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Abstract---The main aim of the proposed project is to
make another attempt in battery charging strategy by
using optimized photovoltaic (PV) sourced charge to
achieve optimal charging time in a lithium-ion battery
for electric vehicles (EV). As the existing charging
methods do not consider the variation of battery internal
resistance, we aim to use an adaptive current charging
profile based on this variation, which changes according
to the state of charge (SOC). The battery pack is coupled
to a PV module that also aids in charging the battery
additionally and acts as a Battery Energy Storage (BES).
We intend to use modified incremental conductance
method to achieve Maximum Power Point Tracking
(MPPT). MPPT algorithm’s major principle is to extract
maximum available power from PV module by making
them operate at the most efficient voltage. The charge
controller tracks power by measuring the voltage and
current value and hence the maximum power is
determined by using MPPT algorithm. When the (V/I)
ratio i.e., the value of impedance (Z) of the battery that
is being charged is equal to the battery’s internal
resistance, maximum power can be obtained at this
point. The simulation result shows us the values of
voltage and current at different levels of charging.

Keywords---Li-ion battery, internal resistance, simulation
model, Battery Energy Storage (BES)

I. INTRODUCTION

Owing to the environmental problems and lack of fossil fuels, the
trend for adapting to green technology has been on the rise. Due
to this the market for EV has been growing and opened up a large
area in moving towards sustainable development. Lithium-ion
battery has a higher energy density when compared to other
conventional types and has proved to one of the promising energy
sources for EVs. Sunlight and wind being an abundant clean
source of energy, can alleviate the energy limits of batteries, while
batteries can address photovoltaic and wind intermittency. The
change battery’s internal resistance as well the change in variable
irradiance of the PV panel is considered for the maximum
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power extraction from the PV panel. The wind turbine also aids
in optimization of the power charging of the lithium ion battery.
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Fig .1. Block Diagram
I1l. METHODOLOGY

The battery is continuously monitored by the battery management
system for the calculation of various parameters such as the State
of Charge, Depth of Discharge, State of Health and internal
resistance. These signals are sent to the Arduino that selects the
suitable charging method for particular state of charge that is
present in the battery. This transfer of charging methods is
controlled by the driver circuits and intimates the charger for an
efficient charging technique. The battery also serves as a supply
to all the electric components that are present in the system. This
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additional source of energy is derived from the PV and wind
turbine that helps to store and maintain the charge level in the
battery thereby reducing the charge time. The power optimization

of the battery is obtained by engaging the suitable charging
technique for the respective changes in the current and voltages
of the battery as well as the PV panel.
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Fig .2. Circuit diagram
The above circuit diagram gives the basic idea for the design of V. WORKING

the simulation model. The equivalent battery model along with its
internal resistance R1 is placed on the right side and the equivalent
model for the solar panel is placed on the left side. The RL load
is connected in between the battery and solar panel in order get
power from both the battery and solar panel. In addition to the
above components a wind turbine is added in the simulation
circuit in order to optimize the energy stored in the battery. The
internal resistance (R1) of the battery from time to time due to the
variations in the factors such as SOH, SOD and DOD. There also
will be a change in the impedance value of the PV panel due to
the changes in the variable irradiance. In order to get the
maximum power extraction from the solar panel, the battery has
to be charged in the notch point. The notch point is defined as the
point where the battery’s internal resistance matches with the
impedance of the PV panel. The modified incremental
conductance method has been used for finding the notch point by
the help of a simple DC-DC (Buck) converter.

Vb = Battery voltage

Vp = PV voltage

RL2 and L2 is the RL load (Motor load)

R1 = Internal resistance of the battery

Q = Switch for controlling the PV power supply

D = Freewheeling diode
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The above simulation model has been incorporated with four
different such as load switch, battery switch, wind switch and PV
panel switch for the purpose of giving real time outputs. The
working of the simulation model has been classified into six
different modes.

The below four modes has been implemented during the day time
where there is an abundant solar energy and wind energy.

1. Ppy+Pp=PL

2. Ppy=PL+Pp

3. Ppy+Py+Pp=P|

4. Ppy+Py=PL+Pp

The next two modes are for the night time operations where
there is not enough power can be obtained from the PV panel.

5. PW=PL+Pb
6. Py +Pp=PL

Since the simulation model is an open circuit model the changes
in the internal resistance of the battery as well as the changes in
the impedance of the solar panel due to the variable irradiance has
been implemented by using the slider gain which has been
incorporated with the values of global variables for the better
function related to the real time applications. The values in the
slider gain is varied intermittently during the run time and the
output is obtained. The switch will be kept ON based on the
different mode.
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V1. SIMULATION MODEL
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Table-1 Switching table

S.NO CASES SOLAR LOAD BATTERY WIND
SWITCH SWITCH SWITCH SWITCH

1 | P, +P,=P, ON ON SUPPLY OFF

2 | P, =P +P ON ON CHARGE OFF

3 va +P,+P,= ON ON SUPPLY ON
Py

4 | P, tP,=P+ ON ON CHARGE ON
Py

5 P, =Py+P; OFF ON CHARGE ON

6 P, +Py,=P; OFF ON SUPPLY ON

Based on the switching table the switches are kept ON or
OFF.

Table-2 Output values

CASES PV PV LOAD | LOAD | BATTE | BATTER | WIND ‘WIND
CURR | VOLA | CURR | VOLAT RY Y CURRE | VOLT.
ENT TGE ENT GE CURRE | VOLAY NT GE
NT (&) GE
(A) ™) (V] (4] ™) (A) ™)
Py, +Pp=| 3.189 3192 3.189 3192 1.643e 28.04 0 0
Py o7
Py, =P;+ | 33167 | 31.7 3.1676 317 1.931e- 31.72 0 31.7
P, 07
P,, +P,+ | 7498 208 2.977 208 5.289- 27.96 4472 298
P,=P, 07
Py, +P,=| 1487 10.33 1.032 10.33 0.0018 2118 14.11 10.33
P, +P,
P, =P,+ |7.112e-| 2587 2.548 25.87 2.994 259 0.4093 25.87
Py 05
P, +P,= | 6.88e- | 26.08 2.606 26.08 -2.463 26.11 0.143 26.08
P, 05

The slider gain is kept varying manually entirely during the
run time for the purpose giving a real time experience to the
model.

VII. CONCLUSION

Environmental problems like air pollution and global
warming are in the rise and one of the best alternatives is to
opt for electric vehicles. Lithium ion battery has high
charging density and is used to charge the electric vehicle.
The maximum power extraction from PV is attained during
charging time by considering the change in internal
resistance of the battery to the variable irradiance of the PV
panel. Through adaptive charging, the charging time has
been improvised by charging the battery even when the load
is active. Hence in the proposed method intends to charge
the battery additionally through BES by PV using
renewable energy so that it provides an efficient charging
method by storing a good amount of charge as a backup.
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