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Highlights

The rapid development of electric mobility is introducing novel opportunities and solutions
for electric vehicle integration into the electricity system.
The integration of several EV-charging scenarios is a key element in defining a novel
and smart integration of sustainable mobility systems, providing mutual benefits to EV
owners, third parties, and the electricity system. This paper proposes a novel approach
to EV-charging’s integration into the house/work routine of an EV owner, providing
shared benefits to the owner and the working site, and providing an effective balancing of
renewable power fluctuations. The application of the proposed methodology was tested in
the experimental facility of the Sapienza University of Rome, considering real data coming
from real load, photovoltaic, and storage units.
What are the main findings?

• A novel integrated approach to V2B service;
• The exploitation of novel EV battery management strategies.

What are the implications of the main findings?

• Improved exploitation of EV capabilities to reduce energy dependency and costs.
• Novel possibilities to achieve charging cost reduction by providing V2B service and,

thus, making EV mobility more sustainable and affordable.

Abstract: The development of electric mobility offers new perspectives in the energy sector
and improves resource efficiency and sustainability. This paper proposes a new strategy for
synchronizing the energy requirements of home, commercial, and vehicle mobility, with a
focus on the batteries of electric cars. In particular, this paper describes the coordination
between a battery management algorithm that optimally assigns its capacity so that at least
a part is reserved for mobility and a vehicle-to-building (V2B) service algorithm that uses a
share of EV battery energy to improve user participation in renewable energy exploitation at
home and at work. The system offers the user the choice of always maintaining a minimum
charge for mobility or providing more flexible use of energy for business needs while
maintaining established vehicle autonomy. Suitable management at home and at work
allows always charging the vehicle to the required level of charge with renewable power
excess, highlighting how the cooperation of home and work charging may provide novel
frameworks for a smarter and more sustainable integration of electric mobility, reducing
energy consumption and providing more effective energy management. The effectiveness
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of the proposed solution is demonstrated in a realistic configuration with real data and an
experimental setup.

Keywords: vehicle to building; vehicle to home; electric vehicle; virtual storage partitioning;
microgrids

1. Introduction
Over the last few years, increasing energy demand and increased awareness of envi-

ronmental problems have encouraged governments, industries, and researchers to pursue
sustainable solutions in energy resource management. Technological advancements, policy
incentives, and reaching stringent targets for emission reductions have all combined to
drive rapid growth in the EV market [1]. Indeed, aggressive strategies by manufactur-
ers and supportive policies in Europe aim to increase the adoption of EVs to meet more
stringent environmental legislation. It is foreseen that EVs will contribute significantly to
achieving an average of 60% of the required emissions reductions by 2025, thus making
them a huge contributor to the decarbonization of transport [2–4].

Power distribution systems are now increasingly integrated with renewable energy
sources (RESs) and smart technologies, giving rise to smart microgrids, which have the
potential to enhance the resilience and efficiency of electricity infrastructure. Microgrids,
capable of operating in both grid-connected and islanded modes, represent a fundamental
enabling system for the energy transition, particularly when combined with EVs, one of
the most promising innovative solutions in the sustainable mobility environment [5,6].
The integration of EVs into smart microgrids has huge potential both to optimize energy
consumption and improve grid flexibility, which is a key feature in the evolution to a
smart distribution power system [7,8]. EVs’ role in this changing scenario is more than
the one related to sole mobility service. EVs may also be used for other grid and user
services, such as mobile resources for energy storage and redistribution due to advanced
energy management strategies [9]. This makes EV charging stations a key component of the
network, capable of reducing demand peaks and facilitating the integration of RESs [10,11].

The problems that still need to be solved include the number of charging stations,
charging time, and the impact of EV operations on grid reliability. Many papers identify
the role of shared models for charging stations and smart energy management systems in
further enhancing grid resilience and EV accessibility [10,12]. Battery degradation in V2B
operation is yet another critical challenge that needs innovation in battery technologies and
their management systems [13,14].

Along with the integration of EVs, there is an important focus on the implementation
of photovoltaic (PV) systems in microgrids due to their modularity and ease of interfacing
in decentralized networks [15]. However, the non-programmable and intermittent nature
of solar energy raises critical challenges in grid stability and energy reliability. In this
context, EVs assume a dynamic and flexible role by behaving like mobile storage units
that can compensate for the intermittent and stochastic behavior of PV systems [16]. Their
ability to store excess PV energy during periods of high production and redistribute it
during peak demand improves flexibility and reliability in microgrids. Specifically, vehicle-
to-grid (V2G), V2B, or vehicle-to-home (V2H), generally referred to as vehicle-to-X (V2X)
technologies, provide energy in the uncertainty of non-schedulable renewable energy
and shave peak demand, thus improving the overall performance of the grid, homes,
or buildings [17]. In this context, several studies have highlighted the need to develop
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management strategies that consider user mobility profiles and needs in order to ensure
both energy system efficiency and user acceptance [18,19].

Integrating EVs with PV-powered microgrids can further create energy ecosystems [20].
Microgrids equipped with an advanced energy management system [21], along with pre-
dictive algorithms [22], will be able to efficiently manage the charging and discharging
schedules of EVs coupled with PV generation patterns. This will improve not only the
energy supply but also reduce the demand for stationary battery storage, reducing invest-
ment costs in the infrastructure, as described in [4,13]. Furthermore, the energy storage
systems (ESSs) with EV batteries will provide resilience in case of a shortfall in generation
from PVs or grid failure conditions [10].

In the current state of the art, there are many papers focusing on the charging manage-
ment algorithms with V2B/V2H functions, but many of these do not consider user requests
and priorities, which, instead, will play a fundamental role in the large-scale diffusion of
these technologies in the future. The paper in [23] proposes a home energy management
system (HEMS) for a house equipped with a photovoltaic system, a storage system, and the
integration of an electric vehicle with V2H functionality, with the aim of reducing operating
costs. However, the claims of the vehicle owner are not considered. Indeed, the final SoC of
the battery is not considered in that algorithm, and no measures are taken to maintain the
health of the battery. These aspects are fundamental to embracing EV owners to make their
vehicles available for additional services. In our paper, instead, battery health is of crucial
importance, and the use of VPA, as well as the choice of optimal charging and discharging
power based on battery capacity, allow the depth of battery discharge to be limited and
excessively high charging or discharging powers to be avoided, which would involve faster
battery degradation.

The analysis presented in [24] is close to our paper in terms of the variables consid-
ered, the input data used, and the goals. In particular, a forecasting module based on
an exponential damping model was developed to estimate photovoltaic production and
electricity consumption. The forecasts obtained are the input for the optimization module,
which uses a mixed integer linear programming (MILP) model to determine the optimal
charging plan for EVs, considering technical constraints and user comfort. These models
offer optimal solutions but require high computational costs. Furthermore, to improve the
accuracy of the forecasts, a large amount of historical data and variables are required. Our
model measures power in real time and distributes it dynamically and optimally. Real-time
measurements are more reliable and accurate than any forecast. This allows us to achieve
better results than those obtained with predictive models and with significantly reduced
computational complexity.

Numerous studies on V2H and V2B technologies focus on optimizing individual
aspects or specific scenarios, often neglecting the interaction between different areas (such
as residential, commercial, or business areas) or the scalability of the proposed solutions.
In [25], the authors propose an optimization model for hotel energy management using
V2B integration. In [26], a V2H model is proposed to show how the system can be suitable
in areas with unstable or poorly managed energy distribution networks in emerging
countries. Our algorithm, instead, introduces an innovative approach based on the virtual
partitioning of the EV battery, splitting it into two sections, one dedicated to mobility and
one to V2X services. This partition can be made dynamic, adapting to the specific needs
of the user, home, and office. The innovative element of our work is precisely the synergy
and coordinated interaction between the home and work environments, which makes the
proposed system a scalable solution capable of adapting to different operating scenarios.
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2. Materials and Methods
2.1. EV Integration Scenarios

The first step to define an effective and efficient strategy for EVs’ integration into smart
energy systems is the formal classification of the different scenarios in which an EV can
operate. For this reason, in the following, different scenarios are classified according to
the type of EV owner, home-charging/work-charging availability and typical utilization
strategies, and the possibility of interaction with renewable energy production sites.

• Scenario 1: A private EV owner with single-family housing equipped with a PV
system, a domestic charging infrastructure, and the possible presence of a residential
energy storage system. EV charging that is mainly associated with solar energy and the
possibility of the utilization of excess energy for the house needs the implementation
of a V2H service.

• Scenario 2: A private EV owner with a private garage and available parking at the
workplace with charging opportunities. The car will charge both at home and at work;
V2B is available at the workplace to enable energy management strategies to improve
flexibility in the cost of the charge at work.

• Scenario 3: A private EV owner with a private garage without workplace parking.
The home will be the main solution for charging, buying energy from the distribution
system, with occasional charging from public infrastructures for long trips.

• Scenario 4: A private EV owner with no private garage and a workplace without
equipped parking. EV charging is performed only at public charging infrastruc-
tures. V2G is the only available option to alleviate charging costs and provide grid-
supporting services during peak load by feeding energy back to the grid.

• Scenario 5: A private EV owner with shared condominium parking and workplace
parking. It charges mostly at work or in the condominium.

• Scenario 6: An EV owner with shared condominium parking and no workplace
parking. The owner uses the condominium charging structures primarily, paired with
public charging as required.

• Scenario 7: A private EV owner participating in an energy community. Charging is
performed from shared renewable energy sources in the community. V2X optimizes
energy management in coordination with other participants within the community.

• Scenario 8: A rented/shared EV. EVs are usually part of a fleet owned by the
rental/sharing service provider. Charging is carried out in the rental company’s
charging infrastructure. The time connected to the grid might be relevant for this
type of EV; hence, V2G services are an interesting source of extra gain and a relevant
opportunity for grid support.

• Scenario 9: Company-owned EVs, with company charging infrastructures, with or
without a PV system. The company can benefit from PV power for charging if avail-
able and V2B services to support energy management, aiming for cost reduction for
the company.

As one can notice, there are many foreseeable scenarios for the integration of EVs in
the next future smart city scenario, and one of the most interesting aspects to be studied
and developed is how different scenarios of the utilization of EVs can be integrated and
coordinated to obtain the most effective results for both the electricity system and the
EV users.

The proposed methodology aims at integrating home and work charging of the EV,
thus considering the scenario of a private EV owner with both their home and workplace
equipped with solar panels, a battery, and a charging station (Scenarios 1 and 2).
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The key innovative aspects claimed with this model are as follows:

• Accomplish the requirements of both environments and the vehicle owner, with crucial
attention to battery health;

• Using real data measured in real time, overcoming approaches based exclusively
on forecasts;

• Expanding the analysis to multiple operating scenarios (commercial, residential, or
business). To optimize the entire daily cycle of EVs, it is essential to consider the
interaction between different areas and infrastructures, promoting an integrated and
flexible approach.

In these scenarios, shown in Figure 1, the EV owner can maximize renewable energy
utilization, reducing dependence on the power grid and optimizing resource use at home
and work. Both the home and the workplace are equipped with solar panels, stationary
batteries, and EV charging stations.

Figure 1. EVs integrated with a smart house and workplace microgrid for optimized energy manage-
ment through V2H and V2B functionalities.

At home, the owner charges the EV mainly from solar power, with high energy
autonomy and low grid dependence, particularly during the day. Any surplus energy from
the PV is fed into the home battery and can be used to light the house or charge the car
during the night or during times of low solar production.

Where appropriate, the EV can be operated in V2H mode to supply the home with
energy, enhancing energy resilience and lowering overall energy costs.

Moreover, the car can be charged at the workplace during the day. V2B technology can
further be employed to power the workplace, enhancing microgrid energy management.

EV owners are enabled to provide V2H and V2B service claims for the definition of
suitable solutions to preserve EV driving autonomy, according to the needs of the EV users.
With this aim in mind, the proposed solution accounts for the energy assignment for the
different services that the EV shall be called to provide. To achieve this, a virtual partitioning
of the EV is considered, so that the owner can decide which share of the EV battery capacity
to preserve for mobility and which to use for the generic V2X service [27,28].

The suggested approach proposes the idea of the virtual repartition of the EV battery
proposed in [27,28], where a virtual-partitioning algorithm (VPA) was designed for the a
priori energy allocation of the EV capacity to be dedicated to the only-V2H service. This
way, the EV battery behaves like two independent batteries, where one is available for
generic V2X services and the other for EV mobility. In Figure 2, a conceptual representation
of the EV battery partition is shown schematically.
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Figure 2. Conceptual representation of battery partition.

However, in the assumptions of [27,28], VPA is used with a fixed virtual repartition of
the total EV battery capacity and only for the utilization of the V2H service (Scenario 1).
The present methodology aims to exploit the VPA capabilities in a more comprehensive
and generalized way, integrating many of the previously defined scenarios and exploiting
the possibility of adjusting the virtual repartition of the EV battery share to maximize the
impact for the EV owner.

In more detail, integrating Scenarios 1 and 2 requires us to consider a configuration
where the private EV user is exploiting the V2H service at his location characterized by
a PV plant and residential storage unit that can also benefit from a working parking
space with charging infrastructure and PV generation also at work, where the V2B service
is available.

In this context, these three fundamental aspects need to be coordinated:

• Home load balancing (with V2H): Stabilize household energy consumption, reduce
peak loads, maximize solar energy self-consumption, and ensure energy continuity,
especially during the evening and nighttime.

• Work microgrid renewable production exploitation (with V2B): Balance energy flows
within the workplace microgrid, promote self-consumption, and minimize corporate
energy costs.

• Economic return of V2B services: Benefit both the EV owner and the company provid-
ing charging possibilities for its employees.

The system can leverage advanced models to predict household and corporate loads,
as well as renewable energy generation. The dynamic adaptation of the virtual energy
repartition of the EV battery can provide an important degree of flexibility to maximize the
three aspects mentioned above. In the proposed methodology, data from the home, vehicle,
and workplace are integrated to optimize energy distribution, synchronizing decisions
according to the specific needs in each context.

Ideally, when the EV is being charged at home, its battery is virtually split into
two parts, choosing these shares based on how much the typical home energy demand is
when the owner is at home and the minimum required for their mobility.

When the vehicle arrives at the work parking lot, the V2B algorithm receives, as input,
the share of the EV battery that the user is dedicating to the V2X services. During the
time scheduled for charging the vehicle, the algorithm recharges the dedicated mobility
“reservoir” by taking advantage of the microgrid surplus. At the same time, it draws
from the “reservoir” dedicated to V2X services to optimize the laboratory energy flows.
However, at the time when the EV is planned to leave, the virtual V2X-related part of the
EV battery reaches at least the user’s chosen charge, as detailed in Section 2.2.3.

Essentially, the system works in two main stages. At home, the vehicle is charged
based on excess solar energy from the home’s PV system and fixed storage to maximize
efficiency. At the workplace, the V2B algorithm dynamically manages the amount of energy



Smart Cities 2025, 8, 101 7 of 27

provided by the vehicle to support the workplace energy demand. This way, the domestic,
office, and driver’s needs can be satisfied.

This enables the full exploitation of locally produced solar energy, operation cost
reduction, and the enhancement of the energy-autonomous capability of the house and
workplace microgrids. The approach allows flexibility in users’ choices to prioritize either
mobility or energy service use depending on their needs. In other words, this solution will
optimize the energy fluxes both for residential and work environments with the efficient
and sustainable integration of electric vehicles into energy systems, providing a scalable
and adaptable model for real applications.

In conclusion, the integrated strategy aims to offer practical and easy application for
the development of smart cities, particularly in areas of decentralized energy management,
integration of electric mobility, and sustainable urban infrastructure [29]. Specifically, its
implementation within a smart city context supports intelligent and integrated energy
management across different buildings by leveraging existing ICT platforms and energy
management systems while addressing user mobility needs and reducing both energy
costs and CO2 emissions, thus contributing to the core objectives of smart grids and urban
sustainability strategies.

The detailed methodology description and implementation are fully described in the
following subsection.

2.2. Methodology Description
2.2.1. VPA Algorithm Recall

As detailed in [27,28], VPA implies that the EV battery operates by splitting the overall
battery energy capacity into two virtual sub-batteries according to a sharing parameter
defined as αV2X, between 0 and 1. The capacity of the two virtual partitions, expressed in
kWh, can be defined as 

∼
EV2X,max = αV2X ·EEVT,max

∼
EEV1,max = (1 − αV2X)·EEVT,max

, (1)

where EEVT,max is the overall capacity of the EV′S physical battery, expressed in kWh. From
now on, tilde-hatted quantities shall indicate virtual quantities to distinguish them from
physical ones. Virtual energy partitions charge and discharge according to virtual power

signals, namely,
∼
PV2X and

∼
PEV1, both expressed in kW. These signals need to be consistent

with the actual physical charging power of the charging station, i.e.,

PEV(t) =
∼
PEV1(t) +

∼
PV2X(t), (2)

The latter provides consistency between the physical energy in the battery, EEVT , and

the virtual energy of the two partitions,
∼
EV2X and

∼
EEV1:

EEVT (t) = EEVT_0 +
∫ t

0
PEV(τ) dτ =

∼
EV2X(t) +

∼
EEV1 (t), (3)

under the assumption that EEVT_0 is split according to (1). This allows defining two virtual
SOCs as 

∼
SOCV2X (t) =

∼
EV2X (t)
∼
EV2X,max

·100

∼
SOCEV1 (t) =

∼
EEV1 (t)
∼
EEV1,max

·100
, (4)
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while the physical SOC of the EV is obviously defined as

SOCEVT (t) =
EEVT(t)
EEVT,max

·100, (5)

2.2.2. V2H Algorithm at Home

For the home scenario, the condition of a residential single-user housing with photo-
voltaic generation and an additional residential storage system is considered (Scenario 1),
as depicted in Figure 3.

Figure 3. Considered residential prosumer plant layout. Arrow direction indicates the positive sign
of power assumed as a sign convention.

In the house context, as already discussed in [11], the virtual partition dedicated to the
V2H service aims at operating at a fixed αV2X value and with the aim of compensating for
situations where the residential storage is not able to balance the house’s power demand.
Details about this scenario are omitted since they have been deeply discussed in [11].
However, this configuration is relevant for the purpose of this work to highlight the
integration needs between different services provided by the EV exploiting the VPA.

2.2.3. V2B Algorithm at Work

The V2B algorithm’s integration into the work infrastructure is designed for the
optimal management of energy flow in the worksite microgrid. Similarly, in the house
configuration, the work energy system is characterized by renewable energy production,
e.g., a PV system, loads, a dedicated storage system, and, of course, an EV charging station,
as shown in Figure 4.

Figure 4. Considered work microgrid plant layout.
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The proposed V2B algorithm aims to balance the energy needs of the company with
those of the EV owner while encouraging the self-consumption of locally generated PV
energy and reducing the dependence on the external electrical grid.

The V2B algorithm relies on power measurements from the various circuits within the
workplace energy system while imposing key parameters, such as the expected worker
departure time (Td) and the expected vehicle SoC (SoCEVT,lim.) required at the end of the
user’s work period.

When the EV connects to the charging station, the algorithm initializes by reading key
system parameters, including the EV′S state of charge SoCEVT , the state of health of the
EV battery SoHEVT , the state of charge of the storage system in the workplace microgrid
SoCwork,ST , and the EV′S connection time instant Ta. Additionally, it requests from the EV
owner the input paraments Td and SoCEVT,lim.

The algorithm continuously monitors the SoCEVT to ensure that the desired charge
level, SoCEVT,lim, is achieved by the specified departure time. Specifically, the SoCEVT

during the time interval in which the EV is connected to the microgrid charging station at
the workplace is defined as

SoCEVT(Td) = SoCEVT(Ta) +
∫ Td

Ta
PEVT(t) dt (6)

As described in the flowchart in Figure 5, the algorithm proposes different battery
operation modes depending on the value of SoCEVT and the power exchanged between
the microgrid and the main grid, Pwork,MG. These include optimal charging at the optimal
power (PEVT,OPT), fast charging at the maximum power (PEVT,max), charging at the mini-
mum between the optimal power (PEVT,OPT) and the power Pwork,MG, and discharging at
the minimum between PEVT,OPT and Pwork,MG to V2B services. Specifically, PEVT,OPT is
the optimal charging and discharging power, chosen to prevent overstressing the battery,
whose numerical value corresponds to a defined fraction β of the EV′S battery capacity.
Similarly, the value of PEVT,max corresponds precisely to the maximum battery capacity of
the EV.

Figure 5. Algorithm flowchart.

The power exchanged by the microgrid Pwork,MG is determined as

Pwork,MG(t) = Pwork,PV(t) + Pwork,ST(t)− Pwork,L(t) (7)
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where Pwork,PV is the power delivered by the PV system, Pwork,ST represent the power
delivered by the fixed storage, and Pwork,L is the power consumed by the loads within the
lab/office microgrid.

Focusing on the algorithm, once the parameters are initialized and the input values are
received, it first checks the stop condition. Specifically, the algorithm verifies whether the
emergency stop button has been activated or if the current time has reached the departure
time Td. In either case, the algorithm must be stopped. Subsequently, the algorithm enables
the EV′S optimal charging if the time required to charge the vehicle at PEVT,OPT from the
current SoCEVT to SoCEVT,lim is greater than zero and equal or greater than the remaining
dwell time. Therefore, the conditions for optimal charging are expressed as

(SoCEVT,lim − SoCEVT(t))·EEVT,max

PEVT,OPT
≥ Td − t (8)

(SoCEVT,lim − SoCEVT(t))·EEVT,max

PEVT,OPT
> 0 (9)

If Conditions (8) and (9) are not satisfied, it either means that the value of SoCEVT,lim

has already been reached, or that there is still a lot of time left, and the EV does not need to
be recharged immediately. In this case, the algorithm compares the value of SoCEVT with
SoCEVT,min and SoHEVT with a specified threshold value, SoHThreshold.

If SoCEVT < SoCEVT,min, the fast charging at maximum power, PEVT,max, is activated,
provided the dwell time is less than or equal to the time required to charge the vehicle at
PEVT,max and reach SoCEVT,min from the current SoCEVT , which is needed to ensure vehicle
mobility. This condition is described as

Td − t ≤
(SoCEVT,min − SoCEVT(t))·EEVT,max

PEVT,max
= (SoCEVT,min − SoCEVT(t)) (10)

where PEVT,max and EEVT,max are simplified since they are numerically equal.
Meanwhile, if Condition (10) is not met, and the microgrid generates surplus power

(Pwork,MG > 0), the EV is charged to the minimum value between Pwork,MG and PEVT,OPT ,
and the algorithm cycle is completed. The same operating mode is required for the EV bat-
tery in the case where Conditions (8) and (9) are not satisfied and SoHEVT < SoHThreshold.

Moreover, if SoCEVT>SoCEVT,min, SoHEVT > SoHThreshold, and the microgrid gener-
ates and injects power into the network, the EV is charged using the same operating mode,
unless its SoCEVT is 100%. However, if the microgrid imports power, the vehicle is allowed
to be discharged to the grid and offers V2B service at a power equal to the minimum value
between PEVT,OPT and Pwork,MG. According to the algorithm logic, the V2B mode can be
maintained if the microgrid import condition remains and if the SoCEVT is greater than
the SoCEVT,min.

The algorithm operates based on the balance of power in the microgrid Pwork,MG. In
surplus microgrid conditions, the EV is recharged up to the minimum of Pwork,MG and
PEVT,OPT , while in deficit conditions, the EV can discharge and offer V2B service, sup-
plying power equal to the minimum of |Pwork,MG| and PEVT,OPT . Discharging is al-
lowed if SoCEVT > SoCEVT,min and the SoHEV exceeds a predefined threshold, ensuring
the EV retains sufficient energy for mobility and its battery does not degrade. When
SoCEVT ≤ SoCEVT,min, the algorithm prioritizes recharging the EV to maintain its mini-
mum mobility requirements. In critical situations, fast charging is enabled to ensure that
the vehicle can satisfy its mobility needs within the available time before departure.

The main aim of the proposed algorithm is to minimize grid dependency by optimizing
the use of locally generated PV energy and efficiently managing the storage systems
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while considering the needs of the vehicle owner. Specifically, the goal is to maximize
the difference between the energy that would be drawn from the grid without the V2B
functionality (EG) and the energy required with the algorithm active (EGA):

EG = Ework,L + EEVcharge − (Ework,PV + Ework,ST), (11)

EGA = Ework,L + EEVcharge−(Ework,PV + Ework,ST − EEV,discharge), (12)

where Ework,L , Ework,PV , Ework,ST , EEVcharge , and EEV,discharge represent, respectively, the en-
ergy consumed by the loads, the energy generated by the PV system, the energy exchanged
with the storage system within the microgrid located at the workplace, and the energies
of the vehicle connected to the microgrid charging station, calculated over the connection
time interval Td − Ta.

Ework,ST > 0 when the battery is discharging, Ework,ST < 0 when the battery is charging,
EEVcharge > 0 when the EV is charging, and EEV,discharge < 0 when the EV is discharging in
V2B mode.

At the same time, it must always be ensured that

SoCEVT(t = Td, ) ≥ SoCEVT,lim, (13)

In order to maintain optimal performance, the algorithm operates in real time, up-
dating all system parameters and decisions every second to ensure adaptive and dynamic
energy management, therefore balancing the microgrid’s and EV owner’s needs. This
demonstrates the possibility of making use of EV′S as flexible energy assets in microgrid
environments for better efficiency and sustainability within a system.

2.2.4. Algorithm Integration

In particular, the V2H and V2B algorithms interact thanks to the VPA in an attempt to
optimize the management of the energy flow between the home microgrid and those of the
office/laboratory by sharing critical operational data, namely,

• The SoC of the fixed storage systems at home and the office/laboratory, which enables
both algorithms to consider available local energy reserves;

• The SoC of the EV battery, so that mobility requirements and energy-sharing services
are consistently met;

• Historical data related to the consumption of load and PV generation in a home
microgrid, which helps the VPA predict surplus energy and refine charging strategies
for the EV.

The integration of the VPA and V2B algorithms ensures that the partition of the battery
dedicated to mobility at time Td will always be 100% charged and gives the user the
flexibility to choose the final charge of the part dedicated to V2X services according to his
needs (e.g., to perform the load balancing of his home at night). For this reason, the VPA
communicates the αV2X value to the lab microgrid, which is appropriately processed by
the V2B algorithm to calculate the following:

SoCEVT,min =
(1 − αV2X)·EEVT,max

EEVT,max
·100, (14)

SoCEVT,lim = SoCEVT,min +
αV2X ·EEVT,max

EEVT,max
·100·x, (15)

where x is expressed as

x =
E∗V2X

αV2X ·EEVT,max
(16)
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and E∗V2X represents the energy required by the user for V2H services.
This ensures the EV leaves the office/laboratory with sufficient energy for transporta-

tion and to support the home microgrid by leveraging surplus PV energy.
The coordination of the algorithms ensures a significant enhancement of PV self-

consumption in both microgrids, offering the EV as a dynamic energy reservoir. This EV
can offer its flexible services, first, to the office/laboratory microgrid during the power
deficit period and, later on, to the home through V2H. Real-time updates and historical
analyses, together, optimize the energy allocation, minimizing the dependence on the grid,
while balancing the sustainability–user need equation and, hence, ensuring efficient and
flexible energy management across the interconnected systems.

3. Results
To show the effectiveness and to validate the proper integration and robustness

of the two described algorithms, two typical operation scenarios, representing realistic
operating situations, were analyzed. In both cases, a user’s workday was evaluated, with
the possibility of recharging his EV both at home and at work, in accordance with the
description of Scenarios 1 and 2. The EV′S physical battery capacity EEVT,max was assumed
to be equal to 50 kWh.

A PV system was installed at the residence, while the work environment was a
microgrid equipped with both a storage system and a PV system. The details of the
two analyzed scenarios are described in Section 3.1.

At home, the vehicle managed the energy flows by subordinating recharging to the
orders of the VPA, while during working hours, the management and optimization of the
flows was performed by the V2B algorithm.

Validation was performed by referring to two different test cases, one corresponding
to the situation of a full-time worker, and the other related to the case of a part-time worker.
Moreover, a comparison was provided, with the case where no V2H or V2B services were
provided by the EV.

3.1. Experimental Setup Description

Validation tests were performed by integrating the algorithms in the experimental
setup represented by the microgrid located in a laboratory/office environment of Sapienza
University, whose electrical layout is shown in Figure 6.

Figure 6. Laboratory/office’s main electrical scheme.

The lab microgrid consisted of a photovoltaic system of about a 50 m2 surface and a
peak power of 12.5 kW (Figure 7). The photovoltaic modules were split into two parts, an
11.9 kW portion of the system was connected to the three-phase lab bus bar via a standard
three-phase inverter, while the remaining 1.6 kW portion was connected via a single-phase
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inverter to a single-phase portion of the laboratory. The three-phase inverter was equipped
with a DC–DC converter controlled via MPPT to maximize the output of the system.

 

Figure 7. Lab’s rooftop photovoltaic system.

The laboratory microgrid also included a 6.5 kWh battery energy storage system
(Figure 8), with a maximum charging and discharging power of 1.8 kW and a diesel
generator set with a rated voltage of 400 V and rated active power of 5 kW.

 

Figure 8. VARTA storage.

The EV battery was emulated through a 50 kWh lithium iron phosphate (Flex’ion
23 MFe) battery. This storage system used Saft’s patented SLFP™ technology with an
advanced control system that provided real-time data on the SoC, SoH, temperature, and
alarms, with support for communication protocols, such as Modbus, CanOpen, and TCP-IP.
Information was accessed both locally via touchscreen and remotely, enabling the effective
management of critical operating parameters. In fact, the system is subject to minimum and
maximum voltage limitations, as well as possible over- and under-temperature hazards,
which can affect its performance and require close monitoring. The proposed V2H and
V2B algorithms were implemented within a PLC that communicated via the Modbus RTU
protocol with the “Advantics” control unit, which allowed, through inverter control, the EV
to be emulated. Figure 9 shows the internal structure of the storage system, while Figure 10
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shows the bidirectional inverter with which the battery was connected to the laboratory’s
three-phase busbar.

 

Figure 9. SAFT Flex’Ion 23 MFe storage system.

 

Figure 10. Three-phase bidirectional inverter connected to Flex’Ion battery.

The house environment was modeled using historical recorded data of the single-
family housing with a 6.5 kW PV plant and a charging wallbox for charging the electric
vehicle with a 6 kW maximum power. The recorded data were used in the laboratory
microgrid to replicate the expected behavior at home.

For both of the test cases considered, the EV battery parameters and VPA settings are
shown in Table 1.

Table 1. Simulation data and parameters.

Description Symbol Value

EV′S battery capacity EEVT,max 50 kWh
Charging station’s power rating PEVT,max 6 kW

Charging power of mobility virtual part
∼
PEV1 1 kW

Coefficient for V2X service αV2X 50%
EV′S initial SoC SOCEVT,0 65%

Initial SoC of mobility virtual part
∼

SOCEV1,0 50%

Initial SoC of V2X virtual part
∼

SOCV2X,0 80%
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3.2. Test Case 1: Full-Time Worker

In the first test case, the user was a full-time worker, with working hours ranging from
8:30 a.m. to 5:30 p.m. For this reason, the EV remained connected to the home system for
14 h, from 6:00 p.m. to 8:00 a.m.

Figure 11 reports the profiles of the house consumption and PV production during the
periods when the EV was connected to the house.

6:00 p.m. 8:00 p.m. 10:00 p.m. 12:00 a.m. 2:00 a.m. 4:00 a.m. 6:00 a.m. 8:00 a.m.
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Figure 11. Generation profiles from PV and household load for 14 h considered.

The EV′S physical charging of the EV with the proposed V2H service is reported in
Figure 12. As one can notice, the VPA charging power substantially provided energy back
to the house to balance the evening and nighttime energy requests of the house loads.

 

Figure 12. Power profiles of charging station with V2H in test case 1 at home.

Table 2 shows the values of the energy absorbed by the loads, produced by the PV,
and absorbed by the EV, respectively, during the considered period. In this table, one can
notice that the EV1 virtual partition, dedicated to mobility, charged for 12.5 kWh, while the
V2X virtual part discharged to compensate for the house needs.

Table 2. Energy values of load and PV and EV virtual partitions for test case 1.

Symbol Value

ELOADS 9.51 kWh
EPV 1.14 kWh
∼
EEV1 12.5 kWh
∼
EV2X −20.6 kWh

In Figure 13, we note the SoC profiles of the virtual battery partition intended for
mobility (in black), the virtual partition dedicated to V2X services (in green), and that for

the real SoC of the physical battery (in red). One can notice how the
∼

SOCEV1 quickly rises

to 100%, while the
∼

SOCV2X discharges to 0% to balance the home load and recharge the
dedicated mobility partition. For the sake of completeness, Figure 14 shows the EV power
profiles of the two partitions.
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Figure 13. SoC profiles of battery partitions and EV′S physical battery in test case 1 at home.

 

Figure 14. Power profiles of battery partitions and EV′S physical battery in test case 1 at home.

From Figure 15, one can see how the proposed V2H service provides a sensible
reduction in energy purchase by the grid since the virtual part of the battery dedicated to
V2H services is able to compensate for consumption most of the time (for about 12 h).

 

Figure 15. Grid power profiles with and without V2H in test case 1 at home.

The values of the output variables from the V2H of test case 1 are summarized in
Table 3.

Table 3. EV′S battery status at end of home charging in test case 1.

Symbol Value
∼

SOCEV1,out 100.0%
∼

SOCV2X,out 0.0%
SOCEVT,out 50.0%
∼
EEV1,out 25.0 kWh
∼
EV2X,out 0.0 kWh
EEVT,out 25.0 kWh

At the end of the first part of the simulation, it was assumed that the EV left the
house to reach the workplace. For the purpose of the simulation, a 20 km commute from
home to the office was assumed, taking about 30 min and consuming 3.75 kWh, which
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corresponded to 15% of the
∼

SOCEV1 . Upon arriving at work, the user connected the EV to
the charging station in the company parking, thus initiating the proposed V2B algorithm.
The EV parameters when arriving at work are shown in Table 4.

Table 4. EV′S battery status arriving at work in test case 1.

Symbol Value
∼

SOCEV1 85.0%
∼

SOCV2X 0.0%
SOCEVT 42.5%
∼
EEV1 21.25 kWh
∼
EV2X 0.0 kWh
EEVT 21.25 kWh

At this point, the user set the input time parameters of the V2B algorithm, which,
in turn, derived the values of SoCmin and SoClim based on Equations (17) and (18). In
particular, since parameter x depended on household consumption, it was evaluated on
the basis of the history of the energy absorbed by the loads, the energy delivered by the PV,
and the energy the vehicle needed to be 100% charged at home (in the analyzed cases it
corresponded to 3.75 kWh). In this way, enough energy was always ensured to balance the
loads in the house. According to these assumptions, the input data of the V2B algorithm at
work are shown in Table 5.

Table 5. Input data of V2B algorithm for test case 1.

Symbol Value

SOCEVT,min 50.0%
SOCEVT,lim 74.24%
SoHThreshold 80.0%

β 0.30
Ta 8:30 a.m.%
Td 5:30 p.m.

αV2X 0.50
x 0.24

These values correspond to
∼

SOCEV1,min =
∼

SOCEV1,lim = 100% and
∼

SOCV2B,lim =

48.48%. Figure 16 shows the power flows of the laboratory microgrid, specifically, the
production from the PV system (in yellow), the power absorbed by the loads (in red), the
power exchanged from the fixed storage (in green), the power exchanged with the EV (in
blue), and the power exchanged with the grid (in light blue).

Figure 16. Active power flows in microgrid in test case 1 at work.
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It can be seen that until 4:30 p.m., the power surplus was such that the loads were
balanced, and the EV was recharged. During the last hour, however, the EV entered
V2B mode.

In particular, PEV can be seen as established by Equation (2). Figure 17 shows the EV
power profiles of the mobility partition (in black) and the V2X services partition (in green).

Figure 18 shows the variations in the various SoCs. The
∼

SOCEV1 reached 100%, while the
∼

SOCV2X , due to the power surplus, reached 91.2%, far above the required limit.

 

Figure 17. EV power profiles in test case 1 at work.

 

Figure 18. Variations in SoC profiles in test case 1 at work.

The vehicle left the lab with the following parameters, as shown in Table 6.

Table 6. EV′S battery status at end of work charging in test case 1.

Symbol Value
∼

SOCEV1,out 100.0%
∼

SOCV2X,out 91.2%
SOCEVT,out 95.6%
∼
EEV1,out 25.0 kWh
∼
EV2X,out 22.8 kWh
EEVT,out 47.8 kWh

3.3. Test Case 2: Part-Time Worker

In the second test case, the user was a part-time worker, with working hours ranging
from 1:30 p.m. to 5:30 p.m. For this reason, the EV remained connected to the home system
for 19 h, from 6:00 p.m. to 1:00 p.m. The input variables to the VPA algorithm were the
same as in test case 1.

In Figure 19, the power generated by the PV system and the power absorbed by the
household loads are observed. As for the first test case, the energies are shown in Table 7.
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Figure 19. Generation profiles for PV and household load for 19 h considered.

Table 7. Energy values of loads and PV and EV virtual partitions for test case 2.

Symbol Value

ELOADS 17.3 kWh
EPV 9.5 kWh
∼
EEV1 12.5 kWh
∼
EV2X −19.3 kWh

Also, for this test case, Figures 20 and 21 show the SoC and power profiles of the
virtual battery partitions and that for the real SoC of the physical battery.
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Figure 20. SoC profiles of battery partitions and EV′S physical battery in test case 2 at home.

Figure 21. Power profiles of battery partitions and EV′S physical battery in test case 2 at home.

Figure 22 reproduces the power profiles delivered by the home charging station
with V2H.

Again, the power required from the grid was greatly reduced in the case of VPA
because the portion of the battery dedicated to V2H services was able to offset the con-
sumption most of the time by itself (Figure 23).
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Figure 22. Power profiles of charging station with V2H in test case 2 at home.

Figure 23. Grid power profiles with and without V2H in test case 2 at home.

The values of the output variables from the VPA of test case 2 are summarized below,
in Table 8.

Table 8. EV′S battery status at end of home charging in test case 2.

Symbol Value
∼

SOCEV1,out 100.0%
∼

SOCV2X,out 4.6%
SOCEVT,out 52.3%
∼
EEV1,out 25.0 kWh
∼
EV2X,out 1.2 kWh
EEVT,out 26.2 kWh

As in the first test case, a commute of about 20 km from home to the office was
assumed, during which the vehicle took about 30 min and consumed about 3.75 kWh,

which corresponded to 15% of the
∼

SOCEV1 . The EV arrived at the company parking lot
with the following values, as shown in Table 9.

Table 9. EV′S battery status arriving at work in test case 2.

Symbol Value
∼

SOCEV1 85.0%
∼

SOCV2X 4.6%
SOCEVT 44.9%
∼
EEV1 21.25 kWh
∼
EV2X 1.2 kWh
EEVT 22.45 kWh

Then, the user set the input time parameters of the V2B algorithm, which, in turn,
derived the values of SoCEVT,min and SoCEVT,lim . In particular, since the parameter x
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depended on household consumption, it was evaluated on the basis of the history of the
energy absorbed by the loads, the energy delivered by the PV system, and the energy
the vehicle needed to be 100% charged after it arrived at home (in the analyzed cases, it
corresponded to 3.75 kWh). In this way, enough energy was always ensured to balance the
loads in the house. The input data of the V2B algorithm are shown in Table 10.

Table 10. Input data of V2B algorithm for test case 2.

Symbol Value

SOCEVT,min 50.0%
SOCEVT,lim 73.2%
SoHThreshold 80.0%

β 0.30
Ta 1:30 a.m.
Td 5:30 p.m.

αV2X 0.5
x 0.23

These values correspond to
∼

SOCEV1,min =
∼

SOCEV1,lim = 100% and
∼

SOCV2X,lim =

46.4%. Figure 24 shows the power flows of the laboratory microgrid. It can be seen that up
to 4:00 p.m., the power surplus was such that it ensured load balancing and EV charging.
After that, however, EV charging began at POPT to ensure the SoClim was reached.

 

Figure 24. Active power flows in the microgrid in test case 2 at work.

Figure 25 shows the EV′S power profiles of the mobility partition (in green) and the
V2X services partition (in black), which are related to each other by Equation (2).

 

Figure 25. EV′S power profiles in test case 2 at work.

Figure 26 illustrates the variations in the various SoCs. The
∼

SOCEV1 reached 100%,

while the
∼

SOCV2B , as the vehicle arrived at the descent phase of the output from the PV
system, failed to charge through surplus, but at the POPT taken from the grid, it reached
precisely 46.4%, as requested by the user.
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Figure 26. Variations in SoC profiles in test case 2 at work.

The vehicle left the laboratory with the following parameters, as shown in Table 11.

Table 11. EV′S battery status at end of work charging in test case 2.

Symbol Value
∼

SOCEV1,out 100.0%
∼

SOCV2X,out 46.4%
SOCEVT,out 73.2%
∼
EEV1,out 25.0 kWh
∼
EV2X,out 11.6 kWh
EEVT,out 36.6 kWh

The proposed analysis provided a detailed description of the implementation of the
integrated strategy based on the virtual battery partitioning, which coordinated the control
algorithms at both the workplace and residential settings, with the parameter α chosen to
be equal to 50%.

To evaluate the impact of the α parameter on the energy allocated to the mobility
partition and the energy associated with the V2X service partition, a sensitivity analysis was
conducted for three different α values: 30%, 50%, and 70%. The results are summarized in
Tables 12 and 13 for test case 1 and test case 2, respectively. For the sake of clarity, the energy
associated with the V2X service is reported as an aggregate value; it does not separately
indicate the share of energy used to supply the workplace and residential loads, nor the
portion used to store the photovoltaic production at the two different locations.

Table 12. EV energy for mobility and V2X service for test case 1.

α = 30% α = 50% α = 70%
∼
EEV1 [kWh]

∼
EV2X [kWh]

∼
EEV1 [kWh]

∼
EV2X [kWh]

∼
EEV1 [kWh]

∼
EV2X [kWh]

Home 14.0 −12.7 12.5 −20.6 7.5 −15.67
Lab microgrid 7.50 14.6 3.75 20.5 3.75 20.6

Table 13. EV energy for mobility and V2X service for test case 2.

α = 30% α = 50% α = 70%
∼
EEV1 [kWh]

∼
EV2X [kWh]

∼
EEV1 [kWh]

∼
EV2X [kWh]

∼
EEV1 [kWh]

∼
EV2X [kWh]

Home 17.86 −11.29 12.5 −19.3 7.47 −19.72
Lab microgrid 3.75 10.40 3.75 10.44 3.75 10.46
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4. Discussion
The results achieved by the proposed analysis highlight how the proposed integration

of V2B services, at home and at the EV user’s worksite, provides mutual benefits for both the
EV user and the company, allowing a better exploitation of renewable energy production by
the company that is used by the user when returning home after work. This also provides
indirect benefits for the distribution power system, where the self-consumption of energy
production is shared among different subjects, avoiding renewable production export to
the grid in the daytime and improving the energy autarky of EV users at home.

In the specific test cases, it is evident how the user benefited from the storage of
extra power produced by the worksite microgrid during the day, saving it, thanks to the
proposed VPA, for the time when the car was connected to the house’s residential charging
infrastructure. In the simulations corresponding to α = 50%, EV users could retrieve
20.5 kWh in test case 1 from the office, which basically corresponded to the energy need of
the house during the evening and nighttime. In test case 2, the energy taken from the office
was lower, but the user could benefit from their own photovoltaic production. Similar
considerations regarding the use of the V2X partition can be extended to the cases with
α = 30% and α = 70%, as reported in Tables 12 and 13. However, in specific circumstances
and in the presence of several employers with EVs and residential photovoltaic plants, the
worksite microgrid could also benefit from EV energy, which, thanks to the VPA, will not
affect the actual range of the EV.

As expected, focusing on test case 1 and the residential site, it was observed that as α
increased, the energy absorbed by the partition dedicated to mobility decreased, while the
energy used to satisfy the residential load increased, with respective values of −1.65 kWh,
−5.51 kWh, and −7.30 kWh for α equal to 30%, 50%, and 70%. These values are not

explicitly reported in Table 12, where
∼
EV2X accounts for both the residential load and the

load associated with the mobility partition. As regards the lab microgrid, it is noted that
for α values of 50% and 70%, the energy allocated for recharging the mobility partition
remained identical to 3.75 kWh, as the vehicle departed from the residential unit with a

SoC of 100%. Conversely, for an α equal to 30%, the energy
∼
EEV1 amounted to 7.50 kWh,

as the SoC at departure was lower, equal to 89.30%.

As expected, test case 2 shows lower values of
∼
EV2X compared with test case 1, as the

part-time worker was connected to the microgrid for fewer hours and, therefore, stored a
smaller amount of photovoltaic energy.

The economic benefits associated with the proposed strategy, from the perspective of
the EV owner, can be evaluated by considering the electricity exchanged at the point of
interconnection with the public distribution grid in the residential context, along with the
energy utilized for charging and V2X services within the workplace microgrid. Considering
an electricity selling price equal to EUR 0.1/kWh and a purchase price of EUR 0.4/kWh, as
referenced in [28], Table 14 presents the energy sold and purchased for different values of
the α parameter, along with the corresponding cost savings in the residential environment
compared with the case without the implementation of the VPA algorithm. The results
highlight the high potential impact of the proposed VPA in improving residential self-
sustainability and reducing energy costs of the house.

As for the workplace, the analysis focused on the advantages for the user of charging
the EV at the company microgrid compared with home charging, at a cost of EUR 0.4/kWh.
Considering the connection of the EV to the workplace microgrid during midday hours, the
cost of electricity for charging both partitions—within the framework of corporate welfare
policies—can reasonably be set equal to the electricity selling price (e.g., EUR 0.1/kWh).
For the sake of completeness, Table 15 reports the total purchased energy and the cost
savings at the work microgrid for both test cases.
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Table 14. Economic evaluation at home for test case 1 and test case 2.

Test Case 1 Test Case 2

Without
VPA α = 30% α = 50% α = 70% Without

VPA α = 30% α = 50% α = 70%

Purchased
energy [kWh] 22.12 9.64 0.37 0.00 26.89 14.22 1.05 0

Sold energy
[kWh] 0.00 0.00 0.00 0.00 −2.10 0.00 0.00 0.00

Net cost
at home [EUR] 8.85 3.86 0.15 0.00 10.55 5.68 0.42 0.00

Cost saving
at home [EUR] -- 4.99 8.70 8.85 - 4.87 10.13 10.55

Table 15. Economic evaluation in work microgrid for test case 1 and test case 2.

Test Case 1 Test Case 2

α = 30% α = 50% α = 70% α = 30% α = 50% α = 70%

Purchased energy [kWh] 22.10 24.25 24.35 14.15 14.19 14.21

Cost to buy at home
EUR 0.4/kWh 8.84 9.70 9.74 5.66 5.68 5.68

Cost to buy at work
EUR 0.1/kWh 2.21 2.43 2.44 1.42 1.42 1.42

Cost saving in work
microgrid [EUR] 6.63 7.27 7.30 4.24 4.26 4.26

A summary of the economic benefits is provided in Table 16, which shows the per-
centage total cost savings achieved by adopting the proposed strategy for three different
partitioning coefficient values and for both test case 1 and test case 2 on the considered
reference day. As the value of α varied, the total percentage savings achieved through the
proposed strategy ranged from 65.69% to 86.87% for test case 1, and from 56.20% to 91.25%
for test case 2, over the considered reference day.

Table 16. Total cost and percentage savings for test case 1 and test case 2.

Test Case 1 Test Case 2

α = 30% α = 50% α = 70% α = 30% α = 50% α = 70%

Total cost savings with
proposed strategy [EUR] 11.62 15.97 16.15 9.11 14.39 14.81

Total cost without
proposed strategy [EUR] 17.69 18.55 18.59 16.42 16.23 16.23

Total percentage saving
with proposed strategy [%] 65.69 86.09 86.87 56.20 88.66 91.25

As one can observe, the proposed integrated strategy significantly reduced operational
costs by improving the exploitation of local photovoltaic energy and reducing the grid
consumption for EV charging and residential loads, resulting in substantial savings for the
EV owner.

Regarding fixed costs, the proposed strategy did not incur additional expenses beyond
those associated with V2G technology and bidirectional charging, which is natively sup-
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ported by an increasing number of vehicles or can be enabled via manufacturer-provided
adapters. Therefore, the integrated approach relies on V2G-compatible charging stations,
whose costs vary depending on the specific electric vehicle manufacturer.

Based on energy considerations, the proposed integrated strategy enabled the effective
storage of renewable energy generated by the photovoltaic system at the workplace, allow-
ing it to be used to supply residential loads during nighttime hours without compromising
the user’s mobility needs. The implementation of a mobile partition and an integrated
strategy, which improved the efficient exploitation of renewable resources available at the
workplace and reduced the energy drawn from the distribution grid to satisfy residential
demand, resulted in measurable energy cost reductions and CO2 emission savings for both
users and grid operators.

In this context, and as a potential future development, a machine learning-based
methodology, with reference to the approaches presented in [26], could be employed to
determine the optimal value of the partitioning parameter α, with the aim of minimizing
energy costs and CO2 emissions, while ensuring the user’s mobility needs are met. More-
over, a techno-social perspective analysis, structured as proposed in [18], could be further
explored, particularly in relation to user behavior, acceptance, and the broader societal
implications of the proposed energy management strategy.

5. Conclusions
This study analyzed the integration of EVs into residential and business microgrids

through the implementation of V2H and V2B services. The proposed methodology is based
on a virtual EV battery partitioning approach, which allows for more optimal management
of energy use while meeting both mobility and V2X service delivery requirements.

The integration of the VPA and V2B algorithms made it possible to create a system that
gives the user greater knowledge of what is happening. In this way, he can optimally plan
his charging strategies, depending on his habits and goals. The ability of the user to choose
how to virtually allocate the EV battery gives the entire system considerable flexibility.

Simulations have shown that the intelligent management of an EV′S battery allows it
to maximize the self-consumption of locally produced energy from the PV panels, reducing
the withdrawal from the grid.

Future developments could include integration with energy management systems
based on artificial intelligence and advanced predictive models to improve dynamic energy
resource management.
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