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Abstract— The rapid adoption of electric vehicles (EVs) has
led to a growing demand for fast-charging infrastructure. Such
infrastructure in turn poses significant challenges to existing
power grids due to high instantaneous power demands. Battery
banks can be used as a buffer in a charging station to mitigate
the pressure on the grid. This paper develops a method to model
and analyze high-power charging stations equipped with a
battery bank as energy storage, aiming to support grid stability
and maximize economic benefits. Specifically, the study answers
(i) how to effectively integrate a high-power battery bank into a
high-power charging station, and (ii) how key parameters
influence the integration from both operation and economy
points of view. Modelled and simulated in MATLAB/Simulink,
the proposed approach calculates and analyzes power flow
among the grid, the battery bank, and EV batteries, relying on
real-time load profiles and battery state-of-charge thresholds.
Simulation results show that 1) storing low-cost off-peak energy
and 2) discharging of the battery bank during peak grid load
periods significantly reduce grid dependency and increase
operational profits for the charging station. A parameter-based
analysis illustrates that larger battery bank capacities, wider
state-of-charge ranges, and narrower grid-load-variation bands
benefit both the charging station owner and grid operator.

Keywords—Battery bank, battery energy storage system, fast
charging, electric vehicle, grid, high-power charger

I. INTRODUCTION

The global shift towards electric vehicles (EVs) has
accelerated demand for fast and ultra-fast charging stations. A
sharp rise in fast chargers across America, Europe, and Asia
between 2016 and 2023, documented by [1] is illustrated in
Fig. 1. The number of fast chargers in Asia increased five
times from 2016 to 2023 whereas in Europe and America, the
number increased over four times. Unlike conventional
charging, high-power DC fast-charging stations (FCSs)
significantly reduce waiting time but introduce great
challenges like voltage instability, transformer overloading,
and peak demand surges to the grid [2], [3]. These issues are
intensified in weak grids, leading to higher costs and risks of
grid failure [4]. This surge in EV adoption, driven by
advancements in battery technology and environmental
policy, is reshaping the transport sector. In 2018, global EV
stock reached 5.1 million, growing to 16 million by 2021 and
projected to surpass 140 million by 2030 [5], [6]. The resulting
strain on the grid, especially from fast chargers delivering over
100 kW, demands scalable infrastructure [4].

Battery energy storage system (BESS) has emerged as a key
solution. It buffers demand, enables strategic energy use, and
relieves pressure on the grid [7], [8]. Hybrid photovoltaic (PV)
based BESS systems show promise for emissions reduction
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Fig. 1. Growth of fast chargers in Europe, Asia and America from 2016
to 2023, reproduced from [1].

and cost savings [9], while standalone PV/wind setups support
off-grid charging [10], [11].

However, fast chargers can destabilize local grids, with
power demands exceeding 350 kW [2], [12]. Studies in
Denmark show uncoordinated charging can quickly overload
transformers, while overnight charging increases grid
tolerance [13], [14]. Integrating BESS into fast charging
stations can mitigate this by decoupling demand [7],
enhancing efficiency and reducing peak loads [8]. Hybrid
solutions using supercapacitors further manage power
transients [15]. Advanced strategies such as load shifting and
dynamic pricing ease grid upgrades [2], [14], [16]. Coupling
PV systems with BESS adds reliability [12].

Coordinated BESS operation improves voltage profiles in
simulated networks [17]. Systems like twin-battery designs
[18] and ancillary grid support further illustrate BESS’s
versatility. Optimizing battery use requires tracking the state
of charge and the degradation [8], [12]. Second-life EV
batteries used as the BESS have shown reliable performance
in fast-charging applications [2], [6].

Economic feasibility depends on life cycle costs, battery
utilization, and modular designs [6], [19], [20]. While high
discharge batteries and smart converters can level peak loads
[21], actual profitability depends on location and usage. Some
studies report lower internal rate of return due to battery costs
[9], although this could improve with falling prices of
batteries.

Despite advancements, current literature lacks a
comprehensive method to analyze the integration of a high-
power battery bank into a high-power charging station. It is
also crucial to analyze and evaluate the effect of key
parameters like battery bank (BB) size, charging/discharging
thresholds of BB, and when to charge and discharge the BB



based on the grid load conditions. Tools to measure economic
and operational impacts for both charging station owners and
grid operators are limited and should be developed. To address
these gaps, this research develops a method to model a high-
power charging station which is equipped with a large battery
bank as BESS. The method is applied to analyze the
integration of a battery bank and key parameters of integration
for the high-power charging station and the grid. The model
studies impact of key parameters under various grid
conditions, offering a scalable approach to improve
performance and support widespread deployment of cost-
effective and technically viable ultra-fast charging stations.

II. METHODOLOGY

This study proposes a simulation-based method to develop
and analyze a model integrating a high-power battery bank
into a DC fast charging station for EVs, aiming to optimize
energy usage and profit under varying grid load conditions
whereas analyzing the parameters affecting the functionality
of the system for charging station owner’s perspective in terms
of profit and grid operator’s point of view in terms of energy
usage from the grid in each load mode. The system is modeled
in MATLAB/Simulink and operates across three power
pathways using following converters: Grid-to-Battery Bank
(G2BB) converter, Grid-to-EV (G2EV) converter, and
Battery Bank-to-EV (BB2EV) converter. The model
incorporates a centralized decision-making logic via a
MATLAB Function block (main controller) that processes
grid load conditions and battery state of charge (SoC) to
determine optimal power routing. All converter models,
battery bank model, and EV battery (EVB) model are built
using modular blocks within the simulation environment. An
energy block, utilizing another MATLAB function block
accumulates the energy drawn from grid during various load
(underload, medium load & overload) conditions separately.

A. System’s Overview

The system consists of a DC microgrid (modeled as a large
battery bank), a high-power battery bank, multiple EVs
battery, and three power converters (G2BB, G2EV, BB2EV).
Power is routed based on grid load condition and battery
bank’s SoC, with logic implemented in the main controller.
The DC microgrid and EV battery model are designed at
400 V whereas battery bank is modeled at 800 V. Respective
converters control the voltage level for each component in
power routing. The gird has two separate output currents, (i) a

fixed power (480 kW) line to charge the battery bank and (ii)
a variable power (160 kW-1.60 MW) line to charge the EVs.
Power line from battery bank to EVs is also variable power
(160 kW-1.60 MW) line. The system’s architecture is
illustrated in Fig. 2.Key design assumptions are presented in
Table I:

TABLE L MODELLING PARAMETERS

Parameter Value

DC Micro Grid Voltage 400 V

Battery Bank Voltage 800 V

EV Battery Voltage 400 V

G2EV Current (Constant) 400-4000 A

G2BB Current (Constant) 1200 A

BB2EV Current (Constant) 400—4000 A

Battery SoC Thresholds 80-20%, 90-10%, 95-5%
EV Initial SoC 15%

Battery Initial SoC 40 %

Efficiency 95% (all converters)
EVs per hour 0-10 (max)

B. Load Conditions and Energy Flow Control

Real-time grid load data for 24 hours from Fingrid [24] is
used to dynamically categorized into three modes: underload,
medium load, and overload, based on load variation
boundaries (LVBs) such as £0.5%, +1%, and +2% deviation
from the average grid load. The boundary above the average
load is “Upper Bound” and below the average load is “Lower
Bound”, shown in Fig. 3. The energy flow decisions are
contingent upon both the instantaneous load condition and the
battery bank's SoC, which is bounded by configurable
thresholds, such as upper threshold (UT), medium threshold
(MT), and lower threshold (LT).

The main controller evaluates these parameters at each
simulation timestep and generates control signals that dictate
whether power should be drawn from the grid or the battery
bank to charge the EVs, and whether the battery bank should

G2BB
Converter

480 kW

2.08 MW

BB2EV 400V EV
Converter | i 400A-4000A Battery
Max 10 EVs

160 kW-1.60 MW

Charging and Discharging currents for Battery Bank are designed as two separate
currents in system

400A-4000A

400V G2EV
Converter

400V
400A-4000A

160 kW-1.60 MW

Fig. 2. System’s overview. Voltages and currents of each stage are shown.



be in charging, discharging, or idle mode. The classification
of system states and their corresponding control actions are
explicitly defined in the logic table II, ensuring deterministic
energy routing aimed at minimizing cost while supporting grid
stability.

—O6— Load
= = =Lower Bound
————— Upper Bound

L 1 1 L L

-2 2 6 10 14 18
Time (h)
Fig. 3. Grid load profile and definition of load variabtion bounds

TABLE IIL CLASSIFICATION OF SYSTEM’S WORKING
CONDITIONS
Load BB SoC . .
Condition Condition Vehicle Action to be Performed
BB Present BB to EV
SoC>LT Not Present BB in Idle Position
Overload
BB Present Grid to EV
SoC<=LT Not Present BB in Idle Position
BB Present Grid to EV
. SoC>=MT Not Present BB in Idle Position
Medium
load .
BB Present Grid to EV
SoC<MT Not Present Grid to BB
BB Present Grid to EV
SoC>=UT Not Present BB in Idle Position
Underload
BB Present Grid to EV & Grid to BB
SoC<UT Not Present Grid to BB

C. Converter Models

The energy transfer between the grid, battery bank, and
EVs is regulated by three power converters: G2BB, G2EV,
and BB2EV. Each converter is modeled to account for
realistic power electronic behavior, including efficiency
losses and voltage/current transformation. The G2BB
converter steps up the grid’s 400 V supply to 800 V for battery
bank charging; G2EV provides a 1:1 voltage regulation
between grid and EVs; BB2EV steps down the 800 V from
the battery bank to 400 VD for EV charging. SoC protection
logic is embedded in all converters to prevent overcharging or
excessive discharging of energy storage elements. Efficiency
is modeled via a fixed factor of 0.95 for all converters to
reflect typical losses in switching hardware. Voltage and
current gains are adjusted using parameterized gain blocks,

and converter outputs are linked to the corresponding
subsystems, enabling accurate simulation of power flow
transitions based on control signals.

D. Energy and Cost Evaluation

To quantify the system’s techno-economic performance,
an auxiliary MATLAB Function block (Power Controller) is
employed to disaggregate energy usage according to grid load
modes. Instantaneous power consumption from the grid is
categorized into underload, medium load, and overload
segments, and is integrated over time to compute total energy
in kWh for each mode. Corresponding electricity costs are
assigned at 5¢/kWh (underload), 10¢/kWh (medium), and
20¢/kWh (overload) [22], whereas EV charging is modeled as
a fixed revenue stream at 33¢/kWh [23]. The total cost of
energy purchased, total revenue from EV charging, and net
profit are computed using defined equations. This enables
evaluation of the financial benefits of deploying a battery-
integrated fast-charging station under dynamic grid scenarios.

E. Equations

Core mathematical relationships governing the system are
presented here. Two equations, one for SoC calculations and
other to accumulate profit serves the foundation for energy
flow and system’s financial assessment.

INIO)

SoC(t) £ SoC(ty) = (1)

Equation (1) represents general SoC calculation for battery
bank and EV battery. I(t) represents charging or discharging
current as a function of time and Q represents charge of the
entity (battery bank or EV battery). Equation (2), given below,
calculates the profit in euros for by subtracting cost of energy
used under different load conditions from the revenue
generated by charging the EVs.

mr = [{Egy X APgyc} — {(Egy X APyp) + (Egy X APyy) +
(Ego X APy1)}] 2)

e 1, -total profit accumulated in 24 hours
e Epy -total energy consumed by EVs
e APy -average price of energy for charging EV

e [y -total energy used from grid by both EV and BB
during underload condition

e APy, -average price of energy during underload
condition

e E;y -total energy used from grid by both EV and BB
during medium load condition

e AP, -average price of energy during medium load
condition

e E;, -total energy used from grid by both EV and BB
during overload condition

e AP, -average price of energy during overload
condition



III. SYSTEM MODELS

A short description for entities used in the system, such as,
DC micro grid, battery bank, EV battery, converters,
controllers and energy block is given in this chapter,
representing inputs and outputs for each entity.

A. DC Microgrid Model

The DC microgrid’s parameters are defined in the
workspace, represented as inputs in Fig. 4 whereas the model
provides two output currents (for G2BB and G2EV
converters) and an output voltage. The current direction
signal, fed through workspace is always 1 for grid, showing
outflow of power from grid, which in future can be controlled
to implement Vehicle-to-Grid (V2G) technology. The grid has
two power lines, one to charge the battery bank with
continuous power of 480 kW and other to charge the EVs at
continuous power ranging from 160 kW to 1.60 MW,
depending on number of EVs connected with charging station

simultaneously, through G2BB and G2EV converters
respectively.
Inputs Outputs

Grid Capacity (Qgria)

> Current to G2EV (I gy)

> Current to G2BB (I, gp) >

> Grid O/P Voltage (Ug ou)

Current Direction

Grid Current for BB (I pgin)

| Grid Current for EV (I j,)

Grid Input Voltage (Ug j5)

Fig. 4. DC microgrid model- O/P (Output)

B. Battery Bank Model

The battery bank model as shown in Fig. 5, has seven
inputs and three outputs. BB’s capacity and initial SoC is
defined from the workspace whereas current input is fed
through a switch which segregates BB charging and
discharging currents. Both mentioned currents are modeled
separately. The charging current for BB is constant (600 A
from the G2BB converter at 800 V) whereas discharging
current depends on the number of EVs connected with
charging station. For each EV, battery bank provides a
charging current of 200 A at 800 V to BB2EV converter.
Under and over SoC protections are implied on battery bank
to control the over-charging and over-discharging. The current
direction signal (1 for discharging, 0 for idling, -1 for
charging), coming from main controller, decides the charging

Inputs

| BB Capacity (Qgp)

Outputs

| BB Initial SoC (S0Cgg jnt)

> BB SoC (S0Cgp) >

| BB Current (Igg)

> BB O/P Current (I our) >

| BB Current Direction

| BB Input Voltage (Ugg in)

> BB O/P Voltage (Ugg our) >

| Under SoC Protection

| Over SoC Protection

Fig. 5. Battery bank model- O/P (Output)

and discharging of battery bank based on defined logics
presented in Table II.

C. EV Battery Model

EV battery model represents a combined structure of EVs
arrive to be charged at charging station. EV battery’s capacity
is defined in the workspace and model gets a combined EV
battery capacity with respect to number of EVs with each EV
consisting of a battery capacity of 100 kWh. The model for
EV battery is presented in Fig. 6. Initial SoC for EVB and
current direction (fixed -1) are defined in workspace. In future,
the current direction for EVB can be controlled to implement
V2G functionality. Interrupt function is used to reset the EVB
SoC back to initial value once EV(s) are charged to maximum
level.

Input current and voltage of EVB model fed through two
switches (for voltage and current). The switches select the
appropriate source (grid or battery bank) to charge EVs at
every point based on “com signal”, which is controlled using
logics and main controller.

Inputs Outputs

| EVB Capacity (Qgyg) >

| EVB Initial SoC (S0Cgyp int) >

| EVB Input Current (Igyg in) > EV
Battery
| EVB Current Direction > (EVB)

| EVB Input Voltage (Ugyg in) >

| Interrupt >

Fig. 6 EV battery model

> EVBSoC (S0Csyp) >

> EVB Charging Power (PEVB)>

D. Grid-to-Battery Bank Converter

Grid to battery bank converter is responsible for delivering
power from grid to battery bank to charge the battery bank,
illustrated in Fig. 7. As the DC micro grid is designed at 400 V
and battery bank is designed at 800 V, the G2BB converter
enhance the voltage level from 400 V to 800 V while keeping
the power level same by reducing the current to half. Under
and over SoC protections are implemented in all three
converters including G2BB converter to control the power
flow in the system. The gain input is used to scale input
voltage and current of G2BB converter to get required voltage
and current for battery bank while keeping the input and
output powers at same level with a 5% [25] of losses

embedded in current.
Inputs Outputs

| G2BB I/P Current (I2ggp in) >

| G2BB I/P Voltage (Ugzpg in) > G2BB O/P Current (Icm(,m)>

> G2BB
Converter
| Under SoC Protection

| Over SoC Protection >

Fig. 7 G2BB converter model- I/P (Input), O/P (Output)

| Gain (G)

G2BB O/P Voltage (uamo.,t)>

E. Grid-to-EV Converter

The power flow from grid to EV battery is routed through
G2EV converter shown in Fig. 8. Input and out voltage and
current levels are same as both grid and EV battery are



Inputs Outputs

| G2EV P Current (I gy in) >

| G2EV I/P Voltage (Ugzgv in) > G2EV O/P Current (IGZEVJ,,")>

> G2EV
Converter
| Under SoC Protection

| Over SoC Protection >

Fig. 8 G2EV converter model- I/P (Input), O/P (Output)

| Gain (G)

G2EV O/P Voltage (UGZEV’O,“)>

modeled at 400 V. The gain input is 1 for G2EV converter
with a flexibility to adjust at specific level if needed in future.
Similar to G2BB converter, under and over SoC protection
inputs control the power flow through G2EV converter. The
output of G2EV converter goes to EV battery via two switches
which are mentioned in EV battery model section.

F. Battery Bank-to-EV Converter

During the grid overload condition, the BB2EV converter,
shown in Fig. 9 is used to discharge the battery bank to charge
the EV(s) through switches. BB2EV converter reduces the
voltage level from 800 V to 400 V whereas doubles the input
current coming from battery bank. BB2EV converter is also
embedded with under and over SoC protections.

Inputs Outputs

| BB2EV I/P Current (I BBZEVJ‘")>

| BB2EV I/P Voltage (UBBZEU“)> BB2EV O/P Current (I, E,,J,)>

> BB2EV

Converter N
BB2EV O/P Voltage (Upzgy o)

v

| Gain (G)

| Under SoC Protection

| Over SoC Protection >

Fig. 9 BB2EV converter model- I/P (Input), O/P (Output)

G. Main Controller Model

The brain of the system is main controller, shown in
Fig. 10, controls the functionality of the system based on
logical decisions. Inputs to the main controller includes BB
SoC used on every step of the simulation, hourly load data
points, lower and upper load variation boundaries segregating
the load into under, medium and overload. Upper, medium
and lower thresholds represent the thresholds of battery bank’s
SoC for different decision makings. Number is EVs is the last
input for main controller, which is used for decision makings.

Outputs

DigitalOut Signal >

Inputs

BB SoC (SOCpp)

\/

Load (Hourly Data Points) >

N

Lower Boundary
Current Direction for BB >
Main
Upper Threshold Controller LogicOut Signal >

Medium Threshold

Lower Threshold Under SoC Signal

|
|
|
| Upper Boundary
|
|
|
| Number of EVs

AVAVAVAVAVAN

Fig. 10 Main controller model

On the output side, main controller controls 4 signals such
as “DigitalOut Signal”, representing the load mode, “Current

Direction for BB Signal” which controls the charging and
discharging of battery bank, “LogicOut Signal” which is used
to generate “com signal” and “Under SoC Signal” which is an
important SoC protection signal used at various steps in the
system.

H. Power Controller Model

Power controller model, shown in Fig. 11, calculates the
total power and energy consumed from the gird. On the input
side, power controller gets power consumed by battery bank
and EV(s), “DigitalOut, Current Direction for BB and Com”
signals to calculate and segregate “grid total output power”
into three powers such as “grid underload output power”,
“grid medium load output power” and “grid overload output
power”. The power controller is main function block of the
energy block.

Inputs Outputs

| BB Power (Pgp) >
| EV Power (Pgyp) >

N

| DigitalOut Signal >

| Current Direction for BB

Grid Total O/P Power (P¢) >

Grid Underload O/P Power (Pgy) >

Power
Controller

N

Grid Medium Load O/P Power (Pgp)

N

| Com Signal

v

> Grid Overload Power (Pgg)

Fig. 11 Power controller model

1. Energy Block Model

Segregated grid output powers are then converted into
energies using integrator blocks inside the energy block,
illustrated in Fig. 12. The inputs of energy block are used in
the power controller, discussed in power controller model
section. The energy block calculates energy costs under three
modes using different rates for under load, medium load and
overload energies and then total cost of energy used from the
grid by both battery bank and EV(s).

Inputs Outputs

Grid Total O/P Power (Pg) >

| BB Power (Pgg) Grid Underload O/P Power (Pgy) >

Grid Medium Load O/P Power (PGM)>

| EV Power (Pgyp)

N

Grid Overload Power (Pgo) >

AV VA

Energy Grid Total Energy (E¢) >
Block

N

| DigitalOut Signal

Grid Underload Energy (Egy)

N/

| Current Direction for BB

| Com Signal >

Fig. 12 Energy block model

Grid Medium Load Energy (Egp) >

N

Grid Overload Energy (E o) >

N

Total Cost (Cy) >

IV. RESULTS AND ANALYSIS

Results are obtained by variation of three parameters, for
example, battery bank charging and discharging thresholds
[(80%, 20%), (90%, 10%), (95%, 5%)], load wvariation
boundaries [average + (0.5%), (1%), (2%)], and battery bank’s
energy storage capacity (0.5 MWh, 1 MWh, 2 MWh)
comprising 27 cases in total, presented in table III. The results
are discussed in two perspectives, (i) charging station owner’s
perspective and (ii) grid operator’s perspective.



A. Charging Station Owner’s Perspective

Profit analysis is most important part for charging station
owner’s point of view. Table I1I presents 27 cases scenarios, a
part of methodology in black & white section whereas profit
per day in euros is highlighted in colors, which is result’s
section. The color scheme represents the least and most profit
case scenarios.

TABLE III. COMAPARATIVE PROFIT ANALYSIS
Case BB Capacity BBT LVBs Profit per day (€)
1 , +0.5% 1225
2 (28(2,2’) 1% 1212
3 2% 1274
4 o0 +0.5% 1250
5 0.5 MWh (1 o¢y/00)’ 1% 1224
6 +2% 1286
7 050, +0.5% 1261
8 ( oy 1% 1230
0
9 +2% 1281
10 S0 +0.5% 1298
11 (20%")’ +1% 1244
12 +2% 1295
13 ) +0.5% 1336
14 | MWh (198,2’) 1% 1267
15 +2% 1318
16 , +0.5% 1352
17 (g%” 1% 1280
18 2% 1331
19 S0 +0.5% 1397
20 (20%")’ 1% 1325
21 +2% 1376
22 X +0.5% 1462
23 2 MWh (198,2’)’ +1% 1391
24 +2% 1442
25 , +0.5% 1493
26 (g%” 1% 1423
27 2% 1475

a BB-Battery Bank, BBT-Battery Bank Thresholds, Load Variation Boundaries (LVBs)

Red color represents least whereas green color represents
most profit. The shift of color from red to green shows the
profit increasing trend. The table III shows that, smaller

,BBT(80%,20%) & LVB(:0.5%,0.5%) _ BBT(80%,20%) & LVB(-2%,2%)
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(a) Battery bank capacity 0.5 MWh

battery capacity with narrower BB charging and discharging
thresholds provides lowest profit whereas bigger battery
capacity and wider BB charging and discharging thresholds
provides highest profit. Even with same battery capacity, the
battery bank (SoC) thresholds play a vital part in profitability.
Wider battery bank thresholds store more low-priced energy
hence release more overpriced energy as compared to
narrower thresholds, making the system more profitable.
Similarly, LVBs have impact on the profit, as extreme LVBs
tend to show more profit.

B. Grid Operator’s Perspective

For grid operator’s perspective, it is important to analyze
the case scenarios regarding the energy usage during different
load conditions. Differentiated energies for battery capacity of
0.5 MWh and 2 MWh for extreme cases with BBT [(80%-
20%), (95%-5%)] and LVBs [average £ (0.5%), (2%)] are
shown in Fig. 13. The load data points used in the project are
averaged hourly data points starting from 22:00 hours till
21:00 hours of next day, comprising a total of 24 data points.
Hence, x-axis representing the time (h) in Fig. 13 starts from
-2 (representing 22:00 hours) and ends at 21(representing
21:00 hours of next day).

A comparative analysis of Fig. 13 shows a general trend
that, by increasing the battery bank capacity, the overload
energy reduced, as battery bank can store more underload
energy. Moreover, the load variation boundaries have
noticeable impact on energy usage in each load mode. With
narrower LVBs, most of the load points fall in under and
overload cases, whereas with wider LVBs, more load points
occur in medium load condition, which increases the medium
load energy usage. Even though during the narrower LVBs,
the amount of energy usage during grid’s underload condition
is highest, the profit might not be highest as the overload
energy is used significantly. Battery bank charging and
discharging thresholds also have noticeable impact on the
energy usage, as wider thresholds store more energy in the
battery bank during the underload condition. The results
indicate a clear pattern that effective management of grid’s
underload and overload conditions is critical for grid stability.
Increasing battery bank capacity considerably mitigates the
impact of overload periods by storing energy during underload

B?T(S()‘Vo, 20%) & LVB(-0.5%, 0.5%)

BBT(80%, 20%) & LVB(-2%, 2%)
500 5000
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condition and releasing it during overload condition, which is
crucial for avoiding grid stress during peak hours. Though
wider battery bank SoC’s thresholds enhance energy
absorption during underload periods, thus reducing peak
demand strain on the grid, wider load variation boundaries are
most impactful in terms of profit and energy distributions.

V. CONCLUSION

This study developed a method to model and analyze the
integration of a large battery bank into a high-power charging
station as a buffer for the grid. Through MATLAB/Simulink,
the method was implemented to evaluate the effects of key
parameters on the integration and operation for both the
charging station owner and the grid operator. The results
demonstrated that integrating a battery bank into a charging
station effectively reduces grid dependency during peak
hours, enhances grid stability, and lowers operational costs
through strategic energy flow control. Parameters such as
battery bank capacity, battery bank’s SoC thresholds, and load
variation boundaries significantly influenced the system's
economic performance. A larger battery capacity (2 MWh),
wider battery bank SoC thresholds (95%—5%), and narrower
LVBs (£0.5%) yielded in an 18.80% increase in profit and
94% reduction in overload energy consumption relative to
smaller battery bank (0.5 MWh), narrower battery bank SoC
thresholds (80%—-20%) and medium load variation boundaries
(£1%). Overall, this work provides a method for economically
viable and technically robust EV charging infrastructure,
particularly beneficial in regions with constrained grid
infrastructure. Future research could explore vehicle to grid
(V2QG), battery bank to grid (BB2G), integration of renewable
energy and battery aging for better operation realities.
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