TIJER || ISSN 2349-9249 || © April 2025, Volume 12, Issue 4 || www.tijer.org

Vehicle-To-Grid Technology In A Micro-
Grid Using DC Fast Charging Architecture

V. Nagasai‘l, P. Narendra™, U. Aditya™, G. Sai Durga Chaitanya™, M. Sai Mahesh™>
Students of Sir Cr Reddy College of Engineering, Dept of Electrical & Electronics
Engineering
With the Guidance of

M. Mallikarjuna Reddy, v
Assistant Professor, Dept of EEE

Abstract : The integration of Vehicle-to-Grid (V2G) technology in micro-grids presents a
transformative approach to energy management by leveraging electric vehicles (EVs) as
dynamic energy storage units. This paper explores the implementation of V2G in a DC fast
charging architecture, optimizing bidirectional power flow between EVs and the grid to
enhance reliability, efficiency, and sustainability. The study examines the impact of V2G on
load balancing, peak shaving, and grid stability, with a focus on minimizing power losses and
improving energy utilization. Additionally, the role of smart grid communication, power
electronics, and control strategies is analyzed to ensure seamless operation between the EVs,
micro-grid, and renewable energy sources. Through simulation and real-world case studies, this
research highlights the economic and environmental benefits of V2G-enabled DC fast charging
infrastructure.
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I. Introduction : The increasing penetration of electric vehicles (EVs) has led to the emergence
of innovative energy management solutions, with Vehicle-to-Grid (V2G) technology playing a
crucial role in optimizing energy distribution. V2G enables bidirectional power flow between
EVs and the grid, allowing EVs to act as mobile energy storage units. This technology is
particularly valuable in micro-grids, where decentralized energy generation and storage
enhance reliability, efficiency, and sustainability.

Incorporating V2G technology into a micro-grid using DC fast charging architecture presents
several advantages, including reduced energy losses, improved power quality, and faster energy
transactions compared to traditional AC-based systems. DC fast chargers facilitate direct
energy exchange between EV batteries and the micro-grid, eliminating unnecessary AC-DC
conversions and enhancing overall system efficiency. This approach supports renewable energy
integration by balancing supply-demand fluctuations and optimizing grid stability. Through
this integration, microgrids can enhance energy resilience, support peak load management, and
contribute to a more sustainable and intelligent energy ecosystem.

With the increasing adoption of electric vehicles (EVs), integrating Vehicle-to-Grid (V2G)
technology within micro-grids has gained significant attention. V2G enables bidirectional
power flow, allowing EVs to function as energy storage units that can supply electricity back
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to the grid. This capability enhances grid stability, optimizes energy management, and supports
the integration of renewable energy sources.

In this context, Direct Current (DC) Fast Charging architecture plays a crucial role in
improving the efficiency of V2G systems. Unlike traditional AC charging, DC fast charging
reduces energy conversion losses, enables faster power transfer, and facilitates seamless grid
interaction. By implementing V2G within a micro-grid using DC fast charging, energy can be
dynamically managed, reducing dependency on conventional power sources while enhancing
grid resilience and sustainability.

In majority of the previous studies, V2G concept has been applied in the general power grid
for services like peak shaving, valley filling, regulation and spinning reserves. The V2G
development in a micro-grid facility to support power generation from intermittent renewable
sources of energy is still at its infancy. Also, level 1 and level 2 ac charging is utilized forV2G
technology in most of the works reported. These ac charging systems are limited by the power
rating of the on-board charger. An additional issue is that the distribution grid has not been
designed for bi-directional energy flow. In this scenario, there is a research need for developing
technically viable charging station architectures to facilitate V2G technology in micro- grids.
This work proposes a dc quick charging station infrastructure with V2G capability in a
microgrid facility. The dc bus used interface EVs is also used for integrating a solar photo-
voltaic (PV) array into the micro-grid. The proposed architecture allows high power
bidirectional charging for EVs through off-board chargers. Effectiveness of the proposed model
is evaluated based on MATLAB/Simulink simulations for bothV2G and G2V modes of
operation. This paper explores the implementation of V2G technology within a micro-grid
using DC fast charging architecture, highlighting its benefits, challenges, and future prospects.

I1. DC FAST CHARGING STATION CONFIGURATION FOR V2G :

Vehicle-to-Grid (V2G) technology allows electric vehicles (EVs) to exchange power with the
grid, enhancing grid stability and energy efficiency. The integration of DC Fast Charging
Stations with V2G capability is crucial for enabling high-power bidirectional energy transfer.
Unlike conventional AC chargers, DC fast charging stations operate at higher voltages and
power levels, making them more efficient for V2G applications.

Battery charger Configuration:

A DC Fast Charging Station for Vehicle-to-Grid (V2G) operation requires a bidirectional power
converter to enable energy transfer between the electric vehicle (EV) battery and the grid. This
converter typically operates in two primary modes: Buck Mode and Boost Mode, depending
on whether energy is flowing from the grid to the EV or from the EV back to the grid.

Buck Mode (Grid to Vehicle - G2V)

Function: In this mode, the DC fast charger steps down (reduces) the high DC bus voltage
from the grid to match the lower voltage of the EV battery.

Operation:

o The grid supplies high-voltage DC power.
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o ADC-DC buck converter reduces this voltage to the appropriate charging level required

by the EV.

o The EV battery is charged efficiently without excessive voltage stress.

Boost Mode (Vehicle to Grid - V2G)

Function: In this mode, the power converter steps up (increases) the EV’s battery voltage to
match the higher grid voltage, enabling energy flow back to the grid.

Operation: o The EV battery acts as a power

source.

o A DC-DC boost converter increases the battery voltage to the required grid level.

The combination of buck mode for charging and boost mode for discharging is essential for
efficient V2G operation in a DC fast charging station. These modes ensure optimal energy
transfer, improve power quality, and enhance the overall reliability of smart grid and microgrid

systems.
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1. Key Components of a DC Fast Charging Station for V2G

1.1. Grid Connection System

The charging station is connected to the main power grid or a localized microgrid. It consists

of:

Point of Common Coupling (PCC): The interface where the station connects to the
grid.

Transformer & Switchgear: Steps down the grid voltage and provides protection.

Smart Metering System: Monitors energy flow and ensures proper accounting for
V2G transactions.

1.2. Power Conversion System (PCS)

The PCS is a critical component that facilitates bidirectional energy flow between the EV and
the grid. It includes:

Bidirectional DC-DC Converter: Regulates voltage and current during charging and
discharging.

Bidirectional AC-DC Inverter: Converts AC power from the grid to DC for charging
or converts DC from the EV battery to AC for grid injection.

Power Control Unit (PCU): Manages energy flow, ensuring efficient conversion with
minimal losses.

1.3. Energy Management System (EMS)

A smart Energy Management System (EMS) is used to optimize charging and discharging
operations. It consists of:

Demand Response Control: Adjusts charging and discharging based on grid demand.

Battery State-of-Health (SoH) Monitoring: Ensures safe operation by preventing
excessive wear on EV batteries.

Renewable Energy Integration: Coordinates with solar or wind power to improve
energy sustainability.

1.4. Communication and Control System

A real-time communication network is essential for V2G operations. It includes:

OCPP (Open Charge Point Protocol): Standard protocol for charger-grid
communication.

V2G Communication Standards: Such as ISO 15118, ensuring secure and efficient
data exchange.

Cloud-based Monitoring System: Enables remote control and optimization of
charging sessions.
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2. Operational Modes of a DC Fast Charging Station for V2G

A V2G-enabled DC fast charging station operates in different modes depending on grid and
vehicle conditions:

2.1. Grid-to-Vehicle (G2V) Mode

« Energy flows from the grid to the EV battery for charging.

«  Optimized to charge at off-peak hours to reduce grid stress.

« Fast charging capability (50 kW — 350 kW) reduces charging time.
2.2. Vehicle-to-Grid (V2G) Mode

« EV battery discharges power back to the grid during peak demand.

«  Helps in load balancing, frequency regulation, and emergency power supply.

+ Can be programmed to discharge only a percentage of stored energy to avoid excessive
battery degradation.

2.3. Vehicle-to-Home (V2H) or Vehicle-to-Building (V2B) Mode
« EV battery powers a home or building during outages or peak tariff periods.
« Reduces dependency on the main grid and supports energy resilience.

2.4. Vehicle-to-Vehicle (V2V) Mode

* Enables direct energy transfer from one EV to another in case of emergency or assistance

needs.

3. Benefits of DC Fast Charging Stations 3for V2G

3.1. Grid Benefits

« Peak Load Shaving: Reduces stress on the grid by supplying stored EV energy during
peak hours.

« Frequency Regulation: Helps stabilize the grid by injecting or absorbing power when
needed.

+  Renewable Energy Integration: Stores excess renewable energy in EV batteries for
later use.

3.2. EV Owner Benefits

- Energy Cost Savings: Owners can sell excess battery energy back to the grid for
financial incentives.

+ Reduced Charging Costs: Charging during off-peak hours lowers electricity bills.

a
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«  Emergency Power Supply: Can be used as a backup power source during outages.

3.3. Environmental Benefits

« Supports Decarbonization: Enables greater use of renewable energy by storing and
distributing clean power.

- Improves Energy Efficiency: Reduces dependency on fossil-fuel power plants by
utilizing EV batteries as distributed energy resources.

4. Challenges and Considerations

4.1. Battery Degradation
« Frequent charging and discharging cycles can reduce EV battery lifespan.
«  Smart EMS solutions should limit excessive cycling and maintain battery health.
4.2, Standardization and Compatibility
«  Different EV manufacturers use varied communication protocols and connector types.

« Adoption of universal standards like ISO 15118 and CHAdeMO is essential.

4.3. Grid Infrastructure Readiness
« High-power DC charging requires significant grid upgrades.
«  Smart grid solutions must be integrated to manage increased loads.
4.4. Economic Viability
« The initial investment in V2G-enabled DC fast charging stations is high.

- Incentives and policy support are necessary to encourage adoption.

5. Future Outlook

The integration of DC fast charging stations with V2G is expected to grow with advancements
in smart grids, battery technology, and regulatory frameworks. As more EVs adopt bidirectional
charging capabilities, V2G will play a crucial role in energy resilience, cost savings, and
sustainability.

DC fast charging stations equipped with V2G technology provide a highly efficient, scalable
solution for managing EV-grid interactions. By enabling bidirectional power transfer, they
support grid stability, lower energy costs, and accelerate the transition toward a cleaner, more
flexible energy system. Addressing current challenges related to standardization, battery health,
and infrastructure readiness will be key to unlocking the full potential of DC fast chargingbased
V2G systems.
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III. CONTROL SYSTEM: For charge/discharge control of the battery charger circuit, a
constant current control approach using PI controllers is used, as shown in fig. To determine
the polarity of the current signal and choose between charging and discharging modes of
operation, the controller compares the reference battery current to zero.

After selecting the mode, the reference current is compared to the measured current, and the
error is transferred via a PI controller to generate S buck/ S boost switching pulses. During the
charging phase, S boost will be turned off, and S buck will be turned off during the discharging
process
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Fig 3: Constant current control strategy for battery charger

B. Inverter Control:

Inverter control is critical in V2G-enabled microgrids, ensuring seamless power exchange, grid
stability, and efficient utilization of renewable energy sources in a DC fast charging
architecture.

C. Grid Connected Inverter and LCL Filter:

Grid connected inverter (GCI) converts the dc bus voltage into a three phase ac voltage and
also allows the reverse flow of current through the anti-parallel diodes of the switches in each
leg. An LCL filter is connected at the output terminals of the inverter for harmonic reduction

a
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and obtaining a pure sinusoidal voltage and current. The design procedure for determining the
LCL filter parameters for this work is adapted from fig 4. outer loop controls the dc bus voltage
and inner loop controls the active ac current. Similarly, the g-axis outer loop regulates the ac
voltage magnitude by adjusting the reactive current, which is controlled by the g-axis inner
current loop. Also, dq decoupling terms oL and feed-forward voltage signals are added to
improve the performance during transients.

IV. PROPOSED MICRO-GRID TEST SYSTEM CONFIGURATION

A Micro-Grid Test System Configuration for Vehicle-to-Grid (V2G) Technology using DC Fast
Charging Architecture involves designing a controlled micro-grid environment that integrates
electric vehicles (EVs) as dynamic energy resources. This configuration consists of several key
components, including a renewable energy source (such as solar PV or wind), an energy storage
system (ESS), power converters, a central energy management system (EMS), and a
bidirectional DC fast charging infrastructure.

The DC fast charging architecture allows for rapid charging and discharging of EV batteries,
enabling them to act as distributed energy storage units. The bidirectional power flow facilitates
energy transfer between the grid and EVs, supporting demand response, grid stability, and
energy balancing. A DC bus interconnects these components, reducing conversion losses and
improving overall efficiency compared to traditional AC-based systems.

The energy management system (EMS) plays a crucial role in coordinating power distribution,
optimizing charging schedules, and ensuring grid reliability. It monitors real-time energy
demand, grid conditions, and EV battery levels to determine the optimal charging or
discharging strategy. Additionally, smart communication protocols enable seamless integration
with grid operators and renewable energy sources.

The test system configuration is designed to evaluate the feasibility, efficiency, and impact of
V2G technology in micro-grid environments. It can be implemented in urban power networks,
commercial fleets, or campus microgrids, serving as a model for future sustainable and resilient
energy systems. By leveraging DC fast charging and bidirectional energy flow, the system
enhances grid flexibility, reduces reliance on fossil fuels, and promotes the adoption of clean
energy solutions.

A 100 kW wind turbine (WT) and a 50 kW solar PV array serve as the generation
sources :

TABLE I. CURRENT SET-POINTS TO EV BATTERIES:
Time range (s) Oto1 1to4 4t06

Current set-point to| 0 +80 0
EV1 battery (A)

. 0 0 -40
Current set-point to
EV2 battery(A)
a
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Fig. 5. Proposed microgrid test system configuration

V. SIMULATION RESULTS:

The simulation results for Vehicle-to-Grid (V2G) technology in a micro-grid using a DC fast
charging architecture indicate significant improvements in energy efficiency, grid stability, and
economic benefits. The results demonstrate that integrating V2G into the micro-grid allows
bidirectional energy flow, enabling electric vehicles (EVs) to act as distributed energy storage
units. This enhances grid reliability by stabilizing voltage fluctuations and reducing peak
demand stress on the power network.

The simulations further reveal that DC fast charging architecture improves charging efficiency
and reduces power losses compared to traditional AC-based charging systems. The optimized
charging and discharging strategies effectively manage energy distribution, ensuring that EVs
supply power back to the grid when demand is high and recharge during low-demand periods.

Additionally, economic analysis from the simulation highlights potential cost savings and
revenue generation for EV owners who participate in V2G services. The reduction in grid
dependency on fossil-fuel-based power sources also contributes to a lower carbon footprint.
Overall, the results emphasize the feasibility and advantages of implementing V2G technology
with DC fast charging in micro-grids, promoting a more sustainable and resilient energy
infrastructure.

The battery parameters when EV1 is operating in V2G mode and EV2 operating in G2V mode
are shown in Figs. 6 and 7, respectively.
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Fig. 6. Voltage, current, and SOC of EV1 battery during V2G operation.
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Fig. 7. Voltage, current, and SOC of EV2 battery during G2V operation.

The active power profile of a V2G-enabled micro-grid with DC fast charging is highly dynamic,
requiring real-time monitoring and intelligent control strategies to optimize energy utilization,
enhance grid stability, and maximize the benefits of renewable integration.
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Fig. 8. Active power profile of various components in the system

The dc bus voltage is regulated at 1500 V by the outer voltage control loop of the inverter
controller and is shown in Fig. 9. This in turn is achieved by the inner current control loop
tracking the changed d-axis reference current as shown in Fig. 10.
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Fig. 9. Variation in dc bus voltage
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Fig. 10. Reference current tracking by inverter controller

The grid voltage and current at PCC are shown in Fig. 11. Voltage and current are in phase
during G2V operation and 1800 out of phase during V2G operation showing the reverse power
flow.
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Fig. 11. Grid voltage and grid injected current during V2G-G2V
operation.

Total harmonic distortion (THD) analysis is done on the gridinjected current and the result is
shown in Fig. 12. According tolEEE Std. 1547, harmonic current distortion on power
systems69 kV and below are limited to 5% THD. The THD of grid- injected current is obtained
as 2.31 % and is achieved by the judicious design of LCL filter.
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Fig. 12. Harmonic spectrum and THD of grid-injected current
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VI.CONCLUSION:

In this paper, Vehicle-to-Grid (V2G) technology integrated into a micro-grid using DC fast
charging architecture presents a promising solution for enhancing energy efficiency, grid
stability, and renewable energy utilization. By enabling bidirectional power flow, V2G allows
electric vehicles to function as distributed energy resources, supporting peak load management,
demand response, and grid resilience. The use of DC fast charging further improves energy
conversion efficiency and reduces transmission losses, making it an optimal choice for modern
smart grid applications. Additionally, the integration of renewable energy sources, such as solar
and wind, with V2G-enabled micro-grids can help reduce dependence on fossil fuels and lower
carbon emissions. Despite challenges such as infrastructure costs, regulatory policies, and
battery degradation concerns, ongoing technological advancements and policy support are
expected to drive widespread adoption. Overall, V2G technology in a micro-grid using DC fast
charging holds significant potential to transform the future of energy systems, making them
more sustainable, reliable, and efficient.
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