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Abstract

In addition to encouraging the use of renewable energy, a photovoltaic array connected to the main grid and a hybrid energy
storage system for charging electric vehicles improves energy resiliency. The advantages of such a system can be maximised by
careful planning and consideration of regional laws and incentives. The proposed plan for a hybrid energy storage system and
photovoltaic array integrated with the main grid for electric vehicle charging was the major topic of this article. its primary
elements, advantages, and factors to be considered. The design of an inverter with subsystem for integrating PV arrays with the
main grid and hybrid energy storage systems was covered and implemented in this article to improve the efficiency of the electric
vehicle charging system. Moreover, this paper attempted to use a suitable filter and its control algorithm to address power quality
problems such as harmonic extraction and mitigation. By combining PV arrays with the main grid and hybrid energy storage
systems, this research study demonstrates improved charging system performance through the use of MATLAB simulation and
analysis of the results.

Keywords
Photo Voltaic (PV), Hybrid Energy Storage System (HESS), Electric Vehicle Charging System (EVCS),
Active Power Filter (APF), Phase Locked Loop (PLL)

I. INTRODUCTION

The increasing use of electric vehicles (EVs) calls for the construction of dependable, environmentally
friendly, and effective charging infrastructure. Combining photovoltaic (PV) arrays, the main grid, and
hybrid energy storage systems (HESS) for EV charging stations is one possible approach. This integrated
system provides a clean, adaptable, and economical method of EV charging while addressing the issues of
increased energy consumption, dependence on non-renewable resources, and the intermittent nature of
renewable energy[1].

Solar energy is captured by a photovoltaic array and transformed into electrical power that may either be
stored for later use or used directly to power EV chargers. Even in times of poor solar generation or heavy
demand, the system can guarantee steady and dependable power by connecting this array to the Main Grid.
To store extra solar energy, the Hybrid Energy Storage System integrates many storage technologies,
including supercapacitors and lithium-ion batteries. In addition to stabilising the power supply, this storage
maximises energy use, enabling quicker and more effective electric vehicle charging[2].

A dynamic and resilient energy ecosystem is produced by this integration, as seen in Figure - 1, which
lessens the transportation sector's carbon footprint and reliance on the grid. This technology supports the
shift to a more environmentally friendly, electrified future by improving the sustainability of EV charging
infrastructure through the balance of energy generation, storage, and consumption. Additionally, the hybrid
method enhances the overall energy security of the charging network and reduces expenses related to peak
electricity use[3].

PV arrays, hybrid energy storage, and grid integration provide a scalable and creative way to fuel the electric
vehicle revolution while lowering greenhouse gas emissions as the world transitions to a more sustainable
future[1].
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II. SCHEME OF PV ARRAY INTEGRATION WITH MAIN GRID AND HYBRID ENERGY STORAGE SYSTEM FOR
ELECTRIC VEHICLE CHARING SYSTEM
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Figure — 1 Scheme of PV Array integration with main grid and hybrid energy storage system for EVCS

1. MAIN COMPONENTS, BENEFITS AND CONSIDERATIONS OF PV ARRAY
INTEGRATED WITH MAIN GRID AND HESS FOR EVCS
e Main Components:

e PV Solar Panels: Whether mounted on the ground or on a roof, these solar panels generate
electricity.[4]

e Inverter: The PV panels generate direct current (DC), which is transformed into alternating current
(AC) that may be utilised by EV chargers and the grid.[4]

e Grid Connection: Due to the system's connection to the power grid, energy can move both ways.
When solar generation is not enough, energy can be taken from the grid and excess energy generated
by the PV system can be delivered back to the grid.[4]

e EV Charging Station: The system is connected to a Level 2 or Level 3 charger, which supplies the
power required to charge EVs.[4]

e Energy Management System: By determining when to charge EVs from the grid or the solar
system based on demand, cost, and availability, this can optimise energy use.[4]

e Benefits:

e Reduced Energy Costs: Lower energy costs result from using solar energy since it lessens
dependency on the electrical grid.[5]

o Sustainability: Reliance on fossil fuels and carbon emissions are decreased by using renewable
energy.[5]

e Grid Support: Overproduction of solar energy can aid in grid stabilisation, particularly during
moments of high demand.[5]

o Energy Independence: PV system owners can lessen their exposure to changes in the price of
electricity.[5]
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e Considerations:

o Initial Investment: Although incentives and rebates may help reduce these costs, solar panels,
inverters, and installation can have a substantial upfront cost.[6]

e Regulatory Environment: The system's feasibility and financial viability are impacted by local
incentives and laws.[6]

e Battery Storage: By storing extra solar energy for use in the absence of sunlight, battery storage can
improve the system's efficiency.[6]

e System Sizing: For the PV system to satisfy the energy requirements of the EV charging station and
any additional connected loads, proper sizing is essential.[6]

e Charging Speed: The size of the PV system and the inverter capacity may restrict the charging pace,
particularly in low-light conditions.[6]

IV. DESIGN OF INVERTER WITH SUBSYSTEM FOR THE INTEGRATION OF PV OUTPUT
An inverter is a device that converts DC to AC. Its input is the output of a boost converter, which
converts DC to AC.[7] The reference signal is produced by the controller of the closed-loop system. This
aids the inverter by providing gate pulses to the controller's switching device. Pulse width (PWM) and
dq0-to-abc are employed. The MATLAB Simulink model for designing an inverter with a subsystem for
integrating PV output is displayed in Figure - 2.[8]
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Figure — 2 MATLAB Simulink model for design of Inverter with Subsystem for the Integration of PV output

The gate pulses are produced using Pulse Width Modulation (PWM) and dq — to — abc. It uses the external
voltage controller to calculate Vd, Vq, Id, and Iq. The MATLAB Simulink model for the ABC to dq control
block is shown in Figure - 3, and the MATLAB Simulink model for the ABC to dq is shown in
Figure - 4.[9]

Figure — 3 MATLAB Simulink model for abe-to-dq and control block
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Figure — 4 MATLAB Simulink model for abe-to-dq
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The gate pulses are produced using the dq-to-abc conversion and (PWM) technique. The control section uses
the dc-link voltage and reference voltage to calculate idre f from the outside voltage controller, and then sets

it to zero.[10]

¢ Output of Inverter:

Graph — 1 displays the inverter's output graph; it is a closed-loop system that regulates the inverter's voltage
and current. The voltage is 550V and the current is 65A using PLL and dq transformation.[11]
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Graph — 1: Inverter Output Voltage S50 Volts and Current 65 Amperes

IV. HARMONICS EXTRACTION AND MITIGATION WHILE CONNECTING THE PV
ARRAY WITH BATTERY, SUPERCAPACITOR AND MAIN GRID
The park transformation (a-B-0 to d-q) and clerk transformation (a-b-c to a-B-0) both require APF. The dc
source, inverter, coupling inductor, etc. are all contained within an active filter. Additionally, the inverter in
the active power filter requires specific control topologies. The MATLAB Simulink model of a shunt active

power filter is displayed in Figure - 5.[12]
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Figure — 5 MATLAB Simulink model of Shunt Active Power Filter (APF)
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Vs =400/1.732, £ = 50 Hz and Vi/p = Inverter input voltage =400 V.
Figure — 6 shows MATLAB Simulink model of subsystem of Shunt Active Power Filter
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Figure — 6 MATLAB Simulink model of Sub system of Shunt Active Power Filter (APF)

V. THD (TOTAL HARMONIC DISTORTION) ANALYSIS
The micro grid model is simulated using non-linear demand. The power system loads connected to the
micro grid are nonlinear and produce sufficient harmonics. The main source of harmonics is power
electronics device switching.[13] The simulation results and the THD computation utilising a Shunt APF
are displayed in the accompanying figures. THD of Voltage is [2.99%] and THD of Current is [36.30%].
Shunt Active Power Filter not used. Grid voltage and current waveforms without filters are displayed in
Graph - 2.[14]
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Graph - 2: Grid Voltage and Current waveform without filter
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Graph - 3 displays the waveform of grid voltage and grid current using a shunt active power filter.
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Graph — 3: Grid Voltage & Current with Shunt Active Power Filter

Graph — 4 displays the grid's reactive and active power.
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Graph — 4: Active Power & Reactive Power of Grid
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Non-linear load connected to the grid occurs anytime all systems are integrated into a micro grid; therefore,
certain harmonics are present in the system. To address this issue, we employ Shunt APF to reduce the
harmonics in the system, as seen in the THD analysis figures. APF Lower the THD value from 12% to 5.40
percent.[15]

Graph - 5§ Displays Shunt THD Without a filter, the active power filter load current is 12.80%.
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Graph —5: THD of load current without filter
Graph - 6 indicates a THD of 5.40 percent for the shunt active power filter load current with filter.
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Graph — 6: THD of load current with Shunt APF filter
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VI. BIDIRECTIONAL CONVERTER WITH BATTERY SYSTEM
The battery is connected via a dc-dc bidirectional converter. The dc-dc converter uses IGBT due to its
low output impedance and fast switching time. combining a non-traditional energy source—like a
photovoltaic array—with a storage system, many operating modes, and a local load. Both the PV output
and the battery's state of charge (SOC) affect these modes. The MATLAB Simulink model of a
bidirectional converter with a battery system is displayed in Figure - 7.[16]
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Figure — 7 MATLAB Simulink model of Bidirectional Converter with Battery system

Figure — 8 displays the bidirectional converter model in MATLAB Simulink.
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Figure — 8 MATLAB Simulink model of Bidirectional Converter
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It consists two IGBT Q1 & Q2
Q1 Operate in Boost Mode
Q2 Operate in Buck Mode
Gate pulse of Q1 & Q2 Switches is providing by This Combined Control Battery System.

Graph — 7 displays the IGBT Q1's switching pulses.
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Graph — 8 displays IGBT Q2's switching pulses.
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e Battery Voltage and Battery Current Characteristics in Charging Mode:

Graph - 9 displays the characteristics of the battery's voltage and current when charging.
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Graph — 9: Voltage & Current Characteristics in Charging Mode
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The output of a PV array can be stored in a battery for later use or transmitted into the grid. to make low-
voltage energy storage possible. When the grid voltage is 400V and the battery voltage is 24V, the
bidirectional converter is emulated in both boost and buck modes. It permits bidirectional power transfer
from the grid to the batteries. 28.5 volts at that moment, both the voltage and the current (-250 A) are
constant.[17]

Graph — 10 Shows Battery State of Charge (SOC) in %
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Graph - 10: Battery SOC in %

VII.DATA COLLECTION AND RESULT SUMMARY

Table — 1 demonstrates data gathered by simulation, together with a summary of the results.

Sr. No. DATA COLLECTED RESULT SUMMARY

1 Output Voltage of Inverter 570 Volts

2 Output Current of Inverter 65 Amp.

3 THD of shunt Active power filter load current without filter 12.80 %

4 THD of shunt Active power filter load current without filter 5.40 %

5 Nominal Voltage 24 Volts

6 Rated Capacity of Battery 48 Ah

7 Initial state-of-charge of Battery in % 50 %

8 0s to 0.2s SOC % of Battery 50.025

Table — 1 Data Collection and Result Summary

VIII. CONCLUSION

e Through this study, I learnt how solar PV panels integrate with the grid to power electric vehicle charging
systems.[18]

e To oversee the charging stations for a significant number of EVs, a more advanced energy management
system is needed.[18]

o gained the skills and knowledge necessary to construct an inverter that integrates the power output of
solar PV panels with the utility grid.[19]

e Simulation results from MATLAB Simulink have validated the suggested system.[19]

e Simulation findings using MATLAB Simulink have confirmed the harmonic extraction and mitigation
technique.[20]

e There are several potential limits to the findings, including a reduction in the electricity available at the
charging station at night due to the grid operating in peak event mode and the BSB's limited stored
energy.[20]
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