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The emission of greenhouse gasses from transportation vehicles is one of the
most alarming environmental threats and the emission of these gases is
mounting at a distressing pace. Limited fossil fuel resources are also a threat to
the automobile industry. This work aims to describe the solar-powered electric
vehicle (SPEV) as the key to solving the downside of fuel and pollution. A
battery is used in an electric vehicle (EV) which is charged from both external
power supply and also from photovoltaic (PV) panels which absorb radiation
from the sunlight and generate electrical power. A maximum power point
tracker (MPPT) controller is employed to track the utmost power. A buck-
Boost converter is utilized to amplify the DC voltage procured from the
photovoltaic module and then the boosted output is transmitted to a three-
phase voltage source inverter (VSI). VSI is used to transform the solar DC
voltage to AC voltage and feeds the brushless direct current (BLDC) motor
which controls vehicle applications.
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1. INTRODUCTION

Present world transports are completely dependent on combustion engines which power the vehicle
causing serious threat to the environment by emission of green gas emission. Even though, there are many
changes in the world transport technology from compound fuels to electric vehicles (EVs). Because of high
cost and electric vehicle accuracy, many people doubt the new technologies in transportation [1]-[3]. Sun is
the main energy source for solar-powered electric vehicles (SPEVS). Zero pollution is possible with SPEVs.
SPEVs main advantages are they take energy from the sun, to recycle the energy regenerative braking system
is utilized and mechanical losses are less, zero-emission, easy infix, control, and fault critical due to higher
energy efficiency [4]. The utilization of EVs personally is very less and their status in the market is not up to
the mark because these are needed to be charged for every 60-70 km drive. At present many electric vehicles
are getting charged through roadside charging units, and parking stations. Generally, it takes approximately 2
to 3 hours to recharge the battery in EV and also varies with the battery capacity. It is the main point that is
affecting the EVs from usage. The problem is solved in reference [5] by introducing a new mechanism in
which the system charges the battery system automatically.

Probably by 2030, all internal combustion engine vehicles may be substituted by electric vehicles in
recent times, DC solar-based several electric vehicles manufactured and examined [6]. Solar panels present
on the vehicle cause the problem of where to store the energy from solar panels. So an analysis needs to be
done on electrical energy storage systems [7]. The EVs nickel-metal hydride battery packs can be
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approximated by a control algorithm [8]. A high-frequency AC-DC converter incorporated with an
electromagnetic interference filter is employed for the charging of traction battery packs [9].

A large number of researches have been done for the improvement of PV system efficiency, different
approaches are employed for the tracking of maximum power point from PV module for solving the efficiency
problems and many products with these procedures are available in market for consumers [10], [11]. Solar
power is the most efficient and practical alternative source of renewable energy [12], [13]. The SPEVs are far
away from physical world feasibility because of their cost, energy shortcomings, and low power density [14].
In EVs and PHEVs, the batteries are usually made of many battery cells which are connected either in series
or in parallel. Different operating conditions and variations caused during manufacturing imbalances reduce
usable energy [15]-[19]

This research paper represents the design of a solar-powered electric vehicle (SPEV) and its
working is simulated using MATLAB. Solar panels with maximum power point tracker (MPPT) are used for
withdrawing the maximum possible power from solar panels under various situations. The output power from
solar panels is fed to the buck-boost converter which increases the voltage to a specified value for charging of
battery through the charge controller. Based on the condition of the battery, charging is finished for avoiding
overcharging and deep discharge. Three-phase voltage source inverter (VSI) is used to feed power to
brushless direct current (BLDC) motor for vehicle applications. Simulation results of this model are also
examined.

2. RESEARCH METHOD

This paper deals with the charging of electric vehicles using renewable energy. The workflow
diagram of the presented methodology explains about working of SPEV. Figure 1 depicts various steps
involved in the proposed methodology.

Photovoltaic i Buck-Boost Charge

Panel Point Tracker Converter Controller

Brushless DC Voltage Source

Motor Inverter Battery

Figure 1. Workflow diagram of the proposed methodology

2.1. Solar cell

The solar cell is commonly known as a photovoltaic (PV) cell. It is an electrical component that
transforms solar radiation into electrical power by the PV effect, a combination of both chemical and
physical phenomenon. Its characteristics like current and voltage will get affected when exposed to solar
radiation. The building blocks of PV modules are also known as solar panels. A PV panel is a combination of
numerous solar cells attached in both series and parallel. One photovoltaic cell can be designed using a
source, a diode, and two resistors as shown in Figure 2 [20], [21]. For mathematical modeling of the
photovoltaic cell, the basic equation is derived from the commensurate circuit of the photovoltaic cell shown
in Figure 2 [22]-[24].
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Figure 2. Equivalent circuit of the solar cell
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The current generated from the solar cell can be given by (1) [25]-[27].
V+I.Rg
Ly = Isp = Iqg = Isp — I, (eQ( ach) - 1) @
Where V is voltage inflicted across the cell, Q is the charge of an electron, A is the idealizing aspect, T, is the

temperature of the cell, K is the Boltzmann’s constant, and I, is dark saturation current. Short circuit current

(Isc) is generated when the voltage across the cell zero and is the highest generated current during a short
circuit. Its mathematical equation is given by (2) [28].

I
Vopen circuit = Ve In( I_oh) (2

Where V, = a’;T”. Figure 3 shows a PV module simulation in which a constant irradiance of 1000 W/m? is fed

to the solar cell using a PS constant block. The output power, voltage, current data from the solar cell is
exported to the workspace using the “To Workspace” block, and I-V, P-V characteristics are plotted.
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Figure 3. Simulation of PV module

2.2. Maximum power point tracking (MPPT)

MPPT is a device that tracks the maximum power from the PV module and switches it into voltage
and provides maximum current for the battery to charge. For present MPPT’s, conversion is 93-93%
efficient. The usual power gain we get in summer is 10-15% whereas, we get 20 to 45% power gain during
winter. However, the actual power gain depends on many factors like heat and the state of charge of the
battery. So, a P&O algorithm is used in MPPT to get the highest power from PV panels for running the load.
Figure 4 shows the P&O algorithm of MPPT. The P&O works on the principle of changing the voltage levels
by comparing the previous power with recent power.
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Figure 4. MPPT algorithm
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2.3. Buck-boost converter

A buck-boost converter is well defined as a DC-DC converter that transforms the input DC voltage by
enhancing or diminishing it. The amplitude of the output voltage from this converter depends on the factor, the
duty cycle [29], [30]. It can be initiated in either the continuous or the discontinuous conduction mode. In the
former conduction mode, the current coursing within the inductor tolerably emancipates but does not reach zero
before the commencement of the switching cycle. On the other hand, In the latter conduction mode, the current
within the inductor becomes zero. When the circuit is triggered, the current starts flowing from the input source
to the inductor and load [31], [32]. While the circuit is turned off, the inductor skims current through the diode
to load continuously. The capacitor at the output end reduces the ripples in output. Figure 5 shows the circuit
diagram of the buck-boost converter. A voltage source is given as input to the circuit. MOSFET acts as one
switch and diode acts as another switch. The diode is connected in opposite to the power flow direction from the
input source and capacitor and the load is connected in parallel.

L1

Switching

c Vo Rload
Vin

Figure 5. Buck-boost converter

2.4. Charge controller

It is a device that helps us to protect the battery from getting overcharged. The charge controller uses
switched series regulator for PV applications to control the charging current. PWM is the most commonly
used control method. With the same frequency but with differ in duty ratio power supply is given to the
battery [33]. This method is the same as buck converter but the difference is here it is a PV Power source
whose current is little. The control algorithm depends upon the battery type used and most of the charge
controllers provide numerous settings to accommodate different voltages.

2.5. Battery

The batteries that are used in SPEVs are different from the other batteries like SLI batteries. The
batteries in SPEV are designed to provide more power for a longer period to the electric system of the
vehicle. SPEVs battery is the union of many battery cells connected in series and parallel. Each battery cell is
made of different anode and cathode materials.

2.6. Voltage source inverter (VSI)

The circuit produces an AC voltage from a DC voltage source. The DC voltage is fed to the inverter.
For the simulation of voltage source inverter (VSI), insulated gate bipolar transistors (IGBTs) with individual
pulse generators are used. To limit the higher-order harmonics LC filter is used with the inductance of value
1.4 H and capacitance of value 50 pF.

2.7. Brushless DC motor

This motor converts supplied electrical into mechanical energy. There are distant types of motors
which are can be used, but among those, BLDC has high efficiency and easy to control, less weight, simple
construction, and can also be used in various applications. The BLDC motor has the advantage of power-
saving when compared to other motors. In this motor, the magnetic fields of the rotor and stator are with
related frequency. BLDC motors have more lifetime and efficiency as this motor has no brushes. It also has
more starting torque and fewer losses. Three-phase BLDC motors are more widely used in electric vehicles.

3. RESULTS AND DISCUSSION

In this research paper, the simulations have been performed using MATLAB. Figure 6 (a) depicts
the 1-V characteristics of the single photovoltaic cell and Figure 6 (b) depicts the P-V characteristics of the
single photovoltaic cell. A temperature of 25 °C and irradiance of 1000 W/m2 are recorded while the
characteristics were obtained. The output of photovoltaic cells decreases with the change in intensity of light
incident on the solar cell and it also changes with an increase in solar cells which causes a change of solar
cell parameters.
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Figure 6. Characteristics of the solar cell for (a) I-V and (b) PV

Figure 7 shows the output of 3 phase VSI which is sinusoidal by using L-filter. Generally, the output
of VSI is of square shape which is full of harmonics. If it is fed to the BLDC motor it leads to damage to the
motor. So, LC filter is required to limit the harmonics and get a sinusoidal output. Figure 8 shows the current
and voltage outputs of the Photovoltaic module in which the irradiations are changed from 0 to 1000 for
various time instances and at a temperature of 25 °C. The output voltage from the PV panel is above 60 V
which is boosted by a buck-boost converter to feed the battery for charging. Figure 9 shows the voltage and
current output waveforms of the buck-boost converter whose input is given from a PV array for various
irradiations and at a constant temperature of 25 °C. One can observe the output voltage coming out of the
buck-boost converter is approximately 120 V which is almost double the output voltage of the Photovoltaic
module which means here the buck-boost converter acted as a boost circuit.
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Figure 7. The output waveform of 3 phase VSI
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Figure 9. The output of the buck-boost converter
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From Figure 10, it is detrimental that the maximum ideal power output for various irradiations from
0 to 1000 W/m2 is above 800 W which is almost the same output power from the photovoltaic panel. When
compared to ideal output power, the output power of the PV panel has a ripple that can be mitigated by using
a suitable capacitor at the output. From Figure 11, it can be observed that efficiency of more than 95% is
obtained. Here, the mean efficiency is calculated between the ideal output power and the output power of the
PV panel.

From the results, one can observe that when the PV panel with MPPT is irradiated for various
irradiations from 0 W/m? to 1000 W/m? and at a temperature of 25 °C, the output voltage obtained is about
60 V and power more than 800 W. The output voltage of 60 V is then boosted using the buck-boost converter
to a voltage of 120 V which acted as a boost circuit. This voltage is fed to the battery through a charge
controller. The 3 phase VSI produces an AC voltage from the battery which is fed to the BLDC motor. The
overall mean efficiency achieved is 95%.
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Figure 10. The power output of the PV panel

Efficiency

Time

Figure 11. Mean efficiency

4. CONCLUSION

This paper represents the usage of renewable energy resources for the reduction of the effect of
greenhouse gases on the environment caused by combustion engines. PV panels are used for the generation
of electricity in solar-powered electric vehicles (SPEVs). Completely depending on solar power also have
some disadvantages like limited range, high initial cost. But these can be avoided by conducting further
research in this area and also by using ultra-efficient solar cells which give 30-35% efficiency. SPEVs will be
more functional in the future.
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