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Abstract— In the current paper a review of state problems 

and future trends in charging stations and the different types of 

standards and connector type for supplying EVs are presented. 

Three main types of infrastructure for building charging 

stations in the home, in public buildings and in offices are 

reviewed. Optimal methods for managing energy flows to use 

more green energy are also presented. The main advantages and 

disadvantages of the presented infrastructures are also 

presented.  
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I. INTRODUCTION  

There are many companies that are rushing to come up 
with new products to ensure sustainability in protecting the 
environment and reducing harmful emissions. Several of the 
main trends in company management are the requirements for 
a lower value of carbon dioxide in the production of electric 
cars and charging stations. With the development of new 
technologies, improved efficiency is ensured throughout the 
life cycle of the individual components that make up a 
charging station. They include the efficient use of energy from 
natural resources. Also, various IoT-based solutions are 
offered to optimize costs in the construction of charging 
station infrastructures. Their main goal is to modernize the 
current equipment, following European and global 
environmental norms[1-4].  

When building charging stations, it is necessary to take 
into account all the components that make it up. It would be 
useful to include a complete system connected to homes, 
public buildings and car parks in the EV charging structure. 
Also, various renewable energy sources and energy storage 
elements that could provide independent power from the 
distribution grid and other conventional energy sources can be 
added quite easily when building charging stations. This 
solution would provide convenient and economical charging 
of electric vehicles, and would also prioritize renewable 
energy for a clean future without harmful emissions. 

Of course, the charging time of electric cars depends on 
many factors. Some of them are the type and power of the 
electric vehicle, the presence of external influences such as 
rain or wind, the state of charge of the battery and/or 
supercapacitor, the driver's driving style, and others. In order 
to ensure a minimum charging time for the electric vehicle, it 
is necessary to select an optimal way of management with 

minimal losses from electricity transmission to the charging 
station. There are various strategies for managing energy 
flows to ensure safe charging and maximum efficiency. Also, 
unidirectional or bidirectional power transfer can be used 
depending on the type of power electronic converters selected. 
Of course, the main mass and dimensions parameters of the 
charging station, such as dimensions, weight, etc., must also 
be taken into account.  

II. AC AND DC CHARGING AND CONNECTORS TYPES 

In Table 1 all the standards, charging level and basic 
characteristics of the charging station are presented.  

TABLE I.  IEC 62196, SAE J1772 AND CHADEMO STANDARDS [1] 

Standard 
Charging 

Level 

Voltage 

(V) 

Maximum 

Current (A) 

Maximu

m Power 

Rating 

(kW) 

IEC 62196 

AC Level 1 

(Mode 1) 

230–240 

VAC (Singl

e-Phase) 

480 VAC 

(Three-

Phase) 

16 
3.8 

7.6 

AC Level 2 

(Mode 2) 

230–240 

VAC (Singl

e-Phase) 

480 VAC 

(Three-

Phase) 

32 
7.6 

15.3 

AC Level 3 

(Mode 3) 

230–240 

VAC (Singl

e-Phase) 

480 VAC 

(Three-

Phase) 

32–250 
60 

120 

DC (Mode 

4) 

600–1000 

VDC 
250–400 400 

SAE J1772 

AC Level 1 

120 

VAC (Singl

e-Phase) 

16 1.9 

AC Level 2 

240 

VAC (Singl

e-Phase) 

80 19.2 

DC Level 1 
200–500 

VDC 
80 40 

DC Level 2 
200–500 

VDC 
200 100 

CHAdeMO 

(Japanese 

standard) 

DC Fast 

Charging 
1000 VDC 400 400 

The carried-out research is realized in the frames of the project 

“Research on charging stations powered by decentralized energy sources”, 

№ 232ПД0014-03, Scientific Research Sector of Technical University of 

Sofia. 

 

 

mailto:a.borisov@elsys-bg.com


The main difference found in different vehicles is the 
charging voltage - AC and DC. Although both types are used, 
the energy that can be stored in batteries or supercapacitors is 
DC. For this reason, the use of a DC charge can significantly 
reduce the charge time, the lack of conversion of energy from 
AC to DC, which allows energy flows to flow directly to the 
batteries. Also, the DC charger can allow the charging of EVs 
with capacities up to 350 kW and a minimum charging time 
of 15 min. 

 Despite the stated advantages of DC charging, there are 
still a significant number of charging stations that use AC 
voltage. With it, the charge time is longer and in the structure 
of the charging stations it is necessary to have a greater 
number of converters, which also leads to a more complex 
control system. On the other hand, their use is easier since we 
can draw the necessary energy for a charge directly from the 
distribution network. 

III. TYPES OF ELECTRIC MOBILITY 

There are several solutions for connecting a charging 
station to existing residential buildings, to single-user public 
buildings and to office and industrial buildings. Figure 1 
presents a general load schedule of user usage and an assumed 
load balancing curve with the addition of one or more 
charging stations. 

Electric Power

Time
Maximal Power

Power of the charging station
 

Fig. 1. Balance of the power 

A. Electric mobility for residential buildings 

Electromobility for buildings is the connection of charging 
stations to existing residential buildings with multiple users. 
This allows owners or tenants of multi-family buildings to 
have fast and optimized charging of their electric vehicles. 
With the addition of smart electricity meters and a load 
management system, each user will have a correct allocation 
of electricity costs. Also, optimal load management allows us 
to distribute power between charging stations, regulate the 
charge of electric vehicles in different time ranges in the 
presence of peak energy consumption. Figure 2 shows a block 
diagram of connecting charging stations to multi-family 
residential buildings[9]. 

Electric panel for EV Multifamily residential building

Charging stations for EVs

 

Fig. 2. Electric mobility for residential buildings[10] 

B. Electric mobility for public buildings 

Electric mobility in public buildings with one owner is an 
initial and easy step for entrepreneurs who want to orient their 
business towards the production and use of green energy. By 
adding charging stations and building one or more parking lots 
for electric cars, owners could significantly optimize their 
investments and electricity costs. In this way, they have the 
opportunity to orient their companies to the use of electric 
vehicles, with the aim of reducing harmful emissions and 
meeting European requirements. Figure 3 shows a load 
management system for public buildings with one owner. 
These approaches allow us to dynamically monitor and 
distribute capacities between charging stations. Also, the 
possibility of communication between individual charging 
stations based on open protocols. 

Electric panel for EV
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Fig. 3. Electric mobility for public buildings with one owner[10] 

C. Electric mobility for office buildings 

Electromobility for business buildings is a complete 
solution for charging electric vehicles by optimizing energy 
flows in multiple sites. In this case shown in Figure 4, several 
control technologies are presented. To ensure an intelligent 
monitoring system and optimal energy distribution, we have 
the option of adding a remote monitoring system. This type of 
system would provide us with the ability to remotely control 
and debug if necessary, the ability to analyze and monitor 
charge systems. 



 

IV. CONTROL OF CHARGING MODES 

With the increased use of electric vehicles on a global 
scale, power distribution networks are expected to fail to meet 
the demands during charging. This would lead to the 
mandatory renewal and increase of the capacities of the 
existing networks. At the moment, the majority of charging 
stations charge simultaneously with maximum power all 
plugged-in electric vehicles. This consumption, together with 
the normal consumption of a business building, would result 
in overloading and penalties by the distribution company. For 
this reason, it is necessary to design a control system suitable 
for intelligent power distribution. 

Of course, from the point of view of intelligent load 
management of charging stations, there are two ways to 
categorize load balancing: cluster load balancing and dynamic 
load balancing [2-3]. With Cluster load balancing, the 
distribution of power from the charging stations is determined. 
In this case, the setting of a certain power for charging the 
electric vehicles is set manually in the control and 
communication systems of the charging stations. When using 
dynamic load balancing, the control systems are set up in such 
a way that the power with which the electric vehicle is charged 
can be automatically changed depending on the state of charge 
it has reached. In this way, by building the charging stations 
according to the required charging power, the demand on the 
distribution network can be reduced and thus the electricity 
costs can be reduced. Figure 5  and 6 schematically presents 
the power distribution in intelligent load balancing. 

 

Fig. 5. Cluster load balancing[4-5] 

 

Fig. 6. Dynamic load balancing[4-5] 

In this way, each electric vehicle connected to the charging 
station can be charged in a specific way. Of course, in this 
case, both the needs and specifics of the vehicle driver and the 
power limitations imposed by the distribution network are 
taken into account. Also, the use of intelligent charging leads 
to an increase in the operational life of the infrastructure and 
a reduction in operating costs. In this case, an additional 
energy source such as additional batteries or a photovoltaic 
system can be used. These additional energy sources would 
contribute to the optimization of the renewable energy used. 
The proposed solution has many advantages such as: 

 reliability of the built infrastructure - does not have a 
significant impact when connecting a charging 
station to low and medium voltage networks;  
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Fig. 4. Electric mobility for office buildings[10] 

 



 intelligent use of electricity tariffs - balancing of 
electricity supplies;  

 use of renewable energy – optimization of energy 
consumption using additional energy sources. 

There are also various platforms for control the energy 
flows, when charging the electric vehicles to ensure trouble-
free charging in the home, public buildings and large parking. 
Some of the manufacturers [10] use software as a service, 
which can be used significantly easily. They have the ability 
to remotely monitor, operate and store data in cloud spaces. 
With the help of these innovative management methods, 
flexible access and reduced cost of electricity are enabled. 

V. CONCLUSION 

In the presented paper an infrastructure for charging 
station and standards for charging electric vehicle are 
presented. An overview of different types of connectors used 
for power from charging stations has been made. Also, the 
current article presents three main infrastructures that are used 
in the construction of charging stations. Their main 
advantages and disadvantages are also described. Two main 
types of EV charge management are also added to the 
overview. 

 The main purpose of the current article is to present 
existing solutions and methodologies for the intelligent 
management of energy flows when charging electric vehicles. 
These innovative methods enable intelligent  real time control 
without system interruption through remote monitoring. Also, 
peaks in load schedules can be eliminated in this way. The 
benefits of using smart charging are also presented, such as 
reliability and infrastructure of the built facility, dynamic 
electricity tariffs to reduce operating costs, power and load 
balancing, optimization of energy produced locally by 
photovoltaic and wind power plants. 
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