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Abstract:- In order to promote the switching from ICE 

vehicles to more environment friendly EVs, a network 

of fast charging stations is necessary. A lot of research is 

being conducted in this area in order to design efficient 

models of chargers along with developing new 

technologies to mitigate the current problems 

encountered such as the charging time, incapability to 

charge multiple vehicles at a time etc. This paper 

presents the different ways of classifying EV battery 

charging technologies and also a topological survey of 

different charging stations proposed in the literature. A 

three-phase bidirectional charger and a modular fast 

charger proposed in the literature are also presented 

along with their modelling, control strategies and 

simulation results to analyse their respective 

performances. 
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I. INTRODUCTION 
 

In recent years electric vehicles (EVs) have started to 

become attractive alternatives to the conventional internal 

combustion engine (ICE) vehicles. Their advantages 

include energy efficiency, fuel and maintenance cost 

savings, reduced emissions and their benefits towards 

public health, the ability to provide ancillary services, the 

modification of the demand curve and the V2G application. 

On the other hand, the use of these systems also has several 

issues, such us the higher price of the vehicle, the need of 

widespread fast charging infrastructure and the overload of 
the power networks. 

 

EVs can be charged in residential areas from homes or 

from public outlets. There are basically 4 levels of charging 

on the basis of charging time. Level 1 is the slow charging 

of EVs from home outlets. Level 2 also includes slow 

charging but from public charging stations. Level 3 

charging refers to fast charging from special three phase 

charging stations while [8] level 4 charging refers to DC 

fast charging. 

 

V2G technology refers to the power flow from vehicle 
to grid. This application when effectively introduced in a 

smart grid can improve the efficiency, reliability and 

stability of the supply grid. It can also p rovide ancillary 

services and assist in demand side management strategies. 

 

This paper mainly focuses on different fast charging 

topologies in which the G2V application can also be 

incorporated. There are a number of desired features for 

fast charging stations [2]. A bidirectional topology is 

essential to incorporate grid support services in the 

charging station. The charging stations should have a 

provision for integration of renewable energy sources 

(RES) and Battery energy storages (BES). These help in 

reducing the overload on the supply grid due to multiple 

vehicles charging at a time. Further the fast charging 

stations should have high power density. Power density is 

the ratio of the power available to the area of the charging 

station. The charging stations should also have lesser 
number of components and simple control strategies in 

order to ensure reliable operations. 

 

II. CLASSIFICATION OF BATTERY CHARGING 

TECHNOLOGIES 

 

 Conductive and inductive chargers: Battery charging 

technologies can be classified as conductive and 

inductive on the basis of the interfacing between the 

grid and the vehicle. A Conductive charger connects the 

charging station outlet to the connector of the EV using 

a cable, manually plugged in by the driver. 
Alternatively, the power is transferred magnetically in 

the case of an inductive charger. This type of charger 

comprises two parts: the grid interface where the AC 

current is take in, rectified and converted to a high 

frequency; and the secondary side, installed inside the 

vehicle, which consists of an AC/DC converter 

connected to the battery. At the terminal of each side, a 

winding is placed forming a transformer with the help 

of which the power transfer is carried out. The relative 

ratings of these chargers on various aspects are 

compared in Figure 1(a) [1]. 
 

 On-Board and Off-Board Chargers: Chargers can be 

termed as On-Board chargers if a part of the charger’s 

structure is included in the vehicle and if not, they are 

called Off-Board chargers. On-Board charging 

topologies are limited to level 1 and 2 (slow charging) 

because of the weight, cost and space constraints but the 

vehicles can be charged anywhere if a compatible 

power source is available. Off board chargers a are 

usually used for fast charging purposes from charging 

stations. Figure 1(b). compares the ratings of the two 

types of chargers. 
 

 Bidirectional and unidirectional chargers: A battery 

charger is an appliance composed of power electronic 

circuits that are employed in the conversion of electrical 

energy. These power converters are differentiated based 

on the direction of the power exchange between the grid 

and the battery.  The power flow through a charging 

structure can be unidirectional (G2V mode) or 
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bidirectional (G2V and V2G modes), as depicted in 

Figure 2. The bidirectional charger even though more 
complicated, can prove beneficial to the grid. 

 

 
(a) 

 

 
(b) 

Fig 1:- Comparison between (a) Conduvtive and Inductive 

chargers (b) On-Board, Off-Board and Integrated chargers. 

 

 
Fig 2:- Power flow in a general charger’s structure 

 

 High voltage and low voltage batteries: Depending on 

the voltage level of the Battery packs used in the 

electric vehicles, the topologies of the chargers may 

vary. For high voltage batteries only an AC/DC 

converter is required while for batteries with lower 

voltage ratings a DC/DC converter is also utilized in 

order to step down the voltage to a value that is 

compatible with the battery. The presented topologies 
employ MOSFETs for low power, IGBTs for medium 

power and GTOs for high power applications. [1] 

 

 

 

 

 

 

III. CHARGING STATION TOPOLOGIES 

 
Several charging stations topologies have been 

proposed in the literature. They can be grouped under the 

following three categories[2]. An example for each 

topology is also presented. 

 

A. Topologies having back to back AC/DC/DC converters 

This category includes an AC/DC converter which is 

interfaced to the grid using a distribution transformer and a 

filter. A dc-link is used to feed the DC/DC converters 

connected to it. The dc-link makes it possible to have high 

modularity as several applications such as storage systems 

and renewable energy sources integration can be served. 
 

 Bi-directional charging stations 

This topology helps in reducing the negative impacts 

of fast charging on the supply grid by incorporating RESs 

and BESs. It also allows the easy implementation of G2V 

and V2G operations. In [3] a 1.05 kVA 10-slot charging 

station having bidirectional converters is modelled. This 

charging station was found to perform well under a 

charging load of 900kW. It was interfaced with a strong 

medium voltage grid and so the impact of fast charging on 

the grid was not studied. The proposed model is shown in 
Figure 3. 

 

 
Fig 3:- Bidirectional charging station with back to back 

AC/DC/DC converters 

 

 Unidirectional Charging stations 

A unidirectional design of the above discussed 

topology is shown in Figure 4 [2]. The DC link voltage 

control and the active filtering of the AC current harmonics 

produced by the initial 12-pulse diode rectifier is carried 

out by two buck-boost converters. This model is not 

feasible to be fed from weaker points in the distribution 
grid as they cannot provide grid support and hence voltage 

drop compensation. 
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Fig 4:- Unidirectional charging station with bach to back 

AC/DC/DC converters. 

 

B. Multiport stations sharing common AC link 

In [4] a multiterminal charging facility which is also 

fit for bidirectional operation is proposed. Each EV charger 

is connected to the grid through a unity ratio low frequency 

transformer as an isolating device. This is followed by an 

AC (50 Hz)/DC/AC (high frequency) conversion. The 

obtained high frequency AC voltage is transferred to the 

charger through a coreless coils. The structure of the 
proposed topology is shown in Figure  5. In this case also 

the charging station is incapable of providing voltage 

support or power factor improvement to the grid. Also, this 

charging station was not modelled for fast charging of EVs. 

The increased count of components and control circuits 

leads to the reduction of the reliability and efficiency levels. 

 

 
Fig 5:- Multiport charging station. 

 

C. Transformerless charging stations 

In order to improve the power density of the charging 
stations some models have been proposed by removing the 

low frequency transformer from the topology. This requires 

the charging station to be fed from either a low voltage grid 

or directly from a medium voltage grid. When fed from low 

voltage grids the losses are high due to increased current 

rates. The proposed models have used medium voltage 

cascaded multi-level inverters to feed the charger directly 

from a medium voltage grid (4.8 kV). Each phase of the 

grid to charger interface comprises of several AC/DC/DC 

converters forming a multilevel converter. Moreover, a 

battery storage is used at the dc end in place of a capacitor 

bank. The structure of a similar topology proposed in [5] is 
shown in Figure 6. 

 

The different topologies can be compared on the basis 

of the desired attributes of a fast charging station. Table 1 

summarizes the features of the different topologies. 

 

 
(a) 

 
(b) 

Fig 6:- Charging station having cascaded multilevel 

converters. 

Type Bi- directional Grid support RES integration BES integration Power density Component count Control complexity 

A(1) Yes All* Yes Yes Medium Low Low 

A(2) No APF No Yes Medium Low Low 

B Yes V2G No No Low High Low 

C Yes All* Yes Yes High High High 

*- S2G, V2G, Active power filter (APF) 

Table 1 
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IV. MODELLING AND SIMULATION OF G2V AND 

V2G SYSTEMS 
 

In this section two charging station topologies are 

taken up and their electrical circuit and control strategies 

are presented. The results of simulation of these models are 

also included. 

 

A. Electrical Model 

The first charging station is a bidirectional charging 

station with an AC/DC converter and a DC/DC converter 

[6]. The electrical model is as shown in Figure 7. 

 

 
Fig 7:- Electrical model of bidirectional charger 

 

The second topology which can be said as an example 

of a modular fast charging station. It employs a 
combination of three single phase modules in place of the 

single set of three phase converters [7]. This is to increase 

the modularity of the system and guarantee low voltage 

operation. The electrical model is shown in Figure 8. 

 

 
Fig 8:- Electrical model of modular fast charger. 

 

B. Control Strategy 

The first model uses a direct control technique for 

controlling the bidirectional power flow through the 
charging mechanism. The control is achieved by operating 

the DC/DC converter in the desired mode. Buck mode 

operation requires IGBT1 to be triggered whereas Boost 

mode operation is obtained by triggering IGBT2. The 

control strategy of this model is explained in Figure 9. 

Initially the controller of the DC/DC converter compares 

the reference value and measured value of the battery 

current. The error is passed through a PI controller for 

tuning. The output of the PI controller is then sent for 

sinusoidal pulse width modulation (SPWM) to generate 

pulses. The pulses generated are directed to IGBT1 for 

charging and IGBT2 for discharging operations 

respectively. The IGBT which is not triggered is kept off 
during. both the modes of operation. 

 

 
Fig 9:- Control strategy of proposed bidirectional converter. 

 

In the second charging system also PI controllers are 

employed for the controllers excluding the battery current 

controller for which an integral compensator is used. The 

control of the grid current, DC link voltage, battery 
charging current and voltage are achieved by controlling 

appropriately the current through the grid side and battery 

side converters and the voltage across the respective DC 

capacitors. The block diagrams for the respective 

controllers are shown in Figure 10. In each case α 

represents the corresponding sensor’s gain. The regulation 

of the power transfer to and from the battery is carried out 

by varying the displacement angle δ between the 

fundamental component of the voltage Vs and the voltage 

VHF as can be seen in Figure 10 (c). 

 

 
(a) 

 
(b) 

 
(c) 
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(d) 

 
Fig 10:- (a) Grid current controller. (b) DC link voltage 

controller. (c) Battery current controller. (d) Battery side 

capacitor voltage controller 

 

C. Results of simulation 

The proposed models were simulated and their 

parameters were measured in order to analyse their 

performances. The State of charge (SOC) percentages of 

the batteries, battery voltages and currents of both 

topologies were plotted. They are as shown in Figures 

11,12 and 13. The first model was tested under the 
operating modes namely fast charging, slow charging, fast 

discharging and slow discharging. The corresponding 

efficiencies of the charger for each mode of operation are 

listed in table 2. For the second topology also the test 

results are presented for G2V and V2G modes. Also, the 

grid current and voltages for the second model are found to 

be almost in phase. This implies efficient power factor 

correction of the charger. 

 

On analyzing the graphs, the second model is found  

to have faster charging rates. The SOC in this case was 

found to increase from 20-80% in less than 30 minutes. 
 

On the other hand, in the second case the SOC starting 

from 50% showed an increase of 0.5% in 5 minutes. 

 

 
Fig 11:- Simulation results of first charger model (a) 

Battery current. (b) Battery Power. (c) Battery Voltage. (d) 

Batter SOC. 
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Table 2:- Efficiencies of different operating modes. 

 

 
Fig 12:- Simulation results of second charger model for 

G2V operation. (a) SOC. (b) Battery current. (c) Battery 

voltage. 

 

 
Fig 13:- Simulation results of second charger model for 

V2G operation. (a) SOC. (b) Battery current. (c) Battery 
voltage. 

V. CONCLUSION 

 

The widespread implementation of reliable and 

efficient fast charging stations for electric vehicles with 

bidirectional power transfer capabilities, modularity and 
high power density are required for the uptake of the EV 

technology which in turn will prove beneficial 

economically as well as environmentally. In this paper 

several topologies were briefly discussed and the modelling 

and simulation results of two models were compared and 

their performances analysed. The former one being a three-

phase bidirectional fast charger with back to back 

AC/DC/DC chargers and the latter being a modular fast 

charger. The efficiencies were found to meet the desired 

limits for both G2V and V2G modes of operation. The 

modular charger provided a provision for charging multiple 
vehicles at a time along with slightly faster rates of 

charging compared to the first model. 
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