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ABSTRACT

This paper proposes a smart integration framework for grid infrastructure and solar and wind microgrid systems to improve

the charging of electric vehicles and the driving of Permanent Magnet Synchronous Motors (PMSMs). The framework aims to
optimize renewable energy utilization and enhance the efficiency of electric vehicle charging and PMSM driving by coordinating
grid infrastructure. It allows seamless integration with AC microgrid operations and incorporates bidirectional power flow
capabilities, enabling efficient energy exchange. The framework also facilitates grid-to-vehicle (G2V) and vehicle-to-grid (V2G)
energy transactions, which are crucial for maximizing renewable energy utilization. These transactions enable the microgrid to
charge electric vehicles during periods of high renewable energy generation, reducing reliance on fossil fuels. Additionally,
vehicle-to-grid (V2G) energy transactions allow the microgrid to tap into stored energy in electric vehicle batteries during peak
demand periods, enhancing grid stability and reliability. The proposed framework has been validated through comprehensive
simulations using MATLAB/Simulink, optimizing energy management, maximizing renewable energy utilization, and ensuring

grid stability.

KEYWORDS: Solar and wind microgrid systems, Electric vehicles (EVs), Permanent Magnet Synchronous Motors (PMSMs), AC
microgrid operations.

1. INTRODUCTION

The electric vehicle (EV) has grown in popularity owing
to government, automaker, and environmentalist
initiatives [1]. EVs seem hopeful for ending fossil fuel
use, air pollution, and climate change. However, many

issues remain, and EVs are meant to be charged

periodically using grid energy. First, moving to electric
cars may not lower pollution if grid energy came from
coal-fired power stations. EVs with PMSM motors are
more energy efficient and emit less even when charged
with grid power. Second, as EVs expand, the local

distribution system may suffer. People charge their
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electric cars at home after work. This strains the local
distribution power system and causes voltage control,
harmonic contamination, frequency changes, and other
issues. [2]-[6]. A normal load increase is difficult for
power providers to manage and prepare for. If charging
is not correctly controlled, the distribution system may
be overwhelmed by an unexpected demand increase.
Thus, to handle EV charging demand, the distribution
grid must be updated [4]. PMSM drives improve EV
energy efficiency and minimise distribution grid load by
optimising power usage during charging cycles.
Meanwhile, distribution grid integration of house
photovoltaic (HPV) systems is growing. If HPV systems
push surplus energy back into the feeder at noon, when
residences consume less power, the voltage might rise
and the line may overload. [7], [8]. Standard technique
(ESU) to mitigate
extremely penetrating HPV systems [9], [10]. HPV

requires energy storage units

owners may be reluctant to invest in an ESU without
government or utility support since it would add to their
plans. [11]. Recent proposals include an energy storage
system (ESS) based on electric vehicle batteries to
minimise PV system intermittency [12-14]. PMSM drives
in EVs have two benefits. They store extra HPV energy
effectively during off-peak  hours, decreasing
distribution grid load, and they enable bidirectional
energy transfer. As electricity demand grows,
energy-vesting batteries (EVBs) can store solar power
and release it back into the grid. EVBs powered by HPV
systems may reduce midday voltage spikes. This
increases HPV penetration in the distribution grid,
which would otherwise be limited by high HPV
penetration. Recent years have seen greater interest in
using the EVB to support the electric grid during peak
demand. Electric vehicle batteries and solar PV energy
can reduce peak loads [15], [16]. PMSM drives enable
efficient energy storage and retrieval in EV batteries,
stabilising grid voltage and mitigating intermittent
renewable energy fluctuations. An energy management
strategy that uses electric car batteries in parking lots
might reduce the requirement for peak load demand
response algorithms [15]. Power management algorithm
optimises load factor during daytime electric vehicle
parking lot operation by taking into account EV arrival
and departure periods. The authors of [16] improved
commercial peak load management using EVs, battery

systems, and solar modules. The optimal use of EV

batteries for load balancing and peak shaving depends
on PMSM drives. The published research focused on the
impacts of charging stations at the office or parking lot,
although all authors addressed the system level. Energy
from EVBs may be injected into local feeders to stabilise
the grid feeder during peak demand [17-20]. Figure 1
shows a conventional solar and wind charging
infrastructure for electric automobiles that will supply
grid ancillary services. Charging stations, solar and
wind-powered parking garages, and commercial
buildings with charging facilities may leverage this
infrastructure. Microgrids with intermittent renewable
energy may be powered by energy storage. Electric
vehicle (EV) batteries may provide efficient microgrid
storage after charging. Most personal automobiles
remain in parking lots for 22 hours a day, making them
idle assets. Electric cars can help micro-grid energy
management by storing and
Vehicle-to-grid  (V2G)

challenges in the general electricity grid, including

recharging energy.
applications have several
regulation, EV requirements, and implementation in the
near future [21]. Here, a microgrid V2G system may be
created quickly. The Society of Automotive Engineers
offers three electric car charging grades. Level 1 charging
requires both the vehicle's built-in charger and a 120V
household outlet. People who don't move more than 60
km per day and have all night to charge may utilise this
slowest approach. Level 2 charging may be done using
220 V or 240 V and up to 30 A of power with EVSE at
home or at a public station. Direct current quick charging
is level 3. DC rapid charging stations can charge in 20-30
minutes with 90 kW at 200-450 V. EV energy storage
requires quick power transfer, hence microwave grids
employ DC fast charging for V2G design. Renewable
power sources may be added via the DC bus. Most
research has concentrated on V2G's usage in the power
grid for control, peak shaving, valley filling, and
spinning reserves [22]. V2G research on micro-grids to
support variable renewable energy output is early. Most
reported V2G works employ level 1 and level 2 ac
charging [23]. AC charging systems' maximum power
depends on the charger's rating. Another issue is that the
distribution infrastructure is not equipped for two-way
energy transfer. Technically sound charging station
(V2G)

technologies must be studied. A micro-grid facility

architectures for micro-grid vehicle-to-grid

design for DC quick charging stations with V2G
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capabilities is proposed in this study. Solar PV cells and
wind turbines may be incorporated into the micro-grid
over the same DC bus as EVs. New design allows
off-board chargers for high-power bidirectional charging
of electric cars. The suggested model is tested using
MATLAB/Simulink simulations for G2V and V2G
modes. To conclude, incorporating the Permanent
Magnet Synchronous Motor (PMSM) drive for electric
vehicle operation may boost economy and performance.
PMSM drives provide great efficiency, torque density,
and smooth operation. PMSM drives minimise energy
use in electric cars, making them more sustainable.
PMSM  drives'
between the vehicle and the grid supports grid

bidirectional energy transmission
stabilisation and renewable energy integration. PMSM
drives are essential to vehicle electrification and a

greener, more sustainable energy ecology.

2. SYSTEM CONFIGURATION
The integrated system configuration combines solar and

wind power generation with electric vehicle (EV)

charging infrastructure to promote sustainable
development and grid stability. Solar photovoltaic
arrays are installed on rooftops of charging stations,
parking garages, and commercial buildings, providing
clean, environmentally friendly power. Wind turbines
are strategically erected to harness wind energy during
low solar irradiance or at night. Energy-vesting batteries
(EVBs) are integrated with EVs, acting as efficient
storage devices for surplus energy generated from
renewable sources. EVBs store excess energy during low
demand or high renewable energy production, releasing
it back into the grid or charging EVs during peak
This
capability enhances grid stability and supports the

demand periods. bidirectional energy flow
widespread adoption of electric vehicles. This approach
maximizes the benefits of renewable energy sources,
promotes energy efficiency, and advances the transition
towards a more sustainable and resilient energy

ecosystem.
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Fig.1 system configuration of AC-DC microgrid electric vehicle charging station

3. DESIGN AND IMPLEMENTATION OF SYSTEM
CONFIGURATION
1. Solar MPPT boost converter

Solar power is a crucial solution for combating
climate change and reducing greenhouse gas emissions.
It offers a clean alternative to traditional fossil fuels and
is cost-effective as shown in fig.2. Boost converter
technology is essential for maximizing the efficiency and

reliability of solar power systems, converting direct

current output from solar panels into alternating current
suitable for homes and businesses. This technology not
only enhances the performance of solar power systems
but also contributes to the integration of renewable
energy into the broader electricity grid. The Perturb and
Observe (P&O) maximum power point tracking (MPPT)
algorithm works with boost converter technology to get
the most power out of solar panels by constantly
changing their This

operating points. algorithm
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dynamically tracks changes in solar irradiance and
temperature, ensuring solar panels operate at their
maximum power point under varying environmental
conditions. This fine-tuning of voltage and current levels
reliability. The

combination of boost converter technology and the P&O

enhances system efficiency and
MPPT algorithm facilitates the widespread adoption of
solar power for various applications, including electric
vehicle (EV) charging systems. Solar power supports the
electrification of transportation, reducing dependence on
fossil fuels and mitigating harmful emissions. As
governments, businesses, and individuals prioritize
sustainability and environmental stewardship, the
integration of solar power with innovative technologies
like boost converters and MPPT algorithms represents a

crucial step towards a cleaner, more sustainable energy

future.
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Fig.2 solar PV boost converter system
e PV Panel Output Power (P):

P =Vpy X Ipy @

Where:

Vpy = Voltage output from the solar panel
array

Ipy = Current output from the solar panel
array

e Perturbation in Voltage (AV) or Current (Al):
AV = Step Size X Sign of Power Chnage
Al = Step Size X Sign of Power Chnage
The step size is a small increment or
decrement applied to the voltage or current.

b Instantaneous Power ( Pinstaneous ): Pinstantneous =

Vey X Ipy 2)
® Power Change (AP): AP = Pinstantneous - PPrevious
Where

Pprevious 1is the previous value of
instantaneous power.

¢ Duty Cycle (D):

D= ©

Where:

Vo = Output voltage of the boost converter

Vin = Input voltage of the boost converter
2. Wind power generation with P and O MPPT boost
converter
Converting the Permanent Magnet Synchronous
Generator's (PMSG) alternating current (AC) output to
direct current (DC) is an essential step in incorporating it
into a renewable energy system as shown in fig.3. A
rectifier that converts alternating current (AC) into direct
current (DC) using pulses is used for this purpose. In
order to get the produced power ready for DC-based
applications, the rectifier circuit utilises diodes to
guarantee a unidirectional flow of energy. After that, a
DC-to-DC boost converter is used to raise the voltage
level while keeping the output steady, using the
converted DC voltage as input. The boost converter now
has an MPPT algorithm attached to it, which stands for
Perturb and Observe. To maximise power production,
this algorithm continuously monitors the PMSG's power
output and adjusts the operating voltage or current
accordingly. The total performance and efficiency of the
renewable energy system are improved via this iterative
optimisation process. There are many advantages to
combining a PMSG with an AC-to-DC rectifier and a
DC-to-DC boost converter that are equipped with the
P&O MPPT algorithm. These include efficient power
conversion from AC to DC, energy harvesting, and

overall performance and dependability.

NPT A?_-__-_ (PI}—[PWM—%
(54)
Iy _|Aigorithm| %
Vw

Fig.3 wind power generation system
1. AC to DC Rectifier:
The output voltage (Vpc) of the rectifier can be

calculated using the peak AC voltage (VAC,peak) and
the voltage drop across the diode (Vy;04.):
Vbe = Vac,peak = Vaiode 4)
2. DC to DC Boost Converter:
The output voltage (V,,:) of the boost converter is

given by:
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Vour = 122 5)

Where:

Vin is the input voltage.

D is the duty cycle of the boost converter.

3. Perturb and Observe (P&O) MPPT Algorithm:

The change in power (AP) is calculated as:

AP = Piew — Poia (6)

The change in voltage or current (AV or Al) is then
calculated based on the sign of (\DeltaP):

AV = Step Size x Sign(AP) ?)

Al = Step Size X Sign(AP)

3. Battery Charger Configuration

In a bidirectional DC-DC converter designed for electric
vehicle (EV) charging applications, the operation is
tailored to efficiently manage energy flow between the
EV battery and the grid or charging station as shown in
fig.4. This converter is equipped with separate switches,
namely S1 for charging (buck mode) and S2 for
mode), versatile

discharging (boost allowing for

operation and effective battery management.

Battery

Fig. 4. Battery charger configuration
Buck Mode (charging):
Buck mode is a mode where the switch S1 is closed to
enable EV battery charging. This mode steps down the
input voltage from the grid or charging station to a
suitable level for charging the battery. The duty cycle (D)
of the converter regulates the ratio of output voltage to
input voltage, allowing the converter to efficiently
regulate charging voltage and minimize losses. It also
ensures high efficiency by carefully managing the energy
transfer process.
Output Voltage (Vy) : Voye = D X Vi
Duty Cycle (D): D = —-ou__ 8)

Vout+Vdiode

Boost Mode (Discharging):

In boost mode, the switch S2 is closed to enable the EV
battery's discharging, allowing the converter to step up
the battery voltage for energy back to the grid or
charging station. The converter's duty cycle (D), which

matches the output voltage to the input voltage and

ensures compatibility with grid or charging station
requirements, enables this bidirectional energy flow.
This operation allows the EV battery to contribute power
to the system.

Output Voltage (V;) :

Vin
Vo =17 )
Duty Cycle (D):
D=_——ou (10)

 Voutr+Vdiode

d. Efficiency and Energy Transfer:

Efficiency is crucial in the operation of a bidirectional
DC-DC converter, as it minimizes energy losses during
charging and discharging cycles, enhancing the overall
effectiveness of an electric vehicle (EV) charging system.
Factors such as switching losses, conduction losses, and
component selection affect the converter's efficiency. The
energy transfer process in the converter is characterized
by the power flow between the EV battery and the grid
or charging station. The converter optimizes this process
by adjusting the duty cycle and controlling voltage levels
to match the requirements of the battery and external
power source. This ensures reliable and effective

operation of EV charging systems, promoting

sustainable energy management and widespread
adoption of electric vehicles.
o Efficiency: The efficiency (1) of the bidirectional
converter can be calculated using the following formula:
N = T2 X 100% (11)

in
Where:
P, is the output power.
Py, is the input power.
o Energy Transfer: The energy transferred (E) during a
charging or discharging cycle can be calculated using the
formula:
E= fttlzP(t) dt
Where:
P(t) is the power at time t.
4. Electric vehicle battery to PMSM motor drive

Electric vehicle (EV) drive systems include not only the

(12)

main parts shown in Figure 5, but also a number of other
important parts that work together to provide the best
possible performance and operation. The high-voltage
battery pack, with its main energy reservoir usually
made of lithium-ion cells, is at the heart of the system.
This battery pack is the engine that drives the electric

motor and gearbox, among other parts. The direct
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current (DC) output of the battery is transformed before
it reaches the motor in a power electronics unit, which
typically includes an inverter and DC-DC converter. The
inverter changes direct current (DC) into alternating
current (AC), which the permanent magnet synchronous
motor (PMSM) needs, and the DC-DC converter
regulates the high voltage of the battery to run ancillary
systems like lighting and air conditioning. The primary
means of moving the vehicle forward is the permanent
magnet synchronous motor (PMSM) motor, which
efficiently transforms electrical energy into mechanical
motion and transmits the necessary torque and speed to
the wheels. Strategies that absorb and recycle energy
during deceleration, such as regenerative braking, are
used to further optimise efficiency. Also, by keeping an
eye on important metrics like temperature and battery
charge, the BMS makes sure the battery pack is healthy
and lasts as long as possible. Superior energy efficiency,
little environmental impact, and responsive and smooth
road performance are all possible thanks to the careful
control of various and

integration and systems

components in electric cars.

T
mn——/\

YTE%%

b2
— C = SMS|
-
3 5
DC-DC bidirectional vSi
converter

Battery

S2

Fig.5 PMSM drive with electric vehicle battery system
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Fig. 6 Control design of PMSM drive with electric vehicle
battery system

1. DC-DC Converter Efficiency (Npc-pc): Mpc-pc =

Poube » 100% (13)

in,DC

Where:
Pyut ac is the output power of the DC-DC converter.
Py pc is the input power to the DC-DC converter.

2. Inverter Efficiency (Minvertery:

Pout,ac
. = 0
ntnverter P; X 100 /0
in,DC

(14)
Where:

Pyut ac is the output power of the inverter.

P;, pc s the input power to the inverter.

3. Motor Efficiency (Muotor):

Pout,Mechanical
— ourrrecnranicar 0,
NMotor X 100%

Where:

Pyt Mechanicar 15 the mechanical output power of the

(15)

Pin,Electrical

motor.

Pin Electricar 18 the electrical input power to the motor.

4. Torque (T) - Current (I) Relationship for PMSM: T =
Keorue X 1 (16)
Where:

ktorye is the torque constant of the PMSM.
5. Mechanical Power (Pyechanical):
Pyechanicar = T X @ (17)

Where:

w is the angular velocity of the motor.

6. DC-AC Conversion Power Losses: Pyysspc-ac =
Pin,pc = Pout,ac (18)

7. DC-DC Conversion Power Losses: Pyysspc-pc =
Pin pattery = Pout,nc (19)

4. CONTROL SYSTEM

A. Off-Board Charger Control

In the implemented constant current control strategy for
the battery charger circuit, a Proportional-Integral (PI)
controller plays a pivotal role in regulating the
charge/discharge process effectively. The strategy
commences by assessing the reference battery current
against zero to ascertain the polarity of the current
signal, thereby discerning between charging and
discharging modes. Once the mode is established, the
reference current is compared with the measured
current, generating an error signal that reflects the
deviation from the desired battery current. This error
signal is then fed into the PI controller, which comprises
The

proportional component promptly responds to changes

both proportional and integral components.
in the error signal, providing a rapid initial adjustment,
while the integral component integrates the error over
time to eliminate any residual steady-state error.
Consequently, the PI controller produces control signals
that adjust the switching pulses for 51/52 accordingly.
Throughout the charging process, S2 remains inactive,
while during discharging, S1 is deactivated. As shown in
fig.7 this control strategy ensures precise and efficient

regulation of the battery charge/discharge process,
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optimizing performance and safeguarding the battery's

health and longevity.

Ibatt_ref

Ibatt

Fig. 7. Constant current control strategy for battery
charger

B. Inverter Control

In the proposed cascade control strategy implemented in
synchronous reference frame for the inverter controller,
a sophisticated approach is adopted to ensure precise
regulation and enhanced performance. The conventional
standard vector control, depicted in Fig. 8, employs four
Proportional-Integral (PI) controllers arranged in a
This

comprises two outer voltage control loops and two inner

nested loop structure. control architecture
current control loops, each serving a specific purpose.
The outer voltage control loops operate on the d-axis and
g-axis, where the d-axis loop governs the DC bus voltage
while the g-axis loop regulates the AC voltage
magnitude by adjusting the reactive current. Within each
outer loop, there exists an inner current loop responsible
for controlling the active AC current on the d-axis and
the reactive current on the g-axis. Additionally, dq
decoupling terms, represented by wL, and feed-forward
voltage signals are introduced to enhance performance
during transient conditions. These features contribute to
the robustness and effectiveness of the control strategy,
allowing for precise and dynamic control of the

inverter's operation in synchronous reference frame.

Fig. 8. Inverter control system

5. SIMULATION RESULTS AND DISCUSSION
1. Different variation power in mocrogrid system
A hybrid AC/DC grid is suggested in this research as a
novel method of charging electric vehicles. Faster
charging times and better grid integration are two
benefits of the system's flexible and efficient design for

charging electric automobiles. This technology integrates

AC and DC grids to overcome the shortcomings of the
existing charging infrastructure and encourage the broad
use of electric cars. DC networks, which combine
renewable energy sources with AC grids, can reliably
power electric cars. In addition to improving grid
stability, this hybrid technology permits bidirectional
power transmission, which opens the door for
vehicle-to-grid capabilities. When taken as a whole, the
suggested approach addresses all of the issues with
electric car charging infrastructure. Optimal energy flow
and storage for electric cars can be achieved at the DC
grid level, and the system can effectively manage peak
demand and alleviate pressure on the AC grid level as
well. A long-term answer to transportation issues, this
integrated strategy improves charging dependability
and efficiency for electric vehicles. Figure 9 displays the
results of the simulations that demonstrate the distinct
power fluctuations in the AC microgrid and the DC
microgrid systems. According to the results, the
suggested method minimises energy waste while
maximising performance by balancing the power
distribution between the two grids. A more
environmentally friendly transportation future may be
within reach with the help of this cutting-edge
technology, which may completely alter the landscape of
electric car charging infrastructure. The system can
generate 18 kW of solar electricity and 40 kW of wind
power, with a total load capacity of 58 kW. In order to
make the most of energy storage and utilisation during
times of peak demand, the system is equipped with a 50
kWh battery storage capacity. The combination of smart
grid technologies and renewable energy sources
increases the microgrid system's overall efficiency and
reliability. With its ability to go in both directions, from
the electric car to the grid, and vice versa, this electric
vehicle offers more options for energy management and
may help ease the burden on the central power system.
The smart charging features of the system also let
customers plan charging sessions for times when energy

usage is lower, so they may save even more money.
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Fig.9 simulation results of different variation power in

AC-DC microgrid system

2. different speed variation of PMSM drive application
The Permanent Magnet Synchronous Motor (PMSM)
drive in an electric vehicle (EV) battery system is a
complex system that uses power electronics to convert
the battery's direct current (DC) into the required
alternating current (AC) as shown in fig.5. An inverter
facilitates this conversion by converting the battery's DC
power into three-phase AC power. The PMSM drive's
control system, equipped with sensors, monitors key
parameters like motor speed, position, and current,
providing real-time feedback to the control algorithm.
The control algorithm regulates the frequency, voltage,
and phase angle of AC power supplied to the motor,
allowing for precise control of the motor's speed, torque,
and direction of rotation. The motor rotates when it
receives power and control signals from the PMSM
drive, generating rotational motion that is transferred
through the motor's mechanical components to the

vehicle's wheels. The PMSM drive continuously adjusts

its control signals based on feedback from the motor
sensors, ensuring optimal performance, efficiency, and
reliability. This closed-loop control system ensures
smooth acceleration, deceleration, and overall vehicle
operation. As shown in fig.10 simulation results shows
different speed variation of PMSM drive under various
load conditions, demonstrating the effectiveness of the
control system in maintaining consistent performance.
Additionally, the PMSM drive's ability to quickly
respond to changes in operating conditions highlights its
suitability for use in electric vehicles requiring dynamic

and precise control of motor functions.
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Fig.10 simulation results of different speed variation
PMSM drive

3. Total harmonic distortion
The grid current THD is 3.47%, indicating that the

current waveform is relatively clean with minimal
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harmonic distortion. This low THD value ensures
efficient operation of the grid-connected system and
compliance with power quality standards. Additionally,
a low grid current THD helps prevent overheating of
equipment and reduces the risk of power outages caused
by harmonic distortion. Overall, maintaining a clean
current waveform is crucial for the stability and
reliability of the grid-connected system.

Fundamental (50Hz) = 104.3 , THD= 3.43%

121 q

08 r T

Mag (% of Fundamental)

0 100 200 300 400 500 600 700 800 900 1000
Frequency (Hz)

6. CONCLUSION

The widespread adoption of electric vehicles (EVs) is a
promising solution for reducing fossil fuel usage, air
pollution, and combating climate change. However, this
transition presents challenges to the local distribution
grid, such as voltage regulation issues, harmonic
contamination, and frequency variations. To address
these issues, updating and reinforcing the distribution
grid is crucial. Integrating renewable energy sources like
solar and wind power into charging infrastructure can
enhance sustainability and resilience. Energy storage
units (ESUs) and electric vehicle batteries (EVBs) can
store excess energy from renewable sources, reducing
reliance on conventional power plants. Vehicle-to-grid
(V2G) technology allows EVs to consume energy and
contribute to grid stabilization and peak demand
with  V2G

functionality and rapid charging stations can improve

management.  Micro-grid  facilities
energy management and grid stability, especially in
areas with high EV penetration. The integration of EVs,
renewable energy sources, and advanced grid
technologies holds great potential for transforming the
energy landscape towards a more sustainable and

resilient future.
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