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ABSTRACT With rising environmental concerns due to tailpipe emissions of present-day vehicles on Indian 

roads, industry is looking to introduce alternative modes of transportation. Driving Electric Vehicles will reduce 

the overall carbon footprint only if the batteries are charged from renewable energy. With its falling prices and 

ease of installation, Photovoltaic systems are ideal candidate for charging Electric Vehicles. This project thesis 

investigates the possibility of charging electric vehicles from a Grid-integrated PV system and simulation of 

converter controllers for electric vehicles using different MPPT techniques. The technological advancement and 

reasonable price have made battery the major source of energy for electric vehicles. The batteries that are widely 

used in EVs include lead-acid, Li-ion, NiCd, NiMH. The charging time and efficiency depends on the type of 

charging algorithm used. The conventional charging techniques include the constant current charging algorithm 

which is used to charge NiCd and NiMH batteries by using regulated charging current within recommended limit 

to charge the battery. Even though this algorithm is relatively cheaper, but its major drawback is that it can result 

into low battery life and lesser efficiency. In constant voltage charging algorithm since the charger can only 

provide a limited value currents battery is charged at a regulated voltage. This method requires high power during 

initial charging stage which is generally not available. “The main objective of this project is to study, observation 

and simulation of converter controllers of hybrid electric vehicles by using P&O MPPT and INC MPPT 

techniques. There are few MPPT techniques are there but the Incremental Conductance method or the technique 

or the algorithm is superior among all other methods because the percentage of (%SOC) is increasing slightly. 

This is proved by simulating Simulink models of both techniques and this is what done in this project and result 

wave forms are shown in the third chapter of this project thesis.”“Along with this in this project simulink model 

uses the energy storage system (ESS)  after the MPPT model whenever the grid or the solar power sources are 

failed to supply the power, the ESS is going to take care about the power shut down like battery storage system 

in an electric vehicle.” 

INTRODUCTION 

India intends to become the world's only supplier of electric cars by 2030, with the number of electric vehicles 

on the road rising at a pace of 37.5 percent. The success of electric vehicle technology, on the other hand, is dependent 

on the availability of EV charging stations. For this reason, utilities are constructing electric vehicle charging stations 

at residential and commercial areas. Research, development, and investment in electric vehicles (EVs) are moving 

forward as a potential replacement to internal combustion engine automobiles. Batteries are now the most common 

source of energy for electric cars, thanks to technical advancements and a low cost of production. Lead-acid, lithium-

ion, nickel-cadmium, and nickel-metal-hydride batteries are among the most often used in electric vehicles.  

The kind of charging algorithm used determines the amount of time it takes to charge and how efficient it is. 

The constant current charging algorithm, which is used to charge NiCd and NiMH batteries by employing controlled 

charging current within the required limit to charge the battery, is one of the standard charging strategies. It is one of 

the most often used charging algorithms. The fact that this method is reasonably inexpensive does not negate the fact 

that it has a significant drawback: it might result in reduced battery life and worse efficiency. Because the charger can 

only produce a certain amount of current, the battery is charged at a controlled voltage when using the constant voltage 

charging method  

High power is required during the first charging step of this approach, which is often not accessible in most 

situations. Another extensively used algorithm is the constant current and constant voltage algorithm, which is a 

mixture of the two algorithms mentioned above since both ways will be employed throughout the charging process of 

a battery, which is why this algorithm is so popular. The current stays constant throughout the first stage until the 

voltage reaches a certain threshold value, after which it is switched to constant voltage mode, and the current lowers 

until the battery is completely charged, and the process is repeated. When the battery has been completely c  harged, 

http://jespublication.com/


 

Vol 13, Issue 02, FEB / 2022  

ISSN NO: 0377-9254                                  

  

 

www.jespublication.com 
Page No:62 

 

 

  

it may be used to charge electric cars at various charging levels, which are classified as level 1, level 2, and level 3. 

Level 1 charging is commonly utilised for home or  

office usage with a power level of up to 2 KW and is accomplished using a 120 V alternating current connection. 

Output 2 charging is utilised for dedicated outlets with a power level ranging from 4 to 20 KW and is accomplished 

using a 240 V AC connector. Level 3 charging is intended for commercial stations with a power output ranging from 

50 to 100 kW. Using a Multi Interleaved Power Converter (MIPC), PV-EV charging may be simulated; however, 

since there is no isolation between the energy source and the Electric Vehicles, this simulation is not suitable for actual 

use. Using a transformer to provide isolation, the author creates Simultaneous Multiple Electric Vehicle Charging in. 

However, the charging station is completely reliant on the power supply. 

Electrified car batteries are charged via a bidirectional DC-DC converter in conjunction with a Dual Active 

Bridge (DAB), which is capable of supporting both grid to vehicle and vehicle to grid communication. This system 

design, on the other hand, cannot be applied in PV systems that are linked to the grid. A storage battery was linked to 

a multiport converter by the author in order to minimise the charging current used from the power grid. However, 

since a storage battery system involves a significant initial investment and because the energy density of commercially 

available batteries is poor, the system's space requirements become a consideration. The battery module's safety 

criteria are one of the most important factors to consider. Motor vehicles are intrinsically mobile and, as a result, 

cannot be grounded by a permanent safety conductor, as may be done with other normal fixed devices. Because the 

batteries in electric vehicles have dangerously high voltage levels, they must be completely insulated from the vehicle's 

frame.  

Because of this, the charger is equipped with complete galvanic isolation from the electrical grid in order to 

fulfil safety standards. It is being explored if it is possible to construct a highly efficient charging system for electric 

cars at work or in parking lots that is powered by solar energy using various designs. It is possible to gather surplus 

energy generated by the PV array by connecting it to the grid, which may serve as an extended energy storage option. 

Consequently, it will be possible to free the charging station of the responsibility of storing energy locally in batteries. 

The grid may also offer extra power if the PV output is insufficient to feed the electric car during cloudy days or at 

night, which is another argument for integration. In this study, two Li-ion batteries with capacity of 200Ah are charged 

using solar energy as well as electricity from the grid. A multiport converter is intended to function in three power 

flow pathways: from PV to EV, Grid to EV, and PV to Grid. A multiport converter may be used in any of these three 

power flow paths. 

PROBLEM STATEMENT 

With rising environmental concerns due to tailpipe emissions of present-day vehicles on Indian roads, 

industry is looking to introduce alternative modes of transportation. Driving Electric Vehicles will reduce the overall 

carbon footprint only if the batteries are charged from renewable energy. With its falling prices and ease of 

installation, Photovoltaic systems are ideal candidate for charging Electric Vehicles.  

The technological advancement and reasonable price have made battery the major source of energy for 

electric vehicles. Future work on this project can be extended to improve the switching of circuit breakers and 

employing tap changing transformers for better current control. Also, vehicle management at charging station will 

have to be developed for larger installations.  

PV-EV charging is simulated in using Multi Interleaved Power Converter (MIPC) but there is absence of 

isolation between energy source and Electric Vehicles which limits its practical application. 

In electric vehicle batteries are charged by a bi-directional DC-DC converter along with a Dual Active Bridge 

(DAB) which also supports both Grid to Vehicle and Vehicle to Grid operations. But this system architecture can’t 

be implemented in a grid connected PV systems. 

Motor vehicles are innately mobile and, therefore, cannot be grounded like other regular stationary machines by 

a permanent safety conductor. As electric vehicle batteries have dangerously high voltage levels, they must be 

fully isolated from the vehicle body. Thus, the charger is provided with full galvanic isolation from the power grid 

to meet safety requirements. The main objective of the thesis is to simulate all possible controllers and converters 

to observe the performance of the both MPPT techniques in concern with the state of charging and power of the 

batteries used for the simulation purpose.  

A multi port charger which isolates the electric vehicle from the power sources is designed and simulated to 

investigate the charging of electric vehicles, which are parked under roof top solar installation. As most of the 

present-day solar installations are grid-connected, this project gives the opportunity to already installed PV systems 

to be used as source for EV charging. Along with adhering to the Charging standards, the batteries were shown to 

charge at a very satisfactory rate. Considering the fact that vehicles are parked at workplaces for at least 6-8 hrs, 

lower levels of charging current with increase in no. of vehicles will not affect this system’s usefulness. Future work 
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on this project can be extended to improve the switching of circuit breakers and employing tap changing transformers 

for better current control. Also, vehicle management at charging station will have to be developed for larger 

installations. 

PROPOSED SYSTEM  

               A multiport converter is designed to work in three power flow paths: from PV to EV, Grid to EV and PV 

to Grid. With the use of Lithium-ion Battery of Mahindra E-Verito is considered. We have integrated a 20KW 

Photovoltaic System with power grid with Voltage Source Converter. To ensure electrical isolation between 

batteries and power sources we have employed a 25KVA high frequency transformer between DC- link of PV-

Grid system and vehicle. The output of PV Array is controlled by Incremental Conductance MPPT algorithm along 

with 5 kHz Boost converter. In incremental Conductance Method, the array terminal Voltage is adjusted according 

to Maximum Power Point Voltage. This means that the voltage output of PV Array will vary with irradiance. Thus, 

to keep a constant voltage across the high-frequency transformer, we have used a buck-boost converter with 

Proportional-Integral Controller to keep a constant 500V DC across inverter.Different power electronic 

components. Considering Mahindra E-Verito specification, a 5 KW charging per vehicle is sufficient to charge a 

vehicle that is parked for 5-6 hours. Thus, as long as, PV generates 5 KW, vehicle is charged from PV. As the no. 

of vehicles increases, threshold reference for PV generation increases. For larger parking installations, where more 

than one inverter is used, some EVs can be charged from PV power while others can be charged from grid supply. 

Power Conversion in this mode is DC->AC->DC. 

 
Fig 1 Proposed configuration  

 Simulink Model for Incremental Conductance Technique. The simulink model of PV array with dc-dc boost 

converter and Incremental conductance MPPT algorithm as shown in the figure 2 
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Fig 2 the Simulation diagram With INC technique 

 

 
                                           Fig 3. Battery voltage, SOC and current. 

The Battery 1 at initial State of Charge 40% is charged for 0 seconds. SOC increases from 40% to 41.225% 

in 3 seconds. The charging currents become constant at 70 A after 3 seconds. The charging voltage is constant at 77 

Volts as shown in above fig 3. For simulation purpose the Lithium-ion Battery of Mahindra E-Verito is considered. 

We have integrated a 20KW Photovoltaic System with power grid with Voltage Source Converter. To ensure electrical 

isolation between batteries and power sources we have employed a 25KVA high frequency transformer between DC- 

link of PV-Grid system and vehicle. The below simulation result is the irradiance signal generated by the PV panel 

this is nothing but output of the PV array or the panel as shown in the fig 4 in the next page. 
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                                                   Fig 4 Irradiance versus time Signal 

The output of PV Array is controlled by Incremental Conductance MPPT algorithm along with 5 kHz Boost 

converter. Power generated by the PV array is proportional to the irradiance received by it. Therefore, we obtain 

lower PV output for lower irradiance as shown in the figure 5 

 

 
 Fig 5 PV array simulation output current wave form 

Output of PV array is controlled by varying Irradiance on PV panels between 0W/m2 and 1000 W/m2 as 

shown in figure. After 2.4 seconds, irradiance is kept constant at a small irradiance to simulate night time. 

 

 
                                Fig 6 voltage wave form with INC Technique 

As long as PV is feeding power to grid or EV Batteries, DC link Voltage is susceptible to changes. The 

varying voltage is undesirable as this power has to be converted to AC supply and stepped down by a transformer of 

specified rating. With reference value of 500V, PI controller keeps the voltage level almost constant. This protects the 

transformer against any over voltage conditions occurring due to increase in voltage as shown in the figure 6 

SIMULATION DIAGRAM FOR P&O TECHNIQUE. 

A slight perturbation is introduced in this algorithm. The perturbation causes the power of the solar module 

to change continuously. If the power increases due to the perturbation then the perturbation is continued in the same 

direction. The power at the next instant decreases after the peak power is reached, and after that the perturbation 

reverses. The algorithm oscillates around the peak point when the steady state is reached. The simulation model using 

P&O technique is shown in the figure 7.  
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     Fig 7 Simulation diagram Without INC technique (P&O technique) 

 

The simulation result of the solar system voltage starts at 10 volts and continue upto almost 1second and decreases to 

zero because the battery is going to charge slowly this will continue upto the simulation time as shown in the figure 

8. 

 
Fig 8 Wave form of Solar system voltage (P&O technique) 

 

The Output of PV array is controlled by varying Irradiance on PV panels between 0W/m2 and 600 W/m2. 

After 2.4 seconds, current is kept constant at a small irradiance to simulate night time as shown in the figure 9 

 
Fig 9 Wave form of Solar system current (P&O technique) 

The power generated by the solar pv panel which is a product of both voltage and current wave forms gives the entire 

power of the P&O MPPT technique is shown in the figure 10 
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Fig 10 Wave form of Solar system power  

The Wave forms corresponding to Solar System which are almost similar for both the P&O and INC MPPT techniques. 

But as per the performance the INC MPPT technique is best because the state of charging (SOC) and efficiency are 

increased if we observe the simulated wave forms between these two techniques. 

 
SIMULATED WAVEFORMS CORRESPONDING TO P&O TECHNIQUE. 

 
Fig 11 Battery voltage, current, SOC (P&O technique) 

The SOC starts from 40% at an initial stage and it increases upto 40.225% that’s the wave forms describe the 

simulation results of the P&O technique they are battery voltage, SOC and current as shown in the figure 3.11 This 

P&O MPPT technique is considered partially in this thesis because the performance is quite inferior to INC MPPT 

technique. 

 

Table no 1 Discerption of components used in the simulation process 
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 This chapter describes the performance of the both techniques and the difference between the P&O MPPT 

technique and INC MPPT techniques is that the percentage of SOC in case of Incremental Conductance method is 

increased slightly along with voltage, current and power based on the simulation outputs.  

 And this chapter shows the simulation of converter controllers for electric vehicles based on the power flow 

modes and different power electronic converters. 

This implements Simultaneous Multiple EV charging with isolation provided by transformer. But the 

charging station is entirely dependent on the grid. In electric vehicle batteries are charged by a bi-directional DC-

DC converter along with a Dual Active Bridge (DAB) which also supports both Grid to Vehicle and Vehicle to 

Grid operations. But this system architecture can’t be implemented in a grid connected PV systems. In this regard 

it is better to connect a storage battery to reduce the charging current from supply grid. But storage battery system 

requires a large initial investment and also energy density of commercially available battery is very low, therefore 

space requirement also becomes an issue. 

One of the major aspects of the battery modules are its safety requirements. Motor vehicles are innately 

mobile and, therefore, cannot be grounded like other regular stationary machines by a permanent safety conductor. As 

electric vehicle batteries have dangerously high voltage levels, they must be fully isolated from the vehicle body. 

Thus, the charger is provided with full galvanic isolation from the power grid to meet safety requirements. This chapter 

describes about all converters, controllers and configurations of hybrid electric vehicles that required during the 

simulation process. Cascaded multilevel inverters are switched at low frequency so it will create low noise which can 

be suppressed and are comfortable for driving HEVs. This converter will have high power factor and also have less 

EMI and voltage unbalance problem.A 3- phase multilevel inverter has been developed using IGBT because IGBT is 

a very popular device among 11 high power semiconductor switches. Its switching is very easy as well as it handles 

high level of power demanded by HEV motor drives. The multilevel inverter is loaded with 3-phase 20kW induction 

motor to drive HEV power trains. The simulation has been done in PSIM and MATLAB. 

The flyback converter is a buck-boost converter with isolation between its input and output. The inductor 

used in the buck-boost configuration is replaced by a transformer for isolation and storing energy before sending to 

the output via the output capacitor. 

Hybrid electric vehicle is the marriage between electrical and mechanical engineering and provides two power 

trains to wheels of the vehicle. It is one of the solutions to mitigate environmental pollutions and depletion of fossil 

fuels caused by land vehicles. IGBT based cascaded multilevel inverter is connected to star connected 3-phase 

induction motor. At various load conditions it is simulated with PSIM and MATLAB. Current, voltage, speed and 

torque waveforms are plotted. It is found that cascaded multilevel inverter reduces harmonics and produces sinusoidal 

voltages. So it can be concluded that cascaded multilevel converter is highly useful and can be vehemently used in 

HEVs. 

CONCLUSION 

This project investigates the simulation of converter controllers by using two MPPT techniques that the 

charging of electric vehicles that are parked beneath a rooftop solar installation by designing and simulation diagrams 

required for  a Multi-Port charger that separates the electric vehicle from other power sources. This initiative allows 

existing solar PV systems to be utilised as a source for electric vehicle charging, which is particularly advantageous 

since the majority of solar installations today are grid-connected. In addition to complying to the charging criteria, it 
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was discovered that the batteries charged at a pace that was quite satisfactory.  The P & O and IC MPPT algorithms 

are simulated and compared using the same conditions. When atmospheric conditions are constant or change slowly, 

the P&O MPPT oscillates close to MPP but INC finds the MPP accurately at changing atmospheric conditions also. 

DC voltage source of the dc-dc boost converter is replaced by the MATLAB subsystem integrated with PV array. 

Perturbing the duty ratio of dc-dc boost converter perturbs the PV array current and consequently perturbs the PV array 

voltage. To compute the power at various duty cycles and to compare it with the power of the current operating point, 

the MPPT subsystem is used. The duty cycle either increases or decreases or remains the same. Figure 10 shows the 

simulink model of PV array with dc-dc boost converter and P&O MPPT. The P&O and Incremental conductance 

MPPT techniques are discussed and their simulation results are presented. It is proved that Incremental conductance 

technique method has better performance than P&O technique. These algorithms improve the dynamics and steady 

state performance of the photovoltaic system as well as it improves the efficiency of the dc-dc converter system we 

can observe the performance difference between these two techniques or algorithms in approximate numerical values 

based on the simulation results we can observe in the table 2. 

 

Table no 2 Describes the approximate numerical results. 

Technique Used Output 

Voltage  

SOC 

P & O MPPT Technique 70 V 40.25% 

INC MPPT Technique 74-77 V 41.225% 
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