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ABSTRACT: In this paper we suggested an
EV charging station that is connected to a
battery energy storage system (BES) and has
improved grid power quality. In order to
estimate the unit templates (UTs) and the
reference grid currents, the positive
sequence components (PSCs) of the three
phase grid voltages are  assessed.
Bidirectional buck-boost converters are used
to connect the EV and BES at a dc link.
When it is sunny, the EV draws power from
the solar array; when it isn't, it draws power
from the grid. Furthermore, the point of
common coupling voltages synchronizes
with the grid voltages when the system is
connected to the grid.
MATLAB/SIMULINK, which was created
to validate the satisfactory response under
various dynamical situations, is used for
testing.

KEYWORDS: PV ARRAY, EV, BES,
UT, POWER QUALITY, PSC.
I.INTRODUCTION: AT THE gift time,

the call for of electrical car (EV) is
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propagating in the world, and therefore, the
EV charging station set up is also required.
A hierarchical architecture is supplied in [1]
for making decisions on EV merging, law of
EV trajectories, and operation controller.
The fallow area usage for the constructing of
EV charging station and use of the parking
roof for solar photovoltaic (PV) array set up
were provided in [2]. Lyu et al. [3] have
reviewed the EV charging station ingesting
strength from the grid only. Another
converter with zero voltage switching and
discontinuous PWM for the charging of EV
the use of the grid power has been
confirmed in [4]. However, it does no longer
demonstrate the bidirectional float of active
electricity. Son and Lim [5] have supplied
bidirectional f low of lively strength.
Charging of the EV using grid consumes a
huge quantity of strength. An alternate
supply of power should be to be had in
abundance with low jogging cost. Varghese

et al. [6] have validated the EV charging
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station powered with renewables. However,
this charging station suffers from several
reservations from load aspect in addition to
grid facet. When PV generation isn't
enough, then EV is discharged to supply the
strength required through the grid. This kind
of feature is called as vehicle to grid (V2G)
as supplied experimentally in [7].
Scheduling and allocation of V2G the usage
of a smart device framework have been
supplied in [8]. The strength control in case
of V2G and automobile to domestic (V2H)
mode has been demonstrated in [9]. An on-
line energy management for gasoline cell-
based totally hybrid multitask vehicle the
usage of the game idea has been offered in
[10]. Delprat and Riad Boukhari [11] have
established electricity control for hybrid
automobile through reduction of the
computation attempt. Another approach of
the strength management for EV charging
via putting reference power stages for EV
has been established in [12].

A deep reinforcement gaining knowledge of
approach for hybrid electric powered
automobiles strength control on gasoline
cellular/battery/ultracapacitor with action
trimming has been mentioned in [13]. The
integration of the battery energy garage

(BES) for EV charging is huge spreading
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these days for peak shaving. However, using
extra battery increases the general value of
the partial energy processing converter,
that's applied in [14]. In this idea, the
converter controls the energy switch of the
BES to the EV battery, for this reason
reducing the losses. Rafi and Bauman [15]
have presented a fast charging of EV in brief
time and to feed to grid in the course of peak
hours. The battery degradation is taken into
consideration as an objective feature.
Another charging station with a battery has
been established in [16] to increase the
flexibility of the grid and EV.

The owner may additionally offer the
charged battery for renting or on boarding
motive.  Similarly, the  aggregators
encompass the batteries in virtual power
plants and might deploy them or provide the
service inside the clever grid. Numerical
simulation is finished to explain the idea,
and battery management is executed by
using the specialists. Balakhontsev et al.
[17] have said massive evaluate on the EV
chargers, supply system, and the BES. The
on-/off board chargers, specific topologies
with one-of-a-kind rework ers, and energy
ranges had been discussed. Park et al. [18]
have offered an on-board charger with PFC
performed the usage of dual-lively-bridge

converter. An onboard charger the usage of
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grid for battery charging has been presented
in [19]. Zinchenko et al. [20] have provided
a fairly efficient on-board charger. This
charger is single level, for that reason
lowering the variety of additives used and
growing the overall performance of the
device by way of the elimination of whole
one stage. The on-board charger is used
handiest for low-electricity packages. Singh
et al. [21] and Jain et al. [22] have presented
an EV charging station. In [21], EV is
charged the use of PV and grid best.
However, if PV array generation and grid
are unavailable, then EV battery isn't always
charged. This drawback is triumph over in
[22]; right here, a BES is likewise
integrated. However, the EV battery and
BES are included the usage of a not unusual
dc—dc converter. The voltage level of EV
battery is continually lower than BES.
Therefore, separate dc—dc converter should
be used for the EV battery and BES
integration on the dc hyperlink.
I1.LITARATURE SURVEY:

1 “Energy management strategy for
electric vehicle charging station as flexible
power reserve,

This paper proposes an energy management
strategy (EMS) for a grid-connected PV-
based electric vehicle charging station
(EVCS). The EVCS is controlled using a
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proportional-resonant (PR) controller and to
leverage on the EVCS as a flexible power
reserve, an EMS is proposed by relying on
delayed load transient. The proposed EMS
sets the reference power of the EVCS’s PR
controller based on the state-of-charge
(SOC) of the EV battery, provides good
load-shaving capability and is easy to
implement due to its simple structure.
Through simulation studies, performance of
the proposed EMS has been validated under
different dynamic conditions for a 5kW-
rated EVCS.

2 A review of topologies of quick charging
stations for electric vehicles

Having a network of fast charging stations
seems necessary in order to make EVs more
attractive and to achieve larger uptake of
them. Currently, 50 kW quick chargers that
can charge a typical EV in about an hour are
commercially available. However, a 240 kW
fast charging level which can charge a
typical EV in 10 minutes has been
introduced in standards. It is expected that
this high power fast chargers will be
available in near future. A charging station
must supply charging power in multi-
megawatt levels when multiple EVs are
being fast charged simultaneously. Here,
charging station topology plays a crucial

role in enabling future growth and providing
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fast charging with best quality of service,
lowest cost and minimum grid impact. This
paper presents a topological survey of
charging stations available in the literature.
Various charging station topologies are
presented, compared and evaluated based on
grid support, power density, modularity and
other factors.

3 “High-efficiency single-stage on-board
charger for electrical vehicles,

This paper presents an isolated single-stage
on-board electric vehicle charger without an
intermediate DC-link. Based on an isolated
current-source  topology, the converter
features soft-switching in semiconductors
regardless of load variation for the full AC
line voltage range. Moreover, it requires no
external snubber or clamp circuits. The
power factor correction and voltage
regulation are provided by a relatively
simple phase shift modulation, while the
amount of circulating energy is kept at
minimum. The charger is distinguished by
its efficiency characteristic — the maximum
is achieved in the constant power charging
mode. The control method, component
stresses, and design constraints of the
topology are analyzed. The concept is
verified using a 3 kW experimental SiC-
based prototype, which reaches a peak

efficiency of 96.4%. Moreover, the charger
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has demonstrated efficiencies above 95%
with the THD of 4.1% when operating in
constant power mode at the maximal power.
111.PROPOSED SYSTEM:

3.1 SYSTEMCONFIGURATION

Fig. 1 shows the developed EV charging
station with BES. The VSC facilitates the
bidirectional power exchange between the
grid, EV, BES, and PV array. For exchange
with the grid, it converts dc electricity to ac
and vice versa. At the common dc link,
independent bidirectional dc—dc converters
connect the EV and the BES. This converter
regulates the BES and EV's charging and
discharging. To reduce harmonic current,
the VSC is connected to the PCC via
interacting inductors. The system s
connected to the grid and synchronized by a
static transfer switch (STS).

Interfacing [Ripple Filter] STS Signal “1' or 0’
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Fig. 1. System topology.

3.2. CONTROL APPROACH
EV charging is the system's primary

function. The BES is charged using the
residual power in the event that the grid is
unavailable. Either BES, EV, or both are
released to the grid when necessary. The

control is divided into five categories: 1)
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MPPT control, 2) synchronization and feed-forward component is estimated as
standalone mode (SM) control, 3) grid [ - E . Py

connected (GC) mode control, 4) BES S Vi
control, and 5) EV control.

A. GC Mode Control estimated as

The VSC switching pulses are generated in 2 P,

The EV feed-forward component is

the GC mode using the control, as shown in [y = 3 * v
L
Fig. 2. 1) Computation of Unit Templates
. The feed-forward component of BES power
(UTs): The positive sequence components
(PSCs) of the grid voltages [23] are

computed, as demonstrated in Fig. 3. Iy,

IS estimated as
2 PR
= — k —,
3 W
Therefore, the net active component

becomes

; 2 P., N P, P,
= — % — — .
P 3 V, V, V,

The reactive component (1q) is computed by

reference

reactive power (Qref)
. g " Qruf
3V
3) Grid Currents Reference (GCR)

Evaluation: The GCR (i*sa, i* sh, and i*sc)

Iy

is evaluated as

Fig. 3. PSCs estimation.

2) Fundamental Grid Current Active and Iy = Ipa +lga, igy =lpb +igbsis = Ipc + ige

Reactive Component Computation: The grid b obpa = Ip X lpe, lga = Ig X Ugy

. . inh = Iy X Uph, Igh = Ig X Ugh

currents active component (Ip) includes dc N P N
ipe = Iy X Upe, gc = Ig X lge

power component. These are PV

feedforward component, EV feed-forward,

and BES feed-forward components. The PV
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where ipa, ipb, and ipc are the per phase
active currents and iga, igb, and iqc are the
per phase reactive currents.

The reference grid currents obtained are
subtracted from actual grid currents. The
error obtained is given to hysteresis current
controller and VSC gate pulses are obtained.
B. BES Control BES control extracts peak
power from PV source and reference value
for dc link is obtained. In event of absence
of PV array power, controller uses a
constant reference value. The block diagram
of overall control is shown in Fig. 4(a).

C. EV Control Algorithm The EV is
controlled by giving desired switching
pulses to dc—dc converter. For charging of
the EV battery, the current reference is
estimated by comparing reference EV
voltage with actual EV voltage and
providing this error to the Pl controller.
However, if grid requires active power from
EV, then EV battery current reference is
estimated by dividing reference EV power
with EV voltage, as shown in Fig. 4(b).

D. Synchronization and Standalone
Control When grid is unavailable, signal S
= 0 for the STS, the VSC operates in the
SM, as shown in Fig. 5(a). The grid (6g) and
PCC voltage angle (0s) are compared, and
the error is estimated as It is then given to

the P1 controller and reference PCC voltages
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are computed. These reference PCC voltages
are then compared with actual PCC voltage
to obtain the voltage error. This error is
passed to the PI controller, and hence, PCC
reference currents are obtained. The
reference grid currents obtained are
subtracted from actual grid currents. The
error obtained is given to hysteresis current
controller and VSC gate pulses are obtained.
When PV array power and BES power are
unavailable or not that much enough for the
charging of EV battery, the islanded control
shifts to the GC control after meeting the
specified  boundary  conditions  via
synchronizing. The boundary conditions
necessary for the GC operation of the
system are the amplitude, frequency, and

angle, as shown in Fig. 5(b).

S0

Sy
Fig. 4. Control approach. (a) BES control. (b) EV battery charg-
ing/discharging control algorithm.
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C. Performance of System at Grid

a Hysteresis >
iwch = Current |5
e | Controller |3

Reconnection The simulated response of

system at grid recovery is presented in Fig.
7(b). During grid restoration, the VSC

synchronizes to the grid, and the grid

voltages and the currents are appeared. The

Ot BES starts discharging without affecting the
R Checking

rencrr i EV charging.
Checking : Control
(a)
phase angle measurement
Tracking of the variation of
the terminal voltage
amplitude, frequency and 460
()"Y,"'<()A<()‘”,LL‘,GridA\'x\il: £2 Grid Unavailable ? 0, 1000
VizViparand[ VSC operates in || VSC operates in p
'/‘;""”\//K./' current control mode || voltage control mode ‘/;W”Pj: >'ﬁmm
(b) 800
Fig. 5. (a) Synchronization and standalone control. (b) System-level
coordination control for transition between the GC mode and SM. NE 600
s
IV.SIMULATION RESULTS: E w00
The performance system is shown in this 200
SeCtion 00‘4 045 0.5 0.55 0.6 0.65 0.7
. } Time (seconds)
A. Performance Under Variation of Solar
Insolation During rise in PV array ” | | |
irradiation from 600 to 1000 W/m2 , PV | m m m |
100
array generation increases, since EV and 3 . [
battery are in floating mode, as shown in |
g . RN
B. Performance of System at Outage of Grid MM B e eeeonaey W
Simulated performance at grid outage is
shown in Fig. 7(a). When grid outage is "’
observed, charging station operates in SM. 3. W\X}W ﬂ:ﬂ %&x\% &:N&
Therefore, grid currents and voltages
immediately become zero. The BES o4 eds o om0 ees o7

compensates for surplus power and starts

charging. EV charging remains unchanged.
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%0 outstanding performance of EV charging
* stations. The machine’s reaction when the
” BES system is converted or discharged has

also been examined in element.
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