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Abstract 

The transition from internal combustion engines to electric vehicles is 
one of the most challenging tasks of our modern society. Electric 
vehicles offer significant advantages such as the potential to reduce 
greenhouse gas emissions, lower noise pollution and greater 
independency of oil. Although there is a lot of public attention to electric 
mobility and car manufacturers keep on presenting prototypes and show 
cars, the actual market share of electric vehicles is negligible in all 
passenger vehicle markets today. 

This thesis analyses both the advantages and barriers for this new 
technology and investigates the market potential of electric vehicles. 
Success factors for the transition to electric mobility are put forward. 
Based on actual data, customers’ total costs of ownership for current and 
future electric cars are compared with costs of conventional vehicles. In 
a scenario outlook to 2020, possible future developments of electric 
vehicles’ cost competitiveness are discussed. 
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Introduction 

2 

This thesis investigates the market potential of battery electric vehicles. 
The central question is: How will the market for battery electric vehicles 
develop? 

1.2 Structure and methods 

This thesis conducts a broad market research to investigate the market 
potential of battery electric vehicles. Electric vehicles are highly technical 
and advanced products. Technical details are very important to be aware 
of in order to understand the potential of electric vehicles, therefore, 
some basic facts of the EV technology are researched and summarised 
in Chapter 2. Alternative concepts of vehicles and transportation are 
briefly introduced and discussed, in order to separate them from what is 
here referred to as electric mobility. Furthermore, a historic overview of 
electric vehicles is given and advantages of electric mobility as well as 
some critical theses about EVs are discussed in Chapter 3. 

Chapter 4 investigates the market for electric vehicles and its most 
important component, the battery. In this section an ecoscopic market 
analysis for EVs and batteries is conducted.1 Furthermore, the analysis 
includes the introduction and breakdown of announced products in the 
EV market. 

The next Chapter 5 is about success factors of electric vehicles. 
Influencing factors on the market potential of electric vehicles are 
investigated from a political, technological and customer point of view. 
This is done with a market observation that includes research about 
business environment and the most important aspects of electric vehicle 
markets. 

Chapter 6 analyses the market potential of electric vehicles in terms of 
cost competitiveness. Concrete market situations are introduced using 
scenario planning. 

                                                 
1 The term market analysis is used in the sense of Kreutle and refers to an investigation of 

the present situation only. 
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2 Concepts of alternatives vehicles and 
transportation 

2.1 Hybrid vehicles 

A hybrid vehicle is a vehicle that uses two or more distinct ways of 
energy storage and two or more energy converters (Blesl et al. 2009, p. 
9). In the context of vehicles, the term hybrid refers to hybrid electric 
vehicles (HEV), which are vehicles that use an internal combustion 
engine (ICE) and an electric motor, together with a traction battery and 
fuel tank. The goal of combining these two is to take advantage of the 
strengths and reduce the weaknesses inherent in each individual 
system. There are many different ways to distinct HEVs, most commonly 
by the electric motor power, the energy content of the traction battery, 
the hybrid transmission, and the capability of all electric drive mode. In 
this thesis a classification by hybrid functionality is applied. 

 Micro 
Hybrid 

Mild Hybrid Full Hybrid Plug-In Hybrid 

Features Start/Stop Start/Stop, 
recuperation, 
boost, load 
shift 

Start/Stop, 
recuperation, 
boost, load 
shift, electric 
drive 

Start/Stop, 
recuperation, 
boost, load 
shift, electric 
drive and 
external battery 
charging 

Power 
Electric 
Motor in 
kW 

< 6  < 15 20 – 100 > 40 

Example Smart mhd Honda Civic, 
Mercedes 
S400 Hybrid 

Toyota Prius, 
Lexus RX450h 

Toyota Prius 
Plug-In 
(Concept) 

Table 1 Comparison of different hybrid vehicle concepts. Source: (Blesl et al. 2009, p. 10). 
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The Micro Hybrid is often not equipped with a traction battery and does 
not have an electric motor that can support the powertrain while driving. 
It only has automatic start/stop functionality, meaning that the car will 
automatically turn off while waiting at red lights, for instance. The Mild 
Hybrid does have a high voltage traction battery and an electric motor, 
usually mounted onto the crank shaft allowing it to regain energy when 
decelerating (recuperation) and supporting the internal combustion 
engine when accelerating (boost). This also provides the possibility to 
shift the load between ICE and electric motor in order to optimise 
efficiency by operating the ICE in a better load point. The Full Hybrid 
provides electric drive, meaning the ability to move the car by electric 
power only. These hybrid vehicles charge the battery either with the ICE 
or with regaining brake energy. The Plug-In Hybrid vehicle in distinction 
to the Full Hybrid provides the ability to charge its battery externally. 
Therefore, depending on the battery size, it provides the possibility to 
use it in all electric modes. Furthermore, there are a lot of different 
concepts concerning the arrangement of the ICE and the electric motor, 
see Blesl et al. for further details. 

Another concept is the so called range-extender. This concept is not 
always clear to distinguish from a Plug-In hybrid. It also combines an 
internal combustion engine with an electric motor and allows external 
charging and all electric drive. The difference to the Plug-In Hybrid is that 
a range extender uses the internal combustion engine only to generate 
electric energy for the electric propulsion motor. A range extender 
usually does not have the ability to drive with the ICE only, but rather 
also needs to use an electric motor. 

2.2 Batteries and fuel cells 

Electric Vehicles (EVs) are powered by an electric motor only and do not 
have an internal combustion engine. EVs can be classified by the type of 
the used energy storage. The most common concepts are Battery 
Electric Vehicles (BEVs) and Fuel Cell Electric Vehicles (FCEV). The 
FCEV has a fuel cell unit that provides electrical energy for the electric 
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motor by combining hydrogen (stored either liquid or gaseous) and 
oxygen.2 

The BEV uses a battery for energy storage and an electric motor for 
propulsion. By definition, a battery is an electrochemical cell, consisting 
of a pair of electrodes, electrolyte and casing. Originally the term battery 
referred to at least two of these cells, but the meaning of the term shifted. 
Today, the term battery can be used for a single battery cell. In this 
context, battery refers to a traction battery3 that consist of rechargeable 
battery cells and additional components, like connectors of the cells, the 
battery case, cooling and heating components and monitoring 
electronics. It is important to differentiate between battery, battery pack 
or battery system and battery cell or cell. The first term refers to a system 
of several battery cells including case, components and electronics, 
whereas the latter refers to one battery cell that cannot be operated in a 
car without its peripherals. 

In terms of the battery cells, several different chemistries need to be 
distinguished. 

Cell 
chemistry 

Energy Density 
Wh/kg 

Power W/kg Cost in EUR/kWh 

Lead Acid 30-40 140-300 150 

NiMH 60-80 1300 200-700 

Lithium ion 100-200 300-3000 300-400 

Table 2 Battery chemistries. Source: Derksen & Maitin 2009, p. 16. 

Lead Acid batteries are as old as 1859 (Jossen & Weydanz 2006, p. 33) 
and are still being used in high volumes for starter batteries in ICE 
vehicles and for many stationary applications. Nickel-metal hydride 
batteries (NiMH) reached market maturity in the 1990s (Lave and 
MacLean 2003) and are used, for instance, for power tools, camcorders, 
phones, electric toys and home appliances. Also, NiMH batteries are still 
                                                 
2 Usually a FCEV uses both a traction battery with high power capability but low energy 

content for spontaneous power demands and a fuel cell for continuous power. This makes 
it a hybrid by the definition given in section 2.1. FCEVs are most commonly classified as 
electric vehicles. 

3 The term traction battery refers to the fact that the battery energy is used to actually move 
the vehicle, not only for power supply to electronic devices. 




