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Abstract - Global development of the automotive industry in the area of electric vehicles is characterised by an impressive 

dynamism, which obviously raises a question about the future of this sector and other cooperating industries. According to 

forecasts by the International Energy Agency the current exponential trend of development in this sector will be maintained 

and the number of electric vehicles is expected to exceed 100 million in 2030. A long-term forecast by BP assumes an 

analogous to the IEA’s forecast global number of electric vehicles (100 million), although achieving this level is expected 

later, i.e. in the year 2035. In the paper its authors analyse historical trends of such values as: electric vehicles development in 

selected countries of the world, demand for electricity required for their exploitation, Greenhouse gases emission, battery cost 

and production, which were observed in the period 2010-2018. Additionally, the authors present in it forecasts of these values 

until 2020 and evaluate key factors for further development of the electric vehicles market. With regard to the abovementioned 

analyses one can propose a hypothesis that development of electromobility may constitute a challenge not only for ensuring 

electricity supply itself, but also for providing it at a proper time, which transfers the significance of the issue from generating 

power capacity to the issues of network management and developing so called smart grid technology and storing energy in the 

system. 

 

Index Terms - Electromobility, Electric Vehicles, Emissions, Forecasting, Smart Grid. 

 

I. INTRODUCTION 

 

Although it has been over 180 years since the first 

electric car was built only the recent years have 

witnessed a dynamic development of electromobility, 

primarily as a result of commencing the mass 

production of vehicles equipped with lithium-ion 

batteries. The developing technology of building 

batteries, growing expectations regarding air quality, 

the will to become independent from importing oil and 

also being able to win an advantageous position in the 

new value chain of the growing electromobility sector, 

are the reasons behind an increased interest in electric 

vehicles development and departure from 

combustion-engine vehicles, which dominated the 

automotive industry at the beginning of the 20th 

century. 

Electric vehicles (EV) used for road transport increase 

the efficiency of energy consumption as they do not 

require direct fuel combustion and make use of 

electricity, which is a diversified energy carrier and in 

this way may have a positive impact on numerous 

transport policy goals, such as increased energy 

security, improved air quality, noise reduction and 

when combined with a low-carbon power generation, 

reduced level of greenhouse gases emissions. 

Additionally, EV constitute one of the most innovative 

clusters in the automotive sector and as such they 

possess a substantial potential to increase economic 

and industrial competitiveness and attract investments 

to develop major markets. 

Electromobility may be treated as one of the 

technological options that can contribute to reducing 

the environmental impact of transport. Electric 

vehicles, which are powered entirely with electricity, 

do not produce exhaust gas emissions and therefore 

limit or eliminate local pollution. This means that 

electric vehicles do not emit substances that are 

harmful to natural environment or health of the 

inhabitants, which is particularly important in urban 

areas frequently experiencing much traffic and 

resulting environmental threats. Also, electricity 

production is to a lesser extent affected by problems 

related to exhaust gases emission than vehicles 

powered with conventional automotive fuels, even if 

fossil energy sources are used to produce electricity. 

Electric engines are more efficient and electric 

vehicles can be completely emission-free and 

climate-neutral provided that electricity that powers 

them is produced using sustainable and renewable 

energy sources and green electricity production 

methods [1]. 

In the paper its authors analyse historical trends of 

such values as: electric vehicles development in 

selected countries of the world, demand for electricity 

required for their exploitation, Greenhouse gases 

emission, battery cost and production, which were 

observed in the period 2010-2018. Additionally, the 

authors present in it forecasts of these values until 

2020 and evaluate key factors for further development 

of the electric vehicles market. 

 

II. TYPES OF ELECTRIC VEHICLES 

 

While analysing the perspectives of electric vehicles 

development one should consider the diversity of 

vehicles powered by electric engines. In Table 1 the 

authors present characteristics of vehicles that make 

use of electric drives, describing their advantage and 

disadvantages. 
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Table 1. Categories of electric vehicles (passenger ones) and their characteristics 

 
Source: [3] 

 

BEV, PHEV, FCEV and Range extender, are 

recognised as electric vehicles, however, a “purely” 

electric vehicle is only BEV. The remaining types, 

namely HEV and micro/mild hybrid are categorised as 

hybrids. 

The offer of electric bus producers presently includes 

both „purely” electric vehicles as well as hybrid ones 

[2]. The most popular electric buses are 12-metre 

vehicles, although the offer comprises also longer 

ones – 18-metre long and shorter ones – 9-metre long. 

The most popular models of electric buses include 

Yutong E12 (12 m, 295 kWh, 320 km), BYD 18MLE 

(18 m, 324 kWh, 250 km), Solaris Urbino 12 (12 m, 

240 kWh, 266 km). The buses can be divided 

according to battery capacity. The greater the battery 

capacity, the greater the range of the bus. A record 

range presents 12-metre long Proterra Catalyst E2 – 

405-560 km depending on the battery capacity, which 

in case of this bus may range from 440–660 kWh. The 

buses may be equipped with batteries that come from 

various producers. While BYD holds own batteries, 

most producers buy batteries from CATL, LG Chem, 

Toshiba, Multiple, Valence, TBD, SAFT, 

BlueSolutions, ABB, Foresee, Akasol or Altair-Nano. 

While analysing a possibility to implement alternative 

drives in road cargo transport, two primary models of 

their implementation should be distinguished: ERS 

(Electric Road System) and BEV (Battery Electric 

Vehicle). The ERS system has been developed for 

large trucks that travel regularly on motorways. It is 

based on the traditional infrastructure, whose network 

functions along express roads, and vehicles equipped 

with a pantograph, which provides power supply. This 

solution is an answer to the specificity of large 

vehicles operation, which operate on long distances 

and so would require to be charged several times 

within a whole section and would need a very large 

battery. However, the ERS system has been designed 
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as a solution that can be applied only on frequently 

used express roads. Until present, the ERS system has 

been implemented in few places worldwide and in 

each case it is treated as an experiment: in Berlin the 

length of the test road is 2.1 km, in the USA – 1.6 km, 

in Sweden 2 km (but it is a section of a public 

motorway). According to Siemens, a 40-tonne heavy 

truck with a millage of 100 thousand kilometres a year 

in the ERS system can save even EUR 20 thousand on 

fuel [3]. 

 

III. WORLDWIDE DEVELOPMENT OF 

ELECTROMOBILITY 

 

Electric cars are becoming more popular. In 2017 over 

1 million of such vehicles were sold, which was a new 

record in this area. It is worth noticing that more than a 

half of global sales occurred in China. In total, the of 

electric cars on the road exceeded 3 million 

worldwide, which is a growth by over 50% compared 

to 2016 (Tab. 2). In terms of share of electric vehicles 

utilisation, the world’s most advanced market for 

electric car sales is Norway, with over 39% of new 

sales in 2017. Iceland ranked second at 11.7%, 

Sweden came third at 6.3%. 

Among the EU’s member states in the 4th quarter of 

2018 the largest number of electric vehicles were 

registered in Norway (20.7 thousand), Germany (17.4 

thousand), Great Britain (15.1 thousand), France (14.5 

thousand), Holland (12.1 thousand) and Sweden (8.3 

thousand) [4]. Despite a high dynamic of growth 

(compared to the 4th quarter of 2017) that ranges 

among the abovementioned countries from 7.5% 

(Norway) to even 243.8% (Holland), these are 

relatively small numbers compared to electromobility 

leaders. To demonstrate the position of the EU in the 

global technological race it is worth stressing that 

there were 215 thousand of electric cars registered in 

the whole territory of Europe in 2016, that is by 150 

thousand fewer than in China itself. 

 
Table 2. Number of electric cars in circulation (in million) 

 
Source: [5] 

 

Since 2016 the leader in the electromobility race has 

been China, which overtook the United States. 

Presently, every second electric car produced in the 

world or a hybrid charged from the grid travels on 

Chinese roads. Such a large number of electric cars 

results from a very strong support from the Chinese 

government, which not only generously subsides the 

sales, but also with proper regulations pressurises the 

concerns to sell a particular number of electric 

vehicles. Stimulating the domestic market in China is 

the result of the will to improve air quality, but also the 

support from the Chinese automotive sector. 

In Europe the support for customers who buy electric 

vehicles varies depending on the country, and for 

example [6]: 

 in Belgium: 

 Purchase grant: €4000 grant in Flanders for 

private car owners. 

 Ownership tax: (Plug-in) electric vehicles are 

exempt from ownership tax in Flanders. They also 

pay the lowest rate of the annual ownership 

(circulation) tax in the amount of €74 instead of 

€1900, in all three regions. 

 Company car tax: 120% for fully electric 

vehicles, and 100% for vehicles that emit between 

1 and 60 g/km of CO2, which can be deducted 

from company expenses. Above 60 g/km, the 

deductibility rate drops from 90% to 50%. 

 

 in France: 

 Purchase grant: Citizens who swap diesel cars 

(purchased before 2016) for a fully electric 

model, are eligible for €6000 (environmental 

bonus) and €4000 as a “thank-you for switching 

to electric.” Those who swap diesel cars  (bought 

before 2016) for a plug-in hybrid, are eligible for 

€1000 (environmental bonus) and €2500 as a 

“thank-you for switching to electric”. 

 Ownership tax: Both fully electric vehicles and 

plug-in hybrids owners are entitled to either a 

50% discount or are exempt from the license plate 

tax depending on the province. 

 Company car tax: Fully electric vehicles are 

exempt from this tax. Plug-in hybrids are exempt 

from the tax for the period of two years. 

 

 in Great Britain: 

 Purchase grant: The Plug-In Car Grant covers 

35% of the cost of a car (up to a maximum of 

£4500, the amount depends on the model) and 

20% of the cost of a van, up to a maximum of 

£8000. This incentive for private vehicles owners 

in the UK can reduce, in some cases, the total cost 

of electric vehicles below the cost of conventional 

cars. 

 Ownership tax: Fully electric vehicles that cost 

less than £40,000 are exempt from the annual 

road tax. 

 Company car tax: (Plug-in) electric vehicles that 

emit less than 50g/km of CO2 have their company 

car tax set at the level of only 9% for 2017–2018. 

13% in 2018–2019, and 16% in 2019–2020. The 

tax on any diesel company car is 4–8% higher. 

 

 in Germany: 

 Purchase grant: €4000 for fully electric vehicles 

and €3000 for plug-in hybrids. The grant applies 
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only to cars up to a maximum list price of 

€60,000. 

 Ownership tax: 10-year exemption for fully 

electric vehicles which were registered between 

2011 and 2020. PHEVs pay the tax, which is 

lowered proportionally to a decrease in CO2 

emission. 

 Company car tax: 1% over the discounted car 

(battery) price. €300/kW (up to €8000) discount 

on the list price for fully electrics and plug-in 

hybrids in 2017. €250/kW (up to €7500) discount 

on the list price for fully electrics and plug-in 

hybrids in 2018. 

 

 in Holland: 

 Purchase tax: Fully electric vehicles and PHEVs 

are excluded from this tax. PHEVs will need to 

pay additional fees based on the CO2 emitted. 

 Ownership tax: Fully electric vehicles are 

exempt from this tax, while PHEV owners receive 

a 50% discount. Owners of high-CO2-emitting 

vehicles (12 years and older) will need to pay 

another 15% in addition to the tax starting 2019. 

 Company car tax: 4% for fully electric vehicles 

only, 22% for both PHEVs and 

high-CO2-emitting vehicles. 

 

 in Norway: 

 Purchase tax: No purchase tax and no VAT on 

purchase in case of electric cars. 

 Ownership tax: The annual road tax for both 

fully electric vehicles and plug-in hybrids 

amounts to NOK 455, as opposed to NOK 2820 

for petrol and NOK 3290 for diesel cars. 

 Company car tax: 50% discount for both fully 

electric vehicles and plug-in hybrids. 

 

A very important issue, which significantly influences 

the development of electric cars, is the need to charge 

them. This is one of the elements that to a large extent 

limit the purchase dynamics of new electric vehicles. 

According to the estimates in 2017 there were almost 3 

million of private chargers at homes and workplaces 

worldwide. In addition, there were about 430 000 

publicly accessible chargers worldwide in 2017, one 

quarter of which being fast chargers. Fast chargers are 

especially important in densely populated cities and 

their role is crucial in increasing the appeal of EVs by 

enabling long distance travel [5]. 

Another very relevant issue is the price and capacity of 

batteries installed in electric vehicles. There have been 

significant cost reductions and improved performance 

of batteries, which result from increased production 

and investment with the rapid spread of consumer 

electronics. If in 2010 cumulative installed capacity 

amounted to 0.4 GWh at the price of 1000 USD/kWh, 

in 2017 the price dropped to 209 USD/kWh, while the 

cumulative installed capacity grew to 942,2 GWh. 

Given the fact that in a vehicle model fitted with a 

battery of 100 kWh the battery cost is approx. USD 25 

thousand, which is almost a half of the vehicle’s price, 

one can assume that in oncoming years a decrease in 

battery cost will constitute a key factor that will decide 

about the popularity of electric vehicles. It has been 

estimated that the drop in battery cost form 50% to 

39% of the vehicle’s price will result in the cost of 

electric vehicle purchase to be equivalent to the 

purchase cost of a traditional car. 

The lithium-ion batteries that are currently applied, 

despite their numerous advantages, driven by high 

purchase cost and relatively limited capacity, are not 

an ideal solution. Paradoxically, the necessity of using 

them contributes to slowing down the rate of 

electromobility development worldwide. However, 

experts in this are estimate that soon an abrupt 

turnaround will occur on the market. Until 2020 prices 

of batteries will go down by over 40% compared to the 

present day. As a consequence, electric vehicles will 

be becoming cheaper and gain in popularity among the 

drivers. However, a major breakthrough will occur 

together with commercialisation of solid oxide 

batteries – safer and more efficient than lithium-ion 

batteries. According to the announcements of some 

producers, batteries of this type ensure 2.5 times 

greater energy density and greater range for electric 

vehicles, even up to 800 km per one charging cycle. 

Their mass production will be commenced within the 

ongoing decade. Works on solid oxide batteries are 

currently conducted by both unknown start-ups and 

large automotive companies with BMW and Toyota in 

the vanguard [7]. 

 

IV. COAL EMISSION FROM ELECTRIC CAR 

 

Electric cars are friendlier to the environment than 

traditional gasoline models, and that benefit will 

increase together with a shift from power generators 

away from coal. This opinion is supported by the 

research conducted by BloombergNEF, according to 

which carbon dioxide emission from battery-powered 

vehicles was lower by about 40 percent than from 

internal combustion engines in 2018. The biggest 

difference was recorded for Britain and the U.K., 

which have large renewables industries. It still held in 

China, which still relies on coal to make electricity. 

The report presents new insights to the issue of the 

lifetime emissions of electric vehicles, which do not 

produce pollution on the road, yet, they are powered 

with electricity that is often generated using fossil 

fuels. BNEF’s research assumes that electric cars will 

become cleaner in the oncoming years as utilities close 

coal plants and draw more energy from wind and solar 

farms, a process well underway almost everywhere 

except Southeast Asia. 

The chart demonstrates (Fig. 1) the forecasts by 

BNEF’s regarding the gap between China and the rest 

of the world driven by the expected rapid progress that 
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China is going to make as its renewables industry will 

increase its share in the power generation market in the 

coming years. The expected adoption of renewables 

will result in a decreased average emission by as much 

as 90% in the U.K. and over a third in Japan out to 

2040. All major car manufacturers are going to 

introduce their own electric vehicles with a view to 

reduce greenhouse gas emissions. However, they are 

still making lithium-ion batteries in places with some 

of the most polluting grids in the world. According to 

data by Bloomberg NEF, it is expected that by 2021 it 

will be possible to build batteries for more than 10 

million cars running on 60 kilowatt-hour packs. Most 

supply will come from countries like China, Thailand, 

Germany and Poland, which rely on non-renewable 

sources like coal for electricity. 

 

 
Figure 1. Forecast grid-related emissions from operation of 

battery electric vehicles 

Source: [8] 

 

The revolution of electromobility is accelerating 

increasingly. However, according to analysts, 

calculations, electric cars are not zero-emission as it 

may seem, since the energy used in them is produced 

from different sources, partially from fossil fuels. For 

example, in China, which accounts for 40% of electric 

car sales in the world, the energy to power them is, in 

most cases, produced from coal. As a result, electric 

vehicles in China produce, on average, 188,5 grams of 

CO2 a mile and it is the largest amount in the world. 

For comparison, in Great Britain it is, on average, 76 

grams of CO2 a mile whereas in France only 2,7 

grams, on account of the energy produced primarily by 

nuclear power plants. 

The number of kilometres that an electric vehicle has 

to cover in order to compensate for the excess of 

greenhouse gases generated during its manufacturing 

process is, hence, dependent on the energy mix of a 

given country or region. The lower share of fossil fuels 

and the higher share of energy generated by renewable 

sources integrated into power electronic network, 

significantly lowers the emission of toxic compounds 

while generating the energy necessary to charge an 

electric vehicle. Although the emission of carbon 

dioxide and other compounds is higher at the 

production stage than in the case of combustion engine 

vehicles, an electric vehicle is significantly more 

environmentally friendly in its exploitation phase. It is 

particularly important that an electric vehicle is 

emission-free at the place of use which is crucial in 

large urban agglomerations where the concentration of 

harmful compounds is high and generated by transport 

to a large extent [9]. 

 

V. DEVELOPMENT FORECASTS 

 

According to all the forecasts, electric cars will cease 

to be exotic and will become a part of everyday life in 

the coming decades. Bloomberg New Energy Finance 

forecasts that although in 2020 they will account for 

less than 1% of almost 1.2 billion of all cars in the 

world, but in 2030 it will constitute already 7% of 1.4 

billion pieces, in 2040 it will be 33% of 1.6 billion of 

cars [10]. 

This trend has been confirmed by plans of supporting 

the sales of electric vehicles in particular countries. A 

ban on sales of vehicles powered with conventional 

fuels will enter into force in Norway and Holland in 

2025 and since 2030 it will be in force in India and 

Germany, followed by France and Great Britain since 

2040. Simultaneously, cities such as Paris, Mexico 

City, Madrid and Athens declare the will of 

eliminating all combustion engine vehicles until 2025. 

The time and the method of charging batteries will 

have a very strong influence on the development of 

electromobility. When analysing the ways of charging 

electric vehicles that currently exist on the market one 

can distinguish [11]: 

 replacement of the entire set of batteries - 

mechanical replacement of batteries used in a 

vehicle, 

 solar charging - thanks to photovoltaic panels 

placed on the roof of a vehicle; Toyota is testing 

this solution; however, the energy from a 

day-long charging currently allows to cover the 

distance up to 5 km, 

 pantograph charging - found mainly in buses; is 

carried out by automatically connecting the 

installation on the roof of a vehicle with the 

charging station using a retractable pantograph, 

 wireless charging (induction) - wireless 

charging installations most frequently use 

inductive energy transfer, that is the principle of 

inductance or magnetic resonance, and are 

currently in the testing phase; this solution will 

not replace traditional charging, but it may extend 

the range of a vehicle - for example, enabling 

recharging of buses during a stop at a bus stop, 

 wired charging - it is necessary to connect a car 

to a charging device by means of a cable. 

 

Although the last method has many disadvantages, i.e. 

the need to connect and disconnect a cable by a user 

during each charging period, danger of electric shock, 

trouble with connecting during the period of lower 

temperatures (e.g. winter), lowering the aesthetics of a 

vehicle (visible sockets), it is currently the best way of 
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charging passenger cars. 

The condition for determining the effects of electric 

vehicles on power system is the knowledge of car 

battery charging profiles since, depending on power 

level, time and duration of charging, there may occur 

many different influences on grid constraints, power 

demand, fuels used for electricity production, and 

generated emissions. From the point of view of a 

power system operator, the charging process should 

take place at night, when there is little demand for 

power and prices are low. On the other hand, for 

owners of electric vehicles, as a result of the lack of 

adequate incentives to change the behaviour in 

relation to car charging, the preferred time of charging 

is the period immediately after returning from work or 

when there is availability of rapid charging. Energy 

companies can influence the behaviour of their clients 

in various ways, including the introduction of tariffs 

that promote night charging or through appropriate 

regulations on car charging. From the technical point 

of view, it can be done using intelligent chargers that 

allow for an appropriate programming of energy 

consumption, which take into account the price of 

electricity and/or the habits of charging and using cars 

by drivers. Basically, intelligent control enables us to 

achieve a preferred charging profile; among others the 

proposed strategies include „bridging the time 

peak-off” of the load curve in the system, strategies 

that adjust the charging profile of an EV to the profile 

of energy production from renewable sources, etc. 

Three different charging strategies can be 

distinguished [12]: 

 Daily charging - it is not time-limited but occurs 

each time a car is parked and a charging station is 

available; charging profiles are strictly correlated 

with the mode of car use. The demand for the 

charging energy usually occurs during the day, 

and the peak usually in the late afternoon/early 

evening, at a peak of the domestic demand for 

power in the system. 

 Night charging - This strategy emphasizes the 

preference for charging at night. Assuming that 

customers are ready to delay charging until 10 

p.m. to take advantage of a lower tariff, the peak 

demand for charging EVs occurs late in the 

evening, outside the peak system demand time. 

 Controlled charging - With intelligent control 

charging electric vehicles takes place in the hours 

that are more favourable for the generating system 

as it is not only moved to the peak-off night 

demand in the system, but its distribution is more 

even. 

 

The directive of the European Parliament and of the 

Council No 2014/94/UE „Clean energy for transport, 

it has been recommended that by 2020 in all the 

member states there is one publicly available charging 

point per every 10 registered electric vehicles. In the 

majority of analysed countries, the number of EVs per 

one charger is equal or lower than 10, which complies 

with the adopted EU’s policy. In Table 3 the authors 

have presented various motivating factors applied in 

Europe to develop the infrastructure for charging 

electric vehicle batteries. 

 

Table 3. Infrastructure incentives used in Europe 

 
Table 4. Key factors for the further development of the electric car market 
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When analysing the future of the EV market, one 

should also stress the key factors that will determine 

its further development. By using the PEST method, 

the key factors for the development of electric cars 

market can be grouped in four categories (Table 4) 

provided that they overlap mutually. 

 

CONCLUSIONS 

 

To summarise the information contained in the present 

article it can be stated that: 

 The development of electromobility is very 

dynamic and inevitable, although its pace is not 

forejudged since it is impossible to predict 

technological development. It should also be 

noted that hydrogen powered cars, competitive to 

battery-powered ones, are also developing 

dynamically. 

 Currently, the development of battery technology 

allows minimal functionality of electric cars but 

does not allow an efficient competition with 

classical-drive cars. 

 Electromobility provides many benefits, 

including, primarily, an improvement of air 

quality, reduction of oil imports, enhanced 

stability of power grid, as well as a development 

of entities participating in the formation of 

ecosystem related to this technology. 

 The benefits of introducing electric cars in cities 

will be immediate. Their quiet engines will reduce 

the noise level, lack of exhaust emissions will 

reduce the release of toxins such as nitrogen 

oxide, which poses a threat to the air quality and is 

dangerous for human health. 

 The development of electromobility is highly 

diversified in the world. However, a support 

policy for the buyers of electric cars, adopted in a 

given country, is of major importance in its 

development. 

 The time and the method of charging car batteries 

is a very important aspect since, depending on 

power level, time and duration of charging, 

various factors may affect limitations of the grid, 

power demand, types of fuels used for electricity 

production and generated emissions. 

 Costs of purchasing an electric car, compared to 

the prices of traditional-drive cars, significantly 

limit the development of the market of the former 

ones, although their prices have been 

systematically decreasing in recent years. 

 

An important incentive for the development of 

electromobility is a dynamically growth in popularity 

car sharing, i.e. the service of mass car rental in cities 

for very short periods of time using an application. 

Applying this system increases the intensity of 

utilizing vehicles during the day which inhibits the 

growth in the number of privately registered cars. 

Therefore, cities promote development of car sharing 

as a means of reducing the number of vehicles on 

roads and increasing accessibility of parking areas. 

The financial benefits for their users are another 

significant aspect. They only bear the costs of using 

the car (they constitute about 25% of the annual 

maintenance costs), avoiding other costs associated 

with its ownership, i.e. costs of repairs, service, 

insurance, depreciation. An additional saving for car 

sharing users is lack of parking fees in city centres, 

which are covered by the operator. 

 

A significant technological change in the area of 

motor vehicles powering is taking place before our 

eyes, which will probably affect social attitudes 

towards the role of transport in our lives. 

Awareness-raising actions implemented and planned, 

both by legislators (the European Union, governments 

of individual states, and even municipalities), as well 

as environmentally-friendly movements or car 

manufacturers will seek to popularise the idea of 

everyday use of electric cars and buses. 
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