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Abstract 
The increasing growth of the technology and industry of electric propulsion, and consequently the growth of the 
industry of electric energy storage systems, including batteries, have raised challenges such as optimizing the charging 
process and storage of electric energy. One of the important factors in optimizing the charging process is reducing the 
time interval. Hence, today, topologies such as fast charging and stations equipped with this topologies are expanding. 
Quick charging topologies reduce the length of the charging process by optimizing the electric charge circuit and 
optimizing the design of switching elements and its control system. This paper first examines the electric vehicle 
charging system in terms of the standards that classify the input voltage level as well as the technologies that increase 
the flexibility and efficiency of the electric vehicle charging system. Technologies such as unidirectional and bi-
directional charging system, inductive and conductive charging system, integrated and non-integrated systems are 
presented and discussed in this article. In the second step, these systems are transformed into switching components 
and features such as the possibility of development with renewable energy production systems, the possibility of 
injecting power from the electric vehicle energy storage system into the power grid to provide part of the power 
required at peak demand and also The complexity and multiplicity of key elements have been examined and compared. 
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1. Introduction 
 

Contrary to popular belief, electric vehicles are not a 
new and emerging technology. This technology was 
introduced and produced in the 19th century, but soon 
replaced with internal combustion engines. One of the 
underlying causes was the greater amount of energy 
stored in domestic combustion vehicles, and the other 
was the high cost of purchasing electric vehicles [1]. 
Today, the reason for the return of the electric vehicle 
debate and the growth of this industry is because issues 
such as greenhouse gas emissions, increasing 
environmental pollution and reducing reserves fossil 
fuel have been seriously discussed in worldwide scale 
[2]. On the other hand, electric vehicles have valuable 
advantages, one of these advantages is the high 
efficiency of electric vehicles compared to internal 
combustion vehicles. The second advantage is the 
lower number of mechanical parts and, consequently, 
the lower complexity of the electric vehicle system, 
which reduces the cost of vehicle maintenance and 
boost up the speed of assembly and production. And 

as third advantage, replacing internal combustion 
vehicles with electric vehicle can reduce 
environmental pollution in downtowns [3], [4]. 
However, there are currently problems and limitations 
for people using electric vehicles, such as long 
charging time and the poor infrastructure required to 
provide the charging process [5]. Another major issue 
with electric vehicles and their charging stations is the 
negative effects of the charging process on the power 
grid. Even if the charging station is not equipped with 
a fast charging process, if the number of vehicles 
connected to the charging station were high, these 
effects will be negligible. These negative effects 
include overload, voltage swing and overvoltage 
deviation [6], [7]. The following Items are some of 
expected capabilities features of electric vehicle 
charging stations to reduce the negative effects and 
increase the efficiency of the charging stations: 

a. The use of renewable energy generation 
systems to produce part of the station 
required power or offset part of the power 
required at peak times. 
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b. Using energy storage systems such as the 
battery bank, to store energy and use it at 
peak demand times. 

 
c. Use systems to inject reactive power into the 

grid where necessary to prevent power grid 
voltage drop and voltage swing [3]. 

Figure 1 shows overview scheme of micro grid and 
connections between different power generators such 
as wind power generator and photovoltaic panels, and 
fast charge stations as load and interconnection with 
main power grid. 
 

Fig.1 Micro grid equipped to fast charge stations. 

 
2. Electric Vehicle Charging System 

 
The electric vehicle charging system consists of 
components that initially filter the input power through 
elements such as inductors and capacitors and resistors 
from voltage and current harmonics. Secondly, if 
needed, the form switches the input electricity from 
alternating to direct. In the third stage, the voltage and 
current level is converted to the required level by 
another converter and eventually enters the electrical 
energy storage system by special contactors. 
Therefore, the technology of electric vehicle charging 
systems can be examined in several ways.  

Fig.2 EV charging system diagram. 
 

 
 

2.1. Power direction 

Today's electric vehicles charging system is designed 
and manufactured from the perspective of power flow 
in two ways. The first is known as the "Unidirectional" 
charging system, is a system which electrical power 
flows only in one direction, from power grid to the 
energy storage system. The second charging system, 
called "Bidirectional" charging system, in addition to 
being able to flow power from the grid to the energy 
storage system, it can also act in the opposite direction 
and inject electricity into the power grid from electric 
vehicle's energy storage system. Generally the purpose 
of this system is to provide part of the power demand 
during peak power consumption which is called V2G 
or "Vehicle to Grid" system [8]. 
 
 
 

2.2.  on-board & off-board systems 
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In "on-board" systems, all equipment, including high 
power converters, rectifiers and filters, is fitted to the 
vehicle and it does not require a special stand to charge 
the vehicle. The main advantage of this system is that 
it does not require charging station, but on the other 
hand it has some disadvantages such as weight gain, 
increase vehicle volume, increase vehicle prices and 
limit the power level of the vehicle charger system. In 
"off-board" systems, all major equipment is designed 
and operated outside the vehicle as a charger station 
and panel. The main advantage of this type of system 
is the lack of power level limitation and the possibility 
of utilizing fast charging systems as well as reducing 
the weight, volume and cost of the vehicle [9]. 
 

2.3.  Integrated systems 

In integrated charging systems, the charger plug 
connects directly to the electric vehicle's traction 
motor and uses the traction motor as an input current 
filter, the rotor and stator as an insulator transformer, 
and the traction inverter as a switch converter. The 
main advantage of this system is to reduce costs and 
the complexity of the charging circuit [10], [11]. 
 
 

2.4. Induction and non-induction systems 

The inductive charging systems are designed like a 
transformer, with the primary side outside the vehicle 
and the secondary side inside the vehicle. Magnetic 
induction and charging are then performed by placing 
the specified part of the vehicle in position. One of the 
advantages of this system is the need for no contactor 
for charging, but the low efficiency and high losses of 
this charging system is one of its disadvantages [12]. 
In non-inductive systems, the input terminal of the 

charging converter is connected directly to the 
network by conductors and contactors. 
 
 

2.5.  Charger voltage levels 

International Electrical Research Institute “EPRI” and 
Society of Automotive Engineers “SAE” have set 
standards for voltage levels for electric vehicle 
charging systems. These standards are Level 1 AC, 
Level 2 AC and Level 3 "Fast Charging" [13]. It 
should be noted that, in the new standards, its fast 
charging system is classified into two levels of level 1 
and level 2 direct current charging [14]. In the Level 1 
AC standard, the used voltage is 120V single phase 
with a current of about 15 to 20A. In this standard, the 
transmission power is about 1.4 to 1.9 kW [15]. The 
time required to fully charge an electric vehicle using 
this type of charger is approximately 8 to 16 hours 
depending on the size and type of battery and is 
generally used in the parking of homes and residential 
complexes for overnight charging. 
The AC level 2 standard is used in both personal and 
public station. The voltage level of this standard for 
personal station is single-phase 240V with current of 
40A and for generic stations is 400V three-phase 
current with 80A current [13]. The system is capable 
of delivering power of 7.7 to 25.6 kW and takes about 
4-8 hours to fully charge the vehicle. 
Level 3 standards have been introduced for use in 
public places. In this standard, the voltage level is 
about 208 to 600 volts with current up to 200 amps. 
Charging time for up to 80% of battery storage 
capacity with this standard is about 10 to 15 minutes. 
The reason for studying this system in the range of 0 
to 80% is the long charging process time in the 
remaining 20% [16], [17]. 

Table 1. Voltage and power levels and charging time of different electric vehicle charger standards 

Station Type Power Charging Duration Phase Voltage & Current Level 

Home panel 1.44-1.92 kW 10-13 hr 
Single 
Phase 

120V-15A 
Level 1 - AC 

120V-20A 

Home panel / 
Public 

7.7-25.6 1-3 hr 
Single 
Phase / 
3Phase 

240V-40A 
Level 2 - AC 

400V-80A 

Public Station 13.3-38.4 0.5-1.44 hr 3Phase 
208V-80A 

Level 1 -DC 
600V-80A 

Public Station 33.3-96 0.2-0.58 hr 3Phase 
208V-200A 

Level 2 - DC 
600V-200A 

3.  Charging station topologies 
 

The collection of electric vehicle charging stations can 
be classified into several categories from the basic 
elements used in them. 
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3.1. stations with AC / DC / DC back-to-back 
converter 

At these stations, an AC to DC converter is supplied 
directly from a distribution transformer and also 
connected to a harmonic filter. 
Next, DC to DC converters are used to supply different 
voltage levels and also to stabilize the voltage. The 
existence of a direct power feeder gives the whole 
system flexibility and can be used to expand station 
with energy storage systems such as battery banks or 
renewable energy systems such as solar panels. On the 
other hand, using this feeder and two-way converters, 
the energy available in the electric vehicle storage 
system can be used to inject power into the grid during 
peak load [3]. 
 
3.2. stations with multi-input slots with 
common AC feeder 

At these stations, each of the electric vehicle chargers 
is fed from a low voltage power grid by a low 

frequency transformer used as an isolator. A three-
phase AC power converter converts 50 Hz to medium-
voltage direct current, then converts it to a second  
high-frequency "25kHz" alternator, and finally high-
frequency AC power converts to  direct current. 
 
3.3.  Transformer less charging stations 

This topology has been proposed to increase the power 
density at charging stations by eliminating the low 
frequency transformer. However, for this model of 
stations, there are two solutions. The first solution is to 
use a low voltage grid to feed the stand and the other 
is to use a medium voltage grid and increase the flow 
range at the charging station. The disadvantage of the 
first solution is to significantly increase the ohmic 
losses due to the high amplitude of the current [3]. 
Table 2 shows the above stations systems and different 
converter topologies which used in these stations more 
accurately. 
 
 
 

Table 2.  Different converter topologies 

Topology 
complexity and 
multiplicity of 
components 

Expandable with 
renewable energy 

systems 
Bidirectional 

Expandable 
with energy 

storage system 
Reference Topology 

Low    
[18] – [19] – 
[20] – [21] – 
[22] – [23] 

Bidirectional AC / 
DC / DC converter 

Low [24] – [25]
Unidirectional AC / 
DC / DC back-to-

back converter

Low [26]
Multi-input converter 

with common AC 
feeder

High 
[27] – [28] – 

[29]– [30]

Transformer-free 
converter with direct 

current feeder

High [31] – [32]
Transformer-free 
converter without 

direct current feeder
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Continue of table 2.  Different converter topologies 

Topology 
complexity 

and 
multiplicity of 
components 

Expandable 
with renewable 
energy systems 

Bidirectional
Expandable 
with energy 

storage system 
Reference Topology 

High [33] Matrix converter 

Low [34] 
Unidirectional Boost 

converter 

Low [35] 
Vienna rectifier 

converter 

Low [36] 

Buck/Boost 

Converter with reduced 
switch 

Low [37] 
Traction motor based 
converter with 9-pulse 

inverter 

High [38] 
PFC-based integrated 

converter 

High [39] 
Parallel dual inverter 
based converter with 

traction motor 

High [40] 
Dual Inverter-based 
Backward Converter 

High [41] 
SCR based full bridge 

controlled rectifier 

High [42] 

Twelve pulse diode 
bridge rectifier followed 

by full bridge DC – DC 
converter 

High [43] 

Twelve pulse diode 
bridge rectifier followed 

by midpoint clamped 
three level buck 

converter 
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4. The effects of charging stations on 
the power grid 

EV charging stations for electric vehicles have 
negative effects on the power grid because of the high 
power consumption and the high number of electronic 
power elements. These effects include unstable 
network voltage, overload, low power quality   
“increasing harmonics, etc.” Charging stations for 
electric vehicles have negative effects on the power 
grid because of the high power consumption and the 
high number of electronic power elements. These 
effects include unstable network voltage, overload, 
low power “harmonic input to the network, etc.” One 
of the main reasons for the unstable voltage as well as 
overload in the power grid is the large-scale power 
demand coming into the grid by electric vehicle 
charging stations, especially in times of increasing 
number of connected vehicles, which can eventually 

lead to blackout and negatively affect the reliability of 
the power grid. 
One of the main reasons for the decline in power grid 
quality is the presence of switching elements in 
electric vehicle charging stations. Switching elements 
cause harmonics to be injected into the grid. Harmonic 
injection into the grid increases the THD of the grid 
calculated by the following formula, and ultimately 
reduces grid power quality [44]. 

2

2

(1)

( 2 )I

H

hh
V

H

hh

V
T H D

V

I
T H D

I









Table 3 shows the negative impacts of electric vehicle 
charging stations on the power grid and solutions to 
reduce the negative impacts [17]. 
 
 

Table 3. Negative impacts of electric vehicle charging stations on the power grid and solutions 

proposed solution Reference negative impact 

 *Install harmonic filter 

[45] – [46] – [47] – [48] power quality  *Install smart filter bank  

 *Apply smart grid with load management strategies 

* Distributed charging uniformly 
[49] – [50] – [51] – [52] 

Increased network 
power losses * Apply coordinated charging strategies 

* Using smart charging systems 
[53] – [54] 

Increasing power 
demand at peak power 

consumption * Using controlled charging strategies 

* Apply voltage control methods 
[55] – [56] Voltage Swing 

* Coordinate voltage using auto tap-changer transformers 

 *Using smart charge management techniques [57] 
Transformers  

Overload 

  
5. Conclusion  

This paper introduces the electric vehicle charging 
systems in terms of voltage level, unidirectional and 
bi-directional power flow, on-board and off-board 
systems, integrated or non-integrated, inductive or 

non-inductive charging systems. According to the 
standards of the International Electrical Research 
Institute, charging level is divided into three levels: 
level 1 AC, level 2 AC and level 3 DC. Level 1 
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standard is suitable for home panels for electric car 
charging at night and level two and three standards for 
commercial complex charging stations as well as 
dedicated electric car charging stations. Bi-directional 
charging technology has been introduced for injecting 
power from the electric car storage system into the 
power grid to compensate part of the grid's power 
demand, but the disadvantages of this technology 
include reducing the life of the electric car energy 
storage system and increasing the complexity of the 
charging system. In integrated systems, all major 
components of the car charging system are 
incorporated inside of vehicle and eliminates the need 
for a dedicated electric car charging station, but 
increase weight, volume, cost, and limits the amount 
of power input to the car's energy storage system. In 
integrated systems, the winding of the vehicle's 
traction motor plus the electric motor drive is 
considered as a filter and switch of the charging 
system and the charge is passed through these 
components. Including the benefits of this technology 
to reduce the number of components in the charging 
system and consequently it reduces system complexity 
and reduces costs. In inductive charging systems, the 
input portion of the converter is designed as a 
transformer and the primary and secondary 
components are designed outside and inside the 
vehicle respectively and by placing the vehicle in a 
designated location at the charging station, the 
electrical induction causes the current to flow into the 
vehicle's charging system. At the end of this article, we 
introduce the important and practical topologies of the 
electric vehicle charging system in terms of capability 
to develop and expand with renewable energy 
systems, capability to develop with energy storage 
systems such as battery banks, unidirectional power 
flow or bidirectional and finally comparing the 
complexity and multiplicity of components are studied 
and compared and finally the negative effects of these 
chargers and stations are investigated. 
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