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Abstract: - In order to meet the need for charging electric vehicles, this article explored the concept of 

renewable energy sources such as solar photovoltaic systems (PV systems) coupled with battery storage 

systems (BSB) and super capacitors. Using MATLAB simulation and findings, this article also focusses on 

the relationship between RES and HESS and how they work together to charge electric vehicles. Here, we 

are using a Proportional Integral Controller (PI Controller) to regulate the DC-DC converter's output for 

both HESS and electric vehicle charging.  
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I. INTRODUCTION  

                            The Electric Vehicle Charging System (EVCS) as shown in Figure – 1 was proposed in this research work. Electric   

                            vehicles that are parked during the day at home or at work are meant to be charged by a system. This system's goal 

                            is to maximize the amount of solar photovoltaic energy used for charging electric vehicles. The system design is 

                            predicated on supercapacitors, EVs, PVs, and BSBs as per specifications is shown in Table – 1.[2] 

 

II. ARCHITECTURE OF PROPOSED ELECTRIC VEHICLE CHARGING SYSTEM (EVCS) 

 

 
 

Figure – 1 Architecture of proposed Electric Vehicle Charging System (EVCS) 

 

 

 
1 *Corresponding author: K. D. POLYTECHNIC, PATAN AND MONARK UNIVERSITY, VAHELEL, AHMEDABAD 
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III. SPECIFICATIONS OF ELEMENTS USED IN PROPOSED EVCS 

Sr. No. Element Specifications 

 

1 

 

Solar PV Panel 

Power Rating: 1000 Watts (1KW) 

Voltage Rating: 50 Volts  

Temperature: 25o C 

Solar Irradiance: 480 W/m2  

 

 

 

2 

 

 

 

Storage Battery  

Type of Battery: Lithium Iron 

Capacity: 60 Kwh 

Voltage: 50 Volts 

Cycle Life: 1500 cycles 

Energy density: 250 Wh/Kg 

Power density: 3 Kw/L 

Operating temp.: -10oC to 45oC 

 

 

3 

 

 

Supercapacitor 

No. of Series Capacitor = 6 

No. of Parallel Capacitor = 1 

Capacitance = 500 (F) 

D.C. Series Resistance =  

2.1X10-3 Ohm 

Operating temp. = 25oC 

 

 

 

4 

 

 

 

 

PWM Generator  

Purpose: Generate PWM signal to control DC-DC Converter 

Switching Frequency = 20 KHz 

Duty cycle = 0 % to 100 %  

Control Signal I/P: Accept I/P from PI controller to determine PWM duty cycle 

Dead time: Minimum delay between switching transistors to prevent shoot (1 Micro second). 

Output stage: MOSFET with power switch  

Resolution = 12 bits 

 

6 

 

MOSFET 

Ron = On Resistance = 0.1 Ohm 

Lon = Inter diode inductance =0 H 

Rd = Internal diode resistance = 0.01 Ohm 

Internal diode forward voltage = 0 V  

 

 

7 

 

 

Snubber Circuit  

ON state diode resistance = 0.001 Ohm  

OFF state diode resistance = Infinite 

Diode forward voltage = Vf = 0.8 Volts 

Rs = Snubber resistance = 500 Ohms  

Cs = Snubber capacitance =  

250 e-9 F 

 

Table – 1 Specifications of Elements of proposed EVCS 

 

IV. ELEMENTS OF PROPOSED EVCS 

The following are the main components of proposed Electric Vehicle Charging System (EVCS).[5] 

(1) RES/Solar PV System (Renewable Energy System) 

(2) MPPT (Maximum Power Point Tracking) Controller  

(3) P&O (Perturb & Observe) Algorithm  

(4) BSB (Battery Storage System) 

(5) Supercapacitor  

(6) Bidirectional DC-DC Converter 

 

(1) RES/Solar PV System (Renewable Energy System): 

• RES are renewable energy system that generate electricity from renewable energy source like Solar PV panels, Wind Power 

plant etc.[6] 

• Electricity generated by RES are used to offset the electricity demand where RES are installed.[6]  

• RES depends on renewable sources like Solar PV panel generation depends on amount of sunlight. So, they require integration 

with storage system or grid flexibility to manage variability and ensure grid stability.[6]  

 

(2) MPPT (Maximum Power Point Tracking) Controller: 

• Each solar panel has a specific operating point where it can generate maximum power output for a given amount of sunlight 

that point is called MPP (Maximum power point). This MPP variation depending on sunlight and temperature.[7] 
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• MPPT controller is an electronic device that continuously adjust the operating voltage and current of solar panel to ensure that 

solar panel operate at its maximum power point. This is achieved by tracking changes in the output of the solar panel and 

adjusting its electrical operating point.[7]  

 

(3) P&O (Perturb & Observe) Algorithm:  

• MPPT controllers use various algorithms to find and lock MPP of solar PV panel. Here we have used P & O (Perturb & 

Observe) algorithm. Perturb means to change.[8] 

• P & O algorithm is a popular method used in MPPT controllers for solar PV system.[8] 

• P&O algorithm continuously modifies solar PV system operating point and tracks impact on solar panel power output. When 

the MPP is met or marginally exceeded, it modifies the operating point so that the solar panel's power output increases.[8] 

• P & O algorithm measures the power output of the solar PV panel at regular intervals like every few Milli seconds to seconds 

depending on the implementation.[8] 

• A tiny quantity (called a perturbation) is changed by the controller to the solar PV system's operational point. This allows the 

solar panel's voltage or current to be adjusted.[8]  

• After perturbation the algorithm observed whether power output of the solar panel increased or decreased compare to the 

previous measurement. Decision is based on observed change in power output.[8]  

• The overall efficiency of the solar PV system is raised when it is operated at its maximum power point.[8] 

 

(4) BSB (Battery Storage System): 

• RES or grid-supplied electricity is stored by BSB for future use. Surplus electricity produced at periods of low demand or high 

generation from renewable energy sources is stored by BSB. When demand is high or there is a deficiency in renewable energy 

generation, this energy can be employed.[9] 

• BSB can optimize self-consumption of RES by storing excess generation for use during peak demand period reducing reliance 

on grid electricity and lowering energy cost.[9] 

 

(5) Supercapacitor (Ultracapacitor): 

• Maximizing the contact surface area of an ultra-capacitor is required to raise its capacitance. One needs to employ a certain 

material for the electrode in order to accomplish this without increasing the volume of the capacitor.[10] 

• This substance needs to be porous in order to have a very high specific surface. Carbon nanotubes or activated carbon are the 

most commonly utilized materials.[10] 

 

(6) Bidirectional DC-DC Converter: 

• Bidirectional DC-DC converters can transfer power in both directions and are used to increase or decrease the DC voltage 

between their input and output.[5] 

• Bidirectional DC-DC converters find several applications in fuel cell storage systems, renewable energy storage systems, 

hybrid vehicle energy storage systems, and uninterruptible power supplies.[11] 

• They have typically been used in motor drives for regenerative braking and speed regulation. When bidirectional power flow 

capability and DC bus voltage management are required, bidirectional DC-DC converters are used.[11] 

 

V. PROPORTIONAL INTEGRAL CONTROLLER (PI CONTROLLER)  

ASPECTS FEATURE OF PID CONTROLLER 

Controller Components Proportional and Integral (no Derivative) 

Control Actions Proportional and Integral actions 

Steady-State Accuracy Good 

Response Speed Moderate 

Transient Response Moderate (May exhibit overshoot) 

Disturbance Rejection Good (With Integral) 

Noise Sensitivity Low (No Derivative) 

Tuning Complexity Simple 

Tuning Sensitivity Less Sensitive (Two Gains) 

Stability Concerns Generally Stable 

Application Suitability Steady-State Accuracy 

Implementation Simplicity Simple Hardware/Software Integration 

Optimal for Applications with Moderate Dynamics 

Table – 2 Aspects and Features of PI Controller 

VI. WORKING OF PROPOSED EVCS 

• Solar PV panel, storage battery and Supercapacitor are tied with Common D.C. link through Bidirectional DC-DC Converter.[13]  
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• Solar PV panels generate electric power for charging Electric vehicle and it operates at MPP with help of MPPT controller and P 

& O algorithm.[1] 

• When generation of Solar PV system is low during electric power demanded by electric vehicle, PI controller checks, the features 

of PI controller is shown in Table – 2, SOC of battery first and if SOC of battery is more than 20% to 80%, storage battery will 

fulfil charging power to electric vehicle.[1] 

• If SOC of storage battery is less than 20% then Supercapacitor will provide electric power to charge electric vehicle.[1]  

• During sufficient generation of electric power by RES (Solar PV system), it will charge electric vehicle as well as storage battery 

and supercapacitor.[1]  

• Voltage of Common D.C. link will maintain constant with the help of DC-DC converter.[1] 

VII. METHODOLOGY  

Here, we have used MATLAB Simulation to establish the relationship between RES and HESS and how they work together to 

charge electric vehicles. Figure – 2 shows the MATLAB Simulink model of solar PV based Battery Management System (BMS). 

 

 
 

Figure – 2 MATLAB Simulink model of solar PV based BMS 

 

Figure – 3 shows MATLAB Simulink model of MPPT controller and Boost converter Circuit.  

 

 
Figure – 3: MATLAB Simulink model of MPPT controller and Boost converter Circuit  
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Figure – 4 shows MATLAB Simulink model of Subsystem for Power Calculation from all Sources.  

 

 
Figure – 4: MATLAB Simulink model of Subsystem for Power calculation from all sources  

 

Figure – 5 shows MATLAB Simulink model of PI controller based BMS controlling system  

 

 
Figure – 5: MATLAB Simulink model of PI controller based BMS controlling system 

 

VIII. MATLAB SIMULATION RESUSLTS WAVEFORMS 

Waveform-1: Simulation Result of Solar PV Output Parameters 
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Waveform-2: Simulation Result of Battery output parameters with BMS 

 

 
 

Waveform-3: Simulation Result of Supercapacitor output parameters 

 

 

 
 

Waveform-4: Simulation Result of Power Variation from all Power Sources 
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Waveform-5: Simulation Result of Common D.C. Link Capacitor 

 

 
 

IX. MATLAB SIMULATION RESULT ANALYSIS 

Sr. 

No. 

Waveform 

of Results  

Result Summary 

 

1 

 

Waveform-1 

It indicates that the solar PV panel's voltage is 33.85 volts and its current is 29 amps.  

500.3 Watts of power at 480 W/m2 of PV irradiance and 25 degrees Celsius of solar panel temperature 

are produced by the solar panel.[13]  

 

 

2 

 

 

Waveform-2 

It displays data about storage batteries, including voltage, current, state of charge, and power supplied 

to electric vehicles. Batteries will charge when renewable energy sources (RES) are produced in 

sufficient amounts; when RES generation is insufficient, batteries will supply the energy needed to 

charge electric vehicles.[13] 

 

 

3 

 

 

Waveform-3 

It displays the supercapacitor's output parameters, including voltage, current, SOC, and power output. 

As we can see, the supercapacitor charges when the power from the solar PV system is sufficient. 

However, when the RES's energy generation is low, the supercapacitor will supply the extra power 

needed to charge an electric vehicle.[13]  

 

4 

 

Waveform-4 

The power variation of the supercapacitor, storage battery, and solar PV system is displayed. According 

to the waveform, the power required by an electric vehicle is always 500.3 watts. When solar power 

generation is low, storage batteries and supercapacitors are in charging mode and deliver power based 

on the storage battery and supercapacitor's state of charge (SOC%).[13] 

5 Waveform-5 It indicates that the voltage of the common D.C. connection does not change during the DC-DC 

converter.[13] 

 

Table – 3 Result analysis and summary of proposed EVCS 

X. CONCLUSION 

• Integration of Renewable Energy Source with Battery Storage System and Supercapacitor will increase the use of Solar energy 

to charge electric vehicles, decrease the dependence of the charging system on the Battery Storage System, and also extend the 

life of the Battery Storage System, according to the result analysis displayed in Table – 3.[14]  

• The cost of charging an electric vehicle is reduced by the proposed solution.[15] 

XI. FUTURE SCOPE 

• This system can tie with grid to make Grid tied RES for allowing excess electricity generated by RES fed back into the  

  grid.[13]  

• This makes consumers to get benefit by rebate.[13]  

• Grid tied RES can manage variability and ensure grid stability.[13] 
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