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A Survey on PV-EV System with AC/DC 

Interlinking Converter 

Abstract— To satisfy the varying power requirements of electric 

vehicle (EV) charging, an interleaved converter architecture 

integrated with an energy management framework is developed. The 

proposed power conversion and control scheme effectively 
coordinates the available energy resources and minimizes reliance 

on the utility grid, particularly during periods of high electricity 

demand. As a result, the charging system helps reduce the burden on 

the grid during peak operating hours. 
A Rule-Based Energy Management Strategy (REMS) is 

implemented to maintain stable and efficient system performance. 

The strategy prioritizes the utilization of energy generated from the 

photovoltaic (PV) system. When PV generation is insufficient, the 
Battery Storage System (BSS) is employed to provide the required 

supplementary power, while the grid serves as a backup source 

during prolonged fluctuations in solar generation. This coordinated 

approach ensures continuous charging operation, enhances the use 
of renewable energy, satisfies EV load requirements, and supports 

longer battery life. 

This thesis presents a hybrid EV charging infrastructure that 

integrates a PV array, a BSS, and the conventional utility grid. To 
enhance power conversion efficiency and output quality, interleaved 

buck–boost converters are adopted in the charging stage. 

Furthermore, the State of Charge (SoC) of the lithium-ion battery is 

estimated using an Extended Kalman Filter (EKF)-based algorithm. 
An online energy management scheme is also proposed to increase 

renewable energy penetration, reduce grid dependency, and improve 

the operational effectiveness of the battery storage system. 

 
Keywords— Solar Photovoltaic; grid connected system; 

Modeling, MPPT; DC-DC Converter; Transformerless inverter 

I. INTRODUCTION 
         The energy system is experiencing a major transition 

towards the widespread use of green energy due to 

environmental concerns about CO2 emissions and global 

warming. The present centralised, large-grid-dependent 

electric power system will be supplemented in a sustainable 

future by distributed, small-scale smart grid-based energy 

producing systems. Renewable energy sources including 

solar, tidal, and wind are often used to accomplish this goal. 

The world is moving toward solar solutions because solar 
energy can generate more energy than any other fossil fuel 

alternative [1], [2]. 

Because solar irradiance is so widely available, researchers in 

various fields are interested in sun-generated power among 

the many renewable energy sources. Solar irradiance serves 

as the input power source for PV systems. It's a fantastic 

concept to use solar energy to power electrical equipment. 

Nothing needs to be plugged in, electricity bills are no longer 

a financial burden, and there is an endless source of free, eco-

friendly energy available. The practical application of solar 

energy is, of course, slightly different. PV systems that use 

solar energy to generate electricity have a low conversion 

efficiency because of a number of environmental conditions. 

 

Since photovoltaic sources provide DC power, which must be 

transformed into AC using an inverter, power electronics are 

essential for harvesting solar energy. Among several power 

converters, MLIs have attracted the greatest interest for 

medium-voltage and high-power applications. Because of its 

high voltage capacity, low harmonic distortion, and 

propensity to put semiconductor switches under far less 

voltage stress than the circuit's applied voltage [3]. Many 

MLI topologies have been constructed, such as NPC-MLI, 

FC-MLI, MLDCL-MLI, T2MLI, and CHB-MLI.  

The most popular of them is the cascaded H-bridge inverter 

design, which raises the levelled AC output voltage but 

necessitates an isolated DC-link input voltage for every cell 
[3]–[5]. 

 
Fig.1. Block diagram of typical grid connected PV systems 

 

         Pulse width modulation is the process of changing a 

switch's ON and OFF duration at a fixed switching frequency. 

Phase-shifted PWM, level-shifted PWM, discontinuous 

PWM, and other modulation techniques have been proposed 

for MLIs in the literature [6], [7]. Each module in LS-PWM 

has an unequal power distribution [8]. A balanced 

relationship between the output waveform and switching time 

is necessary for D-PWM. High output waveform quality and 

balanced power distribution across modules are two 

important performance benefits of PS-PWM technology. On 

the other hand, PS- shortcomings include high frequency 
switching losses and low circuit efficiency [8]. 

 

         The main drawbacks of the solar photovoltaic system 

are its dependence on outside variables and the need for 

adequate space for generation [3–4]. Furthermore, when it 

comes to their investment, small power consumers are 

constantly in danger and unclear [5–6]. To address this 

uncertainty, only few scholars have developed methods for 
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reducing investment uncertainty [7]. The markets for 

distributed generating technologies, such as those for wind, 
solar, and fuel cells (FC, PV, WS, and ES, or energy storage), 

are expanding quickly due to the rapid improvements in this 

field. Additionally, we have created a simple model that 

integrates fuel cells, solar, and wind power. 

             III       PV System 

In an effort to ease the strain on electric utilities and 

customers who must pay high electricity bills, a new 

revolution in online grid systems has begun, integrating solar 

photovoltaic systems with contemporary grids. Analyzing the 

SPV system's interaction with the contemporary grid using a 

model and computer simulation is now essential for the 

system's correct operation. Different software systems, 

including MATLAB/SIMULINK, P-SPICE, PSCAD, and 

others, have recently seen the development of a number of 

application-specific PV models. The resultant PV model's 

extensive parameterization necessitates an iterative solver. A 

PV model with a traditional DC voltage or current source is 
also inapplicable since the I-V characteristic of a PV panel is 

nonlinear because it depends on temperature and solar 

irradiation. 

PWM's  
 

 
Figure 2. Equivalent circuit of PV 

 
Fig.3 I-V and P-V characteristics of a PV cell 

 

The main five governing equations for a single diode PV cell 

are:   

 

 
 

where, Iss is Diode reverse bias saturation current at STC Iscs 

is PV short circuit current at STC, 

II. INTERLEAVED BOOST CONVERTER FOR PV SYSTEM  

Generally, the DC/DC boost converter is used to connect the 
PV panel to the DC bus thanks to its simplicity. Meanwhile, 

it is used for the battery with converter in bidirectional mode. 

However, several drawbacks concerning this topology in 

terms of vehicle battery charging applications should be 

considered, mainly: (i) low efficiency for high voltage gains; 

(ii) low elevation gain; (iii) weight and volume of the 

inductance (low compactness); (iv) high current ripple; (v) 

sensitivity to faults (operating shutdown). The proposed 

power conversion of the PV panels used in this work is shown 

in Fig 3.4. Interleaved boost converter (IBC) has been 

introduced in the literature, including 2-phase, 3-phase and 4-

phase [157-159]. The interleaved topology provides different 

features as: (i) minimize the size and volume of passive 

components; (ii) reduce the Input ripple current ;(iii) increase 

the frequency of the input current; (iv) improve the reliability 

of the system due to the higher voltage gain; (v) Increase the 

output power of the converter due to the parallel phases; (vi) 
Provide simple thermal management, the parallel of IBC and 

IBDC converters phases allow a better thermal distribution 

The IBC, in this type of assembly’s inductors, switches and 

diodes are connected in parallel; a single capacitor is placed 

at the output of the converter. The control of the switches S1, 

S2, ...., and Sn is successively shifted by Ts/N; Ts is the 

switching period, N is the number of branches constituting 

the converter. 

 

 
Fig 2: Interleaved (DC/DC) Converter. 

 
Table 1 charging system component parameters. 

Parameter Description Value 

Rated DC Bus Voltage 750V 

DC Charger Power 45kW 

PV Power Capacity 100kW 

BSS Capacity  50Ah 

EV battery Capacity  50Ah 

 EV Charging current / Discharging 
current 

60A 
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Fig. 3: Behavior of interleaved converter in each small 

interval 

The switching sequences of the switches may or may not 

overlap, causing variations in the ripple of the input current. 

The frequency of the input current is N times the frequency 

of the current in each inductance [160, 161]. 52 The analysis 

of the voltage ripples and the current according to the duty 
cycle is obtained under the following simplifying 

assumptions: 1. The resistances of the coils and the capacitor 

are negligible. 2. Inductances and parasitic capacitances are 

negligible. 3. Switches are ideal. The equations of the 

proposed circuit of IBC converter depicted in Fig 3 are: 

 

 
 

The inductances for IBC circuit are identical  

L1 = L2 = L3= L. 
Therefore: - ie = i1 +i2 +i3  

V1 +V2 +V3 =3Ve-L(di/ dt) 

III. CONTROL OPERATION OF POWER CONVERTERS 

The switching sequence of all the power electronic converters 
is controlled based on different parameters that are measured 

from the DC bus and the charging station-connected vehicle. 

The PV side’s MPPT DC-DC converter is controlled based 

on the voltage and current that are measured from The 

switching sequence of all the power electronic converters is 

controlled based on different parameters that are measured 

from the DC bus and the charging station-connected vehicle. 

The PV side’s MPPT DC-DC converter is controlled based 

on the voltage and current that are measured from the PV 

devices. The BEV side’s buck/boost converter to be 

controlled is based on the state of charge and the current 

drawn by the battery. the PV devices. The BEV side’s 

buck/boost converter to be controlled is based on the state of 

charge and the current drawn by the battery. BEV Battery 

Charging Controller BEV Battery Charging Controller The 

BEV battery is charged by providing constant-voltage and 

constant-current control to the charging converter. Fast 
charging is done by inner current loop control; the outer 

voltage loop control The BEV battery is charged by providing 

constant-voltage and constant-current control to the charging 

converter. Fast charging is done by inner current loop control; 

the outer voltage loop control used for constant-voltage 

charging is shown in Figure 4. When the current flowing into 

the battery is positive, Ibatt > 0, the battery is charged; 

otherwise, it is discharged. Based on the sign of the battery 
current (Iref), the EMS controller is providing regulated 

supply to the battery. 

 

IV. RESULTS 

 
       Fig 4: Waveforms of different signals, case 1. 

Each interval of T/3 can be sub-divided into two intervals to 

determine the input current, based on equation (3.6, 3.7). 

Therefore, the equivalent circuit diagrams for each interval 

are given in Fig 3.6. Only one switch S3 is in a conducting 

mode for each first phase of a 1/3 of the switching period. The 

voltage (V1+V2+V3) is alternatively equivalent to 2VR and 

3VR. Defining ie min as the value of ie for t = 0. 

For each conduction interval, α < 1/ 3 , the input current of 

each interval is given by the equations . 

Each switch has a conduction time greater than T/3 and less 
than 2T/3. The timing of the switch’s conduction is shown in 

Fig 3.8. If α′T is assumed to be equal to (αT − T/3), and 

considering the intervals [0,α′T],[T/3,T/3 + α′T] and 

[2T/3,2T/3 + α′T], the two switches are conducted in each 

first phase of a 1/3 switching period. The voltage 

(V1+V2+V3) is alternatively equivalent to VR and 2VR, 

therefore the frequency of ie, is three times of the switch’s 

frequency. Thus, the equivalent circuit diagrams for each 

interval are given in Fig 3.9. In this case the switches have a 

longer conduction time than 2T/3. The conducting time of the 

switches is given in Fig 3.11. Assuming α′T is equal to (αT − 

2T/3), and considering the intervals [0, α′T], [T/3,T/3 + α′T] 

and [2T/3,2T/3+ α′T], it is observed that three switches are 

driving in each 1/3 first phase during the switches time. The 

voltages (V1+V2+V3) are alternating between 0 and VR. The 

frequency of current ie, is equal to three times the switching 

frequency. 

 
Fig 5: Waveforms of different signals, case 2. 
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Fig 6: Waveforms of different signals, case 2. 

 

V. CONCLUSION 
An interleave DC/DC converter is used in this study's PV 

system to optimise the power extracted from the solar profile. 

In this instance, the output voltage of the interleaved 

converter is also regulated. A bidirectional interleaved 

DC/DC converter topology is suggested and put into practice 
for the BSS in order to maintain the required power balance 

and enable bidirectional power flow. A rectifier/inverter 

conversion stage is used at the grid side to support 69 

bidirectional power flow between the grid and other hybrid 

power source components and to maintain the DC bus at a 

regulated voltage. The power conversion phase's primary 

goals are to control the DC bus at the intended value, 

The incorporation of smart grid technologies will help the 

current power system manage and resolve the problems with 

current power management in the Indian power sector.  

The smart grid, a development in electric power systems, 

expands the distribution of distributed generation by utilising 

renewable energy sources. It also seeks to increase the 

dependability, efficiency, and safety of the existing electricity 

infrastructure. To combat smart grid failure, however, timely 

data collection about equipment failures, natural disasters, 

and capacity limitations is essential for proactive, real-time 
problem diagnostics. 
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