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Abstract— As more countries are moving towards pollution
free traffic, EVs are gaining more popularity across the globe.
As the number of EVs increases, EV charging infrastructure will
be also a basic need. A system with IoT will definitely streamline
the performance of EV charging and looks the impacts. This
method is helpful for transportation systems, and V2G systems.
This proposed system will improve the city planning and makes
the city life easy. With IoT we can easily manage the whole V2G
system which will definitely saves time and money. This work
is to make a smart application to connect with the grid and to
know the different tariff rates of the grid.The tariff rates will
have both the rate for power delivery to the grid and tariff rate
for taking power from the grid. If the user is having the car
battery fully charged,he can deliver some power to the grid and
can earn some money. SoC is measured using the ARM Mbed
controller and transmitted to cloud. The application will also
displays the battery status(SoC) of the user when he comes to
the grid.

Keywords:IoT-Internet of Things, V2G-Vehicle to Grid,
EV-Electric Vehicle,V2H-Vehicle to Home,

I. INTRODUCTION

Batteries have become the popular form of electrical energy
storage in EVs. The evolution in city transportation has
boosted over the last few decades which in turn increased the
growth of societies and industry. Since battery is a commonly
used device for storage of energy,calculation of Status of
Charge plays a vital role in the future[1]. Nowadays, vehicles
are essential in the day to day life and for industrial use as well.
Sufficient effort is being done to withdraw the combustion
engines by electric motors[2]. Due to the increase in carbon
dioxide (CO2) caused by the industries and transportation, the
Kyoto treaty was signed. This treaty was aimed to reduce
the level of CO2 and has boosted the findings for new
cleaner energy solutions. As a finding, Electrical Vehicles
(EVs) appeared as a solution to reduce CO2 emissions. Elec-
tric Vehicles are increasing day by day across the globe[3].
When the number of Electric vehicles is increasing, there is
a need to implement Electric Vehicles Charging system in
parking systems or grid. Automobile major Nissan produced
a vehicle-to-grid (V2G) project with Enel, a multinational
power company, in the United Kingdom. Nissan has been
exploring and doing researches based on V2G systems and

Fig. 1. V2G and G2V connection

this project is the first of its kind in the UK and one of the
companys biggest to date. The Vehicle-to-grid system function
as two-way chargers and Electric Vehicle(EV) owners will
have the facility to charge the vehicle or sell the excess energy
(surplus) stored from their vehicle battery back to the Grid.
They will earn a profit from the energy sold back to the grid,
while making a markable role in grid stability. In this wide
range of array of ideas, these EVs can definitely assure some
gains to the energy management, eminently to supply major
and important loads like manufacturing shops during power
failures and any emergencies[4]. EVs bring benefits to city
services and provide indemnity for the viable energy sources
intermittency. This new method is effective and more relevant
owing to the fact that most of the electric vehicles are halted
on an average of 91-95 percentage of their usage period, and
most of the Electric vehicles are parked at home amid 9 pm
and 6 am. When the EVs are plugged to the power grid, the
power can discharge to or from the EV batteries (G2V and
V2G). In the truancy of power grid or Electric disruption, the
EV can operate as voltage parent to supply the necessary loads.
This work describes the measurement and performance of EV
battery in a smartgrid. IoT makes smart grid to contribute
the information between multiple users and thus amplifies
connectivity by the help of infrastructures. Cloud storage is
used for the data storage where the data is send through
Internet gateway. Fig1 shows the V2G architecture and Fig2
Shows the IoT architecture. This Paper is discussing about the
involvement of IoT in V2G and G2V.
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Fig. 2. IoT Architecture

II. SYSTEM DESCRIPTION

This paper focuses on the IoT part of determining the
SoC value and sending the data to Adafruit IO. The user
can view the data in the App. Also,the user can locate the
nearby charging station locations using the app. Once the user
knows about the status of his car battery, he can easily decide
whether to proceed with power delivering to the grid or to
take power from the grid based on the tariff rates. The tariff
rate will be different for delivering power to the grid and
taking power from the grid. The grid will have bidirectional
converters for transferring power[5][6]. There are some grids
which also uses solar energy as a source[7]. Fig3 shows the
block diagram of the entire system. The important and noticing
features of IoT include connectivity, sensors and small device
use. New enabling technologies for networking,especially IoT
networking, are a kind of networks which are not tied to major
providers[8]. IoT creates small and wide networks between
its system devices.IoT uses sensors for capturing the input. It
uses sensors or controllers as the main working unit.Nowadays
more controllers like Arm Mbed,Arduino are gaining more
popularity in the IoT field. Small devices like phone or tablet
are used to view the output or results which minimizes the
effort to get the data.

A. Advantages of IoT

The advantages of IoT spread across every area of lifestyle
and economy. The major advantages of IoT are as discussed
below.
Customer Engagement - IoT completely transforms to achieve
more and more effective and better engagement with audiences
to reduce the flaws and blindspots which affects the accuracy
of the system.
Optimization - the same technology which improves and
sharpens the client involvement also which improves device
use, and aid in more robust development to automation tech-
nology. IoT delivers a space of demanding functional and data
where different users can participate at the same time.
Minimal Waste - current data analytics give us external insight,
but IoT gives real information which leads to safe and perfect
administration of resources. Thus the wastage of resources are
reduced. Present Information and data cumulation undergoes
from its drawbacks and its architecture and form for passive
use. IoT cracks it out of those spaces, and keeps it perfectly

where people surely go to analyze and explore the real-world
environment.

B. Structure

Android App1
Android app for EV owner for tracing the charging location,
and details of tariff rates of V2G and G2V are shown in the
Android app. The app is build in androidstudio and the data
is stored in firebase cloud. The user can check the location
and knows the tariff rates for the power by using the app.
User is allowed to register in the cloud using his email and
password. Once user login to the system, he can knows the
nearby location of the charging stations.

Cloud
Cloud which acts like a database for the information which
requires for charging. It includes the power and tariff rates
for the V2G and G2V power flow and station location also.
Google firebase is used as the cloud storage. The user login
details are stored here. Adafruit IO is another IoT platform
used to store the SoC value. It can store the data for a period
of 30 days for free.

Android App2
IoT enabled app for the user to check the battery SoC of his
car. One can measure the SoC value using this app. MQTT
dashboard is the app used to check the SoC.

1) Methodology: Data collection
State of Charge (SoC) of a battery shows the remaining
battery capacity and this value is expressed in percentage
value(ranging from 0 to 100)[9][10].
case1:If SoC = 100, battery is fully charged.
case2:If SoC = 0, battery is empty.

SoC = InitialSoC − (currentflowing (1)

through battery/Nominal capacity of battery)
The magnitude of current is constantly positive for the

discharging process and it will be negative for charging
process.

2) SOC calculation: Coulomb counting method which
means counting the charge flowing into (or) out of the battery.
This method is also known as Book-Keeping systems[11].
This method yields an approximate SoC estimation when all
the charge applied to the battery is recovered at any time.
1. A 12V, 7Ah Li-ion battery is taken for testing.
2.15V DC RPS is used as the power source.
3. Current is limited by a rheostat(51 ohms) and given to
current transducer (LEM 25NP) and is connected to battery.
4. Voltage and current across output of CT is measured.

3) Calculation: 1. The Analog voltage is given to pin20 of
Mbed lpc1768 controller. Fig 7 shows the pin description of
lpc1768.

2. The code is written to calculate the SoC of the battery
and compiled and burn to the Mbed LPC1768.
3.The calculated data is send to esp8266 wifimodule by serial
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Fig. 3. block diagram of the system

Fig. 4. calculation of SoC
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Fig. 5. Circuit connection

Fig. 6. ARM LPC1768

communication.
4.The data is send to Adafruit IO by esp8266 WiFi module and
the data can be viewed in the app. Fig 8 shows the connection
between mbed and esp8266.

III. RESULTS AND DISCUSSION

Fig.9 shows the SoC value for the battery. The data is
displayed in the app also. The Adafruit IO is a platform in
which the user can easily see his data in the form of graph,bar
diagram and chart. Fig.10 shows the comparison of the data
collected for various time intervals during a day.It is displayed
as a graph here. After knowing the status of the car battery,

Fig. 7. Pin description of LPC1768

Fig. 8. connection between lpc1768 and esp8266

Fig. 9. Outputstatus of battery

user would be easily able to take a decision whether to deliver
power to the grid or to take power from the grid. Fig.11 shows
the SoC status on Android App. MQTT dashboard is the App
used for this.

IV. CONCLUSION

Internet of Things(IoT) based smartgrid has been developed
to monitor status of batteries in smartgrid systems. The IoT
which is developed here uses a cloud platform and Android
Apps for communication purposes. The car user can easily
check the health of his car battery and he can easily make a
decision whether to take power from grid or to sell power to
grid. The data stored in the Adafruit IO lasts for 30 days. For
future work, handling of multiple users could be implemented
so as to compare the status of different users.

Fig. 10. Comparison during various timeperiods
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Fig. 11. Status on Android App
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