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The major goals of this effort are to create an electric vehicle charging station microgrid 
that combines the utility grid, a solar PV plant, and a bioenergy system as its primary 
energy sources. Here, the solar system is designed for 15kW, and the energy system is 
designed for 5kW. To improve the efficiency and maximize the performance of the 
distributed energy system, a DC-DC converter-based perturb and observe MPPT 
technique is implemented. The proposed arrangement makes it possible to build a 
microgrid that is effective, affordable, and distinctively local. The utilization range of 
electric vehicles is increasing rapidly and still in some areas it is limited due to more 
charging times. This can be improved by providing fast charging conditions that enable 
charging a vehicle in less time. To maintain these fast-charging conditions, an efficient, 
compact-sized DC-DC converter with high power output is required. This paper 
introduces an interleaved DC-DC power converter to meet the above requirements. The 
proposed interleaved multi-phase converter, which is part of fast charging stations, can 
charge the electric vehicle in less than 3 hours. To achieve high power density, ripple 
reduction on the output current and to improve the efficiency of the converter a space 
vector modulation technique is applied. The operation of an interleaved converter is 
analysed theoretically. Simulation analysis of the proposed interleaved power converter 
shows the good behaviour of the converter and charging conditions of various electric 
vehicle systems. 
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1. Introduction 
 

Over the past ten years, there has been an increase in the use of fossil fuels and pollution issues 
in automobiles. Automobile manufacturers presented electric vehicles as a solution to these issues. 
Both in the transient and peak stages, batteries have to provide power but, the cost and weight of 
batteries become a severe problem for batteries. Supercapacitors and fuel cells have been employed 
to address battery-related issues [1]. In order to address the issue of battery-operated EVs' 
inadequate storage, hybrid and plug-in electric vehicles have been introduced [2]. Revolutionizing 
mobility through electric vehicles (EVs) necessitates a robust charging infrastructure. In India, the EV 
charging infrastructure is rapidly expanding, with a focus on charging specifications, standards, 
regulations, and government initiatives [3]. 

The suggested single-stage converter covered in the literature by Veerendra et al., [4] has a 
straightforward design and fewer components, but it has challenges in efficiently operating the drive 
motor. To get around these issues, a boost-type single-stage converter was suggested, which can 
produce three-phase voltage even from a DC input source having a low level. Single-stage charger for 
LEVs using a quadratic buck-boost AC-DC converter with a transformer less design has been designed 
but the absence of a Transformer limits the voltage gain for battery charging [5]. A two-stage 3.5kVA 
OBC for EVs with front-end and back-end converters has been introduced whose control strategy has 
3 modes of charging but lacks the integration of bidirectional power flow capabilities for vehicle-to-
grid applications [6]. Different topologies of converters have been proposed each being different 
from the other based on constraints like space of the supply device, efficiency of the converter, higher 
order harmonics, and PWM strategies for wide voltage range applications [7-9]. Additionally, 
numerous kinds of soft-switching approaches have been developed to reduce switching losses and 
increase converter efficiency [10-15]. 

To date, the proposed systems in the literature show complexity in operation and poor efficiency. 
For this reason, the primary focus of this paper was developing battery chargers for plug-in-charge 
electric vehicles. To sustain such EMS, a basic power electronic-based architecture is implemented. 
The charger's architecture is based on a bidirectional DC-DC converter, which increases system 
efficiency. Compared to the topologies found in the literature, the suggested DC-DC converter 
technique satisfies the required operation of the bi-directional charger in the energy management 
system. By regulating the voltage and current levels between the limits, the power electronic 
converters were made use to size the passive elements. 
 
2. Proposed System 
 

Figure 1 depicts the planned schematic of a fast EV charging station. Seamless system connectivity 
with renewable energy sources is made possible using a DC-DC converter and a DC bus. The DC bus 
voltage to EV battery voltage levels is maintained via an appropriate interleaved DC-DC converter. 
Several factors determine the total number of vehicles that can be charged, including the following: 
a) The parking space that is available for electric vehicles; b) The dire need for fast charging stations 
in a particular area. A comprehensive line diagram for the hybrid system which is proposed for usage 
used in EV charging applications is depicted in Figure 2. 
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Fig. 1. Structure of Hybrid EV Charging Station 

 

 
Fig. 2. Block diagram of proposed system 

 

2.1 Electric Vehicle Structure 
 

The use of electric vehicles is rising dramatically in the current situation. The overall structure of 
the electrical vehicle is depicted in the form of a block diagram in Figure 3. It's driven with electricity 
delivered to the motor. An electric vehicle is made up of several parts including power converters, 
electric motors, power converter control circuitry and batteries. Power converters aid in maintaining 
the correct amount of energy needed for motors and assist in controlling the battery's charging and 
discharging conditions. 
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Fig. 3. Block diagram of EV 
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The motor drives the electric vehicle, as depicted in Figure 3. Additionally, it is made up of two 
converters: a PWM-based converter that aids in controlling the motor conditions, and a DC-DC 
bidirectional converter that controls the battery system's state of charge. 
 
2.2 PV Solar System 
 

Solar energy provides a renewable, environmentally friendly, and cost-effective source of 
electricity, promoting energy independence and reducing carbon emissions. Due to the photon 
effect, the solar panel converts sunlight into electrical energy. Solar cells first produce electric 
current, which is then converted into voltage through a similar electric circuit. The acquired DC 
voltage varies depending on the temperature of the sun and may harm electrical equipment. Figure 
4 shows the circuit diagram for MPPT based PV system with a DC-DC converter. The main objective 
of MPPT is to ensure the solar panel's maximum output. To achieve the necessary voltage and current 
ratings, these cells were set up in series and parallel.  

 

 
Fig. 4. PV system with power converter 

 
2.3 Bio-Energy System 
 

One of the many varied resources available to assist satisfy our energy needs is bioenergy. These 
systems are designed to convert biomass into usable energy forms, such as electricity, heat, or 
biofuels, through various methods like combustion, fermentation, or anaerobic digestion, as shown 
in Figure 5. Bioenergy systems offer several advantages for a country, contributing to energy 
sustainability, economic growth, and environmental stewardship. Some of the key benefits are 
reduction in carbon emissions, energy security, economic growth, rural development by job creation, 
waste reduction and resource recovery and many more. 
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Fig. 5. Diagram of bioenergy system 

 
2.4 Perturb and Observe MPPT Algorithm 
 

Optimisation problems are a common occurrence in many different research and technological 
domains. Sometimes these challenges might be extremely complex because of the real and practical 
nature of objective function or the model limits. In a typical optimization issue, an objective function 
that is subjected to strong equality and/or equality limitations and complex, nonlinear properties is 
minimised or maximised. 

When using the P&O approach, the system first tracks variations in the voltage of the PV array to 
ascertain the way the output power is altered. Figure 6 displays a P&O MPPT algorithm. The flowchart 
depicts the calculation of the PV power once the voltage and current of the PV panel have been 
determined. 
 

 
Fig. 6. Flowchart representation of P&O technique 
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2.5 DC-DC Converter 
 

A minimum of one DC/DC converter is needed to interface super capacitor, fuel cell, or a battery 
with a common DC link, depending on the various EV topologies. The DC/DC converter can function 
as a step-up converter, raising, or as a step-down converter, lowering the low-level input voltage. In 
electric vehicles, to run low-level voltage components like dashboards, air conditioners, radios etc, 
step-down converters are needed. To run motors effectively, step-up converters are employed to 
raise the voltage levels to the needed. 

A DC-DC bi-directional converter is shown in Figure 7, It is helpful for regenerative breaking and 
has bidirectional control of power. The duty cycle of a converter determines how much power is 
being controlled, and this is typically done to control the output current or the input and output 
voltages. 
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Fig. 7. FP-IBC 

 
The four-phase interleaved boost converter as shown in Figure 8, consists of two diodes, four 

switches with series-connected inductors and two output filter capacitors. Four-phase interleaving is 
used in the topology. Each 104-phase circuit has a phase difference of 90 electrical degrees, 
increasing the output current frequency by 105 times and lowering the ripple after superposition. 
Additionally, the converter has a relatively high boost that satisfies the fundamental criteria for a 
conventional DC-DC converter. 
 
Case 1: S1 is ON (M1000) and other switches are OFF. 
 
Here S1 closed and other switches open, as shown in Figure 8. 
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Fig. 8. Mode-1 Operational Diagram for Interleaved DC-DC Converter 

 
A charging loop is created by the power source, the switch tube Q1, the inductor L1, and the 

power source. With the power supply and the two capacitors C1 and C2, along with the three diodes 
D2, D3, and D4 of the branch, the remaining three inductors, L2, L3, and L4, create three loops. The 
power supply, the load, the capacitors C1 and C2, and the final loop are R. Energy is provided to the 
load by capacitors C1 and C2 under the relationship depicted in Eq. (2). 
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The duty cycle, di(t) (i=1 to 4), can be used to calculate the opening time of each switch, di(t)Ts. 

The four-phase IBC operates under the premise that there should be a Ts/4 shift angle between every 
pair of adjacent phases, and that each phase's duty cycle should remain constant. Only eight work 
states can exist in a period when the sixteen possible work states are added together, and it is shown 
in Table 1 respectively as follows. 
 

Table 1 
Four-phase IBC Switching Conditions 
Case Condition Working States 

1 0<dc1x(t)+ 
dc2x(t)+ 
dc3x(t)+ 
dc4x(t)≤1 

dM1000→dM000→dM0100→dM0000→dM0010→dM0000→dM0001→dM0000 

2 1<dc1x(t)+ 
dc2x(t)+ 
dc3x(t)+ 
dc4x(t)≤2 

dM1000→dM1100→dM0100→dM0110→dM0010→dM0011→dM0001→dM1001 
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3 2<dc1x(t)+ 
dc2x(t)+ 
dc3x(t)+ 
dc4x(t)≤3 

dM1011→dM1001→dM1101→dM1100→dM1110→dM0110→dM0111→dM0011 

4 3<dc1x(t)+ 
dc2x(t)+ 
dc3x(t)+ 
dc4x(t)≤4 

dM0111→dM1111→dM1011→dM1111→dM1101→dM1111→dM1110→dM1111 

 
By comparing the triangle waveforms Vtri i(i=1 to 4) and duty cycle Vcon i(i=1 to 4), one can obtain 

the driving waveforms Gi. Two neighbouring drive waveforms in case 4, as shown in Figure 9, have 
an interval time of TS/4, meaning that t1a+t2a=t3a+t4a=t5a+t6a=Ts/4. In example 4, at least three 
switches are closed simultaneously in a single period because of the high-duty cycle of each switch. 
 

 
Fig. 9. Illustrated waveforms 

 
2.6 Control Strategy For FP-IBC 
 

The four-phase interleaved bidirectional controller's control scheme employs a traditional pulse 
width modulated approach. This PWM approach uses the signals from the output parameter and the 
input DC voltage/current to obtain the reference signal. Below is a time-lapse of the FP-IBC 
converter's fundamental switching pattern. In Figure 10, Four switches have a switching time of Ts. 
The general phase shift of any phase can be determined via the expression below: 
 
The phase shift = Ts/ (number of parallel phases*number of switches in phase) 
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Fig. 10. Switching sequence 

 
For example, in FP-IBC, a higher number of parallel branches will raise the power rating and 

reliability of the converter, as shown in Figure 11. As power is observed at the output and the 
frequency is four times the standard switching frequency, it leads to distribution losses and 
semiconductor device sizing. In contrast to traditional DC/DC converters like MDBC and BC, FP-IBC 
offers the following benefits for EVs. 
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Fig. 11. Control diagram for DC-DC FP-IBC converter 

 
The expression for the calculation of the effective duty cycle is shown below. 
 

1/21 ( / )eff in oD V V= −              (3) 

 
2

1(1 ) .o eff LI D I= −              (4) 

 
The required minimum delay time for proper ZVT operation is. 
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The expression for input and output power of dc-dc converter is shown as 
 
PIN = PSWITCH + PDIODE + PINDUCTOR + POUT           (6) 

 

Pout = Vo * Io 

3. Simulation Analysis 
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MATLAB/Simulink is used to analyse the performance of a four-phase interleaved boost converter 

with an inductor that is powered by a grid-connected PV-Bio hybrid system. The results are 
illustrated. Table 2, Table 3, and Table 4 depict the specifications required for PV, FP-IBC, and 
bioenergy systems respectively. 
 

Table 2 
PV system specifications 
Parameters Ratings 

Power 1500W 
Panel max Voltage 220V 
Panel max Current 6.818A 
Voc 232.32V 
Isc 5.65A 
No. of panels 10 
No. of strings 1 

 
Table 3 
FP-IB converter specifications 
Parameters Ratings 

Input voltage (V) 100 
Inductor(µH) 578.2 
Capacitor(µF) 100 
Switching 
 Frequency (kHz) 

25 

 
Table 4 
Bio-plant system specifications 
Parameters Ratings 

Maximum Power (W) 5000 
Peak power (W) 6800 
Rated Voltage 415 
Rated Rotor Speed (RPM) 250 
Generator Type SCIG 

 
Case 1: Analysis of PV-Bio Hybrid System for Load Sharing 
 

According to the modelling expressions shown in the preceding parts, the solar and bio systems 
in this are designed. The bio energy system is intended to produce 5kw, and the solar plant is 
intended to produce 15kw. The power management approach for various load conditions is 
displayed. 

Figure 12 displays the simulation output for the proposed system in addition to the power 
management strategies used along with P&O based MPPT controller. Here, the PV, battery, and grid 
systems are chosen for load sharing based on their respective generations. 
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Fig. 12. Output of (a) Load Power, (b) Solar Power, (c) Bio Power using P&O MPPT 

 
Figure 13 shows the simulation results which shows the grid voltage and current. 
 

 
Fig. 13. Simulation result for Grid Voltage and Current 

 
Figure 14 displays the results of the simulation, indicating the PV voltage and current needed to 

match the load requirement. In this instance, power management circumstances are noted while the 
electric vehicle is operating. 
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Fig. 14. Simulation result for PV voltage and current 

 
In this case, as illustrated in Figure 15, the simulation results indicate that the DC voltage and 

current through biowaste satisfy the load demand. During this case, the total harmonic distortions 
for load voltage and current is shown below. 
 

 
Fig. 15. Simulation result for bio waste DC voltage and current 

 
Figure 16 and Figure 17 show total harmonic distortions for load voltage and load current under 

operating different load conditions. 
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Fig. 16. Harmonic Analysis for Load current 

 

 
Fig. 17. Harmonic Analysis for Load Voltage 

 
Case 2: Analysis of proposed hybrid system for EV charging Conditions 
 

In this case, a grid-connected hybrid PV and bioenergy system is used to build a charging station. 
MATLAB simulates the modelling of the EV charging system. The primary objective of the simulation 
is to evaluate how well the conventional algorithm performs under various operating conditions to 
provide a continuous charging procedure at a fixed or reduced price. These tests are typically carried 
out for continuous charging at a fixed charging rate. 

The simulated waveforms of system powers, when an electric vehicle with a 5kW load capacity is 
connected to a charging station, have been shown in Figure 18. The PV-Bio hybrid system provides 
the energy needed to charge the electric car, with the remaining energy being stored in the batteries. 
The graphics below display the voltage and current waveforms for DC-DC interleaved converters. 
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Fig. 18. Simulation waveform for system powers 

 
The voltage and current waveform of an interleaved DC-DC converter are shown in Figure 19. 

Here, the converter's goal is to preserve EVs' ability to charge quickly. It can do this by continuing to 
produce large output currents—nearly 400 amps—from the converter. To attain a high current from 
the converter, appropriate parameters for the inductors are examined. Additionally, the suggested 
modulation approaches aid in preserving the correct order of the switches in an interleaved DC-DC 
converter. The 3kW battery-based electric vehicle requires over 3 hours and 25 minutes to get a full 
charge at our current rate. Figure 20 displays the battery state of charge conditions for electric 
vehicles. This EV battery takes 55 minutes to charge to 25% capacity. It takes an additional 50 minutes 
to reach 25–80% charge, and it takes an additional 40 minutes to finish charging. 
 

 
Fig. 19. Simulation output of Voltage and current of DC-DC converter 
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Fig. 20. EV Battery Charging Conditions 

 
4. Conclusions 
 

This paper proposes an effective control scheme for an interleaved DC-DC converter, which 
lowers voltage ripples that increase the EV charging station's efficiency. Two requirements have been 
verified for the proposed control: first, a reduction in voltage ripples. Simulation findings show that 
the proposed interleaved converter produces voltage ripples of 3.84% compared to 5.12% for the 
standard boost converter. Additionally, this research suggested an interleaved boost converter for 
EVs that require quick charging. According to the battery's SOC level, the converter's phases are 
controlled to maintain a nearly 98% efficiency in the fast-charging region. The three charging speeds 
are slow (0–20% SOC level), quick (15-20% SOC level), and medium (80–100% SOC level). The battery 
life is extended by using these modes. The paper includes the analysis and simulation findings. To 
fully charge the car, 145 minutes are needed. Additionally, the converter runs in constant voltage 
mode for quick charging. In order to charge the EV as efficiently as possible, this article optimises the 
usage of the phases of the proposed interleaved converter. As a result, this will be a practical and 
economical rapid charging station option. 
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