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Abstract: Paper deals with general overview of the electric vehicles on-board chargers, available in operation - both for new such 

vehicles and for those that have been obsolete, but are still moving on the roads in our country and around the world. Studies have been 

conducted and useful information on battery-powered electric vehicles and plug-in hybrid electric vehicles has been systematized. All this is 

done in connection with the ubiquitous decisive steps for large-scale and global introduction of electric vehicles, such as appropriate choice 

and necessity and the related topics for drastic change of the car fleet, which will cover firstly urban vehicles, the energy balances of power 

grids of the individual countries with a careful analysis of the expected load for normal operation, the environmental benefits, the energy 

efficiency and economic benefits from the use of electric vehicles and their technical improvement in the long run. In addition, under good 

management, the development of electric mobility can be one of the ways for achievment of employment and industrial growth. 
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1. Introduction

Today, the world is increasingly looking at green technology. 

That is why the era of electric vehicles (EVs) has come as a new 

field - electric mobility. Electric vehicles continue to pick up speed. 

Despite the COVID-19 pandemic, sales of EVs are on the rise, 

with road numbers expected to reach nearly 10 million this year, 

according to a report by the International Energy Agency (IEA). In 

2019, thanks to EVs worldwide, the consumption of nearly 0.6 

million barrels of petroleum products per day was avoided [1]. 

If we want to stop global warming, EVs will certainly be our 

natural ally. Or at least this is the main view on the issue. 

Nowadays electro-mobility is a booming field. Good news are 

rare these days, so it is good to hear that the number of vehicles 

with full or partial electric drives is constantly growing. This trend 

is just at the beginning and there is a lot of persuasion that will still 

have to be made to potential buyers. In addition to the range, the 

reliability of these vehicles is an important characteristic [2]. 

The EV industry is growing at an incredible pace. All major 

manufacturers compete on a technological level, which in turn is 

reflected and makes EVs more practical and meet our daily needs. 

Electromobility is also one of the main drivers for the development 

of new components and technologies. It sets new challenges for car 

manufacturers, OEMs and distributors are also a key factor in 

solving them. 

How to facilitate the perception of EVs? The availability of 

information is essential. The basic concept of the car has not 

changed. But it seems that the car will change dramatically in the 

next ten years. Car manufacturers are increasingly focusing on 

electromobility. Sceptics of electromobility have raised critical 

questions, such as the maximum distances electric car can cover. 

Even the current limited mileage of some EVs of 100-150 km is still 

sufficient for the daily needs of most consumers. The mileage is 

absolutely adequate and does not create worries, especially when 

planning things. 

It is speculative to talk about what is the most important 

invention for the last 200 years, but certainly the car is one of the 

key ones. It has made people freer and more mobile and laid the 

foundations of the modern world as we know it. Electric mobility is 

indeed here and continues to grow, but it will obviously take years 

before EVs become widespread enough. The market is driven by 

early buyers, not the mass customer. 

Several factors drive the imposition of this type of car in the 

future. In the first place are government subsidies for the purchase 

of such a car in many countries, playing a major role in the choice 

of the customer. Another is tight EU emissions regulations, which 

are forcing manufacturers to sell more EVs to meet the 

requirements. Third is the declining battery prices and the increased 

transition of EVs to convince customers that this type of car is 

worth it. And last but not least is the charging infrastructure, which 

should be convenient and relatively fast. As of June 2019, according 

to data from the European Commission in Norway and England, 

EVs charging stations are more than gasoline stations. 

According to the United Nations , cities will be responsible for 

more than 60% of global greenhouse gas emissions by 2050, and 

are expected to be home to more than two-thirds of the world's 

population. It is therefore vital that these fast-growing urban centers 

take proactive measures to reduce carbon emissions, and electric 

mobility is a key factor in achieving this. But in order for electric 

mobility to be achievable in high-density cities, where time is short 

and space is valuable, technical solutions must be developed to 

meet these challenges. One of the main goals is to deploy electric 

vehicle mobility projects that help people commute in a sustainable 

fashion [3]. One of the fastest ways to accelerate the transition to an 

electric mobility future is to scale the electrification of fleet 

vehicles. Many corporates and public sector entities are now taking 

advantage of the low total cost of ownership. Необходими са 

съвместни действия на: charging station operators and service 

providers, car manufacturers, industry captains, national and EU 

policy makers, academia and corporates [4]. 

According to a study by the Center for Solar Energy and 

Hydrogen Research Baden-Württemberg (ZSW), 7.9 million 

electrified cars were driven worldwide in 2019 (2.3 million more 

than a year earlier), including passenger cars and vans, battery-

powered or so-called range extender, as well as plug-in hybrid 

models, i.e. cars that are charged with a cable. The same study says 

that in 2018, there were 5.6 million electrified models worldwide. 

In 2019, they were 3.8 million in China and almost 1.5 million in 

the United States. Full hybrids and fuel cell vehicles are not 

included in this number. The statistics include only cars that are 

charged with a cable. 

Electric vehicles are defined as carbon neutral, despite the 

carbon balance of electricity and battery production, and therefore 

manufacturers are increasing the share of EVs in their production 

range. The increase in the relative share of EVs is part of efforts to 

accelerate decarbonisation and is a key factor in achieving the goals 

of the European Green Deal and the transition to clean energy in 

Europe. This would help improve air quality in cities, as well as the 

integration of renewable energy sources into the electricity system 

against the backdrop of efforts to stem global warming. 

Climatologists announced in September 2020 that this month was 

the hottest in history, with unusually high temperatures recorded in 

Siberia, the Middle East and parts of South America. Scientists 

believe that high temperatures have played a major role in a number 

of natural disasters - from fires in California and the Arctic to floods 
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in Asia. For its part, Reuters announced on October 11, 2020, a call 

by the pope in a video address to the online conference „Global 

Start Countdown - A Call for Action on Climate Change‟ not to 

invest in companies that do not protect the environment to avoid 

radical and catastrophic climate change. 

In this regard, in recent years motor drive systems used for 

electric vehicles have drawn much attention and their increasing 

efficiency has advanced. The focus is on power conversion 

efficiency and loss evaluation. High efficiency, low operating costs, 

no emissions - there are many rational arguments in favor of the 

electric motor (EM). Studies of dynamic behavior and evaluation of 

electric power losses of induction EM drive for EV have been done 

in [5, 6]. 

Electric motor driven systems are currently responsible for 53% 

of global electricity consumption according to the IEA. Herein, the 

worldwide EV deployment will grow rapidly in the next one or two 

decades, and EVs supposedly become the main source of demand 

growth in the sustainable development scenario. Consequently, the 

development of more efficient EM drive systems, is one of the 

important technologies in the strive to reduce the global energy 

demand. Continuous improvement of motor efficiency of inverter-

controlled EMs is a key objective and vector control of permanent 

magnet synchronous motors (PMSMs) is a commonly adopted 

technique to realize high-efficiency power conversion. Vector 

control technology of PMSMs to aim for ever more efficient power 

conversion, and ultimately contribute to finding solutions how to 

decrease energy consumption on a larger scale [2].  

While induction EMs are more commonly found in motor-

driven systems, they are often larger in size and less efficient than 

PMSMs solutions. While PMSMs solutions tend to have a higher 

initial cost, they may offer a smaller size for more compact 

mechanical packages and higher efficiency. Although the PMSMs 

offer many benefits, there is a problem of permanent magnet 

demagnetization when the inverter is overloaded over time. Мany 

isolated current detection and protection components prevent the 

inverter from overloading and suppresses the demagnetization of 

PMSMs. 

As a parameter, the mileage of EVs is dictated mainly by the 

size and capacity of the battery, the weight of the car and the 

performance of the EM. The actual mileage that the EV can travel 

on a single charge in real conditions may vary from that specified 

by the manufacturer. This is due to factors such as the terrain of the 

area through which it travels (uphill, level road or descent), the 

speed at which it travels, the driving style, the load in the car and 

the use of certain features in the car, such as air conditioning and 

infotainment system. 

2. Technical considerations   

Sales in the third quarter of 2020 in the EU are: petrol cars 

47.5%, hybrids 12.4%, electric 9.9%. In the third quarter of 2020, 

almost every 10th car sold in the EU was electrically powered 

(9.9%), compared to 3.0% in the same period last year. The support 

measures introduced by various countries to stimulate demand for 

cars in the wake of the COVID-19 pandemic have put 

conventionally powered vehicles at a disadvantage. However, diesel 

and petrol cars still account for more than 75% of total EU car sales 

from July to September. This strong growth is mainly due to the 

introduction of incentives by national governments, which seek to 

stimulate demand in response to the pandemic, which is largely to 

the benefit of buyers of electric and hybrid cars. The European 

Commission plans to target € 100 billion for a "fair energy 

transition" over the next 30 years. The goal is that after 2050 the 

countries of the European Union will not pollute nature by burning 

fossil fuels. 47 measures are envisaged, including the introduction 

of new energy taxes, legislation on the production of batteries and 

clean vehicles, the installation of electric charging stations, waste 

treatment and more. The European Commission intends to award a 

€ 3.2 billion mega-subsidy to seven Member States for research and 

innovation in the production of electric batteries. The European 

Union is deeply concerned about the continent's dependence on 

batteries from Asia. 17 projects of European companies have been 

approved, and this move is part of a major push, led by Germany 

and France, to prepare the European Union for the mass emergence 

of EVs with the phasing out of petrol and diesel engines. 

On the other hand, the share of electricity in the European 

Union produced from coal (so-called brown gold) is as follows: 

Poland - 81%, Czech Republic - 56%, Greece - 54%, Bulgaria - 

45% and Germany - 40 %. Germany has announced that it will 

abandon fossil fuels by 2038 [7]. 

Electric vehicles also offer one of the few options for storing 

electricity for days and weeks. Energy storage allows for delayed 

and demand-oriented use, which reduces losses at production peaks 

and the need for other sources at electricity consumption peaks. 

Noticeable advancement is the Vehicle to Grid (V2G) system 

wherein the battery pack in a EV could act a power source for 

household equipments. Some of today‟s EVs come with a huge 

battery pack upto 100 kWh making it an easy portable power house. 

So with the right inverter the power from these battery packs can be 

supplied to the grid during peak demand hours. Then these EVs can 

be driven to solar powered charging stations to get them charged 

again, building a completely green eco system. 

Vehicle manufacturers are moving swiftly into EVs, and some 

are even tryong to develop business models that integrate storage to 

power both cars and homes. By developing the manufacturing 

capability to produce storage in cars, those same companies can 

also offer behind-the-meter storage to customers. Community-scale 

EV and electric energy storage systems are a major topic in the 

smart city conversation since they may improve mobility while also 

enhancing resistency for residents [3]. On the other hand, most of 

the EV owners have moved beyond just investing in charging 

station and now looking into intelligent charging and energy 

management. 

Many vehicle manufacturers, such as Volkswagen, BMW and 

Mercedes-Benz, are already investing in their own renewable 

energy production facilities and will at some point start offering a 

closed range of products and services - both selling EVs and 

charging them with electricity at their objects.  

What are the obstacles to the growing penetration of  

EVs in our daily lives, when it comes to personal light-duty 

vehicles? Currently, two main problems can be identified: the 

relatively high purchase price and the lack of sufficient charging 

points. At the moment, it is difficult for car manufacturers to profit 

from EVs, because there is one invincible factor in pricing and that 

is the value of batteries. According to a study by JATO Dynamics 

in 43 markets from the end of 2019, the average retail price of an 

EV is 81% higher than the average of other cars purchased by 

consumers [8]. The lack of charging stations makes EVs convenient 

for use mainly in urban conditions, i.e their purchase is justified in 

order to move around the city and/or as a second car in the 

household. An EV is an expensive investment, but refueling is 

approximately twice as cheap, for example, as refueling with diesel. 

By the way, according to a statement from December 30, 2019 

by Christian Schulze, Marketing and Research Director of the 

European division of Mazda, EVs with powerful batteries are more 

harmful to the environment than cars with diesel engines. The bills, 

of course, include the production and scrapping of batteries. 

Precisely because of their concern for the environment, Mazda does 

not intend to put a battery with a capacity of 95-100 kWh on its first 

electric car MX-30, but equips it with a battery with a capacity of 

35.5 kWh, which will not harm the environment so much. 

By 2020, Hyundai Motor will provide more than 80,000 zero-

emission vehicles to European customers, including Kona Electric, 

IONIQ Electric and NEXO. This will make Hyundai Motor the 

largest supplier of EVs in Europe in 2020. Incidentally, on August 

19, 2020, the international press reported that the serial electric 

vehicle Kona Electric with a battery capacity of 64 kWh set a world 
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record for maximum mileage with a single charge of 1026 km 

during a three-day test on the German track Lausitzring. Hundai 

Kona won the ranking for the most profitable EV in Bulgaria in 

2019. It is the best in terms of „price - mileage with one charge - 

power‟. 

Otherwise in Bulgaria, according to the Traffic Police as of 

October 14, 2020, the number of registered fully electric cars is 

1692. An Association of owners of electric cars in Bulgaria has 

been established [9]. In Bulgaria there are tax reliefs for EVs, which 

especially in Sofia and most cities do not pay for parking in the so-

called BLUE (set aside for parking in the central parts) and GREEN 

ZONE (with a wider range, outside the BLUE ZONE). No 

preference is provided for hybrids at this time. It is an interesting 

fact that in the city of Varna (the third most populous city in 

Bulgaria) the municipal authorities have provided 22 free charging 

stations for owners of EVs with two charging points each, and for 

the period September 18, 2020 - October 31, 2020 the number of 

EVS charges is 1693 and the reported electricity consumption is 

10492 kWh. The ultimate goal is to stimulate the use of 

environmentally friendly vehicles and improve the cleanliness of 

the air in the city. 

Electricity really pays off. The benefits include low total 

operating costs and low servicing costs. Maintenance, as suggested 

by the EV system itself, is significantly more limited than that of 

internal combustion engine (ICE) cars, mainly due to the lack of an 

exact engine. Regenerative braking significantly reduces brake 

system wear. In addition, additional benefits are available, such as 

exemption from parking fees and additional space for EVs in urban 

areas. A separate issue is the demonstration of an ecological way of 

thinking and the request for association with similar type of 

initiatives, such as the use of EV. 

It is generally agreed that the problem with the price of EV will 

be solved in a few years, taking into account two factors: the 

inevitable reduction in the cost of series production and the rapid 

development of technology. To solve the second problem, it is vital 

to create an appropriate charging infrastructure. Efficient, easily 

accessible charging stations with wide charging possibilities are 

needed. Currently, most of the available EVs are charged at home 

during the time when they are not moving. Therefore, when 

traveling longer distances, it is necessary to study in advance and 

plan the possibilities for recharging. In general, customers who 

want to buy an EV face a complex dilemma: either pay more for a 

large battery, or charge more often. The price of EVs continues to 

be significantly higher than that of cars in the same segment and 

class, as the value is determined mainly by the battery, which 

depends on how much mileage will be on a single charge. 

Respectively, the better the characteristics, the more expensive the 

electric vehicle. Practical research, development, testing and 

production are currently aimed at improving the volumetric energy 

density of battery cells (more kilowatt hours for the same volume). 

Mileage is influenced by factors such as road characteristics, 

weather conditions, driving style and additional load (air 

conditioning and heating system). The stage of the load cycle, 

potential, local concentration, temperature, and direction of the 

current all affect the aging and degradation of a battery cell [10]. 

According to some opinions, 3 factors are important for EVs – 

space, weight and efficiency. 

In order to promote the use of environmentally friendly 

transport, and in particular of hybrid and fully electrified vehicles, 

both for consumers and vehicles, it is necessary to build 

infrastructure for charging stations. Electric vehicles charging 

stations are complex systems. Charging stations in workplaces or 

public places support the market acceptance of electric vehicles. 

Charging time varies depending on the energy content of the 

battery, its type, and the type of supply equipment. Charging time 

ranges from 15 minutes to 20 hours or more, depending on these 

factors. In addition to cable charging, inductive charging is also 

possible: inductive charging equipment uses an electromagnetic 

field to transmit electricity to the EV without the help of a cable. 

Electric vehicles that are currently available do not use inductive 

charging, but a standard is being developed that is likely to be 

applicable in the future. Perhaps the most complex are precisely the 

non-contact or inductive contact points. They use the principle of 

transformer or electromagnetic induction. Generally speaking, half 

of the transformer for transferring energy for charging is installed in 

the EV, and the other half – in the contact point. There is a 

mechanism for accurate and automatic adjustment of the two halves 

of the energy transfer transformer. The huge advantage is that there 

is no cable connecting the EV to the contact point, but the system is 

complex and can have significant transmission losses. 

The crucial importance of electrical connectors for providing a 

connection has led to the development of many standards and other 

documents that describe their electrical and mechanical properties 

and tools for testing and certification. They are relatively expensive 

elements of the electrical and electronic installation of any system 

and largely determine its reliability. The manufacturer usually 

guarantees at least 10,000 switching on and off between the socket 

and the plug. With an average of three starts per day, this means 

that the plugs will be able to be used in normal operation for about 

111 months, which is good reliability. 

Externally installed charging stations in use are safe even if the 

vehicle is charging in the rain. The installation of chargers for EVs 

must comply with national and international laws and regulations. 

Permission for such installation must be obtained after fire, 

electrical and environmental inspection. 

There are several directions in which charging stations for EVs 

are developing. On the one hand, they are working to increase their 

power and the ability to charge several vehicles at the same time, 

and on the other hand, various methods are being developed for 

more convenient management of charging stations and the use of 

different payment methods when they are installed for commercial 

purposes. 

Usually during the working week personal cars are used for 0.5 

- 2 hours before the working day and 0.5 -2 hours after its end. They

spend 8-9 hours a day in the parking lot in front of the workplace

and this creates conditions for recharging the EVs battery. It is clear

that in urban and suburban use of the EV, charging and recharging

the batteries is not a problem. Of course, the charging station

requires a certain initial investment. A well-made and maintained

charging station can then function for many years, as it is an

electronic device that wears very little. This makes such an

investment justified. Given that most batteries use the accumulated

energy only at 55-80%, it can be calculated how long they will have

to charge if they are completely exhausted. Therefore, it is assumed

that users of EVs will have to recharge them at every opportunity,

without waiting for full discharge, which usually shortens battery

life.

Charging at home at a night rate costs in Bulgaria about 0.125 

BGN / kWh or about 2.30 BGN per 100 km. The daily tariff is 

almost twice as expensive and this is one of the reasons why it is 

recommended to charge an EV at night. By the way, according to 

Eurostat data from November 2019, Bulgarian households pay for 

the cheapest electricity in the EU, as the average price is 9.9 

eurocents per kWh, while the average level in the EU is 21 

eurocents. The most expensive is electricity in Germany - 30.9 euro 

cents and Belgium - 28.4 euro cents. Charging of public charging 

stations varies from free (in order to attract customers to a 

commercial site or with incentives through public funds) to 0.55 

BGN / kWh (about 9-10 BGN / 100 km). Kaufland maintains an 

infrastructure network of completely free, fast-charging 50 kW DC 

power stations, accessible to all in a number of its parking lots 

across the country. This is part of the company's vision for a 

modern and green urban environment with the environment in 

mind. The stations can charge two EVs at the same time. The 

investment for each charging station is about 80,000 BGN. 
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Significant efforts are being made to harmonize terminology 

and develop common standards and systems applicable to all 

electric vehicles, hybrid vehicles and charging stations. There is still 

much to be desired, as there is no universal standardization even at 

the level of the electrical network, both in voltage (110 V, 117 V, 

220 V, 240 V, etc.) and in frequency, direct current, 50 Hz, 60 Hz, 

400 Hz), conductors, current thresholds, types of contact points and 

other basic elements of the mass electricity distribution network. 

The main organizations that deal with the clarification of 

terminology and development of standards in this area are SAE 

International (SAE - Society of Automobile Engineers) and the 

International Electrotechnical Commission (IEC). Some of the 

standards in this field are SAE-J1939, JVES G105, UL2251, SAE-

J1772, IEC60309, IEC61851, IEC 62196 and others. 

Technical features and trends for EV charging stations are 

discussed in [11], and the situation in Bulgaria - respectively in 

[12]. 

Different brands of EVs with different technical characteristics 

are produced in the world. There are several problems: slower entry 

of technology, thanks to the fact that quotas for EVs go more to 

more developed markets such as the Netherlands and Norway, and 

when there are no EVs, there is no way for the accompanying 

infrastructure to develop so quickly. 

The on-board chargers, which are built into the EVs themselves, 

work effectively only at a certain charging speed. Every car 

manufacturer describes this optimal charging speed necessary for 

the efficient operation of the on-board charger. The charging time 

of the EV depends on the power of the on-board charger and the 

charging station. Changes in ambient temperature can also affect the 

behavior and performance of power supplies, making understanding 

the power supply‟s operational temperature range crucial to the 

reliability. 

Attention should be paid not only to the mileage and efficiency 

of the EV itself, but also to the efficiency of its charging system. 

Batteries from older lithium-ion technologies suffer from the 

„memory effect‟, which is currently being overcome, meaning that 

the battery of the EV can be partially charged as often as you want, 

without leading to its premature damage. How long a battery will 

last depends a lot on the way the car was driven by the original and 

each subsequent owner. Analysts believe that EVs will soon 

become the largest consumer of lithium-ion batteries - a position 

that is currently occupied by the consumer electronics sector. 

Experts from the Canadian company Geotab, specialized in the 

management of car fleets with systems for global positioning and 

follow-up have calculated the speed at which batteries of electric 

vehicles lose the capacity. The study included 6,300 EVs from 

various brands around the world. According to the authors of the 

study, batteries lose an average of 2.3% of their capacity per year. 

For example, with an EV with a mileage of 150 km in 5 years, this 

mileage will decrease by 20 km. However, Geolab has argued that 

the depreciation rate depends to a large extent on the characteristics 

of the cooling system. Canadians note that the decline in battery 

efficiency may be non-linear - low losses at the beginning are 

sometimes followed by a series. The charging speed also affects the 

battery life [13]. In general, for comparison - the loss of mobile 

phones is 4% per year. Battery life depends mainly on the number 

of charge / discharge cycles, not just the years of operation. 

As is well known, the rechargeable battery is the main source of 

electricity for driving EVs and for ensuring the normal operation of 

all on-board devices and systems. After running out of electricity, it 

must be recharged. Recharging the battery means restoring its initial 

electric charge and, consequently, the energy capability of the EV. 

In "pure" EVs, this is done technologically with electric current by 

connecting to an external source of electricity [14].

Usually the on-board charger (OBC) is part of the EV and is 

single-phase - with up to 3.7 kW power or three-phase device with 

11 kW power. It should be borne in mind that the possibility of 

charging is determined by the weakest link in the circuit (the mains 

socket, cable or power supply used). Another feature is that when 

charging high-voltage batteries, their maximum capacity (State Of 

Charge, SOC) must not be reached in order to be able to recharge 

when stopping or descending, ie. in recuperation. The available 

capacity is limited via a state-of-charge buffers by a software way, 

thus reducing mileage, but the rechargeable batteries last much 

longer. 

Modern EVs, with few exceptions, support two types of 

charging: 

А) AC Charging. AC charging speed is slower than DC 

charging speed. Usually this is how an EV is charged while it is 

parked in the garage, on the street, in front of the office, in front of 

the cinema, in the parking lot in malls, etc. In this way, although 

charging is slower, it practically does not take any time for the user. 

Slow charging is much more gentle on the battery, extends the life 

of the EV and is recommended for everyday use. Typically, EVs 

sold in Europe have a standard AC port known as Type 2. AC 

charging uses an on-board charger that is integrated into all EVs. It 

dissipates the incoming alternating current and converts it to direct 

current, with a conversion loss of up to 10%. One of the main 

parameters when choosing an EV should definitely be the power of 

the built-in (integrated) charger, which determines how fast it can 

be charged at much cheaper and much more widespread AC 

charging stations. 

Depending on the capabilities of the charging converter 

installed in them, the following AC charging capacities can be used 

for the different models of EVs: 

 Charging from a regular mains socket (Schuko type - 230

V). A Schuko-to-Type2 accessory is used, which is usually supplied 

with the EV. The household contact is familiar to each of us. We 

include all kinds of household appliances in the socket and usually 

the charging power from a household socket is up to about 2.5 kW. 

The short name for household socket, which we have been using for 

a long time in Bulgaria, is SchuKo, which is an abbreviation of the 

German Schutz Kontakt or grounded socket. The charging power is 

between 2.3 kW and 3.6 kW and must comply with the electrical 

installation - wire cross section, curve and switching-off current of 

the protective fuse. 

 Charging from an AC charging station. The charging

speed again depends on the EV model. Most often the charging is 

with single-phase current 32 A, which gives a power of 7.4 kW. 

Some EV models support three-phase charging from 11 kW to 22 

kW. Some charging points have a built-in Type2 cable, while others 

require you to plug in your own. 

B) DC Charging. The possibility of the fastest charging is

provided by the direct current (DC) charger. Most DC charging 

stations today offer power of 50 kW, but there are also those with 

lower levels - about 20-25 kW. There is currently a need to move to 

levels of 100-150 kW, even up to 400 kW, to service the next 

generation of electric vehicles with much higher capacity batteries 

(80 kWh and more) [14]. 

A DC charging station gets AC power form the grid and 

converts it to DC voltage and uses it charge the  battery pack 

directly by by-passing the On-board Charger (OBS). These chargers 

normally output high voltage of upto 600 V and current upto 400 A. 

The disadvantage of this type of charger is its complex 

engineering where it needs to communicate with EV to charge it 

efficiently and safely. 

Whatever EV is connected to a DC charging station, the 

charging speed (power) is the same. The reason for this is that the 

alternating current from the mains has already been transformed 

into direct current outside the EV and can be applied directly to the 

battery. DC chargers are currently only used for public stations, but 

are an extremely convenient and easy form of charging when the 

user is in a hurry. It takes up to 75 minutes to charge a high-

capacity battery from 0 to 80%. There is also the fact that charging 

over 80% on a fast charging station is significantly slowed down so 
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as not to overload and damage the battery. Fast DC charging 

stations can be found most often on highways, as well as in the 

parking areas of large retail chains. 

In Fig. 1 are shown EV on-board chargers and charging stations. 

Fig. 1 EV On-board Chargers and Charging Stations [15] 

Determining the efficiency of the on-board charger for 

home 10A charging 

Nearly 80% of the owners of EVs charge their batteries at 

home, and 15% - at place of work. 

How is the efficiency of the on-board charger determined? The 

example given below is for a specific model of EV [16]. 

Peugeot e-208 

 Mileage: 340 km

 Energy consumption: 17.6 kWh/100 km (with charging

losses)

 Usable battery capacity: 46 kWh

First we calculate the Energy consumption without charging 

losses. 

340 km  46 kWh 

100 km  X 

X = 46 x 100 † 340 = 13.53 kWh/100 km 

Now, if we divide this number by 17.6 kWh / 100 km, we get 

the efficiency of the on-board charger. 

Y = 13.53 † 17,6 = 0.76875  77%. 

This is how the efficiency of the on-board charger is calculated. 

We remind you that these are results when charging with the largest 

losses, namely from household contact with a current of 10 A. 

When charging with 32 A (per phase) from a charging station, the 

results are much better. 

3. Results and findings

The advantage of an AC charging station is that the on-board 

charger will regulate the voltage and current as required for the EV 

hence it is not mandatory for the charging station to communicate to 

the EV.  

Results obtained for single-phase EVs available on the market 

are presented in Table 1, and for three-phase EVs - in Table 2, 

respectively. The information applies to BEV - battery-powered 

electric vehicles - electric vehicles that are powered only by an 

electric motor(s) and powered only by a battery, usually lithium-ion 

and PHEV - Plug-in Hybrid Electric Vehicles, which are equipped 

with two the drives - electric and ICE and the batteries can be 

charged directly from the mains, as well as from ICEs. Regarding 

the battery pack capacity, the actual available one is indicated, not 

the nominal one. 

The basic information is provided by [16] and additionally data 

are collected from publicly available sources - official car 

manufacturers, their representatives and dealers. A column can be 

added for the consumption of electric vehicles, defined as kWh / 100 km or 
€ / 100 km, as well as for the mileage with one charge. However, this would 

make the created tables unnecessarily bulky and heavy. 

Table 1: Charging time at 22 kW AC charging station of single-phase 
electric vehicles 

Car brand/model Type OBC 
Power, 

kW 

Battery pack 
capacity, 

kWh 

Charging 
time, h 

1 2 3 4 5 
BMW i3 until mid-2016 EV 7.4 18.8 2.5 
BMWi8 PHEV 3.7 10.4 3 
BMW 225xe Active Tourer PHEV 3.7 10 3.2 
BMW 530e Sedan/xDrive 
Sedan 

PHEV 3.7 12 3.6 

BMW745р/745Lе/Le 
xDrive 

PHEV 3.7 12 3.6 

BMW X1 xDrive25e PHEV 3.7 34 3.2 
BMW X2 xDrive25e PHEV 3.7 34 3.2 
BMW X5 xDrive45e PHEV 3.7 24 6.8 
Chevrolet Bolt 2019 EV 7.4 60 8 

Citroen C-ZERO EV 3.7 14.5 4 
DS 3 Crossback E-Tense EV 7.4 47.5 7.5 

FIAT 500e USA until 2018 EV 6.6 24 3.5 

FORD MUSTANG MACH-
E 

EV 7.4 70 11 

HONDA E EV 6.6 32 6 
Hyundai IONIQ Electric EV 6.6/7.2 28/38.3 4.5/6 
Hyundai IONIQ Plug-in 
Hybrid 

PHEV 3.3 7.1 3 

Hyundai Kona until March 
2020 

EV 7.2 39/64 5.5 

Jaguar I-Pace EV 7.4 84.7 11.5 
KIA Soul II EV until 2018 EV 6.6 27 n.a.
KIA Soul EV 2 after 2019 EV 7.2 39.2 / 64 6.5/10.5 
KIA e-Niro until June 2020 EV 7.4 64 9 

KIA NIRO Plug-in Hybrid PHEV 3.3 7.1 3 
Lexus UX300e EV 6.6 54.3 n.a.
MAZDA MX-30 EV 6.6 32 6 
MG ZS EV EV 7.4 44.5 6.5 
Mercedes-Benz EQC 2019 EV 7.4 80 13 
MERCEDES E 300 PHEV 7.4 10.8 2 
Mini Countryman PHEV 3.7 6.5 2 
Mitsubishi iMiEV EV 3.7 14.5 4 
Mitsubishi Oultlander PHEV 3.7 13.8 3.5 
Nissan LEAF 1 2011-2017 EV 3.3-6.6 38 6 
Nissan LEAF 2 2018~ EV 6.6 60 9 
Nissan E-NV200 EV 6.6 40 7.5 
Opel Corsa-e 2020 EV 7.4 47.5 8 
Opel AMPERA-E EV 7.4 58 8 
Opel VIVARO-E EV 7.4 50/75 8/12 
PORSCHE CAYENNE E-
HYBRID 

PHEV 3.6-7.2 12 4 

PORSCHE PANAMERA 
E-HYBRID

PHEV 3.6-7.2 12 4 

PEUGEOT E-2008 SUV EV 7.4 47.5 7.5 
Peugeot e-208 EV 7.4 47.5 7.5 
Peugeot iOn EV 3.3 14.5 4/6 
Renault Kangoo ZE EV 7.4 31 4 
SEAT MII ELECTRIC 
(MODEL 2020) 

EV 7.2 32.3 5.5 

SEAT el-Born EV 7.2 62 n.a.
SKODA CITI GO E IV 
(MODEL 2020) 

EV 7.2 32.3 5.5 

THINK CITY EV 3.7 23 8 

TOYOTA PRIUS PHEV 3.3 7.0 2.5 
Volkswagen e-Golf EV 7.2 32 5.34 
Volkswagen e-Up! 2011 EV 3.7 16 4 
Volkswagen e-Up! 2020 EV 7.2 32.3 5.5 
Volkswagen Passat PHEV 3.7 2.75 
Volvo XC90, XC60, V90, 
S90, V60, S60 

PHEV 3.7 9.9 3 

Volkswagen ID.3 EV 7.2 45 7.5 
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Table 2: Charging time at 22 kW AC charging station of three-phase 
electric vehicles 

Car brand/model Type OBC 
Power, 

kW 

Battery pack 
capacity, 

kWh 

Charging 
time, h 

Audi e-tron Quattro 
Sportback 50 

EV 11 64.7 n.a.

Audi e-tron Quattro 
Sportback 55 

EV 11 86.5 11.5 

BMW i3 after July 2016 EV 11 37.9 5 
BMW ix3 after January 
2020 

EV 11 74 12 

Jaguar I PACE EV 7/11. 90 12.7/8.5 

KIA e-Niro after June 2020 EV 11 n.a. n.a.
Mercedes-Benz B-Class ED 
until 2017 

EV 9.6 28 n.a.

Mercedes-Benz EQA after 
2020 

EV 11 60 11 

Mercedes-Benz EQV after 
2020 

EV 11 90 13 

MINI COOPER SE EV 11 28.9 5 

Mustang Mach-E SR/ER EV 11 70/90 12/13 

POLESTAR 2 (Volvo) EV 11 75 12 

Porsche Taycan EV 11/22. 71/83.7 11/13.5 

Renault ZOE EV 22 41 / 52 5.5 / 8.5 

Skoda Vision IV EV 11 83 13 

Smart EQ EV 22 16.7 3.5 

Tesla Model 3 (European) EV 11 62 8 
Tesla Model S (European) EV 16.5 95 14 

Tesla Model X (European) EV 16.5 95 14 

Tesla Model Y EV 11 74 12 

TESLA CYBERTRUCK 
SINGLE MOTOR 

EV 11 100 16 

Volkswagen ID.3 EV 11 58/77 11/12 
Volvo XC40 EV EV 11 75 12 

How long do some EVs charge "fast": 

- Nissan claims that the LEAF Plus battery is charged to 80% in

60 minutes from 50 kW charger or for 40 minutes at 100 kW; 

- Hyundai Motor states that Kona Electric reaches 80% of the

battery charge in 75 minutes at 50 kW or for 54 minutes at 100 kW; 

- Jaguar Land Rover claims that the I-Pace charges up to 80% in

40 minutes at 100 kW; 

- Audi says that the e-tron's battery can be charged up to 80% in

just 30 minutes, but with a 150 kW charger. 

- Mercedes-Benz claims that its EQC model is charged at 80%

in 40 minutes at 110 kW, but not from scratch, but from 10%. 

Of course, all these results have been obtained in the laboratory 

conditions and do not take into account many factors that can occur 

in everyday life (air temperature, battery condition, etc.), but still 

give some idea of the charging speed. 

Fig. 2 presents the personal EV of the first author. 

Fig. 2 The personal EV of the first author 

4. Conclusions

The results obtained could be of great practical importance 

when someone decides to buy an EV or to build a charging station 

by offering the charging service. Statistics are a good guide and 

help to make the right investment and marketing decisions. 

On-board chargers are an important component of EV electrical 

equipment. The overall behavior of the vehicle during charging 

periods between service intervals depends on their normal 

operation. 

As with most of the technologies that are just entering our daily 

lives, EVs are no exception and there are many myths and 

misconceptions about them. 

Electric vehicles will change the purity of the air in cities, i.e. 

the environment in which people find themselves on a daily basis. 

We all want to breathe cleaner air. In addition to reducing carbon 

dioxide emissions and pollution from noise and noise, dependence 

on imported hydrocarbon fuels is also reduced and the energy 

security of individual countries is increased. Another benefit is the 

wider use of renewable energy in transport, the creation of "smart 

grids", the integration of EVs in them, the increase in the efficiency 

of conventional power plants and the development of the respective 

national electricity system. Active community action is needed, 

including the potential of all experts and supporters, for the 

development of the new economic sector - electric mobility. In this 

regard is the construction of sustainable educational models, i.e. 

changes in the education system in terms of vocational education 

and training in this area. This is necessary to prepare the necessary 

staff - technician and electrician of EVs in high school, engineers, 

bachelors and masters in universities. Doctoral studies have already 

been introduced in the specialty. 

Electric vehicles are still a novelty for the Bulgarian reality - 

they are below 1%, but the awareness that this is a more efficient 

and environmentally friendly future of transport is growing. 

Reducing air pollution is one of the most important priorities we 

must set as citizens and as a society. This is linked to a long-term 

electrification strategy, which requires daily efforts to catch up by 

disseminating information and offering services. 

Electric vehicles are the cars of the future and are a solution for 

a cleaner planet, easier and cheaper to move, especially in an urban 

environment, where the advantage is easy parking. No one can say 

how long the transition to EVs will take - the transition to electric 

drive will depend mainly on consumer interest. Or maybe EVs are 

just a temporary (transitional) solution. No wonder the technology 

of the future is different. Perhaps. 
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