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Abstract— Energy and environmental issues are among the 

most important problems of public concern. Wind and solar 

energy may be one of the alternative solutions to overcome 

energy shortage and to reduce greenhouse gaseous emission. 

Using electric cars in cities can significantly improve the air 

quality there. The basic principle of solar based electric 

vehicle is to use energy that is stored in a battery to drive the 

motor and it moves the vehicle in forward or reverse 

direction. The DC voltage from the PV panel is then boosted 

up using a boost DC-DC converter, and then an inverter, 

where DC power is converted to AC power as well as AC 

power is generated by using wind turbines, ultimately runs 

the Brushless DC motor which is used as the drive motor for 

the vehicle application. This paper focuses on the design and 

implementation of the various components, namely: solar 

panel, wind turbine, charge controller, battery, DC-DC boost 

converter, DC-AC power converter (inverter circuit), arduino 

processor and BLDC motor for the vehicle application. This 

idea, in future, may help protect our fuels from getting 

extinguished. 
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I. INTRODUCTION 

Energy is one of the most vital needs for human survival on 

earth. We are dependent on one form of energy or the other 

for fulfilling our needs. One such form of energy is the 

energy from fossil fuels. We use energy from these sources 

for generating electricity, running automobiles etc. But the 

main disadvantages of these fossil fuels are that they are not 

environmental friendly and they are exhaustible. To deal 

with these problems of fossil fuels, we need to look at the 

non-conventional sources of energy. With regard to this idea 

we have designed an electrical vehicle that runs on solar 

energy and wind energy. Fossil fuel burning has also led to 

acid rain and atmospheric pollution. Sun and wind is the 

main source of renewable energy for the vehicle. Solar and 

wind energy is a form of renewable energy sources which is 

used to power up the electric vehicle. The block diagram for 

hybrid electric vehicle is shown below as follows. 

A. Block Diagram 

The above diagram gives an overview of the working of 

hybrid electric vehicle. Energy from Sun is captured by the 

solar panels and energy from wind is captured by wind 

turbine is converted to electrical energy. The electrical 

energy thus formed is being fed to the batteries that get 

charged and is used to run PMBLDC motor. The shaft of the 

motor is connected to the rear wheel of the vehicle through 

chain sprocket. The batteries are initially fully charged and 

thereafter they are charged by panels and wind turbines. 

This helps in completing the charging-discharging cycle of 

the batteries, which is very important for proper working of 

batteries. 

 
Fig. 1: Block Diagram of Hybrid Electric Vehicles 

B. Basic Circuit Diagram 

The fig 2 shown below represents the connections of the 

motor for forward and backward motion. The connections 

are made from battery to motor via switch, controller unit 

and the solar panel.  

 

 
Fig. 2: Circuit diagram for the movement of the vehicle a) 

Forward connection b) Reverse connection 

As stated before, the motor used in this vehicle is 

24 V dc series motor. There are four terminals on motor, 

namely A1, A2, F1, F2, as A1, A2 are the armature 

terminals and they are internally shorted. All the 

connections are made keeping the DPDT switch at the 

centre. The either connections on DPDT switch are made for 

forward direction motion of motor and the next side of 

DPDT switch is made for reverse direction of motor. The 

motor will work as the switch is kept in either of the 

directions as per requirements. The A2 is directly taken 

from battery to the positive side of DPDT switch and F2 is 

taken via controller unit to the negative terminal of switch. 

For the DPDT the centre terminals are given the upper side 



Design and Implementation of Hybrid Electric Vehicles using Renewable Energy Sources 

 (IJSRD/Vol. 4/Issue 12/2017/195) 

 

 All rights reserved by www.ijsrd.com 742 

as positive from battery and the lower as the negative from 

battery. 

II. HYBRID ENERGY SOURCES 

Hybrid energy system is the combination of two energy 

sources for giving power to the load. In other word it can 

defined as “Energy system which is fabricated or designed 

to extract power by using two energy sources is called as the 

hybrid energy system.” Hybrid energy system has good 

reliability, efficiency, less emission, and lower cost. 

A. Solar Energy 

Solar energy is energy from the Sun. It is renewable, 

inexhaustible and environmental pollution free. Solar 

charged battery systems provide power supply for complete 

24 hours a day irrespective of bad weather. By adopting the 

appropriate technology for the concerned geographical 

location, we can extract a large amount of power from solar 

radiations. More over solar energy is expected to be the 

most promising alternate source of energy.  

The global search and the rise in the cost of 

conventional fossil fuel is making supply-demand of 

electricity product almost impossible especially in some 

remote areas. Generators which are often used as an 

alternative to conventional power supply systems are known 

to be run only during certain hours of the day, and the cost 

of fueling them is increasingly becoming difficult if they are 

to be used for commercial purposes. 

B. Wind Energy 

Wind energy is the kinetic energy associated with the 

movement of atmospheric air. It has been used for hundreds 

of years for sailing, grinding grain and for irrigation. Wind 

energy systems convert this kinetic energy to more useful 

forms of power. Wind energy systems for irrigation and 

milling have been in use since ancient times and at the 

beginning of the 20th century it is being used to generate 

electric power. Windmills for water pumping have been 

installed in many countries particularly in the rural areas. 

Wind turbines transform the energy in the wind into 

mechanical power, which can then be used directly for 

grinding etc. or further converting to electric power to 

generate electricity. Wind turbines can be used singly or in 

clusters called wind farms. 

C. Solar Wind Hybrid Energy System 

Solar-Wind hybrid Power system is the combined power 

generating system by wind mill and solar energy panel. It 

also includes a battery which is used to store the energy 

generated from both the sources.  

 
Fig. 3:  Block Diagram 

Using this system power generation by windmill 

when wind source is available and generation from PV 

module when light radiation is available can be achieved. 

Both units can be generated power when both sources are 

available. 

By providing the battery uninterrupted power 

supply is possible when both sources are idle. Fig.3. shows 

the functional block diagram of hybrid wind solar energy 

system. The power generated from wind mill is of AC 

voltage which is converted through AC-DC rectifier. A 

special type of converter is used to step up or step down 

through MOSFET switching called “SEPIC” converter for 

wind mill. For solar system cuk converter is used for the 

regulation. 

The micro controller incorporated in this scheme, 

which regularly refers the operation of sources and switches 

the corresponding converters and fed into change the battery 

or to the load through inverters. The output of the inverter is 

connected with the load and after that the voltage is stepped 

up by a transformer. The driver circuit is used to give the 

gate signal for the MOSFET of converters. 

D. Implementation of Hybrid Energy System 

Intermittent energy resources and energy resources 

unbalance are the most important reason to install a hybrid 

energy supply system. The Solar PV wind hybrid system 

suits to conditions where sunlight and wind has seasonal 

shifts. As the wind does not blow throughout the day and the 

sun does not shine for the entire day, using a single source 

will not be a suitable choice. A hybrid arrangement of 

combining the power harnessed from both the wind and the 

sun and stored in a battery can be a much more reliable and 

realistic power source. 

The load can still be powered using the stored 

energy in the batteries even when there is no sun or wind. 

Hybrid systems are usually built for design of systems with 

lowest possible cost and also with maximum reliability.  

The high cost of solar PV cells makes it less 

competent for larger capacity designs. This is where the 

wind turbine comes into the picture, the main feature being 

its cheap cost as compared to the PV cells. Battery system is 

needed to store solar and wind energy produced during the 

day time. 

During night time, the presence of wind is an added 

advantage, which increases the reliability of the system. In 

the monsoon seasons, the effect of sun is less at the site and 

thus it is apt to use a hybrid wind solar system. The system 

components are as follows. 

1) Photovoltaic solar power 

Solar panels are the medium to convert solar energy into the 

electrical energy. Solar panels can convert the energy 

directly or heat the water with the induced energy. PV 

(Photo-voltaic) cells are made up from semiconductor 

structures as in the computer technologies. Sun rays are 

absorbed with this material and electrons are emitted from 

the atoms.  

This release activates a current. Photovoltaic is 

known as the process between radiation absorbed and the 

electricity induced. Solar power is converted into the electric 

power by a common principle called photo electric effect. 

The solar cell array or panel consists of an appropriate 
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number of solar cell modules connected in series or parallel 

based on the required current and voltage. 

S. No Specifications Range 

1 

2 

3 

4 

5 

6 

Maximum Power (Pmax) 

Maximum powerVoltage(Vpm) 

Maximum Power Current (Ipm) 

Open Circuit Voltage (Voc) 

Short Circuit Current(Isc) 

No load current 

230 watts 

24volts 

5.10A 

37.20A 

8.55A 

24.2% 

Table 1: Solar Panel Specifications 

2) Wind Power 

The wind energy is a renewable source of energy. Wind 

turbines are used to convert the wind power into electric 

power. Wind turbine systems are available ranging from 

50W to 3-4 MW. The energy production by wind turbines 

depends on the wind velocity acting on the turbine. Wind 

power is able to feed both energy production and demand in 

the rural areas. It is used to run a windmill which in turn 

drives a wind generator or wind turbine to produce 

electricity. 

3) Batteries 

The batteries in the system provide to store the electricity 

that is generated from the wind or the solar power. Any 

required capacity can be obtained by serial or parallel 

connections of the batteries. The battery that provides the 

most advantageous operation in the solar and wind power 

systems are maintenance free dry type and utilizes the 

special electrolytes. These batteries provide a perfect 

performance for long discharges. Charging and discharging 

takes place in this battery. 

Voltage 

Maximum Current 

No. of Cells 

Ampere Hours 

12V 

6A 

6 Cells 

150AH 

Table 2: Battery Specifications 

4) Inverter 

Energy stored in the battery is drawn by electrical loads 

through the inverter, which converts DC power into AC 

power. The inverter has in-built protection for Short - 

Circuit, Reverse Polarity, Low Battery Voltage.  

III. HYBRID CONVERTERS 

A. Proposed Circuit Modification of Boost Derived Hybrid 

Converter (BDHC)  

The proposed modification is explained by the circuit 

diagram shown in Fig. 5. DC input of 12V is stepped up 

using a boost converter and output of single phase inverter is 

given to a step up transformer giving a 230V AC output and 

a 220V DC output simultaneously. The PIC microcontroller 

output is given to a MOSFET driver. It includes DC input, 

boost converter, single phase inverter, and step up 

transformer. From the block diagram it is clear that we get a 

simultaneous DC and AC output. Here PIC controller is 

used and switches used for the circuit is MOSFET. 

B. Interleaved structure 

This structure is composed of different paralleled cells. The 

driving signal of each cell is phase shifted. This structure 

allows to reduce by a factor N (N is the number of cells) the 

output current ripple and increases the apparent switching 

frequency by the same factor (N*F switching). For a defined 

output ripple frequency, the interleaved structure needs a 

smaller switching frequency than traditional power 

converters. Another advantage is that the output power is 

distributed between the different cells. This allows reducing 

the current rating of the different transistors. The switching 

and conduction losses are therefore smaller than for classical 

structures. 

 
Fig. 4: Circuit diagram of conventional boost converter 

 
Fig. 5: Interleaved structure 

IV. PMBLDC MOTOR DRIVE SYSTEM 

The BLDC motor is widely used in applications including 

appliances, automotive, aerospace, consumer, medical, 

automated industrial equipment and instrumentation. The 

BLDC motor is electrically commutated by power switches 

instead of brushes. 

A. PM Brushless Motor Drives 

Because of their inherent high power density and high 

efficiency, PM brushless motor drives have promising 

applications for EV propulsion. Nevertheless, further 

development and continual efforts are necessary to fulfil the 

special requirements of electric vehicles. The novelty of the 

proposed PM brushless motor drives comprises of both 

motor design and control strategy. Permanent Magnet 

Brushless DC (PMBLDC) motors have advantages such as 

high efficiency, high power density and high reliability. 

These motors are inherently maintenance free because of the 

absence of a mechanical commutator. These advantages 

combined with the ease of control have made them very 

attractive motors increasingly being used in various 

domestic and industrial applications. Cogging torque is one 

of the important drawbacks of PMBLDC motor which 

results in shaft vibrations and noise. The cogging torque is 

due to the physical structure of the machine and is produced 

by the magnetic attractions between the rotor mounted 

permanent magnets and the stator teeth.  

It is the circumferential component of the attractive 

force that attempts to maintain the alignment between the 

stator teeth and the permanent magnets. Cogging torque is 

also detrimental to the performance of position control 

systems such as robots and to the performance of speed 

control systems particularly at low speed. There are different 
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approaches to reduce cogging torque. In some of the 

techniques the current wave form, injected in to the stator 

windings is modified. 

 
Fig. 6:  BLDC motor 

In structural solution category researchers have 

proposed various design modifications to minimize the 

cogging torque. The focus of this work is to minimize 

cogging torque in PMBLDC by introducing structural 

design modifications. The performance of the machine is 

analyzed by varying the magnet pole shape, magnet pole 

width and by using magnetic material with different 

remanance value. For analyzing the performance of the 

machine, machine is modeled using Finite Element Analysis 

(FEA) based software package Magnet. Cogging torque and 

average torque are taken as performance measures to 

determine optimum pole shape and pole width. 

Feature BLDC Motor Brushed DC Motor Actual Advantage 

Commutation 

Electronic 

commutation based 

on rotor position 

information 

Mechanical brushes 

and commutator 
Electronic switches replace the mechanical devices 

Efficiency High Moderate 
Voltage drop on electronic device is smaller than 

that on brushes 

Maintenance Little/None Periodic No brushes/commutator maintenance. 

Thermal 

performance 
Better Poor 

Only the armature windings generate heat, which is 

the stator and is connected to the outside case of the 

BLDC. The case dissipates heat better than a rotor 

located inside of brushed DC motor. 

Output Power/ 

Frame Size 

(Ratio) 

High Moderate/Low Modern permanent magnet and no rotor losses. 

Speed/Torque 

Characteristics 
Flat Moderately flat No brush friction to reduce useful torque. 

Dynamic 

Response 
Fast Slow Lower rotor inertia because of permanent magnets. 

Speed Range High Low 
No mechanical limitation imposed by brushes or 

commutator 

Table 3: Comparision between BLDC motor and Brushed DC motor

V. CLOSED LOOP SYSTEM 

A. Arduino Processor 

The Arduino microcontroller is an easy to use yet powerful 

single board computer that has gained considerable traction 

in the hobby and professional market. With the Arduino 

board, you can write programs and create interface circuits 

to read switches and other sensors, and to control motors 

and lights with very little effort. Many of the pictures and 

drawings in this guide were taken from the documentation 

on the Arduino site, the place to turn if you need more 

information. 

 
Fig. 7: Block diagram representation of Labview interfaced 

with Arduino controller for Hybrid Energy Storage System  

The Arduino is open-source, which means 

hardware is reasonably priced and development software is 

free. This guide covers the Arduino Uno board (Sparkfun 

DEV-09950, $29.95), a good choice for students and 

educators. An important feature of the Arduino is that you 

can create a control program on the host PC, download it to 

the Arduino and it will run automatically. Remove the USB 

cable connection to the PC, and the program will still run 

from the top each time you push the reset button. Remove 

the battery and put the Arduino board in a closet for six 

months. When you reconnect the battery, the last program 

you stored will run. This means that you connect the board 

to the host PC to develop and debug your program, but once 

that is done, you no longer need the PC to run the program. 

Electric vehicle specification parameters 

Vehicle 

capacity 
2-Seater 

Maximum mileage 60 

km 

Overall 

Dimension 

2750 mml * 

1200mmw 

*1800mmh 

Forward & Reverse 

Speed 10 – 40 km/hour 

Ground 

Clearance 
114 mm 

Braking Distance 

<2 meter 

Tred 

Distance 

Front 

870 mm 

Rear 

980mm 

Turning Radius 

2.9 meter 

Table 4: Electric vehicle specification 
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Fig. 8: Motor speed of electric vehicle 

 
Fig. 9:  Experimental Results for Battery Voltage (Vs) 

Speed on HEV 

VI. CONCLUSION 

The hybrid electric vehicle solves many problems related to 

the environment and is the best pollution free method. We 

need to make use of them so that we can reduce our 

dependence on fossil fuels. This study proposed an 

improvement of the energy management system of a hybrid 

electric vehicle using an arduino processor. Hybrid power 

generation system is good and effective solution for power 

generation than conventional energy resources. It has greater 

efficiency. It can provide to remote places where 

government is unable to reach. So that the power can be 

utilize where it generated so that it will reduce the 

transmission losses and cost. Cost reduction can be done by 

increasing the production of the equipment. People should 

motivate to use the non-conventional energy resources. It is 

highly safe for the environment as it doesn’t produce any 

emission and harmful waste product like conventional 

energy resources. It is cost effective solution for generation. 

It only need initial investment. It has also long life span. 

Overall it good, reliable and affordable solution for 

electricity generation.  
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