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Abstract: The Bidirectional power management scheme in Electric vehicles (EVs) are thought to be efficient means of 

reducing carbon emissions and the reliance of the transportation industry on fossil fuels. But the distribution infrastructure 

faces serious operational and planning challenges as EVs gain widespread. Vehicle-to-grid (V2G) technology is a research 

hotspot that has the potential to provide a variety of auxiliary services for the utility grid through appropriate charging and 

discharging schedules, in addition to mitigating the negative consequences of widespread uncoordinated EV charging. For the 

first time, EV-grid integration and V2G operation are considered from the perspective of a thorough analysis of distribution 

grid topologies, grid connection infrastructures and standards, and typical applications in this article. In this V2G operation we 

use a limitation condition like usage of power supply until half of the battery percentage, by this way the vehicle can also be 

used at emergency driving at minimum of fifty percent on it. We also suggest using solar energy for electrical vehicle (EVs) 

charging which leads to reduce the cost of electrical bill of charging of these electrical vehicles. Through this we use renewable 

source for electricity which is efficient and convenient for electrical vehicle battery which is used as bidirectional power for 

electrical appliance 

Keywords: Electrical vehicles; Vehicle-to-grid(V2G); Solar power; Bidirectional power management: vehicle 

battery. 

1. Introduction

Electricity in used in our day-to-day life for almost 

everything such as entertainment (tv, phone), for cooking 

and machinery use for cooking (mixer, grinder), etc more 

and every day. Day by day we are getting started to 

depend on electrical machinery more and more, electrical 

device that work on electricity which make a great deal. 

The cost of the electricity consume cost can be reduced 

by the help of renewable energy sources such as solar and 

wind energy and this energy can be stored and can be 

used for further future use. Now day since the fossil fuel 

cost is getting high due to the more demand on it less 

supply we got. Due to demand is higher than the supply 

the fossil fuel cost is sky rocketing compering to past 

experience, so company and people all over the world 

have changed the view of their eyes over Electrical 

Vehicles (EVs). Here is still an advantage for everyone 

which make it a win-win situation for both user and the 

manufactures. We can create an eco-system between the 

car battery and the home load. We create a bidirectional 

scheme which the supply can be given to home at peak 

hours or at emergency. For an additional advantage we 

can create a model that makes use of solar energy to 

charge the Electrical Vehicles (EVs) so the draining and 

charging at emergency is not a problem. The solar panel 

is used as an optional power source provider because in 
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sometimes we will be unable to charge the battery if the 

power got shut down and it would take more power to 

charge to reduce more usage of the power and during 

emergency times we use this renewable source of energy. 

This power produced from the solar panel is stored in the 

battery of a car. Now we must make a proper Vehicle-to-

grid (V2C). An inverter is used since most of the home 

appliances uses ac power supply Here Node MCU 

(ESP32) deals with the controlling part. It controls the 

amount of power we use from the battery. This battery 

percentage pay vital role in the project this project Here 

the power is generated from the solar energy which is 

directly given to the car battery without storing it in 

another battery. The limitation for the usage of power in 

battery will be up to fifty percentage. Why we set this 

limit is because when the power is down, and we need 

using the vehicle also we should have at least a minimum 

amount of power in the battery without draining it. It 

helps not only in this situation but also to reduce the 

electricity usage from the power station which reduces 

the electricity bill. Here is an important task that the user 

must be selective over the usage of electronic materials 

that he/she uses which do not exceed the usage of fifty 

percentage of power in battery. There is a relay which 

switches immediately once the threshold (that is the fifty 

percentage of power) has been reached. So that the 

remaining power can be used to run the vehicle. 

 
2. OVERVIEW OF TECHNOLOGIES 
 

A. Node MCU:  

 
In a bi-directional power management scheme for plug-in 

electric vehicles (PEVs) integrated with the grid, a node 

MCU (microcontroller unit) is like a small computer 

bossing around how electricity flows between the car's 

battery, charger, and the grid. It keeps track of important 

things like battery health, and grid conditions using 

sensors. This data, coupled with pre-programmed 

instructions, empowers the node MCU to make intelligent 

decisions on power flow. During charging mode, it 

controls the on-board charger to draw power from the grid 

for PEV battery charging, while considering factors like 

battery health and grid demand. Conversely, in 

discharging mode, it manages the on-board inverter to 

send excess power from the PEV battery back to the grid 

during peak demand periods or when participating in 

demand response programs. The node MCU performs a 

critical function in ensuring extended lifespan of the PEV 

battery by implementing battery management strategies. 

These strategies involve real-time monitoring of battery 

health that could get handy while considering problems 

such as draining the battery and absence of power at 

required. For instance, the node MCU can regulate the 

charging current and voltage to prevent overcharging or 

excessive discharge, both of which can lead to lithium-ion 

battery degradation [1]. Additionally, the node MCU can 

implement thermal management strategies to maintain the 

battery within an optimal temperature range, as extreme 

temperatures can also accelerate battery degradation [2]. 

These preventive measures undertaken by the node MCU 

contribute to extending the usable life of the PEV battery, 

thereby enhancing the overall economic viability of the bi-

directional power management scheme. To save the 

battery and make it last longer, the node MCU can turn off 

some things in the car that aren't being used, or it can even 

disconnect the car from the grid entirely, if the battery 

level gets too low. This is like how your phone switches to 

low power mode to save battery life. 

 

Communication is another key function. The node MCU 

may communicate with a central control system (if 

present) using protocols like CAN (Controller Area 

Network) or Modbus to share data and receive control 

commands. The node MCU also facilitates communication 

with external entities (which may include the grid 

operator's system) using appropriate protocols. This 

enables functionalities such as participation in demand 

response programs or receiving real-time grid pricing 

information. In essence, the node MCU plays a critical role 

in transforming PEVs from passive consumers of 

electricity into active participants in grid management, 

contributing to a more stable and sustainable electric grid. 

B. battery:  

In a bi-directional power management scheme for plug-in 

electric vehicles (PEVs) integrated with the grid, the car battery 

technology must chose Lithium-ion (Li-ion). Li-ion batteries 

are very comfortable in this application for several compelling 

reasons. 

Firstly, these Li-ion batteries have a very impressive energy 

capacity can be stored, meaning they can store a significant 

amount of energy into a very small and lightweight package 

which is used is in electrical vehicles most widely. This stands 

in very contrast to other battery technologies such as Sealed 

Lead Acid (SLA) batteries, which have a much lower energy 

density. This translates to a clear advantage for PEVs. With Li-

ion batteries, PEVs we can achieve a maximum driving range, 

allowing them to fulfill their purpose of electric transportation. 

But that's not all. The high capacity of Li-ion batteries 

empowers PEVs also play a more important role in the grid by 

discharging excess stored energy during peak demand periods, 

contributing to grid stability, and potentially reducing less 

reliance over traditional power plants. 
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Secondly, bi-directional power management relies heavily on 

the battery's ability to not only be charged from the grid but 

also discharged back into the grid when needed. Li-ion 

batteries excel in this two-way flow. They can be repeatedly 

charged and discharged, making them perfectly suited for the 

demands of a bi-directional scheme. This characteristic is 

essential for the scheme's functionality, as it allows PEVs to 

act as both consumers and contributors of electricity. 

Thirdly, battery degradation is a natural concern for any PEV 

owner. However, Li-ion technology is constantly undergoing 

advancements, leading to improvements in battery lifespan. Bi-

directional power management systems can further optimize 

battery health by employing careful management strategies for 

charging and discharging cycles. These strategies help 

minimize degradation, ensuring the battery delivers for an 

extended period. This focus on extending battery life promotes 

the long-term sustainability of the bi-directional power 

management scheme. 

In addition to this advantage using, it for electrical transport, 

Li-ion batteries offer several other advantages that make it as 

an ideal for bi-directional applications. For instance, Li-ion 

batteries generally faster recharge rates compared to SLA 

batteries. This faster charging is crucial for efficiently utilizing 

and capturing excess renewable energy during peak grid 

production periods. Additionally, Li-ion batteries can 

discharge a larger portion of their stored energy before needing 

recharge compared to SLA batteries. This deeper discharge 

allows PEVs to contribute more significantly to the grid by 

discharging more power when needed. 

Of course, there is no such technology without its drawbacks 

in existence. Li-ion batteries are generally more expensive than 

SLA batteries. However, advancements and fast discharge in 

Li-ion technology and economies of scale have helped bring 

down the cost in recent years. Additionally, the long-term 

benefits of bi-directional power management, such as potential 

cost savings on electricity bills and participation in incentive 

programs, can offset the initial higher cost of Li-ion batteries. 

Another consideration is thermal management. Li-ion batteries 

are sensitive to extreme temperatures. The bi-directional power 

management system needs to incorporate thermal management 

strategies to maintain the battery within an optimal temperature 

range. This ensures efficient operation and maximizes the 

lifespan of the Li-ion battery. 

 
3. WORKFLOW OF IOT 
 
The Node MCU, a key component in the project since it plays 

a pivotal role in gathering real-time occupancy data through a 

systematic workflow. The workflow begins with the 

deployment of Node MCU microcontrollers strategically 

placed for a battery. The battery percentage noted. The battery 

current percentage and relay information is given to Node 

MCU. Upon sensing occupancy changes, the Node MCU 

initiates a data collection process, capturing relevant 

parameters such as the battery percentage. These parameters 

are then processed within the Node MCU to ensure the battery 

doesn’t get to the lowest extent of zero. 

 As part of this process, we have used a solar panel for charging 

the battery of Electrical vehicles (EVs). Using solar panel is a 

personal solution overcome the continuous draining of battery 

and can charged at the peak hours or at the time like current is 

unavailable or power off situation. This raw solar power 

harvested from the solar power is used to store lithium-ion 

which is mostly used in Electrical vehicles (EVs). This stored 

energy is further given to the load. 

   Now the battery must be given to the load at the peak 

time or in situation on which the power is not available. This 

battery can also use as a grid since we are making use of the 

Electrical vehicles (EVs) battery as a bidirectional plug-in 

scheme as it directs the power on both way and in a very 

efficient way. Now the stored power in the battery is converted 

into ac from dc so we use an inverter to convert it from dc to 

ac. 

When the battery is used as grid (Vehicle-to-grid) instead of 

the main grid, the battery power is continuously monitored by 

the Node MCU. The constant monitoring of battery is given to 

the Node MCU which switch the relay the when the battery 

switch fifty percentage by the help of the Node MCU. 

 
4. RELATED WORKS 
 

Fazel Mohammadi [2] proposes a way for plug-in hybrid 

vehicles (PHEVs) to help regulate power grid frequency 

by adjusting how much power they charge. The strategy 

considers battery levels, voltage, and frequency 

fluctuations. Simulations show the approach can 

effectively reduce peak demand and improve overall grid 

stability. The research includes a detailed model 

simulating various scenarios over a 24-hour period.  

 

Md. Ariful Islam [1] tackles managing power flow 

between electric vehicles (PEVs) and the grid (V2G and 

G2V). Existing controllers have limitations. This paper 

proposes a new approach using an adaptive neuro-fuzzy 

inference system (ANFIS) for better power management. 

This aims to reduce stress on the grid and utilize unused 

power effectively. Simulations show the ANFIS 

controller performs better than traditional controllers, 

injecting power with less distortion and achieving a 

smoother battery profile. 

 
5. IMPLEMENTATION APPROACH      
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The implementation can be divided into several stages:  

• Setting up the hardware infrastructure, including 

Node MCU, inventor and relays.  

• Optionally we deploy a solar panel to the 

Electrical vehicles (EVs). 

• Developing a code for the Node MCU that 

switches the relay when battery reaches fifty 

percent. 

• Integrating the hardware and software 

components to create a cohesive system.  

• Testing the system for functionality, reliability, 

and scalability.  

• Deploying the system in the target environment 

(domestic application) and providing training to 

users.  

6. FUNCTIONAL REQUIREMENTS OF THE PROPOSED SYSTEM  
 
     

1. Hardware Components:  

• Onboard Charger (OBC): This bi-directional 

charger is the heart of the system, enabling both 

charging the PEV battery from the grid and 

discharging excess power back into the grid. It 

needs to be compatible with the PEV's battery 

voltage and communication protocols.  

• DC-DC Converter: This converter steps up the 

DC voltage from the PEV battery to a higher 

voltage level suitable for the grid connection. 

Conversely, it steps down the grid voltage for 

charging the PEV battery.  

• Inverter: In some bi-directional systems, an 

inverter may be used to convert the DC output 

from the battery or DC-DC converter into AC 

power compatible with the grid. This might be 

necessary depending on the grid connection 

standards. 

• Battery Management System (BMS): The BMS 

plays a crucial role in monitoring and managing 

the PEV battery's health and safety. It tracks 

parameters like cell voltage, temperature, current 

flow, and state of charge (SOC) to ensure safe and 

efficient operation during both charging and 

discharging cycles. 

• Communication Interface: This interface enables 

communication between the onboard system 

(OBC, DC-DC converter, inverter) and external 

entities. Protocols like CAN (Controller Area 

Network) or Modbus can be used for 

communication within the vehicle, while 

protocols like OpenADR or IEEE 2030.5 can 

facilitate communication with the grid operator or 

aggregator. 

2. Software and Control Systems:  

• Energy Management System (EMS): 

The EMS is the brain of the bi-directional power 

management scheme. It receives data from the 

BMS, grid operator, or aggregator (if applicable) 

and controls the charging and discharging 

behavior of the PEV battery.  

 

3. Safety Features: 

• The system needs robust safety features to prevent 

overcharging, over-discharging, and thermal 

runaway of the battery. These features can include 

hardware safeguards and software algorithms that 

monitor and limit operating parameters.  

4. Additional Considerations:  

• Grid Compatibility: Ensure the bi-directional 

charging system is compatible with the local grid 

voltage and connection standards. 

• Regulations and Standards: Adhere to relevant 

regulations and standards for bi-directional 

charging and grid interconnection. 

• Cybersecurity: Implement robust cybersecurity 

measures to protect the system from 

unauthorized access and manipulation  

5. Benefits of a Well-Implemented System:  

• Enhanced Grid Stability: PEVs can contribute 

to grid stability by discharging excess stored 

energy during peak demand periods. 

• Increased Renewable Energy Integration: Bi-

directional schemes can facilitate the 

integration of renewable energy sources by 
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storing excess renewable energy in PEV 

batteries. 

• Potential Cost Savings for PEV Owners: PEV 

owners participating in bi-directional 

schemes may benefit from lower electricity 

bills by strategically charging and 

discharging their vehicles. 

• Reduced Environmental Impact: Increased 

reliance on renewable energy and optimized 

grid management can contribute to a cleaner 

and more sustainable energy future. 

           

7. FLOW CHART 

Below is a simplified diagram illustrating the workflow of the 

Bidirectional power management scheme in plug-in electric 

vehicle integrated with electric grid System and this diagram 

illustrates how the Node MCU interacts with the power supply 

and the relay and say about how a Node MCU work as a central 

unit for the Bidirectional power management scheme. 

 

 

 

 

 

7. EXPERIMENTAL RESULT 

This experiment investigates the feasibility of using a Node 

MCU and relay to implement a bi-directional power 

management scheme for a PEV integrated with the grid. The 

primary objective is to preserve battery health by automatically 

cutting off electricity to the grid from the PEV battery when it 

reaches a predefined discharge threshold, which in this 

experiment is set at 50%. In this experiment, real-time battery 

data, such as voltage and state of charge (SOC), are accessed 

by connecting the Node MCU to the PEV's Battery-

Management-System(BMS). 

 

  
 

Additionally, it is connected to a relay that manages the bi-

directional power flow by controlling the connection between 

the grid inverter and the PEV battery. The Node MCU code 

continuously monitors the battery's SOC data received from 

the BMS. When the SOC falls below the set threshold (50% in 

this experiment), the Node MCU activates the relay, 

disconnecting the battery from the grid and halting power 

discharge. Safety features and error handling routines are 

incorporated into the code for reliable operation. This 

experiment demonstrates a basic bi-directional power 

management setup with a safety cut-off mechanism. Setting the 

discharge limit at 50% balances grid contribution with battery 

preservation, as deeper discharges can accelerate battery 

degradation. The effectiveness of this approach relies on the 

accuracy of the BMS data and the reliability of the Node MCU 

and relay components. However, this is a simplified setup that 

doesn't encompass the complexities of a real-world bi-

directional charging system. Factors like grid communication 

protocols, advanced charging algorithms, and safety 

certifications are not included. Further testing with different 

battery types and discharge rates is necessary to assess the 

impact on battery health. 

Future work can involve integrating the system with a smart 

charging algorithm that considers grid conditions, electricity 

prices, and user preferences to optimize charging and 
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discharging cycles. Additionally, exploring communication 

protocols for interaction with the grid operator or aggregator 

would enable participation in demand response programs. 

Long-term testing with real-world PEV fleets would be crucial 

to analyse the impact of bi-directional charging on battery 

degradation and overall system efficiency. 

 

 

7. CONCLUSION 

Bi-directional power management schemes an innovative 

approach to the energy landscape is provided by bi-directional 

power management methods for plug-in electric vehicles 

(PEVs) coupled with the electric grid. With the help of this 

technology, PEVs become active players in the grid rather than 

passive consumers of power, promoting sustainability and 

efficiency. PEVs can mitigate peak demand on the grid by 

acting as distributed energy storage units, which can improve 

stability and perhaps lessen dependency on conventional 

power plants. Furthermore, extra renewable energy (wind, 

solar) may be stored in PEV batteries during periods of high 

production and used later, promoting a cleaner grid with less 

reliance on fossil fuels. PEV owners that take part in bi-

directional programs may also experience reduced power costs 

and enticing rewards for bolstering system stability, resulting 

in a scenario where both PEVs and the grid are winners. This 

experiment provides a basic proof-of-concept for a bi-

directional power management scheme with a Node MCU and 

relay for battery protection. Further research and development. 
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