

Expanding the EV fleet also presents economic
opportunities. A well-implemented V2G program could
provide revenue streams for EV owners by allowing them
to sell excess electricity back to the grid [18].

3. CONSIDERATIONS FOR V2G IMPLEMENTATION

The successful implementation of V2G technology
necessitates significant investment in grid infrastructure,
including bidirectional chargers, smart meters, and
energy management systems [2]. Energy storage
plays a critical role in enabling V2G, as EV batteries
must efficiently manage charge-discharge cycles
while maintaining longevity [1]. Additionally, smart grid
capabilities must be enhanced to handle dynamic
interactions between EVs and the electricity network
[13]. Furthermore, research has shown that integrating
smart charging strategies can reduce grid congestion
and enable a more efficient allocation of electricity
resources. A study on the feasibility of full EV integration
into European power systems found that strategic
planning and investment in bidirectional charging
infrastructure are critical for preventing grid overloads
and ensuring stable power supply [19]. In Kosovo,
addressing these infrastructure needs will be key to
realizing the full potential of V2G. Recent advancements
in wireless charging present new opportunities for
V2G applications by improving user convenience and
enabling seamless energy transfers [14]. Wireless
charging can be integrated with renewable energy
sources such as solar photovoltaics and wind power,
enhancing sustainability in the transportation and energy
sectors. However, challenges such as energy transfer
efficiency, infrastructure costs, and interoperability
remain another key barrier to widespread adoption [15].
The interaction between V2G systems and the power
grid can influence power quality by introducing voltage
fluctuations, harmonic distortion, and reactive power
imbalances (Cao). Proper management of these effects
is crucial to ensuring stable grid operation. Studies
indicate that optimized charging and discharging
schedules, along with advanced inverter technologies,
can mitigate adverse impacts on power quality [1].

Given Kosovo’s rising electricity consumption and
winter peak loads (January 2023 and December 2022)
in Figure 4., V2G technology could serve as a demand
management tool. By allowing EVs to discharge power
back to the grid during high-demand periods, V2G can
help balance seasonal variations and alleviate strain on
the electricity network, particularly during peak winter
months. EVs can charge during off-peak hours (e.g.,
early morning) and supply energy back to the grid during
peak hours (e.g., evening). This bidirectional interaction
enhances grid stability, reduces reliance on expensive
peak-time generation, and supports the integration
of renewable energy. However, implementing V2G
in Kosovo requires sufficient charging infrastructure,
regulatory frameworks, and incentives for EV owners to
participate in energy exchange programs.
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Figure 4. Electricity load trends in distribution grid in Kosovo
(2022-2023) [20] [21]

Successful V2G implementation depends on supportive
regulatory frameworks and market mechanisms.
International case studies emphasize the need for grid-
friendly incentives, dynamic electricity pricing, and
standardized protocols to facilitate V2G adoption [18]. In
Kosovo, policy interventions should focus on integrating
V2G into national energy strategies, establishing V2G tariff
structures, and promoting smart charging infrastructure.
Countries that have successfully integrated V2G into their
energy markets, such as Denmark and the Netherlands,
have established market mechanisms that compensate
EV owners for providing grid services [19]. Lessons
from these regions can inform Kosovo’s approach to
developing a functional and sustainable V2G ecosystem.
This presents a significant opportunity for a more regulated
and controlled integration of electric vehicles, as opposed
to the current unstructured approach.

4. QUANTITATIVE ANALYSIS OF BATTERY STORAGE AND
V2G GRID INTEGRATION IN KOSOVO

Vehicle-to-Grid (V2G) technology allows EVs not only to
charge from the grid but also to discharge stored energy
back when needed. This capability helps balance supply
and demand, supports renewable integration, and can
provide ancillary services (like frequency regulation) to
the grid. In a country like Kosovo, with a relatively small
and developing grid, and historically high dependence on
fossil fuels, V2G-enabled EVs can:

- Alleviate peak load stress,

- Enhance grid stability,

- Encourage renewable energy use, and

- Potentially reduce overall energy costs and emissions.

Max load 2022

Jan Feb Mar Apr Ma:
(MWh/h) 2 d
1429 1291 1,311 1,077 857
Max load 2023
Feb Mar Apr May
(MWh/h)
1,265 1,413 1,179 1219 809

4.1. Transition Scenario & Distributed Storage Potential

The adoption and storage estimates provide insight into
the potential impact of electric vehicle (EV) integration on
energy storage capacity. At a fleet penetration rate of 20%,
in Kosovo approximately 73,764 EVs would be in operation,
while a higher penetration of 70% would result in around
258,173 EVs. Each EV is assumed to have a 50kWh battery,
with 70% of its capacity available for grid services [22].
Under these conditions, the total effective energy storage
would reach approximately 2.58 GWh at 20% penetration
(73,764x50kWhx0.7=2.568 GWh) and 9.04 GWh at 70%
penetration (258 173x50kWhx0.7~9.04 GWh). This
highlights the significant potential of EVs as a distributed
energy resource, capable of enhancing grid flexibility and
supporting energy stability. Even if only about 50% of these
vehicles are connected during peak hours, the aggregated
storage can significantly buffer short-term fluctuations. The
Figure 5. shows the maximum monthly load (in MWh/h) for
Kosovo during 2022 and 2023, with the highest peak in
2022 occurring on January 24, at 23:00 with 1429MWh and
in 2023 on February 8, at 23:00 with 1413 MWh [20] [21].
These winter peaks underscore the grid’s vulnerability to high
demand during cold seasons. Within the Transition Scenario
widespread adoption of EVs with V2G functionality could
supply several gigawatt-hours of distributed storage. Such
stored energy could be fed back into the grid during peak
periods (like those highlighted in red on Figure 5.), thereby
smoothing demand spikes enhancing overall grid stability

4.2, Grid Stability and Peak Load Management

Scientific studies [22] [23] have demonstrated that V2G
technology can provide rapid response services to
balance supply and demand. A distributed network of EV
batteries can regulate frequency by quickly injecting or
absorbing power, mitigate variability by compensating for
intermittent renewable sources provide reserve capacity
reducing reliance on expensive peaking power plants [24]
and, this could work also in Kosovo’s case.

If we take the days on which the grid reaches peak load
based on Figure 5., on 24.01.2022 the grid reached a
peak load of approximately 1,429 MW and on 08.02.2023
it reached 1413 MWh, we can discuss the peak load
management with a 20% penetration rate and 70%
penetration rate of EVs.

Jun Jul Aug Sep Oct Nov Dec
721 768 764 699 879 1,135 1,372
Jun Jul Aug Sep Oct Nov Dec
767 873 870 744 961 1,207 1,401

Figure 5: Maximum load per month in Kosovo 2022-2023 [20] [21]
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Peak load support for the date 24.01.2022:

- With a 20% EV penetration rate, around 2.58 GWh
of energy storage would be available, and assuming
50% of these vehicles are connected to the grid,
approximately 1.29 GWh (2.58 GWhx0.5=1.29
GWh) could be dispatched, providing about 54
minutes of peak load support (1.29 GWh / 1.429
GW =0.902 hours =~ 54 minutes). In a scenario with
70% EV penetration, the available storage would
increase to 9.04 GWh, and with half of the vehicles
connected, around 4.52 GWh (9.04 GWhx0.5=4.52
GWh) could be utilized. This would extend peak load
support to over 3 hours and 9 minutes (4.52GWh
/ 1.429GW=383.163 hours = 3 hours and 9 minutes),
demonstrating the potential of EVs as a valuable grid
resource for managing energy demand fluctuations
and enhancing system resilience.

Peak load support for the date 08.02.2023:

- With a 20% EV penetration rate, around 2.58 GWh
of energy storage would be available, and assuming
50% of these vehicles are connected to the grid,
approximately 1.29 GWh (2.58 GWhx0.5=1.29
GWh) could be dispatched, providing about one
hour of peak load support (1.29 GWh / 1.413GW
=0.912 hours =~ 55 minutes). In a scenario with
70% EV penetration, the available storage would
increase to 9.04 GWh, and with half of the vehicles
connected, around 4.52 GWh (9.04 GWhx0.5=4.52
GWh) could be utilized. This would extend peak load
support to over 3 hours and 12 minutes (4.52GWh /
1.413GW=3.198 hours = 3 hours and 12 minutes),
demonstrating the potential of EVs as a valuable grid
resource for managing energy demand fluctuations
and enhancing system resilience.

These values illustrate how even partial participation can
substantially alleviate peak demand stress.

On Figure 6. are represented two graphs that illustrate key
aspects of the introduced scenarios. They were generated
using assumptions and data from the analysis.

EV Penetration vs. Available Energy Storage: This graph
plots the cumulative available battery capacity (in GWh)
as a function of fleet penetration. Assuming each EV
has a 50kWh battery with 70% of that available for grid
services, full penetration (100%) would yield approximately
12.91 GWh. At 20% penetration, about 2.58 GWh
is available, increasing to roughly 9.04 GWh at 70%
penetration. With a blue line demonstrating how energy
storage capacity increases linearly from approximately
1.29GWh at 20% EV penetration to 4.5 GWh at 70%
penetration. Both dates (24.01.2022 and 08.02.2023) are
represented by a single line because they share identical
available energy storage values. This represents the total
energy storage potentially available from electric vehicles
to support the grid.

EV Penetration vs. Peak Load Support Hours vs: By
assuming that only about 50% of the EV fleet is connected
during peak periods, we calculate the effective energy
available to support a 1413 MW peak load referring to
the highest load during 2023 and a 1429MW peak load
during 2022. Both dates follow nearly identical trajectories,
with support time increasing from roughly 54-55 minutes
at 20% EV penetration to approximately 3 hours and 9
minutes at 70% penetration. This illustrates how V2G can
help mitigate peak demand.

EV Penetration vs. Available Energy Storage
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Figure 6: Impact of EV Penetration on Available Energy Storage
and Peak Load Support Duration

4.3. Readiness of Kosovo’s Existing Power System for
V2G technology integration

Kosovo's electricity sector is highly dependent on coal-fired
power plants, particularly Kosovo A and Kosovo B. The
operating capacity is considered to be around 1,236 MW,
of which lignite-fired thermal power plants (TPP) account
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for around 77.69%, while the rest consists of Ujmani
HPP, RES in transmission and other RES (hydropower
plants, solar panels and wind power plants) with 22.31%
[21]. However, due to aging infrastructure and frequent
breakdowns, Kosovo often imports electricity, especially
during peak demand periods (e.g., winter). Kosovo’s
renewable energy sources (hydropower, wind, and solar)
are growing but still insufficient to meet demand, leading
to reliance on imports. This is a major challenge for the
EV transition, as a shift to electric mobility could increase
demand further unless smart grid solutions and battery
storage are integrated.

As per infrastructure assessment the Kosovo Energy
Regulatory Office (ERO) reports indicate ongoing
modernization efforts. However, challenges remain in order
to support the V2G technology such as low distribution
network capacity and smart grid technologies. Upgrades
are required to manage the bidirectional flows introduced
by V2G systems. Current systems are transitioning
toward digital, real-time management. VYet, significant
investment is needed to fully implement communication
protocols and automated control systems that coordinate
distributed energy resources [21].

Mass EV adoption without proper planning could strain
the grid and increase electricity consumption, especially
in a country like Kosovo, which is already reliant on coal
plants and imports. The integration of electric vehicles
(EVs) into the power grid poses challenges related to peak
demand and grid stability. Without controlled charging, EV
adoption could lead to Kosovo’s grid overload. However,
strategic solutions can optimize charging behavior and
enhance system efficiency.

Time-of-Use (ToU) tariffs and demand response
mechanisms have proven effective in shifting EV charging
to off-peak hours, thereby reducing stress on the grid.
For instance, California has successfully shifted most
of EV charging to off-peak hours through ToU pricing,
demonstrating the potential for similar policies in other
regions [25].

On January 24, Kosovo’s electricity demand peaked
at 1,429 MWh at 23:00, and on February 8, 2023,
it peaked at 1,413 MWh at 23:00. If 100,000 EVs
participated in V2G, each discharging 10kWh, they could
collectively supply 1,000 MWh reducing the peak load
by approximately 70% on January 24, 2022 and about
71% on February 8, 2023, thereby decreasing reliance on
electricity imports. In addition to stabilizing peak demand,
V2G technology enhances renewable energy integration
by addressing the inherent variability of solar and wind
power [26]. Kosovo, being located in the Balkans, receives
a significant amount of solar radiation throughout the year.
The yearly solar energy yield in Kosovo ranges between
1,095-1,387 kWh/kW [27], integrating solar-powered EV
charging hubs could reduce dependency on fossil fuel-

based electricity. EVs equipped with V2G capabilities can
absorb excess electricity generation during low-demand
periods, dispatch stored energy during high-demand
hours, and serve as decentralized energy storage units
that support overall grid stability [24]. However, effective
implementation of V2G technology requires bidirectional
chargers capable of efficiently managing both charging
and discharging cycles while complying with international
technical standards [23]. Additionally, strategic placement
of charging infrastructure along Kosovo’s 2,434 km
road network, including motorways, national roads, and
regional connections, is crucial to ensuring widespread
accessibility. To fully capitalize on these advancements,
smart grid adaptation is necessary, incorporating secure
communication protocols for real-time data exchange
between EVs and grid operators, automated control
systems for dynamic load balancing, and integration with
renewable energy forecasts to optimize energy storage
and dispatch [24]. Despite these potential benefits,
Kosovo’s existing grid infrastructure is not fully prepared
for large-scale EV adoption. Investments in transformer
capacity expansion and digitalization of grid operations are
essential to prevent system overloads. These strategies
underscore the necessity for coordinated investments,
policy alignment, and ongoing modernization efforts to
ensure a stable and sustainable electricity system.

4.4. Economic and Regulatory Pathways

The economic evaluation of transitioning Kosovo’s vehicle
fleet to electric vehicles (EVs) with Vehicle-to-Grid (V2G)
integration reveals a promising long-term outlook despite
the higher initial investments in EVs, bidirectional charging
infrastructure, and grid upgrades. While upfront costs are
significant, lower operational and maintenance expenses,
coupled with revenue generated from grid services such
as frequency regulation and demand response, promise
favorable long-term economics [26] [22]. In this context,
regulatory and market mechanisms, including tax breaks,
subsidies, and the establishment of competitive markets
for ancillary services, are vital to accelerating both EV and
V2G adoption, as demonstrated by early-adopter markets
in Denmark, the Netherlands, and the UK [23]. Based on
realistic assumptions, if EV penetration in Kosovo grows
from 20% to 70% over a ten-year period within a total fleet
of approximately 368,818 vehicles (2023), the number
of EVs could increase from about 73,764 to 258,173.
With each EV featuring a 50kWh battery, of which 70%
(approximately 35 kWh) is available for grid services and
assuming that only 50% of the fleet is connected during
peak periods, the total available energy for V2G can be
calculated. For example, at 20% penetration, 73,764 EVs
x 35 kWh x 0.5 results in roughly 1.29GWh available,
which, when sold at a market rate of 50 EUR/MWh
over for instance 200 operating days, since availability
of EVs for grid services during peak demand periods is
limited [22], generates an estimated annual revenue of
approximately 12.9 milion EUR. At 70% penetration,
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similar calculations yield about 45.2 million EUR per year.
These revenue streams create strong financial incentives
for EV owners, who can offset charging costs and earn
additional income, as well as for grid operators, who
benefit from a decentralized energy source that reduces
reliance on expensive peak power plants.

In the Kosovo power market, regulating revenue streams
from V2G participation to create financial incentives
for EV owners involves establishing a framework that
integrates distributed energy resources into existing
market structures. One approach would be to allow
pooling batteries by combining the stored energy of
many EVs so that, together, they form a larger unit that
can sell power to the grid, allowing individual EV owners
to benefit from participating in ancillary services markets
even if their single vehicle’s battery capacity is small.
This would require the Kosovo Energy Regulatory Office
to develop clear standards for bidirectional charging,
metering, and data reporting, ensuring that the energy
exchanged through V2G is accurately measured and fairly
compensated. Additionally, market mechanisms such as
feed-in tariffs or competitive bidding for ancillary services
could be introduced to determine the compensation for
frequency regulation, demand response, and other grid
services provided by EVs. Regulatory measures should
also ensure transparency and non-discriminatory access,
perhaps through pilot programs that allow testing and
refinement of these frameworks. Given Kosovo's evolving
power market, characterized by a relatively small scale
and a reliance on imported energy, such policies would
not only offset EV charging costs for owners but also
enhance grid stability and reduce peak demand pressures,
ultimately contributing to a more resilient and sustainable
energy system.

Moreover, the transition offers broader economic
advantages, including reduced fuel import dependence,
substantial national fuel savings, and significant reductions
in CO, emissions that help Kosovo meet EU climate goals
and lower health-related costs from pollution. Although
investments in charging infrastructure and grid upgrades
are required, these costs are expected to decrease over
time due to declining battery prices, the emergence of
secondary EV markets, and supportive government
incentives, making the overall investment in EVs and V2G
integration a sound economic decision in the next decade.

5. CONCLUSION

In conclusion, integrating V2G technology into Kosovo’s
power system presents a promising pathway toward
enhanced grid stability, improved renewable energy
integration, and significant economic benefits. Our
analysis indicates that leveraging the aggregated
battery capacity of EVs can mitigate peak load stresses,
reduce dependency on costly peak power generation,

and generate substantial revenue through ancillary
services such as frequency regulation and demand
response. Although Kosovo’s current energy market
faces challenges, mainly due to its reliance on coal-fired
power plants, aging infrastructure, and limited charging
networks, the long-term advantages, including lower
operational costs, reduced fuel imports, and reductions
in CO, emissions if the EVs with V2G are supplied with
renewable energy, suggest that the upfront investments
in EV and V2G infrastructure are reasonable in a near
future.

Future research should focus on optimizing bidirectional
charging protocols and refining smart grid management
systems to better predict and control EV charging
patterns. Moreover, pilot projects and demonstration
programs are essential to validate theoretical models and
facilitate the development of a regulatory framework that
ensures transparent, fair participation of EV owners in the
power market. It would be practical to gradually integrate
the V2G (Vehicle-to-Grid) system, given that Kosovo is in
the early stages of electric vehicle (EV) adoption, allowing
for a measured approach to infrastructure development
and market readiness. Continued investment in grid
modernization, along with supportive policies and
incentives, will be critical to fully unlocking the potential
of V2G. Ultimately, a coordinated approach that brings
together technological innovation, regulatory reform, and
stakeholder engagement can pave the way for a resilient,
sustainable, and economically feasible energy future for
Kosovo.
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