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Abstract: Numerous electric vehicles (EV) charging schemes are documented in the literature, demonstrating 
their effectiveness in promoting EV adoption. This article conducts a thorough analysis of current and future 

electric vehicle charging systems, focusing on power converter topologies, power handling capabilities, power 
flow direction, and charging technique control algorithms. The article concludes by addressing potential future 

challenges arising from increased EV penetration and highlighting key research areas to address the impacts of 
EV charging infrastructure. 

 

Index Terms - Distribution System, Electric Vehicle Charging Station Infrastructure, Power flow 

I. INTRODUCTION 

 

Due to the escalating problems associated with global warming and the fact that transportation is the largest 

cause of pollution, clean power production and electric vehicles are increasingly attracting the attention of 

businesses and consumers around the world. The driving factors of the Indian vehicle sector are energy 

security (reduced reliance on foreign fuel), climate warming goals, environment protection (mostly CO2 

emissions), and industrial viability. In 2021, India sold 3,29,190 electric vehicles, a 168% growth over the 

1,22,607 electric vehicles delivered last year. According to Indian EV Market, the Indian electric vehicle 

market will be worth USD 1,434.04 billion in 2021. By 2027, it is expected to be worth USD 15,397.19 

billion, which is a compound annual growth rate (CAGR) of 47.09% over the forthcoming years (2022-2027). 

EVs rely on the presence of EV chargers on high ways prior to EVs for the convenience of charging EV 

batteries, which has a substantial impact on the adoption rate and utilization of EVs. The developing EV sector 

represents the promise of emissions free when electric cars (EVs) are fueled by clean energy. Indeed, it is 

critical to power these electric vehicles as much as possible using renewable sources, as such substantial 

charging burdens would have had harmful environmental repercussions if they are powered by non-renewable 

power plants. Whereas the EV charging station with RES aims for desirable impacts, they simultaneously pose 

questions about the current energy network's ability to handle peak loads at the distribution level. These flaws 

are likely to result in system failures such as voltage deviation and power congestion. As a result, network 

losses may increase, network equipment's life may be decreased, end-user equipment may be damaged, supply 

services may be halted, or, in the worst- case scenario, network outages may occur. 

Although the aforementioned difficulties might be addressed by altering the layout of the existing power 

system, for as by replacing cables with larger ones or increasing the capacity of transformers, However, these are 

anticipated to be substantial [1]. Also, the EVs can be used as a smart load which can be used as renewable 
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distributed generators (DG) or storage devices. As generation and consumption always should counterbalance 

for a stable operation of power system, EVs can be recharged and thereby act as a load during high production 

and light load periods. This stored energy can be used to drive or as a source of electricity during high load or 

low generation periods [2-3]. 

 

II. EV COMPATIBILITY WITH THE DISTRIBUTION SYSTEM 

Initially, the EV charging station is integrated with the DS, with electricity always flowing from the grid to 

the EV (G2V). This is referred to as the unilateral method. The concept of smart charging is explored [5], 

which employs planned approaches in a unidirectional manner. The safety and control tactics related with 

G2Vtechniques are discussed in detail in attempt to lessen charging costs and the impact of EV charging 

stations on DS [6-7]. 

Figure 1 depicts a simplified illustration of an EV that is connected to the DS. Modeling research on the 

interaction of electric vehicles integrated with the DS has advanced from a unidirectional pattern in the early 

stages to a two-way power flow in the present grid [8]. The term "vehicle-to-grid" refers to the technology that 

enables bidirectional energy transfer between an EV and the grid (V2G). This is accomplished by integrating 

information and communication technology (ICT) into the electric vehicle charging station. The major goal of 

having bidirectional mode is to employ EVs as smart loads, charging them during light load periods and 

discharging them during peak load periods to meet peak demand. This can be done by peak load shaving 

technique in DSM [9]. 

 

Fig.1: EV Compatibility with the DS [4] 

A. International EV Charging Standards 

Charging an EV could be done at residence or at a commercial charging station situated in workplaces, 

Malls, and parking zone, among other locations. According to SAE standards, there are three distinct charging 

modes for EVs. Alternating current (AC) charging can be performed in modes 1 and 2, while direct current 

(DC) charging can be performed in mode 3. (DC). Numerous countries in Europe, as well as Japan and the 

United States, have implemented similar charging modes [10]. The charging standards and various level 

charging stations have been created in accordance with the charging characteristics and modes specified in 

Table 

1. For residential charging, Mode 1, also known as Level 1 AC Charging, is used. It operates on 120V 

alternating current and is created by having a little modification to domestic wiring. Although this is a low-

cost charging configuration, it requires a lengthy charging time of 12–16 hours to reach 100 percent SOC. 

Apart from charging at home, EVs may also be charged at public. Public charging area operate in Mode 2 and 

provide a relatively rapid charge rate. However, installing infrastructure of Mode 2 charging is costly and has a 

significant effect on the DS. Commercially, in alternative to the AC charging, a DC charging solution is 

available. Mode 3 charging is a direct current (DC) fast charging method that utilizes an on-board supply unit. It 

has a power handling capacity of 80–200 kW and is suitable enough of charging EVs in as little as 30 minutes.  
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However, it has a substantial impact on the DS’s maximum loading capability and is the most expensive to 

build. 

 

III. EV CHARGING STATION INFRASTRUCTURE 

For  various infrastructures of EV charging stations, providing owners the option of charging their vehicle at 

home or using public charging stations for a quick charge. The classification of EV charging station 

infrastructure along with the work carried out so far is discussed as follows: 

B. Onboard Charging Technique 

On-board chargers (OBC) for electric car batteries can be positioned either on the inside or the exterior of 

the vehicle (off- board). As a result, OBC are constrained in terms of their size, weight, and volume [11]. As a 

result, they are often suitable with both level 1 and 2 chargers, which require 4–11 hours and 1-4 hours, 

respectively, to fully charge the battery. These chargers are available in two modes: constant current or 

constant voltage, both of which are simple to operate. They are typically capable of unidirectional power 

transfer; but, depending on the arrangement, bidirectional power transfer is possible. As illustrated in Figure 2, 

An on-board charger's principal function is to manage the flow of electricity from the utility to the battery. This 

means that the OBC must adhere to the DS's specifications in the areas where it will be used. The fundamental 

condition is that no reactive power is injected back into the grid, which is accomplished with a power factor 

(PF) greater than 0.9. Additionally, the OBC must be compatible with the chargers available, which means it 

must enable single-phase and three-phase operation. 

Two Stage Back to Back Converter Topology: Typically, onboard chargers consist of two stages: a 

converter that converts AC to DC at the front, and a converter that converts DC to DC at the back. The power 

factor correction (PFC) module is attached between the two converters to increase power factor and power 

quality. Controlled or uncontrolled, full or half wave bridge rectifier, the first stage AC/DC converter is 

available. The converter type can be influenced by the characteristics of power flow, either unidirectional or 

bidirectional. For example, diodes can be used to provide unidirectional power flow, whereas active switches 

can be utilized to provide bidirectional power flow [12]. The interleaved boost converter is gaining popularity in 

the PFC converter. Interleaved boost converters are just two boost converters functioning in tandem with 180 

degrees of phase difference between them [13]. The fundamental goal of this interleaving is to improve the 

power of the output current by lowering the disruption in the input current. This will allow for the interleaving 

to be successful. 

Table I. Various Charging Methods with their Characteristics 

Charging 

Modes 

Charging 

ports 

Charging 
Station 

Capacity 

Power 

Supply 

Charging 

Time (Hrs) 

 

Pros 

 

Cons 

 

1 

 

Domestics 
120V-AC, 

12-16A & 

1.4-1.9 kW 

 

1-Phase 

 

6-10 
cheap setup. 

Less effect on 

DS. 

Rate of chargingis 

slow. 

Long charging 
duration 

 

 

2 

 

Public and 

domestic 

240V-AC, 
80A & 
19.2 kW 

 

1/3 
Phase 

 

 

1-3 

Quick 

charging 

interval. 

Energy-
saving. 

High setup cost. 

High effect on DS. 

 

3 

 

Public 
480V-DC, 
80-200A & 
20-120kW 

 

3-Phase 

 

0.5 

A very quick 

charge time. 

More efficient. 

High setup cost. 

High effect on DS. 
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The second stage DC-DC converter is commonly employed as a resonant power converter, followed by the PFC 

module. due to the possibility of simultaneously achieving a greater switching frequency and a smaller 

switching loss [14]. Among all the resonant converters, the LLC configuration is getting a lot of attention 

because of its many benefits over other resonant configurations, like: 

(1) the capability to switch at zero voltage (ZVS) or zero current (ZCS), (2) a transformer with high frequency 

makes it possible to isolate the grid and the EV, (3) a broad range of output voltage is conceivable, and (4) the 

filter at the output side is just a capacitive one [15]. 

Single Stage Converter Topology: When the rectifier and the buck-boost converter are joined, a single 

stage battery charger is formed. This architecture of charging scheme is utilized when price and allocation 

considerations are crucial [11]. Indeed, a one stage battery charger eliminates the need for several high - cost 

parts such as dc-link capacitors and inductors [18], which are necessary in a 2-stage charger. The disadvantage 

is that 1-stage chargers with an insulated converter have a low ratio of conversion, limiting its usage to a broad 

output voltage range. If, on the other hand, a high frequency isolator is used, likes in the OBC architecture 

presented in [19], the low frequency signals created due to AC to DC conversion passes through the 

transformer, resulting in a high magnetizing current. Additionally, a significant multiple passive diodes and 

active semiconductor devices may be required to provide PFC [18], increasing the configuration's complexity. 

 

Multifunctional OBC: The final type of OBC proposed is the multifunctional OBC. Certain components of 

this sort of battery charger are shared to achieve many objectives. This way, increased efficiency of fuel can be 

achieved with a simple, lighter design. 

According to [20], While the vehicle is in drive mode, the proposed multipurpose battery charger might 

charge the auxiliary battery using the primary battery, thereby operating as both an OBC and a low-voltage dc-to-

dc converter (LDC). In [21], a similar configuration, depicted in Fig. 3, is offered with the similar 

responsibilities. 

 

 

Fig. 2: OBC Configuration with Controller Unit 
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Fig. 3: Multifunctional OBC Approach 

 

C. Off-board Charging Technique 

Off-board chargers are essentially DC fast chargers that are mounted externally to the EV due to their high-

power capacity. Off-board charging systems are typically consisting of two stages: an AC/DC rectifier that 

interfaces with the DS and a DC/DC power converter that interfaces with the EV battery. Depending on the 

converter architecture, either of these stages can handle both bidirectional and unidirectional power transfer. 

Unidirectional Converter: In off-board chargers, the Vienna rectifier is the most popular unidirectional 

AC/DC converter [22–23]. It has a number of advantages, including low voltage burden on individual 

switches and great efficiency. The primary restrictions, however, are the limited reactive power management 

and the requirement for balancing the dc-link voltage. [22] proposes a 25-kW capacity off-board charging 

station prototype model comprised of a single-switch Vienna rectifier, as illustrated in Fig. 4, and four parallel 

connected dc/dc modules with three-level. 

The phase shifted H bridge power converter [24] is another form of unidirectional DC/DC converter used in 

unidirectional off- board chargers, the schematic of which is shown in Figure 5. This type of converter offers 

numerous benefits, along with a high- power density, low magnetic distortion, and great efficiency, making it an 

ideal option for inclusion in rechargeable batteries [25]. 

Bi-Directional Converters: The 3-phase LCL filter connected active rectifier is most extensively used 

bidirectional AC/DC converters, the schematic of which is shown in Fig. 6. In [27], the front-end ac–dc 

converter is accomplished using a three-phase three level neutral-point-clamped (NPC) converter. This power 

converter was used to boost density of the power and to minimize current harmonic distortion. Additionally, it 

enables the establishment of a bipolar direct current bus suitable for the deployment of partial- power 

converters. However, the NPC results in a power imbalance and, a sa consequence, complexity in balancing of 

voltage across the capacitors on the DC bus. 

The other topology to offer bidirectional power flow which is gaining more popularity is DC/DC power 

converter. This is because of the potential of modern wide-band gap (Gan/SiC) semiconductor devices, which 

have permitted significant increases in converter efficiency and power density [28]. Resonant dual active bridge 

[29] and multilayer dual active bridge [30] is designed as primary isolated DC/DC converter to provide 

bidirectional power flow. 

D. Fast Charging Technique 

With the global prevalence of EVs increasing, there is a need for a charging infrastructure capable of replacing 

existing oil stations. A fast charging station (FCS) is capable to charge the battery of EV to 80 percent within 

half an hour of reduction, but to reduce the charging time to 30 minutes from 7–8 hours, FCS require a lot of 

power from the grid, which is why they are typically linked to the MV system [31-32], although some FCS are 

proposed to be connected to the LV grid as well [33]. Connecting these charging stations involves a significant 

capital expenditure and risks overloading the distribution network. Another crucial factor to consider is the 

http://www.ijcrt.org/


www.ijcrt.org                                                  © 2024 IJCRT | Volume 12, Issue 9 September 2024 | ISSN: 2320-2882 

IJCRTAO02031 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 176 
 

voltage drop that the interconnection of FCS may generate along distribution network lines, which must be 

less than 10% according to EN50160. 

According to [34], rapid charging stations' impact on the MV network can be reduced by the implementation 

of energy storage systems (ESSs), which can reduce peak power consumption and supports extra system 

functions. Additionally, ESS can boost the level of voltage in the event of an under voltage in the lines; however, 

this function requires the deployment of a voltage regulations. Renewable energies can also be added into the 

FCS to further mitigate the FCS's grid effect. Solar PV can charge the EV batteries during regular operation, 

keeping the MV grid from becoming overburdened. Instead, EV batteries can be recharged by the grid at night 

when solar energy isn't available. There are moments when electric vehicles can help the grid. As a result, the 

grid's stability will never be compromised by EVs charging at high pulse power. 

 

IV. CHALLENGES AND FUTURE TRENDS 

This section discusses some of the difficulties raised in recent study and suggests future research directions. 

The increasing number of EVs will increase both overall loads on the system as well as the maximum load 

demand. As a consequence, the system's overall performance may be affected, necessitating the augmentation 

of generation capacity. To accommodate a high level of EV penetration, capacity expansion and facility 

upgrades in current generation, transmission and distribution systems must be designed holistically, taking both 

technological and financial benefits into account. The integration DERSs play a vital role in supporting EV 

demand only when enough care has taken towards synchronization of DERs and its impact on DS 

performance. 

Convenient charging is critical for easing range anxiety on long-distance trips and boosting widespread 

adoption of EVs. The long-term placement of charging infrastructure within an area determines the number, 

size, and location of infrastructure required to meet EV charging demand, which is a difficult optimization 

problem. 

 

V. CONCLUSIONS 

The infrastructure for electric vehicle charging and the timing of EV charging have been intensively 

researched in recent years from a range of perspectives. This article summarizes published research on EV 

charging infrastructure and DSM approaches used in DS integrated with EV. The first section of this paper 

discusses the various topologies of EV charging stations, their power ratings, and characteristics. We reviewed 

onboard and off board charging techniques using various power converters. The high- power DC charging 

station, often known as a fast charging station, is composed of many level converters that have a negligible 

impact on the DS. 
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