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ABSTRACT: 

The integration of Vehicle-to-Grid (V2G), Grid-to-Vehicle (G2V), and Vehicle-to-Home (V2H) functions 

into charging infrastructure has attracted a lot of attention due to the growing popularity of electric cars (EVs). A 

thorough simulation analysis of a three-phase multiport charger intended to smoothly enable these features is 

presented in this research. Bidirectional power transfer between EVs, the grid, and residential infrastructure is 

made possible by the many ports in the suggested charging architecture. The charger ensures grid stability, satisfies 

customer needs, and facilitates efficient energy exchange with sophisticated control algorithms and power 

electronics. By using the excess energy stored in EV batteries to provide electricity back into the grid at times of 

high demand or during crises, the V2G mode improves grid stability and generates income for EV owners. In the 

G2V mode, on the other hand, the charger optimises charging schedules to save expenses and grid impact by 

intelligently managing EV charging based on grid circumstances. Furthermore, direct energy transfer from EVs 

to residential buildings is made possible by the V2H capability, which improves energy resilience and lets users 

use their EV batteries as backup power sources during blackouts or to lower their electricity costs during peak 

hours. The outcomes of the simulation show that the suggested charger design is both practical and efficient under 

a range of grid situations and operational scenarios. The charger's capacity to effortlessly handle V2G, G2V, and 

V2H capabilities while guaranteeing system dependability and user comfort is validated by evaluating 

performance parameters including power conversion efficiency, grid stability, and user satisfaction. Overall, the 

simulation research highlights how three-phase multiport chargers may help advance the shift to a resilient and 

sustainable energy environment by enabling the complete range of advantages linked to V2G, G2V, and V2H 

integration. 

I.INTRODUCTION 

In recent years, the paradigm of transportation and energy has been undergoing a transformative shift 

towards sustainability and efficiency. Electric vehicles (EVs) have emerged as a promising solution to combat 

environmental degradation and reduce dependency on fossil fuels. However, the widespread adoption of EVs 

faces several challenges, including limited driving range, long charging times, and the strain they place on existing 

power infrastructure. To address these challenges, the concept of Vehicle-to-Grid (V2G), Grid-to-Vehicle (G2V), 

and Vehicle-to-Home (V2H) integration has gained significant attention. This paper presents an integrated three-

phase multiport charger simulation designed to facilitate V2G, G2V, and V2H applications. By seamlessly 

integrating electric vehicles into the power grid, this technology aims to optimize energy utilization, enhance grid 

stability, and empower consumers to actively participate in the energy ecosystem. The integration of multiple 

functionalities within a single charger unit represents a novel approach towards maximizing the benefits of electric 

vehicles while minimizing their impact on the grid. 

The transition towards electric mobility has necessitated the development of innovative charging infrastructure 

capable of accommodating diverse charging scenarios and supporting bidirectional power flow. Traditional 

unidirectional chargers are ill-equipped to handle the dynamic nature of V2G, G2V, and V2H interactions, where 

energy can flow both to and from the grid, vehicle, and home. Therefore, there is a pressing need for advanced 

charger architectures capable of bidirectional power conversion and seamless integration with the existing power 

grid. The proposed integrated three-phase multiport charger represents a significant advancement in charging 

infrastructure technology, offering a versatile solution for electric vehicle integration with the grid. By 

incorporating multiple ports and bidirectional power flow capabilities, this charger enables efficient energy 

transfer between the grid, vehicle, and home, thereby unlocking new possibilities for energy management and 

optimization. 

One of the key features of the integrated charger is its ability to support three-phase power distribution, allowing 

for higher power transfer rates and improved efficiency. Unlike single-phase chargers, which are limited in their 

capacity and performance, three-phase chargers can deliver more power while maintaining system stability. This 

is particularly advantageous in scenarios where rapid charging or high-power applications are required, such as 

commercial fleet operations or fast-charging stations. Moreover, the multiport design of the charger enables 

simultaneous charging/discharging of multiple vehicles, enhancing overall system flexibility and scalability. This 

is essential for accommodating varying demand patterns and optimizing resource utilization within the grid. By 

leveraging the inherent flexibility of multiport architecture, the charger can adapt to changing conditions in real-

time, ensuring efficient allocation of energy resources and minimizing grid congestion. The integration of V2G, 

G2V, and V2H functionalities within the charger opens up new avenues for energy management and revenue 
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generation. V2G technology allows electric vehicles to serve as distributed energy resources, feeding surplus 

energy back into the grid during peak demand periods or emergencies. This not only helps stabilize the grid but 

also enables vehicle owners to monetize their excess energy capacity through participation in demand response 

programs or ancillary services markets. 

Similarly, G2V functionality enables vehicles to intelligently charge their batteries based on grid conditions, 

optimizing charging schedules to minimize costs and reduce strain on the grid. By leveraging real-time pricing 

signals or demand forecasts, the charger can schedule charging sessions during off-peak hours when electricity 

prices are lower, thereby reducing the overall cost of ownership for EV owners. Furthermore, V2H capability 

allows electric vehicles to serve as mobile energy storage units, providing backup power to homes during grid 

outages or peak demand periods. By utilizing the energy stored in EV batteries, homeowners can reduce their 

reliance on traditional backup generators and increase their energy resilience without the need for additional 

infrastructure investments. 

In addition to its technical capabilities, the integrated three-phase multiport charger holds immense potential for 

accelerating the transition towards a sustainable energy future. By facilitating the widespread adoption of electric 

vehicles and enabling their seamless integration with the grid, this technology paves the way for reduced 

greenhouse gas emissions, improved air quality, and enhanced energy security. However, realizing the full 

potential of integrated charger technology requires addressing several technical, regulatory, and economic 

challenges. From a technical standpoint, ensuring interoperability and compatibility between different vehicle 

models and charger units is crucial for widespread adoption. Standardization of communication protocols, 

charging interfaces, and power electronics is essential to enable seamless integration and interoperability across 

diverse charging networks. 

Moreover, regulatory frameworks must evolve to support the integration of V2G, G2V, and V2H technologies 

into existing energy markets. Clear rules and incentives are needed to incentivize participation in demand response 

programs, facilitate bi-directional energy flow, and ensure fair compensation for energy services provided by 

electric vehicles. Economically, the cost-effectiveness of integrated charger technology depends on factors such 

as battery prices, electricity tariffs, and infrastructure investments. While the declining cost of batteries and 

advances in power electronics are making electric vehicles more affordable, additional incentives and subsidies 

may be necessary to accelerate adoption and encourage investment in charging infrastructure. In conclusion, the 

integrated three-phase multiport charger represents a groundbreaking innovation in electric vehicle charging 

infrastructure, offering a versatile solution for V2G, G2V, and V2H applications. By enabling bidirectional power 

flow and seamless integration with the grid, this technology holds the potential to revolutionize the way we 

generate, distribute, and consume energy. However, realizing this potential requires concerted efforts from 

industry stakeholders, policymakers, and regulators to overcome technical, regulatory, and economic barriers and 

create an enabling environment for the widespread adoption of integrated charger technology. 

 

II.LITERATURE SURVEY 

The integration of electric vehicles (EVs) into the power grid has become a prominent area of research due to its 

potential to alleviate energy crises and reduce greenhouse gas emissions. One crucial aspect of this integration is 

the development of efficient charging infrastructure that supports Vehicle-to-Grid (V2G), Grid-to-Vehicle (G2V), 

and Vehicle-to-Home (V2H) applications. In this literature survey, we delve into the simulation approaches and 

methodologies employed in the design and evaluation of integrated three-phase multiport chargers for such 

applications. Electric vehicles have gained significant traction in recent years due to advancements in battery 

technology, environmental concerns, and governmental incentives. However, their widespread adoption poses 

challenges to the existing power infrastructure, necessitating the development of smart charging solutions. One 

such solution is the integration of multiport chargers capable of bidirectional power flow, enabling EVs to not 

only draw energy from the grid but also feed surplus energy back into it or utilize it for household purposes. 

Simulation plays a vital role in the design and testing of these integrated chargers, allowing researchers and 

engineers to evaluate their performance under various operating conditions and grid scenarios. By accurately 

modeling the charger's components, control algorithms, and grid interactions, simulations provide valuable 

insights into efficiency, power quality, and grid stability. Researchers have employed various simulation tools and 

methodologies to study integrated three-phase multiport chargers for V2G, G2V, and V2H applications. One 

commonly used approach is the development of mathematical models that describe the behavior of individual 

components such as power converters, energy storage systems, and grid interfaces. These models, often based on 

circuit equations and control algorithms, enable detailed analysis of charger dynamics and performance. 

Furthermore, advanced simulation platforms, such as MATLAB/Simulink and PSCAD/EMTDC, offer powerful 

tools for modeling and simulating complex power systems. These platforms provide libraries of pre-built 

components and intuitive graphical interfaces, facilitating the creation of comprehensive charger models. By 

incorporating real-world grid data and EV usage patterns, researchers can simulate realistic scenarios and assess 

the charger's impact on grid stability and energy management. In addition to mathematical modeling and 
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simulation platforms, researchers have explored hardware-in-the-loop (HIL) simulation techniques for charger 

validation and testing. HIL simulations involve interfacing physical charger prototypes with simulated grid 

environments, allowing for real-time performance evaluation under dynamic conditions. This approach enables 

researchers to validate control algorithms, assess hardware reliability, and optimize charger operation before 

deployment in real-world settings. 

III.INTERLEAVED TOTEM POLE 

The interleaved totem pole converter is a topology of power electronic converter used in various applications 

ranging from renewable energy systems to electric vehicle charging stations. It is characterized by its ability to 

provide high efficiency, reduced size, and improved power quality compared to conventional converter topologies. 

In this comprehensive discussion, we will delve into the working principle, applications, advantages, limitations, 

and future prospects of the interleaved totem pole converter. 

Working Principle: 

The interleaved totem pole converter consists of multiple power electronic switches arranged in a totem pole 

configuration. These switches are typically insulated gate bipolar transistors (IGBTs) or silicon carbide (SiC) 

MOSFETs. The totem pole structure comprises both upper and lower arms, each containing multiple switches 

connected in parallel. The key feature of the interleaved totem pole converter is the interleaving of switching 

phases, which helps distribute power and reduce current ripple. 

During operation, the interleaved totem pole converter alternately switches between the upper and lower arms, 

allowing for bidirectional power flow and reducing switching losses. By interleaving the switching phases, the 

converter achieves higher efficiency and improved dynamic response compared to traditional converter 

topologies. Moreover, the totem pole configuration enables soft switching techniques, such as zero-voltage 

switching (ZVS) and zero-current switching (ZCS), further enhancing efficiency and reducing electromagnetic 

interference (EMI). 

IV.INTERLEAVED BUCK/BOOST CONVERTER 

A buck converter (step-down converter) is a DC-to-DC power converter which steps down voltage 

(while stepping up current) from its input (supply) to its output (load). It is a class of switched-mode power 

supply (SMPS) typically containing at least two semiconductors (a diode and a transistor, although modern buck 

converters frequently replace the diode with a second transistor used for synchronous rectification) and at least 

one energy storage element, a capacitor, inductor, or the two in combination. To reduce voltage ripple, filters made 

of capacitors (sometimes in combination with inductors) are normally added to such a converter's output (load-

side filter) and input (supply-side filter).  

 
Fig. 1: Buck converter circuit diagram. 

 

Switching converters (such as buck converters) provide much greater power efficiency as DC-to-DC converters 

than linear regulators, which are simpler circuits that lower voltages by dissipating power as heat, but do not step 

up output current.[2] 

Buck converters can be highly efficient (often higher than 90%), making them useful for tasks such as converting 

a computer's main (bulk) supply voltage (often 12 V) down to lower voltages needed by USB, DRAM and 

the CPU (1.8 V or less). 

 

 V.BATTERY ENERGY STORAGE SYSTEM 

lithium-ion battery is made of one or more power-generating compartments called cells. Each cell has 

essentially three components.- positive electrode, negative electrode and electrolyte. A positive electrode connects 

to the battery's positive or + terminal. A negative electrode connects to the negative or − terminal. And a chemical 

called an electrolyte in between them. The positive electrode is typically made from a chemical compound 

called lithium-cobalt oxide (LiCoO2) or lithium iron phosphate (LiFePO4). The negative electrode is generally made 

from carbon (graphite). The electrolyte varies from one type of battery to another. 
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The electrolyte carries positively charged lithium ions from the anode to the cathode.The movement of the lithium 

ions creates free electrons in the anode which creates a charge at the positive current collector.  The electrical current 

then flows from the current collector through a device being powered (cell phone, computer, etc.) to the negative 

current collector. The separator blocks the flow of electrons inside the battery. 

 
While the battery is discharging and providing an electric current, the anode releases lithium ions to the cathode, 

generating a flow of electrons from one side to the other. When plugging in the device, the opposite reaction happens, 

the cathode releases lithium ions and anode receives them. This is how the Lithium-ion battery works. 

 
In this battery, the energy density and power density are most common things of the battery. Generally, the energy 

density measures in watt-hours per kilogram (wh/kg) and is the amount of energy the battery can store with respect 

to its mass. Power density measures in watts per kilogram (W/kg) and is the amount of power of battery with respect 

to its mass. 

VI. PROPOSED SIMULATION CIRCUIT 
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Single phase closed loop in G2V 

 

GRID VOLTAGE VS TIME 
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PROPOSED CIRCUIT CONFIGURATION IN V2G MODE 

 

Battery SOC vs time 
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GRID VOLTAGE VS TIME 

 

CONTROL SIGNALS 
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V2L mode circuit configuration 

 

Three phase configurations 

 

Proposed three phase G2V mode 

 

Grid voltage vs time 
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Battery soc vs time 

 

Proposed V2G mode 

 

Battery SOC vs time 
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Grid voltage vs time 

VI. CONCLUSION 

Its crucial importance in furthering the integration of electric vehicles (EVs) into smart grid systems is 

highlighted by the simulation of the Integrated Three-Phase Multiport Charger for Vehicle-to-Grid (V2G), Grid-

to-Vehicle (G2V), and Vehicle-to-Home (V2H) applications. This study's thorough research and testing have 

shown how effective and adaptable the suggested charger design is at permitting energy exchange with private 

dwellings and bidirectional power flow between EVs and the grid. The findings show that the charger satisfies 

demanding performance standards, such as high efficiency, compliance with power quality, and smooth charging 

mode switching. It improves grid stability and resilience by operating dependably in real-world situations thanks 

to its resilience in managing dynamic load circumstances and grid disruptions. Additionally, the simulation 

emphasises the financial and ecological advantages linked to V2G, G2V, and V2H features. The charger optimises 

energy use, lowers power prices, and lowers carbon emissions by utilising EV batteries as distributed energy 

resources. This helps to promote cleaner energy systems and sustainable mobility. To sum up, the Integrated 

Three-Phase Multiport Charger offers a flexible and scalable solution for upcoming grid-integrated EV systems, 

marking a major advancement in the development of smart charging infrastructure. Its ability to transform energy 

resource management and open the door to a more robust, efficient, and ecologically friendly transportation 

ecology is demonstrated by its successful simulation. 
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