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Abstract. The increasing acceptance of electric vehicles (EVs) and renewable energy sources (RES) has
led to the need for a unified energy management framework that can integrate multiple energy systems,
including Vehicle-to-Home (V2H) units, Smart Home Energy Management Systems (SHEMS), Solar PV
systems, and the grid. The framework uses a centralized control strategy that makes decisions based on
real-time integration of a Vehicle-to-Home (V2H) unit with a Smart Home Energy Management System
(SHEMS), which can provide a solution to these challenges by enabling bidirectional power flow between
the EV battery and the home. We proposed a unified energy management framework that integrates a Ve-
hicle-to-Home (V2H) unit with a SHEMS using a Perturb and Observe (P-&-0) algorithm. The proposed
framework allows for the optimization of energy usage in the home by utilizing the battery of an EV,
which can be charged during off-peak hours and discharged during peak hours. The P&O algorithm is a
well-known algorithm used in photovoltaic systems to track the Maximum Power Point (MPP) of a solar
panel. The algorithm is also applicable to EV charging and discharging systems. The algorithm uses a per-
turbation signal to change the charging rate of the EV battery and observes the resulting change in the bat-
tery voltage. The simulation results can also provide benefits to EV owners, such as reduced electricity
costs and increased flexibility in managing their EV charging, helping to achieve efficient and sustainable

energy management in residential areas.

Keywords: Solar panel, Electric Vehicle Battery, Vehicle-to-Home (V2H), Smart Home Energy Manage-
ment Systems (SHEMS), Demand side management.
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1 Introduction

Nowadays, the integration of Vehicle-to-Home (V2H) units with Smart Home Energy Management Sys-
tems (SHEMS) has gained increasing attention in recent years due to its potential for reducing energy costs
and improving energy efficiency. This paper presents a comprehensive overview of integrating electric ve-
hicles (EVs) into smart grids, including the V2H strategy. The authors propose a Demand Response (DR)
mechanism based on V2H technology to optimize energy management in residential homes. The P&O al-
gorithm is used for battery charging and discharging management, which is controlled by the SHEMS [1].
This paper provides an overview of the current state of research on integrating EVs into smart grids, in-
cluding V2H technology. The authors discuss the challenges and opportunities associated with V2H tech-
nology and propose a control strategy based on the P&O algorithm to optimize energy management in resi-
dential homes. The study shows that the proposed strategy can effectively manage energy consumption and
reduce energy costs [2]. The authors consider the impact of renewable energy sources and propose a two-
stage control strategy that includes battery charging and discharging management. The proposed strategy is
evaluated using simulation results, which demonstrate its effectiveness in improving energy efficiency and
reducing energy costs [3]. The integration of electric vehicles (EVs) into the electricity grid is becoming
increasingly important as the demand for sustainable energy solutions grows. One approach to this integra-
tion is Vehicle-to-Home (V2H) technology, which allows EVs to act as energy storage units that can pro-
vide electricity to a home during times of peak demand or grid outages [4]. V2H units allow for the bi-
directional flow of energy between electric vehicles (EVs) and homes, enabling homeowners to use their
EVs as backup power sources during outages and to optimize energy usage. However, managing the inte-
gration of a V2H unit into an intelligent home energy management system can be challenging due to the
complex interactions between the EV, the home, and the grid [5]. The P&O algorithm is a population-
based stochastic optimization algorithm that is commonly used to solve complex optimization problems. In
this case, it can be used to optimize the energy management system of the intelligent home by adjusting the
charging and discharging schedules of the EV to ensure that energy is efficiently used, and energy costs are
minimized. This paper proposes a model for managing the integration of a V2H unit into an intelligent
home energy management system using the P&O algorithm. In addition to controlling the EV battery, the
SHEMS can also integrate other energy resources in the household, such as solar panels, wind turbines, and
energy storage systems. By optimizing the use of these resources, the SHEMS can reduce the reliance on

the grid and increase the use of renewable energy.
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2 Related work

Vehicle-to-Home (V2H) Technology focuses on the technical aspects of V2H systems and their potential
benefits in terms of energy storage and grid integration [6]. Smart Home Energy Management Systems ex-
plore various approaches to managing energy consumption and generation in smart homes, including de-
mand-response strategies, load forecasting, and optimization algorithms. An investigation of energy man-
agement techniques applied to smart grids, considering factors such as real-time pricing, demand-side
management, and renewable energy integration [7-10]. V2H Integration Challenges addresses the chal-
lenges of integrating electric vehicles with home energy systems, including the impact on grid stability,
battery degradation, and economic feasibility. EVs are charged the usage of strength from the grid; typical-
ly for the duration of off-peak hours when energy calls for is lower and strength prices are cheaper. At
some stage in peak demand periods or whilst there may be a want for grid stabilization, excess energy
stored in EV batteries may be despatched lower back to the grid to provide additional electricity. V2G can
help stability the grid by way of imparting extra energy all through excessive call for, lowering the need for
additional fossil-fuel-primarily based power era. Research based on communication protocols and stand-
ards necessary for effective communication between the V2H unit, the smart home system, and the power
grid. Renewable Energy-Based Charging Scheduling proposes algorithms and approaches to schedule elec-
tric vehicle charging based on the availability and forecast of renewable energy generation [11-15]. The
economic and environmental benefits of V2H integration include potential cost savings, greenhouse gas
emissions reduction, and the overall sustainability of the system. Real-world implementations of V2H inte-
grated with smart home energy management systems, assessing the practical feasibility and lessons learned

from actual deployments [16-20].

2 Modeling of V2H System

2.1 Smart Home Energy Management Systems

Smart Home Energy Management Systems (SHEMS) are a type of technology designed to help homeown-
ers manage and control their energy usage in Fig. 1. These systems typically include hardware and software
that can monitor and control a home's energy consumption, as well as provide real-time feedback on energy
usage [21-25]. Smart home energy management systems have been successfully developed through the
integration of two new technologies, vehicle-to-grid (V2G) technology and power generation. V2G tech-
nology enables electric vehicles (EVs) not only to draw power from the grid, but also to return excess pow-
er to the grid when needed. This bidirectional energy flow enables EVs to mimic the power of a mobile
phone, optimizing energy distribution and grid stability. During sunny periods, when solar panels produce
more energy than the household requires, the excess power can be fed back into the grid, often resulting in

net metering or feed-in tariffs that credit homeowners for the surplus energy they contribute. Conversely,
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during peak demand hours or when solar production is low, the system can automatically shift to grid pow-

er to ensure uninterrupted energy supply.

Home Appliances HAs

Green Electric Vehicle (GEV) B
ﬁ — ,“; -
= - i

- C o= \

-

Fig. 1. Smart Home Energy Management System (SHEMS)

The integration of Vehicle-to-Grid (V2G) technology and solar energy generation represents a significant
leap forward in this domain. V2G enables electric vehicles (EVS) to not only consume electricity but also
feed excess energy back into the grid when needed. When combined with solar panels, homeowners can
harness renewable energy to power their homes and charge their EVs [26-28]. The smart system intelli-
gently balances energy production, consumption, and storage, leveraging real-time data and predictive al-
gorithms. This synergy allows homeowners to maximize self-consumption of solar energy, minimize peak
demand from the grid, and even contribute to grid stability by participating in demand response programs.
Ultimately, the convergence of V2G and solar within smart home energy management transforms residenc-
es into dynamic energy hubs, promoting sustainability, resilience, and cost savings while facilitating a
cleaner energy future [29-30].

2.2 HCPV Design

HCPV (High Concentration Photovoltaic) design utilizes high-efficiency solar cells and optical compo-
nents to concentrate sunlight onto small cells. This design can achieve higher conversion efficiencies com-
pared to traditional flat-plate photovoltaic panels. Integrating an HCPV design with V2H and SHEMS can
help to maximize the use of renewable energy sources and reduce energy costs. By combining V2H with
HCPV, it is possible to create a unified energy management framework that allows the EV battery to be
charged using solar power during the day and discharged to power the home at night or during peak de-
mand periods. The smart home EMS can also be programmed to optimize energy usage based on the avail-
able solar power, the energy needs of the home, and the current grid conditions [31-34].

The unified energy management framework for V2H and SHEMS integration can be achieved through the
use of advanced software algorithms and communication protocols. These algorithms can be used to opti-
mize energy storage and usage, as well as manage the charging and discharging of electric vehicles. Addi-
tionally, the communication protocols can enable real-time monitoring and control of energy consumption,
allowing homeowners to make informed decisions about their energy usage [35]. Overall, integrating V2H

units with SHEMS using HCPV design can provide homeowners with a comprehensive energy manage-
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ment solution that maximizes the use of renewable energy sources and reduces energy costs. Solar energy
is a clean, renewable energy that does not produce greenhouse gases. By integrating solar energy into the
grid, the overall carbon footprint of electricity generation is reduced, resulting in a more efficient mix. So-
lar energy can replace the grid, especially in combination with other renewable energy sources [36-38].
V2G technology can help offset this change by using electric vehicle batteries to absorb excess energy dur-
ing periods of overproduction and to release energy during times of higher or lower demand than new. This
will help maintain grid stability and reduce the need for regular backup power. Solar link V2G systems can
provide additional services to the grid, such as frequency control and power support. These services help

maintain the stability and reliability of the grid and increase overall energy efficiency.

2.3 V2H-HCPV Low Cost Design

V2H (Vehicle-to-Home) technology allows electric vehicles to discharge their batteries to power a
home or building during times of peak electricity demand or during a power outage. HVPV (Home Vehi-
cle Power Vector) is a design concept that takes this technology a step further, integrating renewable ener-
gy sources, energy storage, and electric vehicle charging infrastructure into a single, holistic system. To
design an HVPV system, several factors need to be considered, such as the energy needs of the building,
the size of the electric vehicle battery, the capacity of the  renewable energy sources, and the available
space for energy storage and charging infrastructure. Here are the basic steps for designing an HVPV sys-
tem:

1. Determine the energy needs of the building: This involves assessing the building's electricity con-
sumption patterns, identifying the peak demand times, and estimating the amount of energy required to
power the building during those times.

2. Assess the renewable energy sources: This involves evaluating the solar or wind potential of the site
and assessing the energy production of the renewable energy system. This will support regulate the size
and capacity of the renewable energy system required to meet the energy needs of the building.

3. Evaluate the energy storage options: This involves selecting the appropriate energy storage system
that can store excess energy generated by the renewable energy system and discharge it when needed. The
size of the energy storage system will depend on the energy needs of the building and the capacity of the
renewable energy system. Supercapacitors, also known as ultracapacitors, offer rapid energy storage and
release capabilities. While they have lower energy density compared to batteries, they excel in high-power
applications and can be used to manage peak power demands in a V2H-HCPV system.

4. Integrate all components into a single system: This involves designing a  system that can manage
the flow of energy between the renewable energy  system, energy storage system, electric vehicle charg-
ing infrastructure, and the building. The system should be able to optimize energy use, minimize energy

waste, and prioritize energy delivery during peak demand times.
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2.4 Bidirectional DC-DC converter Ultracapacitor

Design of V2H (Vehicle-to-Home) ultracapacitor arrangement is a device that allows electric vehicles
(EVs) to store energy from the grid or from renewable sources, such as solar panels, and use it to power
homes during blackouts or peak energy demand time. Here are some concerns for designing a V2H ultra-
capacitor system:

1. Energy Storage Capacity: The first consideration when designing a V2H ultracapacitor system is
the energy storage capacity. The system should be able to store enough energy to power the home for a
reasonable amount of time  during an outage or peak demand period. The amount of energy stored will
depend on the size of the home, the number of appliances, and the desired backup time. The energy stor-

age capacity of an ultracapacitor module can be calculated using the following equation:

E=05xCx V2 1)

Where E is the energy storage capacity in joules, C is the capacitance in farads, and V is the volt-
age in volts. This equation assumes that the voltage is constant during the discharge process.
2. Power Conversion: The V2H ultracapacitor system should be able to convert the DC voltage of the
ultracapacitor module to the AC voltage needed to power the home. This can be achieved using an inverter
or a power electronics converter.
3. Control and Monitoring: The V2H system should have a control and monitoring system that
allows for safe and efficient operation. This includes monitoring the state of charge of the ultracapacitor
module, managing the power flow between the EV battery and the home, and protecting the system
from overvoltage, overcurrent, and over temperature conditions.
4. Voltage and Current Ratings: The bidirectional DC-DC converter should be designed to handle the
voltage and current requirements of the ultracapacitor module and the home's electrical system. The con-
verter should also be able to handle the voltage and current of the EV battery during charging and discharg-
ing.
5. Topology: There are several topologies that can be used for bidirectional DC-DC converters, such as
the buck-boost, SEPIC, and Cuk topologies. The choice of topology will depend on factors such as effi-
ciency, size, and cost.
6. Control and Monitoring: The bidirectional DC-DC converter should have a control and monitoring
system that allows for safe and efficient operation. This includes controlling the power flow between the
ultracapacitor module and the home's electrical system, and between the EV battery and the ultracapacitor
module. The control system should also be able to detect and respond to overvoltage, overcurrent, and over

temperature conditions in Fig. 2.
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7. Efficiency: The bidirectional DC-DC converter should be designed to operate with high efficiency to
minimize power losses and maximize the amount of power that can be transferred between the ultracapaci-
tor module and the home's electrical system. This can be achieved through careful component selection,

such as choosing high-efficiency MOSFETSs and inductors, and optimizing the control algorithm.

Fig. 2. Bidirectional DC-DC Converter

2.5 DC-DC Boost converter

Determine the Input and Output Voltage: In Fig. 3. The first stage in planning a DC-DC Boost con-
verter is to determine the input and output voltage stages. The given input voltage is the voltage level that
is available from the power source, while the output voltage is the desired voltage level that the load

requires.

aaaaaaa

Fig. 3. DC-DC Boost Converter

1. Determine the Output Power: The second stage is to control the output power essential by the load.
This can be estimated by multiplying the output voltage with the load current.

2. Choose the Switching Frequency: The next stage is to choose the switching frequency of the converter.
The switching frequency is the frequency can be used at which the converter switches on and off. Higher
frequencies generally result in smaller components, but also lead to higher switching losses.

3. Select the Inductor: The inductor is a crucial component in a DC-DC Boost converter. It is used to store
energy during the on-time of the switch and release it during the off-time. The inductance value is calculat-

ed using the following formula:

_ (Vout*(Vin'Vout))
L_( (Tout™fs) ) ()
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where V,,,; is the output voltage, V;, is the input voltage, I,,; is the output current, and f; is the
switching frequency.
4. Choose the Capacitor: The capacitor is used to filter the output voltage of the converter. The value of
the capacitor depends on the load current and the preferred output voltage swell. The capacitance value can

be calculated using the following formula:

O ®

where I, is the output current, D is the duty cycle of the switch, AV is the desired output voltage
ripple, and f; is the switching frequency.
5. Select the Switch: The switch is used to control the flow of current in the converter. The most com-
mon type of Switch used in DC-DC Boost converters is the IGBT. The IGBT should have a low on-
resistance and a high voltage rating to handle the input voltage.
6. Choose the Diode: The diode is used to provide a path for the inductor current

when the switch is off. The diode should have a low forward voltage drop and a

fast recovery time to minimize losses.
7. Design the Control Circuit: The control circuit is used to regulate the output voltage of the convert-
er. The most common control method used in DC-DC Boost converters is pulse-width modulation (PWM).

The control circuit should be designed to provide stable and accurate regulation.

2.6 HVPV Controller Algorithm

The HCPV and P&O (Perturb and Observe) algorithm is a control strategy used in HCPV systems to ex-
tract the maximum power from the solar panel. The algorithm is based on a feedback loop that continuous-
ly adjusts the duty cycle of the DC-DC converter to maintain the solar panel operating at its maximum
power point (MPP). The P&O algorithm works by perturbing the operating voltage of the solar panel and
observing the change in the output power. The algorithm then adjusts the voltage in the direction of the
perturbation that resulted in increased power output and continues this process until the maximum power
point is reached. The algorithm constantly monitors the output power and adjusts the duty cycle of the DC-
DC converter to maintain the solar panel at the MPP in Fig. 4.

In HCPV systems, the P&O algorithm needs to be adapted to account for the high concentration ratio of the
system, which can result in non-linear behavior and temperature effects. Additionally, the algorithm
needs to be optimized to achieve fast tracking of the MPP, while minimizing overshoot and oscillations
around the MPP. One advantage of the P&O algorithm is its simplicity and ease of implementation.

However, it may suffer from slow tracking speed, especially under rapidly changing irradiation conditions.
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Therefore, other MPPT algorithms such as Incremental Conductance (INC) or Fractional Open Circuit

Voltage (FOCV) are also used in HCPV systems to provide faster and more accurate tracking of the MPP.

e
B

-]
e

Fig. 4. MPPT Using P & O Algorithm

2.7 Energy Transfer in Different cases at a Smart House
Case | - Grid-to-EV charging

There are different types of grid-to-EV charging systems, but in general, they use smart charging algo-
rithms to manage the charging process. These algorithms can adjust the charging rate of EVs based on real-
time energy demand and availability, and they can also prioritize the use of renewable energy sources. In
Fig. 5. Standard grid-to-EV charging typically involves connecting an EV to a charging station, which is
then connected to the electricity grid. The EV owner can then initiate the charging process, and the charg-

ing station communicates with the smart charging system to determine the optimal charging rate.

v
2
Distribution Panel | > HAs ——Té ;

v /
EV Battery /

Fig. 5. Grid-to-EV charging
Case Il - Grid-to-EV charging enhanced by Solar PV

Solar-enhanced charging can be implemented in several ways. One approach is to use a simple grid-tied
solar PV system to provide electricity to the charging station, either partially or completely offsetting the
energy consumed from the grid. Another approach is to use battery storage systems to store the solar-

generated electricity and use it to charge the EVs at a later time, even when solar power is not available.
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Advanced solar-enhanced charging systems can incorporate smart charging algorithms to optimize the use
of solar power for charging EVs. For example, the charging system can monitor the output of the solar PV
system and adjust the  charging rate of the EVs to match the available solar power, while also taking into

account other factors such as the state of charge of the battery and the energy demand on the grid in Fig. 6.

. .,L.,, —

Fig. 6. Grid-to-EV charging enhanced by Solar PV

Case 111 — V2H charging and discharging enhanced by Solar PV

In Fig. 7 shows Vehicle-to-Home (V2H) technology allows electric vehicles (EVs) to discharge their bat-
teries to power homes during peak demand periods, which can reduce stress on the power grid and lower
energy costs. This technology can be enhanced by Solar Photovoltaic (PV) systems, which can provide

additional energy to charge the EVs and power homes during the day.
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Fig. 7. V2H charging and discharging enhanced by Solar PV

Designing a V2H power electronic system involves several key components and considerations. Now are

certain of the important features to consider:

Bidirectional Power Conversion: V2H systems require power converters capable of converting DC pow-
er from the EV battery to AC power for household use and vice versa. Typically, a bidirectional
charger/inverter is used for this purpose. It should have high efficiency and be able to handle the power

levels required for both charging the EV and supplying power to the home.
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Power Electronics Topology: Various power electronics topologies can be used for V2H systems, such as
a two-level voltage source inverter (VSI) or a three-level  neutral point clamped (NPC) inverter. The
choice of topology depends on factors like system requirements, power rating, efficiency, and cost.

Energy Management System: An intelligent energy management system is essential for controlling the
power flow between the EV and the home. It monitors the power demand in the home, EV battery state-of-
charge, and grid conditions to determine when to charge the EV or supply power to the home. The energy
management system should have communication capabilities to interface with the EV and the grid.

Battery Charging and Discharging Control: V2H systems should incorporate battery charging and dis-
charging control mechanisms to protect the EV battery. It contains monitoring the EV battery - voltage,
current, temperature, and State-of-Charge to ensure safe operation. Additionally, the control system should
manage the charging and discharging rates based on user preferences and grid conditions.

Grid Connection and Protection: V2H systems need to be connected to the electrical grid to allow
bidirectional power flow. This requires proper grid connection equipment, such as a grid-tied inverter,
along with appropriate protection mechanisms like overvoltage and overcurrent protection.
Communication and Control: Effective communication and control interfaces are crucial for V2H sys-
tems. They enable the system to interact with the EV, home appliances, and the grid. Communication pro-
tocols such as CAN (Controller Area Network) or Ethernet can be used to establish communication links

between the different components.

2.8 Perturb and Observe Optimization Technique

The "Perturb and Observe" algorithm is a commonly used technique in the field of photovoltaic systems for
maximum power point tracking. However, in the context you mentioned, which involves integrating a Ve-
hicle-to-Home (V2H) unit with smart home energy management systems, the use of the Perturb and Ob-
serve algorithm might not be immediately clear. Based on the information provided, it seems that the au-
thors of the paper or study you mentioned have proposed a unified energy management framework that
incorporates both VV2H technology and smart home energy management systems. This framework likely
aims to optimize energy usage, storage, and distribution within a smart home environment, considering the
availability of energy from both the electric grid and an electric vehicle (EV) connected to the home.

The specific role of the Perturb and Observe algorithm within this framework would depend on how it is
being utilized. However, typically, the Perturb and Observe algorithm is employed for tracking the maxi-
mum power point (MPP) of a photovoltaic system by perturbing the operating voltage or current and ob-
serving the resulting power change. This technique ensures that the photovoltaic system operates at its
maximum efficiency point, thus maximizing the power output. In the context of integrating a V2H unit

with a smart home energy management system, the Perturb and Observe algorithm might be used to opti-
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mize the charging and discharging of the EV battery based on factors such as the available solar energy,
energy demand within the home, and the current state of the EV battery. By perturbing the charging or dis-
charging rate and observing the resulting changes in the overall energy system, the algorithm can determine

the optimal operating point to minimize energy costs or maximize self-consumption.

2.8.1 Flow chart for the framework:

Creating a flowchart for Vehicle-to-Grid (V2G) and Grid-to-Vehicle (G2V) systems using a Perturb and
Observe (P&O) algorithm involves several steps in Fig. 8.

Start: Initiate the energy management framework.

Measure Energy Inputs: Monitor and measure the energy inputs to the system, including solar energy
production, grid energy availability, and EV battery state of charge (SoC).

Determine Energy Demand: Assess the energy demand within the smart home, considering factors such
as appliances, lighting, heating/cooling, and user preferences.

Check V2H Suitability: Determine if there is a need or opportunity to use the EV battery for supplying
energy to the home based on the energy demand and the EV battery SoC.

Perturb and Observe Algorithm: If V2H is suitable, apply the Perturb and Observe algorithm to optimize
the charging and discharging of the EV battery. This algorithm continuously adjusts the charging and dis-
charging rate and observes the resulting changes in the overall energy system.

Optimal Operating Point: The Perturb and Observe algorithm finds the optimal operating point for the
EV battery based on factors such as available solar energy, energy demand, and battery SoC. This point
maximizes self-consumption, minimizes energy costs, or fulfills any other defined objective.
Charge/Discharge Control: Control the V2H unit to charge or discharge the EV battery based on the de-
termined optimal operating point.

Monitor and Update: Continuously monitor the energy inputs, energy demand, and battery SoC to adapt
to any changes or fluctuations.

Energy Distribution: Based on the overall energy system status, distribute the  energy to the various
components within the smart home, such as appliances, storage systems, and the electric grid.

End: Conclude the energy management framework.
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Fig. 8. Flow chart Frame work

The HCPV system would incorporate sensors to measure the intensity of incoming sunlight and the per-
formance of the solar cells. These sensors would provide data on the current operating point of the solar
cells. The P&O algorithm would continuously analyze the sensor data to determine whether the system is
operating at or near its maximum power point. If not, the algorithm would initiate perturbations to the op-
erating voltage of the solar cells. The P&O algorithm's adjustments to the operating voltage would affect
the output power of the solar cells. This, in turn, could impact the optimal concentration of sunlight onto
the solar cells. The HCPV system's tracking mechanism would adjust the concentration of sunlight to align
with the new operating conditions. The combination of HCPV and the P&O algorithm would lead to im-
proved overall efficiency by maximizing power output from the solar cells while maintaining accurate con-

centration. This would result in higher energy generation and improved utilization of available sunlight.

3 Simulation and Results

The simulation would likely depict the various components of the energy management framework, includ-
ing the Vehicle-to-Home Unit (VHU), Smart Home Energy Management System (SHEMS), and the P&O
algorithm. It may also include external factors, such as weather conditions or energy tariffs. The VHU
component would include the charging and discharging of the electric vehicle (EV) battery, while the
SHEMS component would manage the energy usage within the home, such as controlling the heating and
cooling systems, lighting, and appliances. The P&O  algorithm would optimize the energy usage of the
VHU and SHEMS by adjusting the charging and discharging schedules of the EV battery and controlling
the energy consumption of the home.
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The simulation would also show the communication between the components, such as data exchange be-
tween the VHU and SHEMS, and the P&O algorithm's input and output parameters. Smart home energy
management system would be the central control system for the home's energy usage. It would be respon-
sible for monitoring energy usage patterns and making decisions about when and how to use energy based
on various inputs, such as weather forecasts, time of day, and user preferences. Vehicle-to-home unit
would be a device that connects the home's electrical system to an electric vehicle (EV) in Fig. 9. 1t would
allow the EV to charge when there is excess energy available in the home's system, and it could also dis-
charge energy back into the home when needed. The P&O algorithm works by perturbing the energy flow
and observing the impact on the system. The algorithm adjusts the energy flow direction based on the ob-
served results until an optimal point is reached. In the context of this framework, it would be used to opti-
mize energy usage in the home by finding the most efficient and cost-effective way to use available energy.
Energy storage system would be a system for storing excess energy generated by the home's renewable
energy sources, such as solar panels. It could include batteries, capacitors, or other types of storage devic-

es. The energy storage system would ensure that excess energy is not wasted and can be used when needed.

Bal
Battery (mask) (link) . Battery (mask) (link)
Implements a generic battery model for most popular battery types. Implements a generic battery model for most popular battery types.
Temperature and aging (due to cycling) effects can be specified for Lithium-Ton Temperature and aging (due to cycling) effects can be specified for Lithium-Ton
battery type. battery type.
Parameters  Discharge Parameters Discharge
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Fig. 9. Battery parameters
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Solar radiance level, also known as solar irradiance or solar insolation, refers to the amount of solar energy

ect. Sninsclick to adda [Tamp W25 [V Min Yitex ]

received per unit area on the Earth's surface from the sun. It is a measure of the intensity of sunlight at a
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specific location and time, and it is typically expressed in watts per square meter (W/m2) or kilowatts per

square meter (kKW/m2) in Fig. 10.
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Fig. 11. Power Output

State of Charge (SoC): The current level of charge in the EV battery affects the amount of power that can
be discharged to the home. A higher SoC allows for more power output. It is important to note that V2H
technology is still evolving, and the power output capabilities can vary between different EV models and
V2H systems in Fig. 11.

T

Utilitygrid

ESU (Battery)

Fig. 12. Overall System

In Fig. 12 Utilities can use EVs as a flexible demand response tool, reducing strain on the grid during peak
times. EV owners can earn money by selling excess energy back to the grid or participating in grid support
programs. V2G can help store excess  renewable energy during periods of high generation and feed it

back into the grid when needed.

4 CONCLUSION

This study highlights the importance of VV2H technology as a potential solution to address increasing ener-
gy demand and environmental concerns. The V2H technology allows electric vehicles (EVs) to not only
consume energy from the grid and renewable energy sources but also feed the excess energy back to
the grid or use it to power home appliances. This feature can significantly reduce the energy bill and car-
bon footprint of households, while also ensuring a reliable and resilient energy supply. The P&O algorithm
used in the strategic framework enables the system to optimize the energy flow based on the energy de-
mand and availability, without compromising the user's comfort and convenience. The potential benefits
of integrating V2H with a smart home energy management system and the effectiveness of the P&O
algorithm in achieving optimal energy utilization. This research can be helpful for policymakers, utility
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companies, and households to design and implement sustainable energy systems that can contribute to a

greener future.
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