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ABSTRACT

This paper presents a framework for integrating renewable energy sources, such as wind and solar power, with an advanced

distribution grid to power electric vehicles (EVs) and permanent magnet synchronous motors (PMSMs). The system uses wind
turbines and solar panels to harness clean energy from the environment, and the generated renewable energy is integrated into the
grid infrastructure through advanced power electronics and control systems. An innovative aspect of the system is the
incorporation of onboard electric vehicle charging systems equipped with interleaved boost converters, which optimize the
charging process of EVs while minimizing grid impact. This integration promotes the adoption of EVs and ensures their seamless
integration into the existing grid infrastructure. MATLAB simulations are conducted to assess the performance and viability of
the proposed system, evaluating key performance metrics such as energy efficiency, grid stability, and system reliability. The
system employs optimization algorithms to maximize renewable energy resource utilization, minimize charging costs, and
optimize the operation of PMSM motor drives. The insights from the simulations provide valuable guidance on the feasibility,
scalability, and performance of the integrated system, demonstrating its potential to enhance energy sustainability, reduce

greenhouse gas emissions, and improve grid resilience.

KEYWORDS: Renewable Energy Integration, Wind Energy, Solar Energy, Advanced Distribution Grid, Electric Vehicle Charging,
PMSM Motor Drive, Energy Management, Energy Storage Systems

1. INTRODUCTION poses several challenges [3-4]. Traditional methods like
The electric vehicle (EV) has gained popularity due to its  coal-fired power plants may not effectively reduce
potential to achieve zero fossil fuel consumption and emissions, and the increasing penetration of EVs can
reduce air pollution and global warming [1-2]. However, negatively impact the local distribution grid [5-6].

EVs require frequent charging using grid power, which  Uncontrolled and unregulated charging can result in

e
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unexpected peak loads that exceed the capacity of the
distribution grid. The distribution grid is also facing an
increasing penetration of home photovoltaic (HPV)
systems, which can cause voltage rise and line overload
during noontime [7]. To address these challenges,
integrating renewable energy sources such as wind
power generation with solar photovoltaic (PV) systems
While solar PV

systems generate power during daylight hours, wind

presents a promising solution [8].

turbines can produce electricity both day and night,
providing a complementary source of renewable energy
[9]. This combination of wind and solar energy can help
mitigate the renewable

intermittency of energy

generation, thereby enhancing the reliability and
stability of the grid. Energy storage units (ESUs) are
typically deployed to mitigate the impacts of renewable
energy integration, but adding ESUs to HPV systems
incurs extra costs and may not be subsidized by the
government or utility companies [10]. The idea of using
the electric vehicle battery (EVB) as an energy storage
system (ESS) has been proposed to mitigate the
intermittency of PV systems. EVBs can act as an ESS,
charging from solar PV when there is excess power and
injecting power to the grid when needed [11]. This can
help limit voltage rise problems at midday by taking
power from HPV systems, contributing to the increase of
HPV penetration in the distribution grid. Similarly,
excess wind power generation can also be stored in EVBs
during periods of low demand and injected into the grid
during peak hours, providing additional flexibility and
stability [12-14].

supporting the electric grid during peak demands is also

The concept of using EVB for

becoming increasingly attractive. Researchers have
proposed optimal energy management strategies for
using EV batteries at parking lots to reduce peak load
based on demand response programs [15]. The proposed
power management algorithm maximizes the load factor
during daily operation of the EV parking lot considering
arrival and departure times of EVs. Stored energy in
EVBs can help stabilize the grid feeder during peak
demand by injecting power to local feeders [16]. To
further enhance the integration of renewable energy
sources and address the challenges associated with
electric vehicle (EV) charging, the utilization of onboard
electric vehicle charging systems with interleaved boost
converters can be employed [18-19]. Traditional charging

methods often rely solely on grid power, leading to

increased strain on the distribution grid and potential
peak load issues. However, by integrating onboard
charging systems with interleaved boost converters, EVs
can efficiently utilize power from the grid for charging
while minimizing grid impact. Interleaved boost
converters are particularly effective in maximizing
power transfer efficiency and reducing charging times
[20]. By splitting the input current into multiple parallel
branches, interleaved boost converters can handle higher
power levels and reduce charging time compared to
conventional charging methods [21]. Moreover, the
integration of onboard electric vehicle charging systems
with interleaved boost converters offers several
advantages, including enhanced charging efficiency,
reduced grid impact, fast charging, flexibility and
adaptability, and scalability [22]. Incorporating onboard
electric vehicle charging systems with interleaved boost
converters into the transportation sector accelerates the
adoption of electric vehicles and promotes the transition
towards a cleaner and more sustainable transportation
system [23]. By improving charging efficiency and
reducing grid impact, interleaved boost converters play
a crucial role in advancing the electrification of
transportation and mitigating the environmental
impacts of fossil fuel-powered vehicles. The study
discusses the integration of electric vehicle (EV) charging
and discharging systems (EVBs) with high voltage DC
buses (usually 800V) [24-25]. The EVBs and ESS
converters can be designed for unidirectional or
bidirectional power flow, primarily taking power from
PV arrays. The charging procedure for EVBs and ESS is
controlled to minimize power draw from the grid. EVs
use standard DC connectors to connect to the system.
Recent research focuses on EVB applications in car parks
or business buildings, but there is a research gap at the
residential PV

applications [26]. To address this gap, a detailed design

component level, particularly for
of a power conditioning system with a power control
strategy for a solar powered EV charging/discharging
system that supports power grids is proposed. The
literature review on charging connectors shows that only
CHAdeMO connector

HPV-EVB systems without modifications, allowing

standard can be wused for

bidirectional transfer of DC power directly from EVB to
power conditioning system (PCS) [27]. The paper
proposes the use of a fast DC charging connector to

interface the HPV system with the EVB, presenting
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modes of operation and control system. The study
suggests that using EVBs of less used cars to support
residential solar PV can mitigate power fluctuations and
reduce the burden on local power grids. This system can
be part of a micro-grid or smart grid framework with a
flexible [28]. Additionally, the

integration of permanent magnet synchronous motor

control algorithm
(PMSM) drive applications in EVs enhances their
efficiency and performance. PMSM drives offer high
torque density, wide speed range, and improved
efficiency, making them ideal for EV propulsion
systems. By incorporating PMSM drives into EVs,
vehicle manufacturers can achieve higher energy
efficiency, longer driving range, and superior
performance, further advancing the adoption and

sustainability of electric transportation.

2. SYSTEM CONFIGURATION

The system configuration for integrating renewable
energy sources with electric vehicle (EV) charging
infrastructure involves the strategic placement of solar

photovoltaic (PV) systems and wind turbines to capture

and generate clean energy. These renewable energy
sources complement each other, with solar PV systems
generating power during daylight hours and wind
turbines producing electricity both day and night,
thereby mitigating the intermittency of renewable
energy generation and enhancing grid reliability. Energy
storage units (ESUs), often in the form of battery storage
systems like lithium-ion batteries, are employed to store
excess energy generated by solar and wind systems
during periods of low demand or high generation,
ensuring a reliable and continuous power supply for EV
charging. Additionally, the integration of onboard
electric vehicle charging systems with interleaved boost
converters optimizes charging efficiency, minimizes grid
impact, and reduces charging times. This approach
enables EVs to efficiently utilize power from the grid
while mitigating strain on the distribution grid. The
system  also incorporates  permanent  magnet
synchronous motor (PMSM) drive applications in EVs to
enhance their efficiency, torque density, and overall
performance, further advancing the adoption and

sustainability of electric transportation
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Fig .1 system configuration of an Advanced Distribution Grid for Electric Vehicle Charging

3. MODE OF SYSTEM OPERATION

Electric vehicle charging stations and renewable energy
sources like wind turbines and solar photovoltaic (PV)
systems work together to power the system. Unlike wind

turbines, which create power 24/7, solar photovoltaic

systems only use sunshine during the day. The
intermittency of renewable energy sources may be
reduced by combining solar and wind power output.
This results in a more constant and stable power supply

for electric vehicle charging. The system uses energy
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storage units (ESUs) to deal with changes in renewable
energy production and changes in the demand for
charging electric vehicles. During times of high
generation or low demand, these ESUs store the extra
energy, usually in the form of lithium-ion batteries.
Energy storage units (ESUs) provide a constant power
supply for electric vehicle charging by storing excess
energy, even in periods of low or high demand or
renewable energy output. Electric vehicles may have
their charging efficiency maximised using interleaved
boost converters, reducing grid strain. The energy stored
in ESUs may be effectively transformed into the voltage
and current needed to charge electric vehicles by use of
these converters. The technology improves charging
efficiency by reducing load on the distribution grid and
charging times via this method of management. Smart
grid interaction between EVs and the power grid is also
made possible by the system, which considers things like
renewable energy production patterns and grid load.
When charging takes place at the most efficient periods,
supply and demand are balanced, and renewable energy
sources are used to their fullest potential while
non-renewable sources are minimised. By interacting
with the grid in this way, electric vehicles may help
achieve grid stability and sustainability goals while
making optimal use of grid electricity. Electric vehicles'
performance and economy are both improved by using
permanent magnet synchronous motor (PMSM) driving
applications. PMSM motors are a boon to electric vehicle
development since they outperform conventional motors
in terms of efficiency and torque density. The integration
of PMSM drive applications into the system further
improves the eco-friendliness of EVs, which in turn
encourages their broad use and decreases dependency
on fossil fuels. Sustainable, efficient, and dependable
electric mobility is made possible by the integrated
system's coordinated operation, which makes use of
renewable energy production, energy storage, an
optimised charging infrastructure, and cutting-edge
motor technology. The system helps move us towards a
greener, more sustainable energy future by maximising
the use of renewable energy and improving the way
electric vehicles are charged.

1. The grid is integrated with renewable energy sources
to supply electricity for charging electric vehicles.

A sustainable and advanced method of powering

transportation is the integration of renewable energy

sources into the grid for the charging of electric vehicles
(EVs) as shown in fig.2. Solar photovoltaic (PV) systems
and wind turbines are strategically placed to create
power using the natural resources of sunshine and wind.
Optimising the performance of these renewable energy
sources is greatly assisted by the Perturb and Observe
(P&O) and Maximum Power Point Tracking (MPPT)
algorithms. These algorithms dynamically modify the
operational parameters of the sources to guarantee they
function at their maximum power output. Combining
the output of wind turbines and solar photovoltaic (PV)
systems, which generate electricity all day long, can
create a steady and dependable power source for
charging electric vehicles. Grid-tie inverters allow for the
seamless integration of renewable energy into the
current electrical system by distributing the generated
power to charging stations throughout the network.
Advanced algorithms that carefully manage the power
flow and prioritise renewable energy sources whenever
possible control the charging of electric vehicles. To
maximise the use of renewable energy resources, EV
charging is optimised at times of low grid demand or
periods of high renewable energy output. By reducing
transportation's environmental impact and successfully
balancing supply and demand, this serves to ease
pressure on the grid. The integration of bidirectional
charging capabilities enables grid-to-vehicle and
Grid-to-vehicle  (G2V)

charging allows EVs to draw power from the grid,

vehicle-to-grid  operations.
supplementing their onboard battery storage. This

functionality is particularly wuseful during peak
renewable energy generation periods, when excess
energy can be stored in EV batteries for later use.
(V2G) EVs to

discharge stored energy back into the grid when needed.

Vehicle-to-grid operation enables
During periods of high demand or low renewable
energy production, EVs can serve as distributed energy
resources, providing valuable energy storage and grid
stabilisation services. Improving the stability and
dependability of the grid relies heavily on energy
storage technology like lithium-ion batteries. During
periods of abundant renewable energy production, these
systems store the extra energy and release it when
demand is high or output is low. They provide a reliable
and consistent power source for charging electric
vehicles (EVs) by acting as a buffer against variations in

renewable energy production or grid circumstances. All
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things considered, the integrated system is a huge step
forward in terms of environmentally friendly transport
networks. Utilising energy storage systems, streamlining
charging processes, and utilising renewable energy
sources together provide a comprehensive strategy for
addressing the growing demand for electric mobility in a
way that promotes environmental sustainability and

grid resilience
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1. Maximum Power Point Tracking (MPPT):

e The MPPT algorithm aims to maximize the power
output of renewable energy sources like solar PV
systems and wind turbines.

e One common MPPT algorithm is the Perturb and
Observe (P&O) method, which
operating point of the system and observes the

adjusts  the

resulting change in power output.

2. Power Output of Solar PV Systems: The power
output (Ppy) of a solar PV system can be calculated
using the formula:

Ppy = AX G Xnpy
Where:
e Ais the area of the solar panels (m?),
e Gis the solar irradiance (W/m?), and

e 1py is the efficiency of the solar PV system.

3. Power Output of Wind Turbines: The power output
(Pwina) of a wind turbine can be calculated using the
formula:

Pyina =%XPXAXU3 X Nwind
Where:
e pis the air density (kg/m3),
e A is the swept area of the wind turbine rotor
(m?),
e Vis the wind speed (m/s), and
®  Twing is the efficiency of the wind turbine.

4. Boost Converter Output Voltage: The output

voltage (V,,.) of a boost converter can be calculated

using the formula:
DXVip
1-D

Vour=
where:
e D is the duty cycle of the converter (unitless),
and
e V;, isthe input voltage (V).

5. Battery Charging Power: The power (Ppqirery )
delivered to charge the battery can be calculated
using the formula:

Ppattery = Vbattery X Ipattery
where:
®  Vpattery is the battery voltage (V), and
®  lpattery i the charging current (A).

6. Energy Stored in Batteries: The energy stored
(Epattery) in the battery can be calculated using the
formula:

Ebattery = Vbattery X Cbattery
Where:

®  Cpattery Is the battery capacity (Ah).

2. Convenient on-board charging for electric vehicles.

Electric vehicle (EV) onboard charging systems start by
obtaining alternating current (AC) power from outside
sources, including charging stations or outlets that are
linked to the grid. A rectifier converter is used to ensure
that this AC power is compatible with the vehicle's
battery system. In order to charge the electric vehicle's
battery pack, this converter converts the incoming
alternating current (AC) electricity to direct current
(DC). In order to charge the battery pack, the DC voltage
may need to be boosted after conversion. Interleaved
boost converters are useful in this situation. The DC
voltage is effectively increased with little current ripple
because of the parallel operation of these converters,

which distribute the effort over numerous stages.
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enhanced,

transmission is made smoother by operating in an

Charging performance is and power
interleaved fashion. The electric vehicle's BMS and
battery pack get the enhanced DC voltage output from
the interleaved boost converters. The BMS, which has
sophisticated monitoring and control functions, keeps an
eye on and regulates the charging process to ensure its
effectiveness and safety. Optimal charging speed and
protection of the battery cells from overcharging, over
current, and overheating are achieved via charging
algorithms included in the BMS, which control the
charging current and voltage. Efficiency and less grid
impact are two major benefits of this onboard charging
system as shown in fig.4. The technology reduces power
losses and energy consumption while charging electric
vehicles by effectively transforming alternating current
(AC) electricity from outside sources into direct current
(DC) power. Both the charging process and the grid are
made more efficient as a result of this, especially during
of high demand. To

converters and

times summaries, rectifier
interleaved boost converters work
together to promote sustainability and energy savings in
transportation via dependable and efficient electric car
charging.
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Fig.5 control design of on-board electric vehicle charging
with interleaved boost converter
1. Rectifier Converter Output Voltage (V;.): The
output voltage of the rectifier converter depends on
the input AC voltage and the rectification method.
For a full-wave rectifier, the output DC voltage can
be approximated as:
_ Vo X V2 = Vaioqe
dc — 2

Where:
eV, is the input AC voltage (rms),
o Viioae is the voltage drop across the diodes in the
rectifier.
2. Interleaved Boost Converter Output Voltage (V,,.):
The output voltage of the interleaved boost

converter can be calculated using the formula:
D xV;
out = 1-D
Where:
e Dis the duty cycle of the converter (unitless),

e Vinis the input voltage (V).

3. Charging Power (Ppgery): The power delivered to
charge the EV battery pack can be calculated using
the formula:

Pbattery = Vbattery X Ibattery
Where:

®  Vhattery is the battery voltage (V),
®  lyattery is the charging current (A).

4. Battery Charging Efficiency (n): The efficiency of
the charging process can be calculated as the ratio of
the power delivered to the battery pack to the power
input from the grid:

L P battery

n = 2V % 100%
grid

Where:
® P4 is the power input from the grid (W).

5. Energy Losses (Pj;): The power losses in the
charging system can be calculated as the difference
between the power input from the grid and the
power delivered to the battery pack:

Pioss = grid — Pbattery

3. Electric vehicle battery to PMSM motor drive

The operation of an electric vehicle (EV) battery to
Permanent Magnet Synchronous Motor (PMSM) drive
system involves several key components working
together seamlessly as shown in fig.6. At the heart of the
system is the high-voltage battery pack, typically
comprising lithium-ion cells, which serves as the
primary energy storage unit for the vehicle. The battery
pack supplies direct current (DC) electricity to power the
vehicle's drive train and accessories. Before reaching the
motor, the DC output from the battery undergoes
conversion in a power electronics unit, which typically
includes a DC-DC converter and an inverter. The DC-DC

converter steps down the battery's high voltage to a level
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suitable for powering auxiliary systems within the
vehicle, such as lights and air conditioning. Meanwhile,
the inverter is responsible for converting the DC voltage
into alternating current (AC) necessary for driving the
PMSM motor. This AC output is then supplied to the
PMSM motor, which serves as the primary propulsion
system for the electric vehicle. The PMSM motor, with its
permanent magnets and synchronous operation,
efficiently converts the electrical energy into mechanical
motion, driving the wheels of the vehicle and providing
the desired torque and speed. Through this integrated
system, electric vehicles can achieve smooth and
responsive performance while maximizing energy

efficiency and minimizing environmental impact.
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Fig.6 PMSM drive with electric vehicle battery system
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Fig. 7 Control design of PMSM drive with electric vehicle

battery system

1. Battery Voltage (Vpgery): The voltage of the battery
pack can be calculated as the product of the number
of cells (N¢g;;) and the voltage per cell (Veey):
Vpattery = Neeu X Veen

2. DC-DC Converter Efficiency ( fconverter ): The
efficiency of the DC-DC converter, which steps
down the battery voltage for auxiliary systems, can
be calculated as the ratio of the output power (Pyy;)
to the input power (Py,):

P t
Nconverter = ;_u X 100%
in

3. Inverter Efficiency (1;,perter): The efficiency of the
inverter, which converts DC to AC for the PMSM
motor, can be calculated similarly as the ratio of

output power (P,,;) to input power (P;,):

Pout
Niinverter = ;u X 100%
i

4. Power (P,o0r): The power delivered to the PMSM
motor can be calculated using the formula:

Pmotor = Vinverter X IthOT

Where:
¢ Vinverter is the voltage supplied by the inverter to the
motor (V), and
®  Inotor is the current drawn by the motor (A).
5. Torque (Ty510r): The torque produced by the PMSM
motor can be calculated using the formula:

Pmotor

Tmotor -
Wmotor

Where:
®  Wpotor is the angular velocity of the motor (rad/s).
6. Speed (w;00r): The angular velocity of the motor

can be calculated as:

2N
“m =60

Where:
N is the rotational speed of the motor (rpm).

4. RESULTS AND DISCUSSION
1. Simulation results for different variations of
renewable sources and integrated grid conditions

The simulation results offer valuable insights into the
performance and impact of different configurations of
renewable energy sources and their integration with the
grid as shown in fig.8. They analyze variations of solar
photovoltaic systems and wind turbine designs,
providing data on factors influencing energy generation.
These findings aid in selecting the most efficient
renewable energy solutions. The simulation of grid
integration scenarios assesses the implications of
renewable energy penetration on grid stability and
reliability. It explores different levels of integration,
storage capacity, and demand response strategies,
revealing potential benefits of increased renewable
energy penetration in enhancing grid resilience. The
simulations also highlight the importance of distributed
generation and microgrid configurations in bolstering
grid resilience under extreme conditions, such as natural
These

renewable energy

disasters or equipment failures. findings

underscore the significance of
integration in reducing dependency on centralized
infrastructure and mitigating climate change impacts.
The

understanding of the environmental, economic, and

simulation results contribute to a

deeper
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operational  implications of renewable energy
integration, informing policy decisions and investment
strategies for a more sustainable and resilient energy

future.
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Fig.8 different power variation of Advanced Distribution
Grid for Electric Vehicle Charging

2. Simulation results for on-board electric vehicle
charging
Onboard (EV)

simulation findings, including DC-DC interleaved boost

electric  vehicle charging  system
converters, provide light on how efficient and effective
this technology is. These simulations provide a thorough
grasp of the functioning of onboard charging systems,
their effects on EV operation, grid interaction, and
energy efficiency as a whole by evaluating a wide range

of factors and situations as shown in fig.9. Under various

settings, the simulation evaluates the speed and
efficiency of onboard charging systems that use DC-DC
interleaved boost converters. In order to charge the
vehicle's battery, these converters are essential for
effectively increasing the voltage from the battery.
Scientists can find the best setup for transferring power
efficiently with minimal losses by playing around with
factors like duty cycle, number of interleaved converters,
and switching frequency. Manufacturers may utilise
these insights to improve the design of onboard charging
systems for electric vehicles, making them more
user-friendly and lowering charging times and energy
usage. When it comes to controlling peak demand and
maintaining grid stability, models also examine the
effects of onboard charging systems with DC-DC
interleaved boost converters on the grid. Considerations
including charging schedules, grid congestion, and
renewable energy integration are part of the analysis of
how EVs using these converters interact with the grid
during charging events. Simulations shed light on the
potential of onboard charging systems to alleviate power
grid strain and optimise electrical resource utilisation via
the examination of smart charging methods and demand
response enabled by interleaved boost converters.
Onboard charging systems that use renewable energy
sources, such solar panels built into the car, may also be
considered in these models. The amount of solar energy
that goes into charging, its impact on the vehicle's overall
efficiency, and its interactions with the grid may be
better understood by modelling the production and
consumption of energy by electric vehicles equipped
with integrated solar panels and DC-DC interleaved
boost converters. These findings provide valuable
information for designing environmentally friendly
electric vehicle charging systems that make use of
renewable energy sources to lessen our reliance on fossil
fuels and cut down on emissions, all while improving

grid integration and stability
20
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3. Simulation results for the electric vehicle to PMSM
drive application

Important insights into the efficiency and performance
(EV)
Synchronous Motor (PMSM) driving applications have

of electric vehicle to Permanent Magnet

been uncovered by simulation findings as shown in
fig.10. These models examine motor torque, speed, and
power in various scenarios,

production driving

including acceleration, cruising, and regenerative
braking. To maximize energy efficiency and driving
range while assuring smooth and responsive vehicle
performance, simulations assist optimize control
algorithms and operating strategies by adjusting aspects
including battery state of charge, vehicle load, and
driving profile. They also assess how grid integration
and power consumption are affected by PMSM drive
applications. Taking into account variables like charging
infrastructure, grid demand, and renewable energy
integration,  researchers  examine the energy
consumption trends of electric vehicles using PMSM

drives throughout the charging and driving cycles. By

exploring the potential for demand response and smart
charging techniques, simulators help us determine the
optimal use of EV-PMSM drive systems, preventing grid
overload and maximising power efficiency. To further
improve the performance and dependability of
EV-PMSM drive systems, simulations may further
investigate the possibility of using sophisticated control
algorithms and power management techniques. Vehicle
propulsion, battery management, and external grid
infrastructure interactions may be modelled to find areas

for improvement and new developments.
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Fig.10 simulation results of PMSM drive application

with electric vehicle battery

5. CONCLUSION
The integration of renewable energy sources like solar
photovoltaic systems and wind turbines with electric
vehicle (EV) charging infrastructure is a promising
solution to address challenges related to EV charging
stability. This

intermittency  of

and grid approach mitigates the

renewable energy generation,
enhancing grid reliability and stability. Energy storage

units (ESUs), including EV batteries (EVBs), balance
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supply and demand by storing excess energy and
injecting it into the grid when needed. The use of EVBs
as energy storage systems (ESS) is cost-effective and
supports renewable energy integration. Onboard EV
charging systems with interleaved boost converters
improve charging efficiency, reduce grid impact, and
accelerate EV adoption. The integration of permanent
magnet synchronous motor (PMSM) drive applications
further enhances EV efficiency, performance, and
sustainability. Recent research has focused on designing
solar-powered EV charging and discharging systems for
residential PV applications. Fast DC charging connectors
and advanced control systems facilitate bidirectional
power transfer between HPV systems and EVBs,
contributing to grid stability and reducing power

fluctuations

Conflict of interest statement
Authors declare that they do not have any conflict of

interest.

REFERENCES

[1] Wencong Su, Habiballah Rahimi-Eichi, Wente Zeng, Mo-Yuen
Chow, “A Survey on the Electrification of Transportation in a
Smart Grid Environment,” IEEE Trans. Ind. Informat., vol.8, no.1,
pp-1-10, Feb. 2012.

[2] C.C. Chan, Alain Bouscayrol, Keyu Chen, “Electric, Hybrid, and
Fuel- Cell Vehicles: Architectures and Modeling,” IEEE Trans.
Veh. Technol., vol.59, no.2, pp.589-598, Feb. 2010.

[3] C.C. Chan, “The State of the Art of Electric, Hybrid, and Fuel Cell
Vehicles,” Proc. IEEE, vol.95, no.4, pp.704-718, Apr. 2007.

[4] Viet T. Tran, Md. Rabiul Islam, D. Sutanto, K. M. Muttagi “ A
solar power EV charging or discharging facility to support local
power grids” Proc. 53th IEEE Ind. Appl. Soc. Annu. Meeting
Conf., Portland, OR, USA, Sept. 2018, pp. 1-7.

[5] K. Clement-Nyns, E. Haesen, and J. Driesen, “ The Impact of
charging plug-in hybrid electric vehicles on a residential
distribution grid,” IEEE Trans. Power Syst., vol. 25, no. 1, pp
371-380, Feb. 2010.

[6] K. Qian, C. Zhou, M. Allan, and Y. Yuan, “ Modeling of load
demand due to EV battery charging in distrbution systems,” IEEE
Trans. Power Syst., vol. 26, no. 2, pp 802-810, May 2011.

[7] Chenrui Jin, Jian Tang, Prasanta Ghosh, “Optimizing Electric
Vehicle Charging: A Customer’s Perspective,” IEEE Trans. Veh.
Technol., vol.62, no.7, pp.2919-2927, Sept. 2013.

[8] Ming Zeng, Supeng Leng, Yan Zhang, “Power Charging and
Discharging Scheduling for V2G Networks in the Smart Grid,”
IEEE ICC International Conference
Workshops, pp.1052-1056, June 2013.

[9] Mithat C. Kisacikoglu, Metin Kesler, Leon M. Tolbert,
“Single-Phase On-Board Bidirectional PEV Charger for V2G
Reactive Power Operation,” IEEE Trans. Smart Grid, vol.6, no.2,
pp.767-775, Mar. 2015.

on Communications

[10] Rong Yu, Weifeng Zhong, Shengli Xie, Chau Yuen, Stein Gjessing,
Yan Zhang, “Balancing Power Demand Through EV Mobility in
Vehicle-to-Grid Mobile Energy Networks,” IEEE Trans. Ind.
Informat., vol.12, no.1, pp.79-90, Feb. 2016.

[11] Fabian Kennel, Daniel Gorges, Steven Liu, “Energy Management
for Smart Grids With Electric Vehicles Based on Hierarchical
MPC,” IEEE Trans. Ind. Informat., vol.9, no.3, pp.1528-1537, Aug.
2013.

[12] Rong Yu, Weifeng Zhong, Shengli Xie, Chau Yuen, Stein Gjessing,
Yan Zhang, “Balancing Power Demand through EV Mobility in
Vehicle-to-Grid Mobile Energy Networks,” IEEE Trans. Ind.
Informat., vol.12, no.1, pp.79-90, Feb. 2016.

[13] Murat Yilmaz, Philip T. Krein, “Review of the Impact of
Vehicle-to-Grid Technologies on Distribution Systems and Utility

Interfaces,” IEEE Trans. Power Electron., vol.28, no.12,
pp-5673-5689, Dec. 2013.
[14] Chunhua Liu, K. T. Chau, Diyun Wu, Shuang Gao,

“Opportunities  and Vehicle-to-Home,
Vehicle-to-Vehicle, and Vehicle-to-Grid Technologies,” Proc.
IEEE, vol.101, no.11, pp.2409-2427, Nov. 2013.

[15] Vitor Monteiro, J. G. Pinto, Joao L. Afonso, “Operation Modes for
the Electric Vehicle in Smart Grids and Smart Homes: Present and
Proposed Modes,” IEEE Trans. Veh. Tech., vol.65 mno.3,
pp-1007-1020, Mar. 2016.

[16] Sam Weckx, Johan Driesen, “Load Balancing With EV Chargers
and PV Inverters in Unbalanced Distribution Grids,” IEEE Trans.
Sustain. Energy, vol.6, no.2, pp.635-643, Apr. 2015.

[17] Willett “Vehicle-to-Grid Power

Implementation: From Stabilizing the Grid to Supporting

Challenges  of

Kempton, Jasna Tomic,
Large-Scale Renewable Energy,” ELSEVIER Journal of Power
Sources, vol.144, pp.280-294, Apr. 2015.

[18] S. Abedlrazek and S. Kamalasadan, “Integrated PV capacity
firming and energy time shift battery energy storage management
using energy oriented optimization,” IEEE Trans. Ind. Appl., vol.
52, no. 3, pp. 2607-2617, May/Jun. 2016.

[19] S. Barcellona, L. Piegari, V. Musolino, and C. Ballif, ““Economic
viability for residential battery storage systems in grid-connected
PV plants,” IET Renew. Power Gener., vol. 12, no. 2, pp. 135-142,
Feb. 2018.

[20] M.]. E. Alam, K. M. Muttaqi, and D. Sutanto, "Effective utilization
of Available PEV Battery Capacity for Mitigation of Solar PV
impact and Grid Support With Integrated V2G Functionality,"
IEEE Trans. Smart Grid, vol. 7, no. 3, pp. 1562-1571, May 2016.

[21] Nupur Saxena et al, "Implementation of a Grid-Integrated
PV-Battery System for Residential and Electrical Vehicle
Applications", IEEE Trans. Ind. Electron., vol. 65, no. 8, pp.
6592-6601, Aug. 2018.

[22] N. Liu, Q. Chen, X. Lu, J. Liu, and J. Zhang, “A charging strategy
for PV-based battery
availability and self-consumption of PV energy,” IEEE Trans. Ind.
Electron., vol. 62, no. 8, pp. 4878-4889, Aug. 2015.

[23] L Sengor et al., “Optimal Energy Management of EV Parking Lots

switch stations considering service

Under Peak Load Reduction Based DR Programs Considering
Uncertainty,” IEEE Trans. Sustain. Energy, vol. 10, no. 3, pp.
1034-1043, Jul. 2019.

[24] K. Mahmud et al., “Peak-Load Management in Commercial
Systems With Electric Vehicles,” IEEE Systems Journal, vol. 13,
no. 2, pp. 1872-1882, Jun. 2019.

429International Journal for Modern Trends in Science and Technology



[25] F. Marra et al., “EV charging facilities and their application in LV
feeders with photovoltaics,” IEEE Trans. Smart Grid, vol. 4, no. 3,
pp- 1533-1540, Sep. 2013.

[26] F. Marra et al., “Improvement of local voltage in feeders with
photovoltaic using electric vehicles,” IEEE Trans. Power Syst., vol.
28, no. 3, pp. 3515-3516, Aug. 2013.

[27] U. C. Chukwu and S. M. Mahajan, “V2G parking lot with PV
rooftop for capacity enhancement of a distribution system,” IEEE
Trans. Sustain. Energy, vol. 5, no. 1, pp. 119-127, Jan. 2014.

[28] Q. Chen, N. Liu, C. Hu, L. Wang, and J. Zhang, “Autonomous
energy management strategy for solid-state transformer to
integrate PV-assisted EV charging station participating in
ancillary service”, IEEE Trans. Ind. Inf., vol. 13, no. 1, pp. 258-269,
2017.

430International Journal for Modern Trends in Science and Technology



