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Abstract This paper presents development scenarios for e-mobility in 

Europe. The analysis of the initial situation shows, that key factors such 

as climate change or dependence on oil in the mobility sector call for a 

promotion of e-mobility globally and in Europe. This development is 

influenced by given targets in the European Union regarding alternative 

mobility. Furthermore, the fundamental aspects of e-mobility like the 

advantages and disadvantages or the different types of vehicles are 

introduced. With the help of recent sales numbers the European EV 

market has been divided into battery electric vehicles (BEV) and plug-

in hybrid electric vehicles (PHEV) and has been analysed in detail for 

each country for the years 2011 to 2015. Based on this data, an in-depth 

research on the countries’ promotion and support measures regarding 

e-mobility has been conducted. The global e-mobility targets (IEA2DS, 

IEA4DS, Paris Declaration) are converted into European targets and in 

relation to these targets three different scenarios (LOW, MEDIUM and 

HIGH) have been developed. These scenarios describe the growth of 

the EV market from 2016 to 2030 and are based on the actual numbers 

of EV. In addition, by using predefined average values for the EV the 

power consumption of the EV has been calculated and put in relation to 

the overall power consumption of the countries for every year until 

2030. Concluding a summary of the present supporting measures of the 

investigated European countries for EV will be given in this paper. 
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1 Introduction 

 

The energy economical world will have to change in the future in order to fight the ongoing 

climate change. A major cause for the climate change is the rising concentration of manmade 

greenhouse gases (GHG) in the atmosphere, mostly coming from burning of fossil fuels. Within 

the different GHG carbon dioxide (CO2) plays beside of methane an important role. Figure 9.1 

shows a comparison of the different major sources of CO2 emissions on a global level and in 

Austria. 

 

 
Figure 9.1. Sources of CO2 emissions [1] 

 

Figure 9.1 shows that at the global scale the energy sector is responsible for about 45 % of the 

CO2 emissions, followed with nearly one quarter coming from the mobility sector and followed 

by industry and households. In Austria - because of the big share of electricity coming from 

hydropower plants - the situation differs and the mobility sector is with 32 % of the overall CO2 

emissions in the lead followed by the energy sector with 23 %. This short analysis shows, that 

the mobility sector will have to play an important role, if we want to reduce the CO2 emissions 

substantially. The emissions will not remain stable at the present level, because it is to be 

expected, that especially the mobility sector is still growing rapidly especially in the BRICS 

(Brazil, Russia, India, China, South Africa) countries. Also according to the United Nations 

Framework Convention on Climate Change, 21st Conference of the Parties (COP21) it is 

expected that the emissions in this sector will rise about 20% up to the year 2030 and about 

50% up to the year 2050. [2] 

 

In the case of Austria, the emissions from the mobility sector account for about one third of the 

overall emissions of 67,9 million tonnes CO2 equivalent, which corresponds to 32 million 

tonnes CO2 equivalent. [3] Fig 2 shows the composition of the GHG emissions in Austria in 

2014 and it can be seen that CO2 emissions account for 85 % followed by the CH4 emissions 

with 7 %. 
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Figure 9.2. Composition of GHG emissions in Austria in 2014 [3] 

 

Since several decades the world community has tried to react against the mentioned 

development, starting in 1979 with the first world climate conference and the following 

signature of the United Nations climate treaty in 1992. 1997 started the implementation of the 

Kyoto protocol which entered into force in 2005 and should cover the period from 1990-2012 

but since a replacement treaty has been missing it has been prolonged to 2020. In 2015 the UN 

climate conference took place in Paris and the agreement has been signed by 175 states in April 

2016 and with the coverage of 55 states and 55% of the global emissions it went into force in 

November 2016. The agreement should lead to a limitation of the global warming below 1,5°C, 

a complete decarbonisation until 2045-2060 with no burning of fossil fuels and 100% electricity 

from renewables from 2040 on. 

 

As shown before the mobility sector is highly relevant for reaching the desired targets. One 

future option is the large-scale introduction of EV with an electricity supply based on renewable 

energies. Within the EU legislation exist different targets regarding the mobility sector, some 

of indirect and some of direct manner. The indirect targets cover the present targets of the 

energy strategy up to the year 2020 regarding GHG reduction (40%), the share of renewable 

energy (27%) and the improvement of energy efficiency (27%). As long term target a reduction 

of the GHG emissions of 80 to 95% up to the year 2050 has been settled. Direct targets are e.g. 

covered by the white book mobility of the European Commission [4]. The goals of the white 

book cover a bisection of the conventional vehicles for city logistics up to 2030 and up to the 

year 2050 no more conventional vehicles in the city logistics. There also exist passages within 

the Paris declaration on electro-mobility and climate change. According to calculations of the 

International Energy Agency (IEA) at least 20% of the fossil fuel based transport sector has to 

be switched to e-mobility in order to reach the 2 °C target. The overall share of EV has to reach 

35 % up to the year 2030. 

 

2 Fundamentals of E-Mobility 

 

As has been shown in the first chapter, it will be only possible to reach the climate targets if we 

are able to reduce the emissions from the mobility sector worldwide. Figure 9.3 shows the 

average CO2 emissions of new passenger cars in Europe and although the emission limits have 

been reduced since the last decades this measure alone will not be sufficient enough.  
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Figure 9.3 Average CO2 emissions of new passenger cars in Europe 

 

There are several alternatives for the future mobility which comprise biofuels, super ethanol, 

natural gas and CNG, hydrogen, hybrid concepts as well as pure EV. This paper focuses on EV 

and following some of the major advantages of EV will be given: 

 

 Energy efficient drivetrain 

 Reduction of local emissions 

 Loudness 

 Torque 

 Simplicity of drivetrain 

 Cheap operation and maintenance costs 

 

Although there are several advantages one has to consider also the disadvantages of e-mobility 

and some of them are listed below: 

 

 High initial investment costs 

 Range 

 Charging time 

 Loudness 

 

There are different options for using electricity in the mobility sector like Mild Hybrid Electric 

Vehicle (MHEV), Full Hybrid Electric Vehicle (FHEV), Plug-in Hybrid Electric Vehicle 

(PHEV), electric cars with range extender, Battery Electric Vehicles (BEV) or Fuel cell (FC) 

cars. Table 9.1 gives an overview of different properties of the mentioned driving options. 
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Table 9.1: Properties of different alternative propulsion systems 

 
 

Figure 9.4 shows the CO2 emissions of the mentioned alternative driving technologies, 

assuming that the directly used electricity for charging comes from renewable energies without 

causing CO2 emissions. 

 

 
Figure 9.4 CO2 emissions of the compared alternative driving technologies 

 

3 Status of E-Mobility in Europe 

 

This chapter gives an overview of the status of e-mobility in Europe. The analysis has been 

done for every single European country and is based on many different national sources and 

complemented by some general publications. Those publications are e.g. the “Global Electric 

Vehicle Outlook 2016” of the IEA [5], data from the European-Alternative Fuels Observatory 

Homepage [6] and permission data of the European Automobile Manufacturer Association [7]. 

The status in the single countries is very different reaches from nearly 0% to 2% and therefore 

the countries have been divided into two groups with less than 0,1% and more than 0,1% of 

market share. The result of this analysis is given in Table 9.2. 
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Table 9.2 Overview of the e-mobility status in Europe 

 
 

In 2015 there have been in sum 202.119 BEV and 171.325 PHEV on the road in Europe which 

totally represents an overall share of just about 1%. 

 

Aside the concrete numbers given in Table 9.2 Figure 9.5 shows a graphical representation of 

the results. In order to get a better overview, the classification has been redefined into five 

sections which are shown in different colours in the graph. 
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Figure 9.5 Graphical representation of the e-mobility shares in Europe 

 

Summing up Figure 9.6 shows the cumulative development of EV in Europe between the year 

2011 and 2015. In 2015 there have been already about 373.444 EV on the road in Europe, which 

is compared to the overall number of licensed cars still a small number, but marks the starting 

point for the future development of e-mobility in Europe 
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Figure 9.6 Development of EV in Europe 2011-2015 

 

4 Scenarios for the Development of E-Mobility in Europe 

 

Based on the investigation of the actual situation in Europe presented in chapter 0, this chapter 

deals with the future perspectives of e-mobility in Europe. A country based overall scenario for 

whole Europe does not exist so far in the literature and in order to adjust the developed 

scenarios, they are oriented on the global scenario from the IEA (see Figure 9.7) which includes 

also a path pointing in the direction of the goals of the afore mentioned Paris Declaration. 

 

 
Figure 9.7 Global EV Scenario [6] 

 

The IEA defined three different paths to 2030: The first scenario covers the needed EV in order 

to remain below 2°C global warming (100 million EVs), the second below 4°C (23 million 

EVs) and the third scenario describes a path in direction of the goals of the Paris declaration 

(100 million EV). This global scenario from the IEA forms the basis for the European scenario 

and it can be seen, that approximately 31% of the global market corresponds to Europe. Figure 

9.8 shows the e-mobility goals for Europe based on the IEA scenario. 
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Figure 9.8: E-mobility goals for Europe based on the IEA scenario 

 

Based on the derived boundary conditions for Europe up to the year 2030 three different 

scenarios have been generated: low, medium and high. The starting values have been taken 

from the presented investigations in chapter 0 and the development up to the year 2030 is based 

on the afore presented target values. Figure 9.7 shows the resulting values for Europe in the 

three different scenarios and shows also the percentage of the EVs in relation to the amount of 

totally running vehicles in 2030 (app. 382 million): 

 

 Scenario LOW: In 2030 roughly 7 million EV will be seen in Europe corresponding 

to app. 1,8% of the European market 

 Scenario MEDIUM: The target value for this scenario is 30 million EV in 2030 which 

corresponds to about 7,9% of the overall European market. 

 Scenario HIGH: This scenario shows 43 million EV in Europe which equals 11,3% of 

the whole vehicle market. 
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Figure 9.7 Overview of the derived scenarios 

 

Regarding the energetic considerations some basic assumptions have been defined. Table 9.3 

and Table 9.4 show an overview of present BEV and PHEV with their associated values. The 

tables also include the market share of the different models and based on those numbers a 

weighted average has been calculated, which is the basis for the following calculations. 

 

Table 9.3 Data of present models BEV 
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Table 9.4 Basic data for the PHEV reference car 

 
 

Based on the number of EV in the different scenarios and the definition of basic data for BEV 

and PHEV reference cars the needed electricity consumption has been calculated. In order to 

get a better overview of the value for the single countries, the calculated energy consumption 

for the EV is set in relation to the overall consumption of the regarded country. Figure 9.10 

shows the results of the calculations and shows the share of electricity for EVs in relation to the 

total consumption per country for the three different scenarios. Based on the initial situation of 

the regarded countries the development is very different.  

 

 
Figure 9.10 Share of electricity for e-mobility compared to total electricity consumption in 

2030 

 

Due to the fact, that EV hold already a prominent position in the Netherlands and it has been 

assumed that the Netherlands will follow this encouraged path also in the future. 
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5 Promoting Measures for E-Mobility 

 

One key aspect for the future development of e-mobility concerns barriers and promoting 

measures. Within this work all European countries have been analysed regarding the status and 

future targets for e-mobility. A further aspect dealt with existing promotional measures as well 

as barriers in the different countries 

 

Table 9.5 gives a summary of the different supporting measures, which exist in the different 

European countries at the moment.  

 

Table 9.5 Overview of promotional activities for e-mobility 

 

6 Conclusions and Outlook 

 

In order to takle the future energy economic challenges – especially regarding the climate 

change – the mobility sector along with the energy sector will play an important role. 

Projections show, that the mobility sector is still growing, especially in the BRICS countries. 

Category Description 

Support for the 

acquisition of 

vehicles 

 

- Bonus in different heights 

- Saving of value-added tax 

- Often differences between BEV PHEV 

- BEV support often higher 

- Support often capped with list price 

- Scaling according CO2 emission 

- Sharing of support between national an federal level 

Cost of 

permission 

- No cost for both BEV and PHEV 

- Sometimes just BEV exempt from permission cost 

- Reduction of permission cost 

- Scaling of permission cost according CO2 emissions 

Taxes on cars Private consumer 

- no car tax for BEV 

- sometimes time limit for exception (5-10a) 

- Reduction for BEV 

- No engine based tax for BEV 

- No tax for BEV, 505 reduction for PHEV 

Companies 

- Tax deductibility for commercial vehicle 

- Scaling of tax according to CO2 emission 

- No Tax for commercial vehicles 

- Other tax privileges 

Local incentives - Free parking or reserved parking lots 

- Usage of bus lanes 

- No road charges for towns 

- No road charges for highways 

Infrastructural 

incentives 

- Support for the erection of infrastructure 

- Public support for the building of fast battery chargers on 

main routes 

- Support for private chargers 

- Support for the installation of general charging points 

Other incentives - No import taxes or reduces import taxes 
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During the climate conference in Paris in 2015 (COP21) many countries agreed to fight against 

climate change and to present according measures. There are several options for the mobility 

sector like biofuels, hydrogen, but at the moment a strong tendency towards electro mobility 

can be seen. Electro mobility alone will not be the solution, but it offers the opportunity for 

reducing the carbon footprint in using renewable energies for producing the needed electricity. 

This paper gives a brief overview of the global situation and scenarios for EV and then focuses 

on the situation and development paths for Europe. The basic research comprised an in deep 

analysis for every single European country with a special focus regarding the situation of EV, 

supporting measures and the electricity demand. Due to limited available room within a paper 

the presentation of the results of every single country review is not possible, but the 

summarising figures are presented. Based on these analyses and already existing targets for e-

mobility (e.g. IEA or Paris declaration) three development scenarios (low, medium, high) for 

the share of EV in the European countries have been built. Based on the present development 

state and the applied supporting measures in the different countries the scenarios show a 

distinguished development in the single countries. The range reaches from countries with an 

already remarkable share of EV and BEV like Netherlands and Norway to countries with very 

small amount of EV on the road like the Baltic states. The target values in the different scenarios 

for 2030 reach in the LOW-scenario from 7 million EV (app. 1,8% market share) and in the 

MEDIUM-scenario 30 million EV (app. 7,9% market share) to the HIGH-scenario with 43 

million EV (app. 11,3% market share). Based on the derived scenarios a calculation of the 

needed additional electricity consumption for the EV has been done and the results have been 

presented in relation to the electricity consumption of every single regarded country. The last 

section of this paper presents a summary of the different promotional activities based on the 

single country analysis and lists further barriers which have to be overcome in order to reach 

the goals for e-mobility. 

 

Summarising it can be stated that there are promising developments going on in the field of e-

mobility in Europe but there are still some challenges (battery technology, range, loading 

infrastructure, vehicle cost, power management) to solve for the integration of a high amount 

of EV. 
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