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Abstract 

 

Nowadays, people are moving towards eco-friendly vehicles due to rapid urbanization. This paper presents the analysis and the 

experimental validation of an off-board three-port integrated topology (TPIT) used to interface electric vehicles (EVs) and 

renewable from solar photovoltaic (PV) panels with the electrical power grid. Electric vehicle development changes and reshapes 

our environment and economy around the globe. The main objective is to charge the EV’s battery with different sources. Here, the 

EV batteries are charged by means of renewable sources such as Solar PV panel and Wind turbine and by Wireless power transfer 

system (Magnetic Resonance technique). Energy from these sources has been stored in the battery and it is given to the motor to 

run the electric vehicle which helps for both day and night operation. Here, charging and discharging characteristics (State of 

Charge) of the battery and load characteristics (Speed and Voltage) are to be analyzed and are implemented by using MATLAB 

Simulation. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Electric mobility represents a significant contribution to increase the sustainability and efficiency in the transport sector [1][2], 

including the use of electric vehicles (EVs), hybrid EVs, fuel cell vehicles [3], and electric bicycles [4].Ever since the beginning 

of industrial revolution, humans sought for better means of transport leading to the indefinite evolution of automobile industry. 

The demand for EVs began to rise in the 90s leading to the start of strong investments in the development of EV technologies and 

the energy production from renewable sources, with emphasis on the batteries, also have significant potential to reduce 

environmental problems. Generally, EVs are powered up using electric energy stored from its batteries. Although EVs are 

presented as zero emission cars, the public are yet to accept it due to several factors, mainly, the long charging period, energy 

efficiency and power quality [5]. Until now, the EVs are not so attractive to consumers even with many government incentive 

programs. Government subsidy and tax incentives are one key to increase the market share of EV today.  

 The problem for an electric vehicle is nothing else but the electricity storage technology, which requires a battery which is the 

bottleneck today due to its unsatisfactory energy density, limited life time and high cost. In order to find the efficient solution for 

increasing the vehicle autonomy, the investigations and developments are focused on specific charging applications [6]. The main 

disadvantage of such traditional topology is associated with the direct EV battery charging process from renewable sources, where 

it is necessary to use four converters and the electrical grid as intermediary (dc to ac stage followed by an ac to dc stage). In order 

to sidestep this drawback, this paper presents the experimental validation of a single-phase off-board three-port integrated topology 

(TPIT) for residential purpose, aiming to interface EVs and renewable with the electrical grid through an ac-dc converter and two 

dc-dc converters. 

 In an EV, the battery is not so easy to design because of the following requirements: high energy density, high power density, 

affordable cost, long cycle life time, good safety, and reliability, should be met simultaneously. Besides the cost issue, the long 

charging time of EV batteries also makes the EV not acceptable to many drivers. For a single charge, it takes about one half-hour 

to several hours depending on the power level of the attached charger, which is many times longer than the gasoline refueling 

process. 

 The EVs cannot get ready immediately if they have run out of battery energy. To overcome this different sources have been 

used to charge the battery here. Thus, the battery storage acts as an integral part of renewable energy as it balances its variability 

issues and stabilizes the frequency and voltage. Lithium ion battery is used to charge the electric vehicle whereas here the blushless 

DC motor is seen. Lithium-ion (Li-Ion) batteries plays a significant role in EV’s and are thus required be accurately monitoring 

and controlling.  
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 Motivation of the work 

The main motive is to analyze the charging and discharging of the battery in electric vehicle using these solar PV panel, wind 

source and wireless power transfer by magnetic resonance technique. While these three sources combinable to charge the electric 

vehicles battery, when any of these sources have been cut off other source equalizes the demand while in operation. EV operation 

considering renewable energy sources, the incorporation of energy storage systems is also relevant for the energy management. 

Thus it makes easy to use the electric vehicle during day and night time without any ease in operation. 

II. PROPOSED METHODOLOGY 

Here three different sources have been used to charge the battery such as renewable sources such as solar PV panel and wind source 

and also by means of wireless power transfer system. Energy from these sources have been stored in the battery and it is given to 

the motor to run the electric vehicle when in need.  

 
Fig. 1: Block diagram of proposed system 

 If any of these sources cut off, then other sources are used to charge the battery and the stored charge is given to the motor to 

run the electric vehicle. Different modules of the sources are combined to transfer energy to the battery that regulates the state of 

charge, discharge. 

 

 
Fig. 2: Proposed three-port integrated topology (TPIT) used to interface electric vehicles (EVs) and renewables from photovoltaics (PV) with 

the electrical grid 

 Solar Source 

A PV module is an assembly of photo-voltaic cells mounted in a framework for installation. Photo-voltaic cells use sunlight as a 

source of energy and generate direct current electricity. A collection of PV modules is called a PV Panel, and a system of Panels 
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is an Array. Arrays of a photovoltaic system supply solar electricity to electrical equipment. A solar cell transforms sunlight 

directly into electrical energy. A solar cell or photovoltaic cell is a wide area electronic device that converts solar energy into 

electricity by the photovoltaic effect. Photovoltaics is the field of technology and research related to the application of solar cells 

as solar energy., Silicon solar cells are the most common type of solar cells, silicon is one of the most frequently found elements 

but processing is energy-intensive and expensive. 

 Wind Source 

A system for harnessing wind energy to charge the electric storage battery of an all-electric motor vehicle, whether the vehicle is 

parked or in motion. While the vehicle is being driven, a roof-mounted, internal wind turbine harnesses wind energy and causes 

rotation of the shaft in electric vehicle. 

Wind energy is available in the form of kinetic energy which can be transformed to energy by mechanical conversion. As it is 

intended to use wind power to produce electrical power, hence the conversion is mainly from mechanical to electrical. Thus wind 

is the primary energy source. However, the availability of wind energy in this case is different from the conventional WT operation. 

Instead of a stall stand alone WT, now it is a moving one. Therefore, the availability of energy from this WT needs to be calculated 

for this particular circumstance. 

 Wireless Power Transfer System: 

Due to limited availability of resources it has become essential to develop alternative methods to generate energy. Wireless Power 

Transmission (WPT) is thus an approach to noiseless, cost efficient and convenient charging. It is estimated that losses incurred 

due to wires is about 20-30%. Hence WPT attempts to minimize these losses along with reduction in pollution levels caused due 

to resources used presently. Wireless Power Transmission can be used to charge electronic portable devices. Magnetic induction 

operates on the principle of a transmitting coil that generates the magnetic field and a receiving coil inside the magnetic field which 

induces the current in the coils. Generally, this leads to a short range because of the measure of energy needed to deliver a magnetic 

field. Therefore, the non-resonant method is incompetent for longer distances making it wastes more energy when transmitting 

over longer distances. The resonance is used here to improve efficiency drastically by channeling the electromagnetic field to the 

receiving coil resonating at a matching frequency. 

III. SIMULINK MODEL FOR THE INTEGRATED SOURCES AND LOAD 

 Simulink Model of Solar PV Panel 

 
Fig. 3: Simulink Model of Solar PV Panel 

 In this simulation model, solar power which is made of series connection of 72 cells that produces open circuit voltage of 36V 

and short circuit current of 4.75 Amps is given to the battery source through boost converter which uses closed loop with the help 

of PI controller, where 36 V of open circuit voltage from the solar PV panel is boosted to217.7 V, which is then given to the battery 

to drive the electric vehicle. 

https://en.wikipedia.org/wiki/Photovoltaic_system
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 Simulink Model of Wind Source 

 
Fig. 4: Simulink model of Wind source 

In this model, the wind source that generates the speed of 50m/s and pitch angle of 2 degree is given to the boost converter which 

has the pulse width of 20% and its input is boosted to the output voltage of 215.1V which is given to the battery to run the electric 

vehicle. Wind source can be utilized in both day and night time without any difficulty in its operation. 

 Simulink Model of Wireless Power Transfer System 

 
Fig. 5: Simulink model of wireless power transfer system 

Here the AC input with the voltage of 12V is used which has been rectified, inverted and through transformer it transfers power 

from coil to coil and again it is rectified in accordance with magnetic resonance technique, then finally it is sent to the boost 

converter which helps to boost the voltage using the pulse width of 20% and gives the output voltage of 217.4V that is stored into 

the battery and can be utilized for operating electric vehicle. 

 Simulink Model of Battery and Load 

 
Fig. 6: Simulink model of battery 
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From all these three souurces such as Solar ,Wind source and Wireless power transfer by magnetic resonance technique, the 

integrated voltages of 650.2V is fed into the battery which is stored and while discharging the discharged energy is given to the 

motor to drive electric vehicle.If any of these sources have been cut off, other sources will help to charge the battery.Two batteries 

of 100 V of capacity 2.5Ah and 3Ah have been used to give the output for state of charge, current and voltage in this simulation 

model and discharged charge is entered into the motor through bidirectional converter. 

 
Fig. 7: Simulink model of load 

 Here, the energy in the battery gets discharged and it is given to the motor through bidirectional converter which stabilizes the 

voltage to the nominal voltage capacity of 100V and the motor that helps to drive the electric vehicle is BLDC motor which has 

the constant speed of 3500 rpm and from this simulation the motor is running at the speed of 1145rpm and this discharged energy 

which is also useful to power the electric household equipments. 

IV. RESULTS AND DISCUSSIONS 

 Simulation Output of Solar Source 

 
Fig. 8: Simulation output of solar source 

This simulation results gives the output voltage of 217.7V within the given time interval while using solar source.  

 Simulation Output of Wind Source 

This simulation results indicates X axis as voltage and Y axis as time interval for upto 2 sec and it produces the output voltage of 

215.1V when the simulation is taken for wind as a source. 

 
Fig. 9: Simulation output of Wind source 
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 Simulation Output of Wireless Power Transfer System 

 
Fig.10 Simulation output of wireless power transfer system 

Here, simulation is plotted with X as Voltage and Y axis as time and it results with the output voltage of 217.4V within the given 

interval of time while using Wireless power transfer by magnetic resonance technique which produces the high starting torque. 

 Simulation Output Voltage of Integrated Sources 

 
Fig.11 Simulation output voltage of integrated sources 

This simulation results gives the overall output voltage of 650.2V when all three sources are taken into account with the given 

interval of time and here the X axis represents the voltage and Y axis represents the time. Thus, this voltage is given to the battery 

for charging.  

 Simulation Results from Battery and Load: 

 SOC 

Battery thus receives the voltage from the integrated sources and SOC , Current and Voltage which are the battery characteristics 

that can be plottedd n graph. As battery is supplying power,so SOC will go down at starting, once it reaches certain limit the current 

from battery 2 is given to the battery 1 and then SOC again starts increases and the load is gets connected to it. 

 
Fig. 12: Simulation results from battery for SOC 
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The following graph gives the voltage and current while charging and discharging the battery. 

 Current 

 
Fig.13 Simulation results from battery for current 

 Voltage 

 
Fig. 14: Simulation results from battery for voltage 

 Simulation Output Voltage From Load 

 
Fig.15 Simulation result for output voltage from load 

 This simulation results gives the output voltage of 100V with X axis as Voltage and Y axis as time in the given interval and this 

voltage rating will helps to drive the electric vehicle at the speed of 1145 rpm is also specified with graph shown below. 
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 Simulation Result for Speed of the Motor 

 
Fig. 16: Simulation result for speed of the motor 

 Simulation Result for Inverter Output 

 
Fig. 17: Simulation result for inverter output 

 Finally, the energy stored in the battery gets discharged and helps the BLDC motor to drive the electric vehicle. And this 

discharged energy is also used to power the household things and it acts as an inverter. In this simulation model, X axis indicates 

voltage and Y axis indicates time which is plotted to get the rated output voltage of 100V. 

V. CONCLUSION 

Electric vehicle battery is charged by three different sources such as Solar PV panel, Wind source and Wireless power transfer by 

magnetic resonance technique which can produce the required voltage to run the motor. Even if any of these sources is not available, 

the other source will produce the corresponding voltage to charge the battery and it is stored. It is possible to reduce the number of 

conversion stages in comparison with a classical topology and it gives the benefits of using all these sources for both day and night 

operation. The battery characteristics (SOC, Current and Voltage) and the load characteristics (Speed and Voltage) have been 

analyzed and simulated with the help of MATLAB simulation. 
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