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Abstract 

Electric mobility, E-mobility, will play a central role in a sustainable future transport system. 
The potential of curbing climate change in both short and long term are significant. E-
mobility will also offer the possibility to leapfrog the Internal Combustion car, IC-car, 
economy for developing countries. The low dependence of oil will be a benefit but E-mobility 
will demand a well functional electricity grid. Development of this grid will be beneficial for 
the developing world. For the European society E-mobility will in long term offer lower 
operating costs, decreased dependence of oil and lower emission of pollutants and Green 
House Gases, GHGs. All these factors are beneficial for the European society.  

The transition to E-mobility will depend upon a set of different factors and will call for 
different actions in order to overcome the barriers of E-mobility. A well developed charging 
infrastructure will be important in order to offer the full potential of E-mobility. The 
infrastructure will develop along with the market introduction of Electrical Vehicles, EVs. It 
is important that there are existing charging alternatives in the early introduction phase of EV 
in order to avoid the stagnation in the transition toward E-mobility. In order to provide the 
proper conditions for E-mobility, the determining factors must be investigated and evaluated. 
The four main factors are economical, social, R&D and infrastructure. The European driving 
patterns meet the offered operating range of an EV with ease. This means that EV has the 
potential to become an inner city vehicle under existing conditions.  

The investigation of the four determining factors leads to a base from which an 
implementation plan is suggested. The implementation plan is directed toward governments, 
energy utilities and other active participants in the development. The key factors of the 
implementation plan are to actively engage in the market, see E-mobility as a disruptive 
technology, use spin-off companies and social transparency. In order to gain the most from 
the implementation plan it is important that the correct actions are taken at the correct time. 
Therefore the transition period is divided into three phases; the introduction phase, the 
commercial phase and the re-development phase.  

The introduction phase will create the basic conditions for E-mobility. Government’s main 
action will be to invest in EVs and offer subsidies and other incentives to major companies 
that will equip their vehicle fleets with EVs. These actions will send signals toward vehicle 
Original Equipment Manufactures, OEMs, and other actors that the market of EVs is worth 
investing in. During the introduction phase try-out sessions, demonstrations and hearings will 
be important in order to communicate the advantages of E-mobility to society. Energy utilities 
will work to create roaming deals and standardization of important components and 
characteristics. 

The commercial phase is the most important phase for social adoption of E-mobility. During 
this phase commercial businesses will use EV charging a competitive advantage. New 
business models will be one of the keys to fully adoption of E-mobility. Cross industry 
alliances will reduce the initial cost, offer the service of a vehicle without owning it and 
leasing deals. The perception of travelling will shift and reduction of operating cost will be 
evaluated against travel time and planning.  

The re-development phase is based on a society that has adopted E-mobility. The 
development will proceed in order to offer more advantages to drivers but also to increase 
efficiency and to use the full potential of E-mobility. 
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1. Introduction. 
The main base line of the thesis is that Electrical Vehicles, EVs, will be a significant part of 
the future transport system and that Plug-In Hybrid Electric Vehicles, PHEVs, will be a 
complement to support longer distance travel during the transition to electric mobility, E-
mobility. Along with the development toward E-mobility there will be a simultaneously 
transition toward a low green house gases, GHGs, emitting electricity production. With these 
simultaneously improvements EVs will play an important part in curbing climate change, both 
in short and long term.  

E-mobility will depend on the development and supply of vehicles as well as the 
infrastructural preparation. With a well prepared infrastructure the transition and adoption rate 
will increase. To this new business models and commercial interest will be the key to E-
mobility success.     

1.1 Electric Mobility Obstacles 
E-mobility will be based on EVs as a hub in the transport system. The EV is far from a new 
invention; in fact it entered the market earlier than the today common used internal 
combustion car, IC-car. Due to different circumstances the IC-car became the adopted 
transport alternative. The circumstances today are different, climate change, peak-oil, polluted 
cities and a developing world calls for a transition to another transport alternative. To this 
EVs and PHEVs could be the solution, but for E-mobility to be adopted the barriers and 
obstacles must be overcome. 

There are main barriers and obstacles that have to be revealed, investigated and solved in 
order to create conditions that will increase the development and implementation rate toward 
E-mobility. The obstacles will be connected to economical, social, environmental and 
technological aspects. Therefore it is important that the actions taken consider these factors. 
The final result of the transition to E-mobility shall be a more sustainable transport society.   

The economical obstacles are mainly connected to the initial purchase cost of an EV. There 
are also significant costs connected to the infrastructure problem; developing of infrastructure, 
the electricity grid and perhaps the need of more power plants in order to supply the increased 
electricity demand. In connection to this there is also the investment problem, vehicle original 
equipment manufactures, OEMs, have no interest in spending money on EVs if the conditions 
for EVs to operate in are unprepared. At the same time there will be a low interest in investing 
in infrastructure before there are any vehicles on the market.  

E-mobility will provide a new transportation market with a lot of new business opportunities, 
to discover and investigate these opportunities is an important part of the implementation 
process. Many opportunities are hidden in the new infrastructure that will enable E-Mobility. 
The potential of these business models must be investigated and evaluated in order to gain 
from them during the implementation. 

The obstacles connected to society are connected to the daily life of people and a part of an 
entrenched way of living. Therefore obstacles concerning range at one charge, the ability to 
trust the vehicle to solve un-expected events and ability to charge during long trips are 
dominating. The battery technology is a major obstacle and if it is based on Lithium-Ion cells, 
Li-Ion, it is important that the increase of batteries will not create a Lithium scarcity.    
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In order to create conditions that are suitable for the EVs and PHEVs to gain market shares in 
the solutions to presented obstacles will offer the base for the conditions. A need for a well 
balanced market introduction, further technological development, changes in social 
perceptions and a business climate that enables economic gain for manufactures and other 
companies.  

1.2 Limitations and Definitions 
The EV will in this thesis mainly work as inner city vehicle and used to cover distances less 
than 150 km daily. For longer distances other vehicle types or ways to travel will be used, a 
suggestion is the PHEV or by train.  

The study is based on the European market and the existing infrastructure. The E-mobility 
infrastructure is in this thesis used in order to describe the electricity grid and how charging 
sites are connected to it. A proper E-mobility infrastructure offer several different charging 
alternatives for the EV driver. 

In the thesis the point of view is that an EV will never be better than the electricity produced 
and that the development toward E-mobility will progress along with the development toward 
an electricity production based on renewable resources and more efficient production ways. 
Therefore the EV is considered better than the IC-car in an environmental point of view. 

1.3 Methodology and Source Criticism 
This thesis is based on a literature study of different areas as a pre-study. The pre-study 
involves statistics, historical patterns, theories and management models. The aim of the pre-
study is to create a basic understanding and provide facts from which conclusions can be 
drawn. The further work will be to use this information to create a suggestion on conditions 
for E-mobility to develop under. These conditions will provide the key-points to an 
implementation plan with coherent business models. The final work is to evaluate the 
implantation plan against a predicted development in order to provide a road map of 
development considering electric mobility. 

Since E-mobility at the moment face a lot of uncertainties, personal contacts with people 
involved in the ongoing development will be of importance. This in order to provide primary 
sources when uncertainties about the subject are high. 

The sources used will have different credibility; sources that are important for the objectivity 
of the thesis will be based on scientific articles. The parts of the thesis that handle predictions 
and probable development the quantity of information will be preferred over objective 
articles. When predictions are used, it will be stated in the thesis and sources presented in 
coherent appendix. Based on this, the sources used are reliable and objective. 
 
All opinions and conclusions stated is those of the author and do not have to correspond with 
involved university and utility.    
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2. Driving Forces  
The ever changing conditions of the market and expectations from society forces companies 
globally to develop new products and services. The business climate today is regulated by an 
increased concern of the degradation of the environment, the tensions in the economic field 
and a concern of human well being as well as increased living conditions. These factors are a 
part of the triple bottom line that a sustainable development is based on (IUCN 2006). Figure 
1 show the interaction between the different factors.   

 

Figure 1. The concept of sustainable development and the triple bottom line.   

As shown in Figure 1 sustainable development is an interaction of different factors, this figure 
illustrates the theoretical idea of sustainable development. In practice, today, the economical 
circle is larger than the social and environmental circles. The role of technology in sustainable 
development is often considered the driver of the development. Sustainable development is 
defined as “meeting the needs of present without compromising the ability of future 
generations to meet their needs” and was defined by the Bruntland commission in 1987.  

Since transport is a complex system of interconnected elements and depends on a multiple set 
of factors a long term vision is needed for sustainable mobility (EC 2009a). But it is also 
important to find short and mid term solutions in order to curb the impact of todays transport 
system.  

2.1 Environmental Situation 
Today there is a growing concern about the climate change and increasing amount of 
pollution in the atmosphere. There are clear evidences that the amount of GHGs and 
pollutants in the atmosphere is connected to industrial age and increased energy usage. Since 
the industrial revolution about 300 billion metric tons of carbon oxides, COx, have been 
released to the atmosphere (Sovacool 2009). The industrial revolution enabled many of the 
products and services that the developed society today are used to and depend upon but it also 
brought along an increased amount of GHGs and other pollutants to the atmosphere. One of 
the most mentioned GHG is the carbon dioxide, CO2, and it is released when fossil fuel is 
burned. The use of fossil fuel to run machinery, provide heat and light escalated during the 
industrial revolution. The introduction of the Internal Combustion engine, IC-engine, to the 
market increased the use of fossil fuel even more. The IC-car is driven by the help of an IC-
engine burning fossil fuel and this contributes to the emission of GHGs and pollutants.  

A result of the increased amount of CO2 in the atmosphere is the increased temperature on 
earth. It is estimated that there will be an increase with approximately 2 °C in mean global 

Economical

EnvironmnetalSocial
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surface temperature in 2100 (IPCC 2007). This increase and even higher temperature 
increases will have effects on the earth in forms of more extensive droughts and higher sea 
level. This will affect the world in a negative way economical, environmental and social.  

That the transport sector is a major part of the environmental problem is well proved. A single 
IC-car emits, in year mean numbers, four to five tons of CO2 (Van Mierlo & Maggetto 2007). 
The transport sector in EU stands for 28 % of the total emissions. With this situation the 
amount of CO2 will pass 750 ppm in the end on the century (Sovacool 2009) if we continue to 
use fossil fuel.   

Another environmental concern is the increased use of raw materials in industry, the life 
length of different products is shortened and more and more products and material end up on 
deposit areas. When the global population increases along with better living conditions the 
need of more products also increase. 

In environmental concern a sustainable development is reached when the renewable resources 
is replenished at a higher rate than they are consumed by society. An alternative is the steady-
state situation (Daly & Farley 2004) where the resources are used up at the same rate as they 
are replenished.  

2.2 Economical Situation 
The global economy today is highly dependent on the ability to transport goods and humans 
but other services also depend upon transportation. The majority of the developed societies 
has a transport net built around the usage of IC-cars. These mean long distances between 
markets and homes or warehouses and stores. This part of the economy is highly dependent 
on personal transportation which today is solved by the IC-car. 

Transport is an essential part of the European economy, approximately 7 % of the gross 
domestic product, GDP, is due to the transport industry and more than 5 % of the European 
population work in the industry (EC 2009a). The major part of these 5 % work with transport 
services including the equipment industry. Today the transport sector is to 98 % dependant on 
oil (Van Mierlo & Maggetto 2007). The high use of transport supported from fossil fuel lead 
to a decrease of oil in the world; non oil producing countries are becoming more and more 
dependent on oil producing countries. This creates an economical situation with a lot of 
difficulties as well as a situation that could paralyze entire societies if the oil would run out or 
if the Organization of the Petroleum Exporting Countries, OPEC, would choose to cut the 
supply. As the amount of oil decrease it is expected to be a price increase but also threatening 
geopolitical tensions due to the fact that the economy today is depending upon oil. That the oil 
production is a sensitive business was proved when British Petroleum, BP, closed one refinery 
in 2006 and the price on crude oil increased with 2 % (Sovacool 2009). 

The industry must develop in a way that result in a emission decrease from 20 tons per capita 
to 2, 5 tons per capita by 2050 (Sovacool 2009) in order to not reach levels of 750 ppm of 
CO2 in the atmosphere. This will be a costly transition but it will also open up for new 
business alternatives and markets. The costs of doing nothing are estimated to be higher in 
long term than the costs of acting now (Stern 2007).           

Due to the high amount of IC-cars on the roads there are also congestion problems. 
Congestion is negative to the environment and adds significant economical costs.  Estimations 
are made that show that the approximate cost of road congestion is 1 % of EUs GDP which in 
2007 corresponded to 123 billion euro’s (EU 2009). Households spend 13, 5 % of their 
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income on transport related gods and services. The main part of this is fuel costs and costs 
connected to purchase of vehicle (Ibid). 

2.3 Social Situation 
The world population is estimated to exceed 9 billion by 2050. There is also a trend of an 
increased urbanization both in Europe and globally. The population in urban areas in Europe 
is estimated to increase from the current 72 % to 84 % in 2050. The population is estimated to 
increase from 700 million to 3 billion in 2050 (EC 2009c). This will result in more vehicles 
on the roads. In the cities the mobility of today emits GHGs and pollutants to the extent that it 
has an adverse physical effect on the inhabitant’s health (Van Mierlo & Maggetto 2007). The 
extensive use of IC-cars lead to an annual death of 1, 2 million people in traffic related 
accidents (Sovacool & Hirsh 2009). In the urban areas there is a lot of nitrogen oxides, NOx, 
and PM10 emissions, the latter is harmful to human health (EC 2009c). Urban transport 
accounts for 40 % of the total CO2 emissions from the transport sector and 70 % of the other 
pollutants emitted from traffic (Ibid). The higher population and the high grade of 
urbanization will lead to a higher amount of vehicles. This will lead to more dense and 
congested cities and a higher grade of natural resource depletion. This will have an adverse 
effect to human health. 

Concerning the global equality the increasing price of oil have an effect on the gap between 
developed and developing countries. The increase of oil price does not only hit the developed 
countries but it also has a severe impact on developing countries. Both in the cost of oil and as 
a result of an inflated transport sector (Sovacool 2009). 

The environmental effects might lead to an increased amount of flooding and severe storms 
that will affect coastal areas (Ibid). Population habitats are commonly placed by a water 
source and an increased population means more people living in troubled areas. The increased 
population creates a higher demand on nature resources, both concerning goods and services.    

2.4 Technological Situation 
The technological development is important and manufactures globally stand in front of a toll-
gate, try to increase efficiency of IC-engines more or shift to another technology. EU 20-20-
20 target states that GHG emissions shall decrease with 20 % until 2020 but also that the 
amount or renewable energy used shall increase with 20 % (EC 2009b).  

The emissions from passenger cars stand for 12 % of Europe’s total CO2 emissions. In order 
to decrease the emissions it is mainly increased fuel efficiency that is proposed. Today the 
emissions are approximately 160 g CO2 per km from the current car fleet. The target for EU is 
that 10 % of the transport fuel consumption comes from renewable sources e.g. bio-fuel and 
renewable electricity (EC 2009a). 

There are some values on CO2 emissions that car manufactures must stay within on their new 
registered cars. If manufactures do not keep below these values there will be fines based on 
the extra GHGs emitted. There is a limit value for the entire fleet that must be met by all 
newly registered cars in the EU and it is 130 g of CO2 per km. The limited value means that 
heavier cars are allowed higher emission levels but in order to keep the mean value, lighter 
vehicles has to emit less. The target of 130 g CO2 per km for new manufactured cars in 2012 
would stand for a reduction of 19 % in emission of CO2 from the European car fleet (EC 
2009a).   
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The long term target to meet is 95 g of CO2 per km in 2020 and in order to enable it there is a 
period of phasing in for the manufactures. By 2012, 65 % of the newly registered cars from 
manufactures must keep within the limit value curve. The amount will increase for each year 
until it reaches 100 % in 2015 (EC 2009b).  

The penalty payments for emission if a manufactures average fleet is higher than the limit 
value will be based on exceeding grams of CO2. For the first excess gram per km of emission 
there will be a cost of € 5, for the second gram the amount will be € 15 and for the third € 25. 
For all grams per km over three grams each gram will cost € 95. The amount of excessive 
grams is then multiplied with the amount of cars in the manufactures newly registered fleet. 
These fees are for the years 2012-2018. In 2019 the payment will be € 95 for every gram, no 
cost reduction for a good try (EC 2009b).  

 

Figure 2. The decrease of CO2-emission from IC-cars needed to reach target levels.  

The doted target line in Figure 2 show the needed decrease in emission in order to reach the 
limit curve set for 2020. The decrease of the 12 year period between 1996 and 2008 was 24 
grams CO2 per km. The decrease needed to reach 2020 target would be 65 grams of CO2 per 
km, for basically the same period of time. The curve in Figure 2 also indicates that there is 
stagnation in development. Therefore one of the major driving forces for manufactures to 
provide the market with EVs and PHEVs is the fact that it is the most economical way to meet 
the emission demands set by EU. The emission limit of 95 gram of CO2 per km might not be 
possible to reach for larger cars only by increased efficiency from engines. If IC-engines are 
used the cars have to be small and lighter than the cars are today.  

The Asian market will play a major role for E-mobility; Asia is a growing market with an 
increased number of middle class populations (Gilbert et al 2008). New Asian vehicle 
manufactures will not have the possibility to compete with the established car manufactures 
considering the IC-platform and efficiency development. The Asian market has an urge for 
transport and the manufactures are planning to meet that demand with EVs. In China and 
India there is already a developed market for electrical two wheeled vehicles. In China there 
is an approximately 300 companies that today are involved in EV development, around 40 of 
these are already in the production stage of EVs (Ibid). This expanding market is what the 
established manufactures on the European and American market shall compete against.   
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2.5 Sustainable Transport Alternative 
Transport has to face several interconnected problems e.g. road congestion. Congestion mean 
more time on the roads which lead to a significant cost for both society and individual, it leads 
to higher emission of CO2 and other pollutants that effects environment and individual. 
Congestion also make people spend more time travelling, this is time that could be spent on 
family or leisure activities.  

A sustainable future transport system based on a zero-emission approach could solve the 
interconnected problems. There are mainly two future transport societies that have potential to 
decrease the impact on the climate. It is the vehicle-to-grid, V2G, system supported by EVs.  
There is also the hydrogen system supported by fuel cells. For both systems the PHEV is an 
important complement in the transition.  

The EV and the PHEV are the hubs of E-mobility. With less emission, higher efficiency and a 
potential to increase the use of renewable resources in energy sector, it connects the three 
different factors of sustainability. In a V2G system interaction between energy utilities and 
consumer will be higher and will lead to possible benefits for both.  

 

 

Figure 3. EVs and PHEVs as a part of a sustainable transport solution. 

As shown in Figure 3 the transport system is interconnected with environmental, social and 
economical issues. This is problematic since actions taken in one area can create negative 
effects in another area. But it also brings a lot of opportunities and great possibilities to solve 
the interconnected problems given, E-mobility bring a lot of possible businesses models.  

Since electricity can be produced from any primary energy source the use of EVs is a golden 
opportunity to make transport sector partly independent of oil. In this way the future security 
of energy is also improved (Offer et al 2009).   

It is noticeable that there are strong incentives and driving forces behind an E-mobility 
society. Still, there are barriers that have to be overcome in order to enable the transition. 

E-Mobility

Eco-nomical

SocialEnviron-
mental
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2.6 Barriers for Electric Mobility  
There are some central problems that EVs and PHEVs have to face, together with other 
alternative fuel vehicles, AFVs. It is barriers connected to market disadvantages in several of 
the interconnected markets that are dominated by the IC-car. Other barriers are that EV today 
is not a cost effective solution to the problem faced. The first barriers needs government 
support and incentives in order to gain markets share but the second barrier makes it harder to 
get the support needed since it is not economic viable (Romm 2006).  

In Table 1 the six main barriers to implementation of AFVs are listed. They are briefly 
evaluated against EVs and PHEVs. 

Barrier EV PHEV 

High Initial Cost Battery Cost – Problem  Dual Fuel - Problem 

Limited Range Battery Capacity – Problem Dual Fuel – No Problem 

Safety and Liability Battery Capacity and Charge 
Time - Problem 

Dual Fuel – No Problem  

High “Fuel” Cost Low Electricity Cost - No 
Problem 

Dual Fuel – Variable 

Limited “Fuel” Possibilities Under development - 
Problem 

Dual Fuel – No Problem 

Competition against IC-car Problem No problem – Best of Both 

Table 1. Six major barriers for alternatives fuel vehicles applied on EVs and PHEVs.  

As shown in Table 1 the EV has some significant barriers to overcome. The problems are not 
as significant for the PHEV since it combines an IC-car and an EV; on the other hand the 
gains are not as beneficial. 

The concern of limited range, and safety and liability can be evaluated against historical 
patterns and social heritage. To investigate if these are real barriers for EVs or barriers 
assumed by society are important. The barriers listed can be solved by technological 
development but also by an increased understanding. Evaluating barriers against current 
situations will provide a proper base that will enable promoting E-mobility with the help of 
well developed infrastructure.   

These barriers will be investigated and evaluated in order to suggest a solution to the barrier 
of limited “fuel” possibilities. The suggested solution will interconnect the above mentioned 
barriers. 

  



9 

 

3. Motorization 
The European society is an overall well developed society. There is an internal market for 
trade and the boarders are opening promoting people and companies to travel and trade. As a 
consequence personal transportation has become a vital part of the European society. 
Societies are built around the usage of IC-cars. Infrastructural development and increased 
urbanization has shortened the daily distance needed to travel. Therefore the perception of 
what is needed in daily range might be based on earlier society and driving patterns.  

3.1 Passenger Mobility in Europe 
The modal distribution of passenger transport, passenger km, is 79 % by car, 8% by bus, 7% 
by air, 6 % by rail and less than 1 % by underground or tram (Van Mierlo & Maggetto 2007). 
These figures lead to an understandable high amount of cars in Europe.  

The rate of motorization in EU-27 has increased over the past years and in 2006 both EU-27 
and Sweden had a motorization rate over 45 % (Eurostat 2009a), see Figure 4. 

 

Figure 4. The mobility rate in EU-27 and Sweden during the period of 1995-2006.  

In Figure 4 it is noticeable that the more developed countries have a higher rate of 
motorization, in EU-15 the motorization rate is over 50 %. The difference in motorization 
between EU-15 and EU-27 is due to the individual development rate of specific country. The 
strive toward a more equal developed Europe along with an increasing population will 
probably lead to an even higher mobility rate in the future.  

It is estimated that the average European citizen spend one hour each day travelling, this is 
based on data from available countries, of this hour approximately 50 % of the time is spent in 
a IC-car. The average amount of travels is three per person and the total distance is 30-40 km 
per day (EU 2009). The main reason to both travel time and travel distance is leisure activities 
and on second place comes work related travel. 
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Considering the length of each travel, numbers show that in Europe 97, 5 % of the trips made 
by vehicle are shorter than 100 km. 
 

Trips per year in billions [109] 

Mode Less than 100 
km 

Total share [%] Over 100 km Total share [%]

Driver 235,8 98,1 4,6 1,9 

Passenger 134,7 97,9 2,8 2,1 

Table 2. Distribution of amount of trips between different lengths of travel.  

Even if trips over 100 km only stand for a total of 2, 5 % these trips stand for more than 40 % 
of the total person km in a year (EU 2009), see Table 3.  

Person km per year in billions [109] 

Mode Less than 100 
km 

Total share [%] Over 100 km Total share [%]

Driver 1 443, 4 59,4 987,1 40,6 

Passenger 809,6 53,8 694,8 46,2 

Table 3. Distribution of person km between different lengths of travel. 

The conclusions that can be drawn from the presented information are that the vehicle fleet 
will increase and that a range of 100-200 km is more than enough for European citizen’s daily 
usage. This offered range can be compared to the average daily range of 40 km and it obvious 
that the understandings of driving patterns are poor. In addition to this 50 % of the trips in 
Europe are less than 10 km and 80 % is shorter than 25 km (IEA 2009).  

3.2 European Car Fleet 
At present situation it is more than 250 million vehicles on the European roads, 87 % of these 
vehicles are IC-cars. The main part of the European vehicle fleet is concentrated in Western 
Europe; France, the UK, Italy, Germany and Spain (ACEA 2009a). The composition of the 
vehicle fleet divided after propulsion fuel is as shown in Fel! Hittar inte referenskälla.. 

 

Figure 5. Composition of European vehicle fleet divided after propulsion fuel.  

Almost the entire European vehicle fleet is driven by fossil-fuel (ACEA 2009b) as presented 
in Fel! Hittar inte referenskälla.. The average age of this fleet is eight years, with 30 % 
being older than ten years (ACEA 2009a).  This means that the average vehicle has an IC-
engine using a lower efficiency technology than what is offered today.  

Gasoline 67,7 %

Diesel 31,4 %

Other 0,9 %
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4. Electric Mobility System 
The E-mobility system is similar to the IC-car system though there are some different aspects. 
There is a difference between the vehicles and E-mobility will demand a different supportive 
infrastructure considering range and charging.  

4.1 Electrical Vehicle and Plug-In Hybrid Vehicle 
The E-mobility fleet will consist of EVs and PHEVs; an EV only uses electricity to run the 
wheels. Since the storage unit is a battery it is also common that the EV is called a battery 
electric vehicle, BEV, or battery vehicle, BV.  

Basically a PHEV is a vehicle that combines an IC-engine and an electric motor that is 
powered by a battery, like a Hybrid Electrical Vehicle, HEV. The difference is that it also has 
the ability to charge the battery directly from the grid, hence the plug in. In this way the 
electric motor and the battery supports the IC-engine and decrease fuel consumption. There 
are some characteristics that have to be fulfilled for a vehicle to be called a PHEV. The 
vehicle has to be able to idle-off, use regenerative braking, power assistance and engine 
downsizing, provide electric drive only and have an extended battery electric range 
(Hybridcenter 2007a). Some of these characteristics are common in other vehicles models. 
They will be classified hybrids and sorted in a range from mild to full. The interesting 
characteristics with the PHEV are the extended electric drive, plug-in function and the 
regenerative braking. A vehicle in motion is associated with kinetic energy, the faster the car 
goes the more energy, and when the car slow down or stops some of this energy is recovered 
and converted to electricity by a generator and stored in the battery for later use. On a 
conventional car the kinetic energy heat the brakes and energy is lost through heat. 

It is the drive train that transfers the power that drives the wheels. In a hybrid vehicle the drive 
train can be set-up in three different ways (Hybridcenter 2007b); series, parallel and 
series/parallel drive train. This makes the PHEV more complicated than IC-cars and EVs. 
Both IC-cars and EVs are propelled by a single power source and don’t need divided drive 
trains. 

The main technological components that an EV is built of are the electric motor, battery and 
controller. For PHEV there is an additional need of an IC-engine. To support the EV fleet, an 
infrastructure that enables charging possibilities is needed. 

4.1.1 Electric Motor and Internal Combustion Engine 

An electric motor uses electric energy and converts it to mechanical energy. The opposite, 
mechanical energy to electric energy is done by a generator and this is done in the process of 
regenerative braking. Typical efficiency of an electric motor is 70-90 %. The internal 
combustion engine is a machine that produces mechanical energy through burning fuel and air 
in a closed space. The efficiency of an IC-engine is commonly lower than 30 %. The 
efficiency rates of both the electric motor and IC-engine are dependant on in what way and 
under which circumstances it is used.   

4.1.2 Accumulator 

An EV do not produce electricity itself, expect from the electricity that is gained from the 
process of regenerative braking. Therefore there is a need to store electricity in the vehicle 
that can be used to drive it. There are different kinds of storage devices such as the 
accumulator and the super capacitor. The demand on rechargeable and portable characteristics 
for EVs make the accumulator best suited, the accumulator is more known as a battery.  
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The two determining factors of a battery are the power density and the energy density. The 
former defines the acceleration, the rate of which power can be delivered. The latter, energy 
density, is the total amount of deliverable energy, this determines the range of the vehicle 
(Gilbert 2008). A Li-ion battery, that is the probable solution, is built up by several cells that 
must be matched in order to make the battery as efficient as possible. It is the weakest cell that 
determines to what extent the battery can be depleted. On the other hand it is the best cell that 
will be charged fastest and this will slow down the charging of the weaker cells until they are 
fully charged (Söderlind 2009). The state of charge, SOC, is what determines the charge level 
of batteries and it is important that there is communication between battery and grid in order 
to provide the proper charging. A battery is constructed in a way that enables it to un-charge 
and charge several times, each of this time is called a cycle. The energy efficiency of cycle is 
between 65 – 85 % (NE 2009a). The fact that Li-Ion batteries have a high energy density 
along with the fact that they are rechargeable makes them suitable to use in EVs and PHEVs. 
There are though one significant difference between the batteries needed for EVs, PHEVs and 
HEVs. An EV needs high energy density while the HEV need high power capacity. The 
PHEV is a solution that requires both high energy and high power. This places the PHEV in 
the middle of the battery group with on major drawback. That is that the development of 
batteries is not based on the same demands for EVs and PHEVs.  

4.2 Current Status 
As shown earlier 97, 5 % of all European trips are shorter than 100 km, for an EV to support 
that range it need a battery with the capacity of 10-20 kWh. For a range of 500 km on the 
other hand a battery capacity of 50-100 kWh will be needed. The battery is today the limiting 
factor of EVs and PHEVs. 

Table 4 is based on several different estimates of price of batteries and its coherent 
characteristics. For more information see Appendix 1. 

Battery Status for a range of 100 km 

 Low  
[0, 2 kWh/km] 

Average 
[0,15 kWh/km] 

High  
[0,1 kWh/km] 

Size [kWh] 20 15 10 

Weight [kWh/kg] 0,2 0,2 0,2 

Weight [kg] 100 75 50 

Price [€/kWh] 670-1 300 670-1 300 670-1 300 

Price [€] 13 400-26 000 10 050-19 500 6 700-13 000 

Table 4. Interconnection between battery characteristics; efficiency, weight, size and price. 

The result of Table 4 are based on estimations from different companies and sources 
regarding battery development, see Appendix 1. For battery weight estimations of 2015 is 
used. The result presented show how the different characteristics of battery are 
interconnected. For an EV with average efficiency the battery cost is shown to be significant. 
Price, efficiency and weight is R&D areas of great concern but to develop overall more 
efficient vehicles will contribute to the solution, less power lost to external factors will 
decrease the need of battery capacity. 
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4.2.1 Energy Density of Batteries 

The battery technology used today is the Li-Ion battery; the development of EVs has always 
been closely linked to the development of batteries. Since the first EV was presented the 
battery technology has progressed significantly, especially regarding energy density. The 
price has though developed in the wrong direction. In Figure 6 the development in energy 
density is shown.  

 

Figure 6. Batteries used in EVs from first car to future prospects and respective capacity. 

The first EV used a lead-acid battery with an energy density of 30-40 Wh per kg after that Ni-
Cad and NI-MH evolved which have a superior range compared to lead-acid but lower than 
the today used Li-Ion battery that has an energy density between 100-200 Wh per kg. Higher 
density can be reached e.g. Zinc-Air battery but the drawback is that this battery is not easily 
rechargeable and not an alternative for EVs. To use the Zinc-Air battery there is a need to 
change the entire battery pack every time new energy is needed. Today the amount of energy 
to reprocess this type of battery is significantly higher than recharging of battery (Duke et al 
2009)  

The relatively low density means that the batteries have to be large and heavy in order to 
provide a reasonable range. Today’s technology offers a range of 200 km on a Li-ion battery 
at a weight of 150 kg. If a lead-acid battery is used the weight will be over 500 kg (Offer et al 
2010). The major obstacle with this is that the chemical storage of energy and electrical 
conversion into power take place in one single device, to double the range mean a doubling of 
the power and lead to a doubling of weight and cost.  

The overall capacity of batteries has increased with more than a 400 % since the first EV was 
introduced in the late 19th century. The projected capacity of batteries in power density in 
2015 will probably not exceed 500 Wh per litre and 200 Wh per kg (Broussely & Archdale 
2004). In other words there is no significant progress predicted. 

4.2.2 Cost of Batteries 

Li-ion batteries used for EVs is costly, almost 80 % of the cost is due to high material cost. 
Therefore the greatest potential is in finding cheaper materials. There will be no major 
concern for Lithium scarcity in the future, in 2000 the world consumption was 15 000 tonnes 
and the total reserves estimated to exceed 12 million tonnes (Gaines & Cuenca, 2000).  

Nissan has revealed that their EV Leaf will use a 25 kWh Li-Ion battery that will need 4 kg of 
Lithium, metal equivalent. For an EV fleet with batteries of 24 kWh and size of 500 000 EVs 
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in 2015 will demand around 2 000 tonnes of Lithium. This amount is approximately 10 % of 
the total Lithium production in 2008 (GLG 2009). Based on the supply there is a potential to 
supply up to 2 million EVs and HEVs in 2015. It is estimated that there is a world reserve of 
4.1 million tonnes of lithium that can be used at economic profit (BERR 2008). These figures 
show that oversupply might be a bigger issue than lack of Lithium, oversupply might shift the 
supply-demand balance and cut prices on Lithium leading to less expensive batteries (GLG 
2009).  

The cost for a Li-ion battery is today approximately 700 € per kWh but it is estimated that the 
price of battery must be as low as 200 € per kWh in order to be attractive to the major market 
(Abrahamsson 2009). The Li-ion batteries today provide enough or more of the expectations 
concerning HEV and support drive (Chalk & Miller 2006).  

Mass production of batteries will along with improved technologies be the most important 
ways to reduce the cost of batteries. To use similar batteries in a wide range of EVs will 
enable mass production. In the question of mass production the competition between 
developer and a mature battery technology is hard to over come. 

4.3 Infrastructure 
E-mobility will depend upon an infrastructure that will enable charging of EVs and PHEVs. 
In Europe there is an existing well distributed grid that provides societies with electricity. This 
means a shorter transition period than what would be needed for a hydrogen system. What is 
needed is charging locations in connection to driving patterns and usage. The different types 
of charging can be divided after what characteristics the chargers provide. Charging of 
batteries can be divided into three different categories; regular, semi-fast and fast charging 
(Elforsk 2008). The current characteristic for each type of charging (Edding 2009) is 
presented in Table 5, characteristics based on the Swedish grid. 

 

 Regular Semi-fast Fast 

Characteristics 230 V, 10 A alt. 16 A 
Single Voltage 

400 V, 16 A alt. 32 A 
Delta Voltage 

400V, 63 A Delta 
Voltage 

Charging time 2-4 h 20-45 min 12 min 

Table 5. Charging characteristics for an 8 kWh battery.  

Regular charging can today basically be done at home from the existing grid. If semi-fast and 
fast charging shall be used there is a need of transformers to create delta voltage. This will 
also increase the security demands. There is also talk about the ultra-fast charging that will 
charge the battery in 5-8 minutes and the inductive charging. Both these are under 
development, for inductive charging there is still very high cost (Johansson 2009a). Another 
alternative is to change the entire battery pack for a new one when it is needed and this 
procedure will only take a few minutes.     

There was an agreement in 2009 between car manufactures and electricity companies that 
enabled a standard on fast charging equipment. This is to ensure that all charging poles in 
Europe has the same dimensions on contacts in the future, the agreement only concern fast 
charging (Sunnerstedt & Hugosson 2009). The agreement will provide a universal contact at a 
voltage of 400 V. The companies and utilities behind this agreement are among others 
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Vattenfall AB, EFD, Endesa, Ene, BMW, Fiat, Mitsubishi, Toyota, Volkswagen, Ford and 
GM.  

Today there is a “chicken and egg” problem concerning the infrastructure (Romm 2006). In 
order for manufactures to provide the market with EVs there must be a developed 
infrastructure. The provider of charging spots on the other hand is not interested to provide 
charging when there are no EVs on the market. 

4.4 Efficiency of Electric Mobility 
At the market today a vehicle is optimised to deliver e.g. acceleration, cruising efficiency and 
range (Offer et al 2010). An IC-car has to do a trade-off between acceleration and cruising 
efficiency but has the superior advantage of the high range due to the energy density in 
gasoline. In comparison to this the EV has superior efficiency of the motor but has problem 
with the energy density. The extremely high energy density in gasoline is the only reason that 
IC-car has been able to use such an in-efficient energy conversion device as the IC-engine. 
The tank of gasoline decides the range not the engine (Ibid).  

4.4.1 Different Vehicles Efficiencies 

The emissions emitted by a vehicle is dependent upon activity and driving patterns, energy 
density, and finally the amount of GHGs in the energy source used. An equation of a vehicles 
environmental impact would be;       

The three different factors are all possible to influence, the largest potential is in decreasing 
the amount of GHGs in the energy but also the final energy density. Of course there is the 
possibility to have an impact of the activity and driving patterns. Based on the increasing 
population and the increased living standards a decreased activity is not probable. In this case 
it is more probable to reach a zero increase by increased efficiency. This does not mean that 
the developed world should ignore the fact that a decreased use of personal transportation is a 
part of the solution to transport related GHGs. On a global overall basis it is the final 
efficiency and the amount of GHGs in energy that can decrease the global environmental 
impact in short term. 

The overall efficiency of a vehicle can be compared from source to final gain which is known 
as Well-to-Wheel, WtW, when concerning vehicles. The different stages in this WtW scenario 
is; primary energy source, distribution, the efficiency of the vehicles engine and the overall 
efficiency. If the source of energy is ignored there is a Tank-to-Wheel, TtW, efficiency. 
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In Figure 7 below the losses for a diesel driven car is shown, a diesel IC-car has higher engine 
efficiency than a gasoline IC-car (Håkansson 2009).  
 

 
 

Figure 7. WtW efficiency of a diesel operated IC-car. 

In a WtW scenario the diesel IC-car has a loss of 83 %, of these 83 % the major part is lost as 
heat. This means that in a tank of 50 litres diesel it is only 7 litres that is used to propel the 
diesel IC-car (EVSwe 2009).  

As a comparison Figure 8 show the efficiency of an EV powered by a power plant using crude 
oil. In the example (Håkansson 2009) a power plant with a lower efficiency is used.  

 

Figure 8. WtW efficiency of an EV operated on fossil fuel. 

In Figure 8 it shows that the significant losses are due to the usage of fossil fuel and the 
production of electricity in the power plant. If renewable resources are used the efficiency will 
increase significantly. 

The overall efficiency is based upon a WtW scenario and will therefore be highly dependant 
on the background factors. For an EV it is highly significant how and with what efficiency the 
electricity is produced.  

 

 

 

Crude Oil:

100 kWh

Gasoline pump:

85 kWh

Operating

•Refining: - 15 %

•IC-engine: Efficiency 20%

•17 kWh
•Overall efficency: 17 %

Crude Oil:

100 kWh

Electricity:

31 kWh

Operating

•Refining: - 10 %
•Power plant: Efficiency 37%

•Charging: Efficiency 90 %
•Motor: Efficiency 90 %

•23 kWh
•Overall Efficiency: 23 %
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 In Table 6 the different efficiencies are listed depending on background factors. 

Efficiency of Different Vehicle Types 

Vehicle Primary Source Engine Efficiency  Overall efficiency 

IC Diesel Oil 20 % 17 % 

PHEV    

• Diesel Oil 30-35 % 26-30 % 

• Gas Oil 25-30 % 21-25 % 

EV    

• Fossil Oil, gas, etc 90 % 23-38 % 

• Renewable Wind, water, etc 90 % 70 % 

Table 6. Efficiencies and primary sources for different vehicle technologies. 

As shown in Table 6 there is a significant difference between the efficiency of a EV and a 
diesel IC-car. It is also noticeable that there is a difference between EVs supported from 
renewable sources and from fossil sources; the difference is in the efficiency loss when 
producing energy from fossil fuel. One of the most important numbers from Table 6 is that a 
EV and PHEV supported by fossil energy still is more efficient than the IC-car. The wide 
range of efficiency in fossil supported EVs are due to the efficiency of used power plant.    

If only the vehicles are considered there will be an efficiency based on TtW and in this case 
the EV is superior the IC-car. In that case the engines efficiencies are compared and as 
mentioned the electric motor has an efficiency of 90 % and the IC-engine has 20-30 % 
efficiency. 

4.4.2 Abatement Potential of Electric Mobility 

E-mobility can under proper circumstance have a large abatement potential. An EV will not 
be more environmentally friendly than the source of electricity. The abatement potential will 
therefore differ a lot between countries, depending on the energy mix.   

An EV consumes around 1-2 kWh per 10 km depending on the size of the vehicle (Swärd 
2009) this equals to 0,1-0,2 kWh per km. How much GHGs that are emitted due to production 
of one kWh electricity depend on in what the source of energy and how efficient the power 
plant is. For countries there are often a lot of different production ways which add up to an 
energy mix for the country. 

An inefficient EV that uses 0, 2 kWh per km emits 92 gram CO2 per km and this is 
approximately 30 gram CO2 per km less than the European standard targets for 2012. The EV 
driven on European energy mix is today able to pass the regulations on emissions for 2020 on 
95 gram CO2 per km, a limit that will be hard for an IC-car to reach. 
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In Figure 9 the emission difference for an EV and IC-car driven in EU-15 is shown. In order 
to high light the abatement potential of EVs levels for low-, middle and high emitting energy 
production countries are presented. 

 

Figure 9. Estimated difference in CO2 emission between EVs and IC-cars.  

If Figure 9 is evaluated it is obvious how dependant the abatement potential of an EV is on 
the electricity production. Sweden exemplifies a country where the abatement potential is 
high. Sweden’s electricity is mainly produced by water power and nuclear power, a zero CO2 
source and a low emitting production way. The CO2 emitted in Sweden is 8 gram per CO2 a 
normal year, in wet years the emission level can be as low as zero due to increased hydro 
power production (Lindholm 2008). 

For UK with the current energy mix the emissions from an EV is approximately 128 g CO2 
per km. This is similar to the levels of allowed emissions in 2012 but lower than the mean 
value for cars produced 2008, that is approximately 155 gram CO2 per km (EC 2009b). 
Noticeable is the fact that in Luxembourg the EV will emit significantly more CO2 than an 
IC-car and this is significantly more 201, 6 gram CO2 per km. This is due to the fact that 
Luxembourg is almost entirely dependent on coal which leads to the fact that one kWh of 
produced electricity emits 1, 08 kg CO2. In Appendix 2a the specific countries emissions and 
calculations are presented. 

In an economic perspective the cost of driving an EV is calculated, the cost will differ due to 
the electricity price in each country. The average price of the EU-27 is 19, 73 € per 100 kWh 
and is estimated for households and all taxes are included. The price difference between EU-
27 and EU-15 is not significant and it is noticeable that Denmark has the highest price on 
electricity with a price of 0, 2785 € per kWh.  In Appendix 2b the electricity price for specific 
countries are presented as well as calculations. 

 EU-27 Denmark United Kingdom Sweden 

Price [€ per kWh] 0,1673 0,2785 0,1603 0,1746 

Price [€/100km] 3,346 5,57 3,206 3,492 

Table 7. Price estimation for daily usage of an EV driving 100 km. 

The cost of driving an EV 100 km per day is shown in Table 7. This cost is based on an 
efficiency of 5 km per kWh.  The cost for a 100 km trip in Denmark with an EV would cost 
around 5, 6 € and that is the most expensive in Europe. More interesting might be to compare 
the cost with the cost of driving the same trip in an efficient IC-car that need 7 liter gasoline 
for this trip at a price of approximately € 1, 3 per liter to a total price of € 9, 1. A diesel engine 
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is a better alternative than gasoline with an efficiency of 0, 5 liter per km and an 
approximately price of € 1, 1 per liter diesel.  

In Figure 10 it is shown the difference in range calculated in km per spent € between EVs, IC-
cars and diesel IC-cars.  

 

Figure 10. Difference in range between different vehicles based on operating costs. 

An EV reach a superior range for the same money as an IC-car, this is due to the efficiency of 
the electric motor and the lower cost for electricity. It is the European average of electricity 
cost used in calculations behind figure 10.  

Considering the abatement potential of EVs presented it is important to remember the fact that 
EVs are connected to the electricity production and for some countries the IC-car is still a 
better alternative, in a specific country perspective.  

Another positive contribution from an oil independent E-mobility society is the decrease of 
fossil fuel transportation. Fossil-fuel stands for half of the volume of international shipping 
(EC 2009c). The development toward higher usage of renewable energy sources and a more 
efficient electricity production way will increase the abatement potential of EVs.   

A transition to an E-mobility society would increase the electricity needed in order to supply 
the vehicle fleet. This would, based on how the electricity market is run, also increase the 
price of electricity in some countries. Based on how these changes are handled, E-mobility 
will have different impact on the overall development. E-mobility will in the end be a 
sustainable personal transport system that can be more or less beneficial in societal, economic 
and environmental aspects. 

After calculations and investigations the EV used in the thesis has an efficiency of 0, 2 kWh 
per km. With a battery capacity of 30 kWh this will enable an operating range of 150 km on 
one charge.  
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4.5 Key-Findings of Current Conditions 
Table 8 presents some facts that are worth highlighting from chapter 2 to 4 concerning the 
further work of the thesis. An implementation and business plan should be built upon these 
facts with coherent conclusions.  

Key-Findings Directives 

Driving Patterns  Contrary the common opinion, it has been shown that 
European driving patterns is well adapted to the operating 
range of an EV. The average daily travel length for Europeans 
is 40 km and 80 % of the trips are shorter than 25 km. An EV 
with an operating range of 150 km will easily meet this 
demand. The driving patterns along with the increasing 
population and rate of urbanization make EV suitable for a 
new transport society. 

As an inner city vehicle EV is the perfect solution; less noisy, 
zero-polluting and with an operating range that meets the 
demand. 

 

Battery Development Electric mobility, E-mobility, have some main barriers to 
overcome. These barriers are connected to the development of 
batteries. The limited capacity and the high cost create social 
and economical barriers. The development of battery capacity 
has increased with 400 % since the introduction of the EV but 
during the last year the predicted break through has yet not 
taken place. 

The cost of batteries will decrease when mass production 
starts. Mass production will probably also increase the 
capacity of batteries as more knowledge is gained. Therefore 
EVs must be produced and introduced to society with current 
capacity. But even if mass production will decrease costs and 
increase capacity an improvement with another 400 % can not 
be expected. The capacity break through is hard to predict. 
But there are other R&D actions that will increase the 
efficiency and decrease the costs; these R&D actions are 
probable to affect the market in near term and offer better 
batteries.  

Actions taken should therefore be based on current capacity 
and realistic estimates that can be drawn from existing R&D 
result. 

 

Strong Driving Forces The driving forces behind a transition from IC-cars are strong. 
Limit regulations on emission levels allowed from new 
produced vehicles are hard to reach for manufactures. The IC-
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car technology does not offer the efficiency potential needed 
to reach the new emission targets set by the EU. Vehicle 
Original Equipment Manufactures, OEMs, have to use new 
technologies to enable a vehicle fleet to meet the target. EVs 
are a technology that will be explored by vehicle OEMs in 
order to reach the emission targets. 

Governments considering the environment and public health 
must curb the effects from IC-car use. EVs have the potential 
to decrease the pollution of the environment and congested 
cities will gain in better living conditions. To reach emission 
targets set for the transport sector on a national level it is 
important for governments to work toward E-mobility. 

The fact that society becomes more and more aware of the 
impact of GHGs and its adverse effects to climate offer a 
potential demand of a future market. When EVs are available 
it is highly probable that they will be adopted. 

Vehicle OEMs, governments and society all are interested in 
the transition toward E-mobility, an indication that E-mobility 
might be the future of personal transport. 

 

Enligth and Educate Society It is important to communicate the advantages of EVs and 
Plug In Hybrid Vehicles, PHEVs, to society on a regular 
basis. The EV and PHEV have advantages compared to the 
IC-car and these advantages are important to communicate. It 
is mainly environmental and social benefits that should be 
focused on. The economic gain will enter later in the 
transition since it is highly dependant on the decrease in 
initial purchase cost. The driving patterns must also be 
communicated to society, as presented above the patterns and 
the operating range of an EV match.  

Awareness from society exist, the work should be focused on 
education and to offer the proper knowledge. When 
awareness and knowledge is entrenched by society the 
solution of E-mobility will be a rational decision. 

 

Table 8. Key-findings of the investigation of current conditions. 

These findings are drawn from social, economic and technological conditions existing today. 
The further work in the thesis will be based on these findings, therefore technological 
breakthroughs are not predicted and the actions suggested will be costly and time demanding. 
Legislative actions could be used in order to increase the adaption of E-mobility but they will 
not play a significant part in the further work of this thesis.  
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5. Development Theory 
If transportation is seen more as a function and to what purpose it serve it provide a different 
view of the IC-car. The IC-car will no longer be a list of components nor a machine consistent 
of wheels, engine and gears. To consider the function and purpose is the system approach 
(Churchman 1968) to the transportation question. When transportation is considered a system 
there are other points to be considered; total objectives of the system, the environment of the 
system and its constraints, resources of the system, components of the system and finally the 
management of the system. To implement EVs and PHEVs into the transport society this 
system approach might be a good way to approach the situation. The transport system consists 
of several elements: infrastructure, transport vehicles, nodes and equipment. To this there are 
also Information and Communications Technologies, ICT, applications related to the 
infrastructure, network services and operational as well as administrative procedures. If the 
transport system shall work, all these interrelated components have to work together (EC 
2009c).   

5.1 Development Block 
A development block is a set of factors that are interdependent and interconnected. The 
widespread use of IC-cars is a remarkable example of a development block of the past; no 
other block has had such an impact on our economy as the IC-car block (Dahmén 1989). 
Therefore the development block theory by Dahmén is a good framework for the development 
of EVs and PHEVs. 

The interdependent factors can be seen in price and cost differences in the market or in the 
creating of new markets by entrepreneur activities in other markets. Since it is a block 
consisting of different factors some parts of the block can be incomplete and this creates 
opportunities as well as difficulties (Ibid).  These incomplete parts of the block can create a 
situation when development is stuck in a pre-mature phase and complementary factors are 
missing. When these factors are added or developed the full potential of development is 
released and the technique can reach its full potential. When it is a lack of complementary 
stages it represents structural tensions in the block. Structural tension can be a result of lack of 
knowledge as well as the resistance from groups that have interests in other areas and have 
now interest in further development. Even if structural tension, in some cases, keep 
development phase low it contributes to a more balanced development. The structural tension 
ensures that a technology stops when its complementary parts are unbalanced and in this way 
complementary parts get the chance to re-develop (op.cit.). Historically when system change 
it is due to result of subsystems gradually changing and this is known as technological 
transition (Hillman et al 2008). 

The development is not independent of policy involvement in order to complete the 
development block. An uncompleted transformation block are often indicated by price and 
cost signals. At this moment the technologies in the block may cause economical losses on the 
market but can also show signals of a future of promising prospects. At this moment 
entrepreneurs play an important role promoting the technology, especially if the 
complementary factors in order to complete the block are forthcoming. The entrepreneurial 
work does not have to be based on knowledge of current block, it is as important that an 
active search of new possibilities and solutions is undertaken (Dahmén, 1989). Single 
entrepreneurs or group of entrepreneurs may complete a part of the development block on 
their own. 
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By promoting and investing in infrastructure therefore entrepreneurs play a vital part in the 
development of an EV society. A well developed infrastructure will help in releasing the full 
potential of an EV.  

Concerning the further development of an EV society there are clear structural tensions and 
an obvious need for entrepreneurs. The EV block can be divided into different parts; the 
electric motor, battery, mechanical structure and infrastructure including charging 
possibilities. Each of these factors has sub-factors that they depend upon and that control 
further development. 

The EV development block has a wide range of structural tensions, there are factors that are 
highly developed and there are factors that need a lot of development. The electric motor is 
very efficient and the energy losses compared to an IC-engine are minimal.  The battery 
capacity on the other hand can not provide the same range as a tank of gasoline. The 
shortcoming of the battery together with long charging time is the major structural tensions 
that hold back the development of E-mobility. Battery and infrastructure obstacles have no 
major effect on the electric motor, it is highly developed. The mechanical structure on the 
other hand is not considered as under-developed but is dependant on the further development 
of the battery in order to evolve more. The battery size and weight will affect the safety 
restrictions of the mechanical structure. On the other hand the more efficient electric motor 
has potential to offer new designs of the mechanical structure. The design will have 
possibilities to gain even more in efficiency due to aerodynamic and placement of the electric 
motor. The design of the IC-car today offer the comfort and safety that many people want, 
this design is available also for EVs. This means that people will be able to have the same size 
of vehicle even in the coming years, this will be provided by the PHEV mainly. As earlier 
mentioned the efficiency of the EV is not only dependent on the battery and its characteristics 
but also the vehicle body design considering aerodynamics and friction.    

The battery and the infrastructure are the two factors that currently are developing in order to 
reach the full potential of the EV. In order to provide the sufficient support to the 
development there is a need for entrepreneurs and policy involvement as well as economic 
incentives. For the moment the development of the EV block is not gaining anything at the 
tension situation since it basically just keeps the EV of the market. Therefore it is even more 
important to provide sufficient help in form of policies and incentives since the development 
will not solve itself during its time out on the market, if considered EVs.  

A development that is a part of the structural tensions are the PHEV that is developed in order 
to provide the range of an IC-car but still be as environmental and economical on shorter 
more daily trips. Due to the problem with battery capacity and charging time there is a need 
for the PHEVs and it is a precursor and a complementary stage that is needed in order to get 
the EV block to complete its transformation.  

There is also a stand off between supply and demand; the Prius and Insight are two models on 
the market. They look similar and if the model does not suit the consumer there are no other 
alternative. Therefore it is important to have a couple of different models on the market. 
People do not buy the vehicle only because it is an EV they buy the function vehicle provide 
and are more concerned of size and liability than what drives it. The market has to provide 
cars in different sizes in order to attract a large part of the public. The larger vehicles might be 
PHEVs and the smaller EVs in order to keep prices down and open up the market for the 
public.  
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A future family transport situation will possible be built by a PHEV for longer family trips 
and a EV that stands for shorter inner city activities. The PHEV will have ability to drive 
exclusively on battery when used in cities if the proper infrastructure is supplied.   

5.2 Disruptive and Sustaining Technology  
A disruptive technology or invention is an unexpected breakthrough that significantly changes 
the market. The first connection with the market can be limited but in the end it will have the 
majority of market shares. A problem with a disruptive technology is that it often is premature 
and in this it can often cause the entrepreneurs economical problems. The opposite of 
disruptive technology is the sustaining technology; this is only a gradual change and a 
marginal development (Christensen 1997).      

Disruptive technologies is very hard to predict and in order for larger companies to invest in 
smaller spin-off firms that can be active on smaller markets and a high tolerance of failure. 
These spin off companies shall be different from the major company and shall work with 
smaller market shares (Ibid). 

The EV must be considered a disruptive technology, it is a premature technology that has 
some problems in entering market and get market shares but will in the future probably have a 
significant part of the personal transportation market. The IC-car is a sustaining technology 
were efficiency improvements of the IC-engine only stands for a gradual change of 
development and is more stabile and secure for manufactures to invest in. There is a big 
difference if EVs are categorized disruptive or sustaining. If EVs would be regarded 
sustaining they are compared to the IC-car. The EV is in that sense not commercial ready, to 
place EVs as commercial ready is a mistake made by a lot of established vehicle OEMs 
during history.  

 It is important that bigger alliances try to catch the wave of disruptive technologies, not get 
stuck in the sustaining technology and be able to provide the market with new alternatives in 
transportation that meet demands from consumers. Today there seem to be an predetermined 
approach from the public regarding their driving patterns and size of transportation vehicle. 
What needs to be investigated is what kind of spin-off companies, policies, incentives and 
investments that is needed in order to gain maximum from the disruptive technologies. Cross 
industry alliances will play a major part to evolve spin-off companies.  

5.3 Market Based Theories 
Characteristic for a transition is often the competition between “new” and “old” technologies. 
New improved products or services push the old ones out of the market.  This at the same 
time that they can open up new markets and force the old products to adapt in order to 
compete (Dahmén, 1989). These factors can also be classified as the demand-pull and 
technology-push theories. The demand-pull theory is based on market forces as the main 
reason for technological change. There is an argument for this view, that the market can 
predict the inventions because the theory shows in which way the market pull the producers 
inventions after common demands. The technology-push theory is defining technology as an 
independent or partly-independent factor especially if it is considered in the short run (Dosi 
1982).  

The cognitive model of innovation is a model that regards knowledge as an embodied 
capacity both in the human mind as well as in society.  
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This model is built by three different building blocks that handle knowledge, patterns and 
technology, see Figure 11.  

 

Figure 11. The cognitive model of innovation and its three main steps (Adopted from 
Nigthinggale). 

The main argument for the model is that an innovation is started when the final result is 
known and not when the scientific base that enables the innovation. Secondly, it point out that 
the problems that the innovation process has to handle are not fixed in the start of the 
innovation, as time and living pattern change so does the problems (Nightinggale 1998). This 
model is good to adopt when demands are created by changing perspectives from society and 
difference in individual perceptions. The cognitive model of innovation is a theory that can be 
applicable when E-mobility shall be developed.      

Technological knowledge can be divided into three different phases (Schumpeter 1947). The 
phases are; invention, innovation and diffusion. In the invention phase which starts the 
technological change is often connected to the need to solve a problem or to satisfy an issue. 
The innovation phase is when the invention is introduced to the society and commercial 
markets (Arthur 2007). During the innovation phase there is also the process of diffusion at 
which the innovation is presented to the social system through communication channels. The 
diffusion process is built by four different elements, innovation, communication channels, 
time, and social system. The innovation phase can be divided into five different sub-
categories that all has an impact on the innovation rate. These are five categories that can be 
affected in order to increase the speed of diffusion and offers opportunities for companies to 
affect the diffusion rate for their product, see Figure 12. 

  

Figure 12. Innovations five sub-categories that affect the diffusion rate speed (adopted from 
Rogers). 

The spreading of an innovation, the rate of which it is adopted is set by five different factors; 
relative advantage, compatibility, complexity, trialability and observability (Rogers 1995).  

The relative advantage for an innovation is the advantage the innovation has compared to the 
technology it replaces. This advantage can be measured in economic, social and satisfactory 
terms. This advantage is not an objective advantage, the personal opinion of the advantage is 
important. The compatibility is how well the innovation interacts with existing values, 
experience and need of potential adopters. How easy the innovation is for people to 
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understand and use are the complexity of innovation. A simple technology will be adopted 
more rapidly than a technology that demands an increase of knowledge and understanding 
from the adopters.  

The adoption speed increases if there is a trialability chance, basically a chance for adopters to 
try out the technology. The last factor is the observability and is basically the visibility of 
results related to the new technology (Ibid).  

The diffusion of an innovation can be illustrated by the curve of diffusion rate (Op.cit), see 
Figure 13. 

 

Figure 13. Rogers Curve of adoption (adopted from Rogers). 

Based on the general curve of adoption 50 % of the public is positive to adopt a new 
innovation. It is these 50 % that is important to work toward; the late majority will follow as 
technology mature and are not as affected by information and sell argument. If the adoption 
chart is considered from an EV adoption point of view, it is probable that the segment will 
stay at fifty-fifty but the individual division of these categories will differ a bit. The laggard 
segment is probably larger since this segment involves all IC-car fanatics as well as those who 
do not believe in EVs but also those who have driving patterns that do not fit E-mobility.  

When an invention develops after its first entrance on the market is considered as re-invention 
and is a part of the innovation phase (op.cit). The re-invention is an important part for 
inventions to be able to meet and satisfy the shifting demand from the consumers. The re-
invention process is due to the fact that science is a recursive process that repeats itself over 
and over again during time to solve upcoming problems (Arthur 2007). 

The EVs and PHEVs are regarded the “new” product and the IC-car the “old” product. There 
is a competition between the “new” and the “old” technologies. This competition has lead to 
an increase in development concerning the IC-engine and its efficiency. The superior range of 
an IC-car and the low amount of EVs at the market create a situation were the demand-pull 
market is not possible. In order to create market shares for EVs there is more probable that the 
technology-push development take place, the technology of EVs shall be introduced to the 
market even if the demand is not high enough. The CO2 limitations presented in the earlier 
chapter of the thesis make the technology push highly probable. The benefits of the 
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technologies behind EVs and of its result will lead the development forward in order to create 
a future possible demand-pull development that is based on free markets. This free market 
development will complete the transition to E-mobility.    

Based on the three step classification it is the diffusion phase that EVs and PHEVs are in at 
the moment. The diffusion of an innovation is set by a lot of different factors and can be 
affected by social and technological involvement. Concerning the relative advantage of an EV 
compared to an IC-car it is the environmental benefits and the lower propulsion cost that is 
the advantage of the EV. The IC-car on the other hand has advantage that is more entrenched 
in the social system; it has superior range and offers a more reliability due to the low time it 
takes to fuel up the car. The IC-car also has a lower initial cost and that can today be 
considered an advantage compared to a lower propulsion cost. Based on compatibility the EV 
fits into the social system of environmental awareness and economical cost regarding the 
propulsion. On the other hand its low range and extensive time to charge do not fit into the 
society in the same way that a long range and fast fuelled IC-car does. The complexity of EVs 
is not to be considered an issue since it is basically based on the same handle process as 
existing “motor warmers”.  

The trialability and observability are the two main factors in order for society to adopt E-
mobility. These factors are based on people’s possibilities to try out an EV and understand 
their driving patterns, need of range and to see result of actions. If people are given the chance 
to try EVs or hear neighbours talk about EVs the adaption rate of EVs will increase. To 
provide try-out sessions is a good way to take advantage of trialability. These two factors will 
be beneficial for companies engaged in the development as well since hearings based on try-
out sessions will offer important R&D information. 

5.4 Historical Development 
It is important to remember that the EV is not a new invention it has been around for more 
than hundred years. The development of the EV has and will for some time ahead be closely 
connected to the development of the battery (Hoyer 2007). The development phase of the EV 
can be divided into different stages;  

 

Figure 14. Timeline over the development phases of the EV and IC-car. 

In Figure 14 it is shown that the EV entered the market before the first IC-car but that it took 
much less time for the IC-car to reach mass production. The first EV was a tricycle that was 
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demonstrated in France 1881, this started the golden age for EVs and a lot of development 
was done (Ibid). Over hundred years after this the EV still is based on similar technology. 

As seen in Figure 14 the competition between the EV and the IC-car can be divided into four 
different phases. The first phase was 1885-1905 and stands for the formative period of the 
automobile industry. This phase is followed by the phase when the IC-car became dominant 
during the years 1905-1920, it was the electric motor that contributed to the increase of IC-
cars. Before the electrical start motor was developed it was dangerous and hard to start an IC-
car (EVSwe 2008). With the start engine the benefit of EVs was lost and the IC-car and T-
Ford could enter mass production.  

During the period 1920-1973 the IC-car became entrenched in the society and societies were 
built around mobility provided by the IC-car. 1973-1998 represents the time when the IC-car 
became questioned due to different reasons but the questioning did not lead to an increase of 
EVs (Cowan & Hulthen 1996). The period after 1998 is the present period and is the phase 
when subventions and new business models perhaps will represent a shift in technology 
toward the EV.  

It is the phase when an implementation plan shall be presented based on theories, facts and 
supply and demand. The plan will be implemented through incentives, subventions and cross 
industry alliances in order to open up the market. The technological transition will open up 
new markets that will be subject to new business models. These models must be discovered 
and investigated during the start of implementation in order to help increase the rate of EV 
and PHEV adaption.  
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6. Creating Conditions for Electric Mobility 
When the IC-car won in the race against the EV in the beginning of the 20th century it did it 
because the market needed and wanted a transport technology. The IC-car technology, when 
equipped with the electric start motor, was the best pre-mature technology offered. The 
technology was mature much due to the fact that the energy carrier gasoline has high energy 
intensity and was at the time considered abundant. Due to this, the IC-car was given 
conditions where it could develop and evolve at a high rate without any competing 
technologies. It was given the space, time, research and support that were needed to develop it 
to a dominant factor in the developed world’s social and economic society. The IC-car was in 
other words given a perfect condition to become mature.  

For E-mobility to develop and become the solution to the future personal transportation issue 
it must be given proper conditions to develop in. By complementing knowledge gained from 
statistics, historical development, social and economic patterns and theory conclusions 
regarding these factors can be drawn. Figure 15 shows the main key factors that will be a part 
of the conditions that will promote E-mobility.       

 

Figure 15. Factors included in the development toward a E-mobility.  

For E-mobility to develop it is important to combine infrastructure, economics, R&D and 
social action. These factors have different sub categories that determine the development of 
each factor. E-mobility has one major obstacle that is hard to impact and it is the competition 
against the IC-car. The IC-car will always be the compared technology. Incentives that 
promote E-mobility in favor of the IC-car will be important and a well prepared infrastructure 
will play a key role. With a good development concerning the infrastructure many of the 
obstacles concerning E-mobility can be solved. Infrastructure will also offer a possibility to 
communicate the relative advantage of E-mobility. For this scenario to become reality society 
needs to be involved in the development and the ongoing transition to E-mobility will need 
governmental policy interaction.  

There are other activities and actions that play an important role for the development. The 
current economical situation might push E-mobility forward or it might put it on hold. 
Technological breakthroughs concerning EV technology or perhaps in fuel-cell technology 
also have the possibility to entirely change the situation and actions needed. Predictions can 
only be done by the state of present situation and targets set by governments and involved 
companies.   

Some of these factors are more directed towards EVs than toward PHEVs. This is because 
PHEVs do not stand in front of such a social entrenched barrier to brake. Since it combines 
IC-engine with the electric motor the operating range is not a problem, either is size or 
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comfort since dual fuel can solve that too. The existing infrastructure is well prepared for a 
PHEV today even if a more developed infrastructure is needed in order to reach the full 
economic and environmental potential of a PHEV. Therefore the main work in the following 
parts will be done from a EVs aspect.  

The following parts will present each of these determining factors considering basic 
knowledge, present situation, predictions and suggested improvements. The final result will 
be suggestions on implementation process for E-mobility with coherent business models.  The 
role of different participators will be investigated. 

6.1 Infrastructure 
To get a smooth transition to E-mobility there must be developed infrastructure ready to 
support the vehicles. The basic infrastructure is already in place to support E-mobility since 
the European electricity grid is highly developed (Söderbom 2009). A more developed 
infrastructure concerning charging possibilities will be necessary in order to avoid the 
problem considering operational range for EVs but also to increase the potential of EVs. The 
infrastructure plays an important role to avoid stagnation in the expansion of E-mobility and 
to avoid further structural tensions. Without a well prepared supportive infrastructure there is 
a possibility that EV drivers will be restricted by the operational range and skeptic toward E-
mobility. A negative first impression is highly important to avoid.  

This possible stagnation could be temporary, followed by a further development when the 
tension is disabled. It could on the other hand also lead to a set-back in development and a 
bigger interest in efficient IC-cars and other technologies. This is just one of the reasons why 
development needs to be done in different areas during the same period. The infrastructure 
block will be dependant on different forms of charging and solutions connected to charging. A 
more developed charging infrastructure with different forms of charging will offer more 
options connected to E-mobility.  

6.1.1 Regular Charging 

Regular charging is the basic form of charging and is done directly from the existing grid. 
This is a time excessive form of charging and it requires that the car will be out of use for 
several consecutive hours in order to reach a full-charge. It is mainly during nights and 
daytime at work the car is not used for this amount of time and it is highly probable that 
regular charging only will be used under these circumstances. The existing infrastructure for 
regular charging is basically already in place, especially if house areas and larger companies 
parking lots are considered. Many houses today provide garages, car ports or driveways 
connected to the grid, today used for motor heaters. The same conditions apply for major 
parking lots; these motor heaters can easily be converted to regular charging spots.  

In the city centers on the other hand there is a need for a more developed infrastructure; over 
night parking is often done along the pavement or in public parking lots. The common 
parking lots provide similar opportunity as the company parking lots. In this case a system 
that handles access to charging equipment must be created. Considering parking along 
pavements it is more problematic since there are regulations that have to be followed to higher 
extent. These regulations concern e.g. accessibility and maintenance.  

Regular charging is if seen in an infrastructural, economical and social perspective already 
solved. The infrastructure is basically in place and the patterns of vehicle use match in a lot of 
cases.  
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6.1.2 Semi-Fast Charging 

This charging alternative will be a good alternative when the EV owner will spend a certain 
amount of time at a place, estimated between 1-3 hours, which is shorter than the time needed 
for regular charging. 

In chapter 3 that handles the mobility rate of Europe it is shown that leisure activities is the 
primary reason that a vehicle is used for. This means that the driver will stop at one location 
for a consecutive amount of time leaving the EV out of use.  With the help of semi-fast 
charging at these leisure places the charging can be done at the same time as other things is 
taken care off. A fully charged vehicle will just be a benefit of family week-end trips or 
weekly shopping.   

This would mean that the charging of an EV will not necessarily be that time demanding 
measured in effective time. There is no need for an additional stop on the way home and the 
driver do not have to manage the re-fueling himself, the EV driver will just plug in the EV 
and then do what ever they want during the time the vehicle is charged.  

The semi-fast charging will be an interesting alternative for shop owners since they have a 
large interest in having consumers wandering the store for two hours, this will set conditions 
for consumers to spend operating cost money saved on products and services related to the 
shop. 

6.1.3 Fast Charging 

More developed charging equipment and battery technology is required to enable batteries to 
be charged in 30 minutes. Even faster charging will be possible offering a fully charged 
vehicle in just 15 minutes or less. This form of charging require delta voltage and 
transformers will have to be installed, this mean that gasoline stations will not serve as 
obvious fast charging spots, but gasoline stations can be a good alternative considered their 
strategic placed position. Fast charging will probably only be used as security alternatives in 
cities and in connection to major highways were other alternatives are unavailable. The 
positions and design will probably be similar to present gasoline stations.     

6.1.4 Battery Swapping 

The idea is basically that an empty battery is swapped against a new fully charged one, an 
action that will only take a few minutes. This would be a “charging” procedure similar to 
fuelling an IC-car. There are some major infrastructural and economical problems with 
battery swapping today. These barriers make battery swapping an un-favorable alternative in 
the implementation of EVs and will not be considered further.  

6.1.5 Infrastructure Models 

There are today some different ways to implement infrastructure, from advanced subscription 
models to more basic preparation of cities by installing charging poles and spots. An example 
is the Better Place Model that is a project in co-operation with Renault-Nissan in order to 
provide countries with EV charging infrastructure. Israel was the first country to commit to 
the Better Place plan. After that Denmark and Australia has also got involved in the project 
(Gilbert et al 2008). The Better Place idea is to provide all EV owners with a 220 V charge 
spot for garage or carport, this to enable charging during night. They will also provide 
additional spots around the city, parking lots and along urban streets. The most prevalent 
charge in their vision is the regular charge. One of Better Places major ideas is the battery 
swapping which basically mean that a depleted battery is exchanged against a fully charged 



34 

 

one (Better Place 2009). It is stated that Israel have committed to create a network of 500 000 
battery charging- and swap stations. The same amount is stated for Denmark with 150 of 
these being battery swap stations (Gilbert et al 2008). In this way they create a network of 
charging stations that will offer good conditions for EVs and PHEVs.   

In later time the initial idea of battery swapping takes less place in the Better Place plan 
(Johansson 2009b). Better Place is a business model to that extent that they do not only offer 
infrastructure but also offer deals considering providing the market with vehicles. 

The Better Place model is a large scale commercial business model that has to be supported 
by governmental initiatives and actions from utilities. All actions taken do not have to be in 
the same scale as the Better Place Model. It is more important to get more actors engaged in 
the market. Providing commercial businesses with charging possibilities will in the initial 
phase work more as advertising, but is important for the long term development. To provide 
parking lots with charging is a way to commit to development. The cooperation between 
Vattenfall AB and McDonalds is a good way to show that two large businesses are committed 
toward the EV development (Ibid). In the same way European governments must show the 
same engagement and send signals toward society that EVs are a part of the transport future. 
Important though will be that actions taken by different companies and utilities will be 
focused on the same geographical area e.g. a certain city. To provide a well working 
infrastructure in one city is more important than dividing the same actions on three cities and 
get a infrastructure that is insufficient.  

6.2 Research & Development  
It is important that there is a continuous R&D concerning the vehicles. At the moment there is 
no lock-in situation on a dominant technology. This provides a large supply of different 
solutions and technologies but can in long term be negative in cost reduction aspects. EVs are 
a “new” technology that enables a lot of new business models and ways to develop the 
industry of personal transportation. For the EV society the major R&D is needed in the areas 
of; consumer ready vehicles, battery technology and infrastructure.  

6.2.1 Vehicle Models from Established Manufactures 

The preparation of infrastructure will be unnecessary if there are no cars available on the 
market. Almost all major car manufactures has an EV or PHEV model under development or 
ready for production. There is predicted that there will be around 75 different models of EVs 
on the road in 2013 (Tollefson 2008). The EV and PHEV market offer a more open 
competition. The established car manufactures has to compete with rising technology 
companies with significant battery knowledge. The established manufactures may have a 
production line well developed for IC-car but since the major concern for EVs is the battery 
capacity the head start for established manufactures decreases.  

Almost all established manufactures have a developing program concerning EVs or PHEVs, 
the most models are said to be introduced to the market in the next coming years. In general it 
can be said that the models introduced considering EVs are smaller inner city vehicles. When 
it comes to PHEVs the models are larger family vehicles like Volvo V70 and Toyota Prius.  

In Table 9 some of the established manufactures planned models are listed. The information 
belonging to each manufactures models are collected from respective manufactures website.  

 



35 

 

Manufacture EV PHEV Notifications 

Renault-Nissan Z.E.-line,  - Available 2011-2012, range 100-160 

Volvo/Vattenfall - V70  Available 2012, range 50 km 

BMW/Vattenfall MINI-E - Test run in Berlin, range 250 km 

Toyota FT EV-II Prius Secured range 19 km (Prius)- 80 km 

Wolkswagen E-UP! - Range 130 km 

Daimler  E-Cell E-Cell Plus Range 100-200 

General Motors  Chevy Volt Available 2009-2010 , range 60 km 

Mitsubishi  iMiEV 2 Models Available 2009-2010, range 160 km 

Suzuki  SWIFT Test session, range 20 km 

Peugeot  iON  Available 2010, range 130 km 

Table 9. Some of the models planned to be introduced to the market in the coming years.   

Most manufactures state an operational range on battery for their vehicles. For EVs that range 
is between 80 km to 250 km, the average range is around 150 km. For PHEVs the range is 
between 19 km to 60 km. Toyota has chosen to state the secure range which is the guaranteed 
range on a battery charge, this range is 19 km.  

The majority of manufactures presents the charging time for regular charging from a wall 
socket. This means that the vehicles can be regular charged from the existing infrastructure.  

With the operational ranges presented by manufactures in mind it is important to remember 
that the operational range of an EV is highly dependant on operational cycle. Therefore it 
would be good if manufactures could agree upon an international operational cycle standard. 
This would make it easier for consumers to value different models. Another way to create 
reliable feeling toward a EVs operational range is the secure range offered by Toyota. The 
problem the secure range is that it is not long enough. The operational range guarantee would 
be based on different driving cycles. These cycles will differ based on country, city and 
individual driving patterns. American cycles differ from European and a average cycle for 
specific markets would probably be set.   

6.2.2 Rising Competitors  

The perhaps most important development regarding vehicles is the one taking place among 
the rising competitors. The amount of new competitors committed to the EV market is large, 
in China there was in 2007 over 300 companies committed to EVs and at least 40 of them are 
active in production (Gilbert et al 2008).  

The rising competitors in the European and American markets offer some of interesting niche 
models, Fisker Kharma launches a luxury PHEV and Tesla Roadster a sport EV that is 
developed by Tesla Motor. Both these models show that EVs and PHEVs can be as fast and 
luxury as the IC-cars. From the Asian market there is another kind of models developed. 
Interesting models are the low price models that shall replace Tata Motors models Indica and 
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Nano. These two models are also under development to become EVs. Tara Tiny is one of the 
models presented as a competitor to Indica and Nano, Tara Tiny is an EV model that will 
have retail price around US $ 2 500 and offer a operating range of 100 km (Jacqout 2008). 
This model is, compared to Kharma and Roadster, far from luxury but perhaps a more needed 
alternative that will play a more significant part in the EV society.  

Along with this massive EV development China has also embarked upon developing a 
massive infrastructure and is well on their way to become the world leader concerning EV 
technology (Gilbert et al 2008). The large market in Asia will probably press the price of EV 
production and in a few years supply markets in west with less expensive EVs.   

There are one big difference between the West market and the Asian market concerning the 
development of EVs. The Asian market is developing in order to meet a demand for transport 
alternative while the markets in West develop EVs and PHEVs that shall meet demands for 
comfort and entrenched habits. Compared to historical development the Asian approach will 
play a more important role in the development and probably end up with higher shares of the 
EV market. The established manufactures try to apply the benefits of IC-car models with 
some new added values and the rising competitors show vehicles in a niche market. The rising 
competitors on the Asian market on the other hand seem to work more for better batteries and 
lower price.  

The aim should be for utilities and companies that actively engage in the transition to focus on 
EVs. The focus should also be to provide the market with small functional models at a lower 
cost, more similar to the Asian development. To use PHEVs as precursor is not suggested, 
PHEVs shall rather be a complement to EVs in E-mobility. The PHEV is on the other hand 
the natural transition vehicle and offer the size comfort and operating range for longer travels. 
The PHEV has significant benefits in the “dual fuel” operating technology and this will not 
bring a new perception on travelling. There might be an unnecessary stagnation in the 
development if PHEVs are used as a precursor vehicle for the EV. The best development 
should of course be the simultaneous development but the infrastructure should be developed 
to fit EV patterns.   

6.2.3 Battery Developers 

Almost every EV manufacture has a partnership with a battery developer in order to provide 
the vehicles with state of the art batteries. In China there are more than 300 companies 
involved in advanced battery development (Ibid). The R&D on the battery side is primary 
considering higher energy- and power density, price reduction and usage of different 
materials.  

There are some interesting R&D also considering the usage of batteries and maintenance. In 
Uppsala a small technique company called Electroengine work on the possibilities to change 
individual cells in a battery and make the battery work as one unit. Communication between 
the cells will enable the battery to work as one unit. This would mean that the batteries will no 
longer be controlled by the weaker cell and will not be as sensitive to temperatures. The 
difference in cell capacity is not only affecting depleting but also charging of the battery 
(Söderlind 2009).  A technology like this would open up the second hand market and make 
the risks of leasing batteries smaller; the leasing company can take batteries back and repair it 
instead of providing an entirely new one.  

Better battery capacity and the possibilities to repair batteries will open up the EV and PHEV 
market in ways that are difficult to predict. Smaller progress in important areas of battery 
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development will affect the entire market and a large progress will probably work as a 
disruptive technology all over again. To expect a breakthrough in battery capacity will not be 
good corner stone in order to create better conditions for E-mobility. The current operating 
range of batteries with some progress due to new ideas and higher scale of production will be 
the base for further work. The development of batteries is connected to new forms of charging 
as well. The R&D in the charging area is mainly considering faster charging alternatives but 
also the design and characteristics of charging poles. It is an ongoing R&D concerning all 
charging alternatives but they can be considered to be in the development phase rather than in 
the research phase.   

A charging type that could have a significant impact on the transition to operate larger 
vehicles on electricity is the inductive charging. Inductive charging is based on wireless 
transmission with the help of an electromagnetic field. This means wireless charging for EVs 
and will also enable charging during operating, when stopped at special charging lanes. 
Nissan is developing this system in order to use it for their future vehicles (Vaughan & van 
der Zee 2009). 
On the Asian market the Korea Advanced Institute of Technology, KAIST, has a demo 
vehicle called On Line Electric Vehicle, OLEV. This vehicle use inductive charging and gets 
electricity from cables in the road-bed. KAIST claims that OLEV has reached an efficiency of 
80 % when the distance between engine and road cable is 1 centimeter. When the distance 
increase there is a loss in efficiency and it drops to 60 % (Vandervelde 2009). This is a system 
that does not use batteries in the vehicle at all. Development of this technology would enable 
heavier vehicles e.g. inner city busses to be operated by electricity. Inner city bus schedules 
operate in specific patterns which make it possible to equip depot and congested routes with 
inductive charging. At the moment this technology is expensive and quiet low in efficiency. 
Another drawback is that it needs developing of both the battery and the infrastructure side.  

Besides the inductive charging the regular charging will be developed in a way that could 
offer ultra-fast charging in the future, charging time will be down to a few minutes. To use 
this charging higher current and voltage must be used and this will increase security demand 
on the equipment. It will also be important that the battery will be able to receive the charge 
without being damaged. 

6.2.4 Payment Equipment  

In the introduction phase of the EVs the electricity used to charge in public places and 
company parking lots will probably be paid for by the provider of the parking with charging 
possibilities or included in the parking fee. Home charging will be part of the ordinary 
electricity bill. In all these scenarios the energy utility will charge for the electricity and there 
is a need for a measuring unit connected to the charger. It is also possible that the commercial 
businesses that provide free charging want to connect the charging to their business, or if 
several businesses share a parking lot, to divide the bill in a proper way. Lock mechanism can 
be of importance if there is a need for the chargers to only be used by the consumer it is 
offered to, e.g. parking lot charging and charging at home.  

The retail market today provides some alternatives. Technology and experience can be drawn 
from other areas that need to provide electricity outlets e.g. small boat marinas. GARO 
provides two charging poles, one controlled by mobile phone and the other connected to 
existing parking meters. Tally Key has provided McDonalds with their charging pole in 
Stockholm and has experience from providing marinas and camping areas with electricity. 
Their poles are designed to handle rough weather and the software is programmed to handle 
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multiple users and can be re-programmed. Scandinavian Electric AS offer chargers named 
CiCarLife with a range of possibilities. There are models for indoor and outdoor usage, single 
or dual outlets, electric security devices and different additional services. Regarding billing 
solutions they have equipment developed to handle, credit cards, payment cards and payment 
through mobile phone (Gunnarsson 2009). Another important aspect they offer is the 
additional services in order to increase the energy efficiency of the charging procedure. The 
energy efficiency is an important aspect to have in mind when EVs are introduced and will 
play a significant role in cutting the emissions.  

There is a mutual development of hardware and software needed to offer charging equipment 
that handle; metering, billing and communication. The equipment also needs to be robust in 
order to work in different climates. Additional functions such as lock mechanisms and 
charging indicators are important. The communication between battery and charger will be 
developed over time along with the overall development of E-mobility.  

6.2.5 Standardizes Components 

It is important for manufactures and infrastructure providers globally to reach an agreement 
concerning the construction and characteristics of some components of EV system. This will 
enable an increase in development and mass production of these components. At the same 
time there will not be a lock-in effect too early. 

To standardize a technology can often lead to a lock-in situation. The lock-in effect happens 
when companies decide for a solution that will dominate the market; in this way alternative 
technologies have no space and is not given the same chances to evolve. This has both 
benefits and draw-backs, price may decrease due to significant increase of production but also 
a loss of better technologies might be a result. In order to avoid the lock-in situation it might 
be a solution to standardize specific components of the EV system, components that are 
important for the system to work but not as important for design and further development of 
EVs. A dominant technology will probably sooner or later enter the market but in the start-up 
phase for E-mobility standardization of right components will enable a bigger market for the 
customer. The important components to standardize are those who are connected to the 
charging and the wide use of EVs and PHEVs, see Table 10. Suggested standardization would 
provide reliability to E-mobility.  

Standardize Free for Development 

Charging Equipment Charging Equipment 

• Connection • Design 

• Characteristics [V and A] • Capacity 

• Communication • Service and Payment Solutions 

Table 10. Standardization of components in order to avoid lock-in on specific technology.  

As shown in Table 10 the standardized components are those who provide a reliable 
infrastructure similar to the existing IC-car infrastructure. There must be a wide range of 
charging opportunities. These standardizations would enable EVs to be charged regardless of 
the EV manufacture.  

An alternative to standardization is the mobile phone-charger situation today where each 
manufacture provides a specific charger to their models. This demands a country 
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standardization of basic grid connections, wall socket. This opens up the market for adapters 
that can be connected to different manufactures poles and different country wall sockets. The 
characteristics of each pole can be developed as a gasoline pump and it is important that the 
charging equipment can communicate with the EV or PHEV in order to provide proper 
charging based on the state of charge, SOC, of battery. Design of equipment, capacity and 
service programs are left free for development and it is in these areas charging equipment 
providers will offer solutions that will differentiate one charger from another. 

If battery swapping shall be an alternative even more components must be standardized in 
order to develop a mature “swapping” infrastructure. This will interfere with design of the 
mechanical structure of vehicle. The design of the mechanical structure of vehicle, interior 
design and other additional services is what differentiates vehicle models today.  Therefore it 
is important that design of vehicles and charging poles with coherent service and 
communication systems is free for development. 

The best solution would probably bee to use an in-dependent institution to set a standard for 
the equipment. But since the battery development is done by a lot of different actors and the 
capacity of the battery is highly dependant of the characteristics this would perhaps be 
negative to the development. Focus at regular charging could be an alternative and set a 
common standard for this alternative just to offer the introduction phase a chance to evolve. 
Along with the continuous development active work regarding standardizations must be 
undertaken. The International Organization of Standardization, ISO, or International 
Electrotechnical Commissions, IEC, could be involved at least as coordinators of the process. 

6.3 Economic 
The economic plan should be a combination of different cost decreasing factors and 
incentives to drive EVs. The fact that an EV and PHEV have a significant advantage over IC-
cars considering the operating cost must be considered. When the total costs of EVs are 
compared to the IC-car a difference in initial cost between them will be accepted. A higher 
initial cost will in the future be disregarded since the operating cost for an EV is so low; this is 
not probable in the next coming years. This scenario is dependant on a initial cost reduction 
for EVs. Therefore there are needs of subsidies and incentives that will lower the initial cost 
for EV and PHEV purchasers. The price for EVs and PHEVs will be significantly higher than 
the price for an IC-car in the near future. Estimations on price for an EV and PHEV is around 
€ 15 000-20 000 more than for an IC-car (Hannander 2009).   

Based on KAIROS public study done in Sweden the number of people that are willing to pay 
extra for an EV or PHEV is approximately 40 % if  the extra cost is € 2 000-5 000. This is 
calculated from the group of people who said they were interested in buying an EV or PHEV. 
The number of people that are interested to pay € 5 000 or more is around 10 %. When these 
groups are informed of the overall economic benefits the number that is willing to pay more 
than € 5 000 increases with 22 % (Elforsk 2008). Based on these figures an extra cost of 
around € 2 000-5 000 is accepted by the potential buyers of EVs and PHEVs. Economical 
actions must be taken in order to reach a retail price that meets the accepted initial cost. 

6.3.1 Subsidies, Incentives and Tax Releases 

The different actions taken can be divided into two different phases one introduction phase 
and one commercial phase (Landahl et al 2009). In the introduction phase the primary issues 
is to remove obstacles, develop infrastructure and create proper conditions for introduction of 
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EVs. The commercial phase is about increasing the supply of EVs, information, try-out 
sessions, supportive development and economical incentives.  

The different economical actions can generally be divided into two categories; economic 
actions toward vehicle OEMs and actions taken toward companies and public. Actions taken 
toward OEMs will mainly be to create incentives for them to provide the market with 
vehicles. Governments have an interest in expansion of national OEMs and different 
economic support plans must be created. These actions from governments will send signals to 
vehicle OEMs that the EV market is worth investing in. The actions toward companies and 
public can be divided into economic gain and cost reduction incentives. 

The government could as an example offer a subsidy of 25 % for the first 10 000 sold EVs. 
This would cut the initial price of EVs and start a demand of vehicles (Johansson 2009a). An 
alternative to this is a subsidy based on a period of years where the subsidy cost decreases at 
the same time as understanding of other benefits increase and production costs decrease. 
Subsidies on EVs will play an important role in both introduction and commercial phase. The 
total cost of ownership, TCO, for an EV should be supported by subsidies in order to make 
the EV competitive with an IC-car. But as the EV becomes more economic competitive it is 
important that the subsidies decrease.  

 

Figure 16. Subsidies related to general EV related costs. 

In Figure 16 the general idea of how subsidies shall work during the introduction of EVs. That 
subsidies work in a proper way is important due to the fact that it is tax money that will be 
used for the economic support.  

Offer percentage cut on the taxable value of fringe benefits for a couple of years, would 
increase the amount of company cars (Johansson 2009a). The tax value fringe is an economic 
reduction incentive and will serve the purpose off purchasing companies to invest in EVs to 
their vehicle fleet. To offer environmental friendly cars not to pay congestion charging and 
offer free parking is two incentives that can be used in order to increase incentives to drive an 
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EV. Free charging and assumptions from congestion tax is economic gain incentives and will 
provide the EV driver with a good feeling each time it is used.  

To put extra taxes on CO2 emitting vehicles is another way to support EVs. Israel has a 
taxation system based on a “green index” that sets the extra tax when a vehicle is purchased. 
A extra tax of 10 % for the most environmental friendly vehicle and a tax of 60 % for the 
worst (Andersen et al 2009). This will proceed until 2014. 

Along with the need for actions taken today it is important to use studies and evaluate the 
actions taken earlier concerning similar initiatives. The evaluating report of the “Promoting 
Clean Cars” project in Stockholm in the framework of BioEthanol for Sustainable Transport, 
BEST, evaluates the effect of economic incentives and subsidies in order to promote 
environmentally friendly vehicles. The evaluation concluded that incentives that reduce 
operating cost are of more importance than incentives that reduce initial cost (Sunnerstedt 
2009). Economic incentives were rated as follow (Landahl et al 2009). Reduction of tax value 
for company cars and low price on alternative fuel was rated highest. Followed by exemption 
from congestion tax and price subsidies and free parking. 

This evaluation is regarding alternative fuel vehicles including EVs. It is important to 
remember that the extra purchase cost for an alternative fuel vehicle is significantly lower 
than for an EV. That lower operating cost is of significant importance for consumer is positive 
for the E-mobility development. The incentive to reduce the personal environmental impact 
was also rated high.  

A combined system of incentives and subsidies will create an economic situation that is 
beneficial enough for private persons. Economic help in form of subsidies and incentives will 
increase the implementation phase mainly from the product side; the supply side. It will 
represent incentives to provide additional infrastructure. It will also provide incentives for 
manufactures to provide the market with EVs. The main cost reduction will come through 
mass production and governmental economic actions.  

As an example Electricite de France, EDF, works actively in France to transit the vehicle fleet 
toward a electrified vehicle fleet (ER 2009). The French government presented in 2008 a 
financial plan that set aside € 2, 5 billion for development of EVs and technology over a ten 
year period (Abuelsamid 2009). This funding will enable R&D, new factories at the same 
time that it will keep development in France which will provide job alternatives. Besides this 
funding the French government also has promised to buy around 50 000 EVs to governmental 
companies and communities (Johansson 2009). This is a clear indication that they believe in 
an EV society and this works as an incentive for manufactures to provide vehicles. When the 
government indicates signals like this it also provide reasons to invest in the EV market. The 
French government has also stated that they want at least 100 000 EVs on the road in 2015 in 
order to reach 2 million EVs in 2020. To provide the necessary infrastructure they have 
mandate that one million recharging spots shall be in place in 2015. This will increase to 4 
million spots in 2020 and a way to reach that is that new apartment complex must after 2012 
have charging spots in their parking lots (EV 2009). 

6.3.2 Business Actions 

A way for major car manufactures, utilities and entrepreneur firms to increase the 
implementation rates and get a front seat in the development of E-mobility is to offer deals to 
consumers. This can be similar to the mobile phone subscriber deal, to offer a quantity 
discount or simply cut the initial price. 
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The battery is the component that increases the cost of EVs significant, a good way to 
decrease this cost is to offer battery leasing to customers. As an additional service to car 
leasing which is another possibility. 
The Better Place basic concept for business model is to separate battery ownership from 
vehicle ownership. This means that the consumer leases the battery and gets the vehicle in a 
deal depending on what type of subscription the consumer signs up for. The fee of 
subscription will depend on the millage covered, alternatives from simply purchasing battery 
to millage fee and returning battery (Andersen et al 2009). A similar model is developed in 
France between EDF and Toyota. 

The problem with this today is the high risk for companies engaging in the leasing procedure. 
The cost of batteries is high and at current state it is hard and expensive to repair batteries. 

6.4 Social 
A family car fleet in the future can be a larger PHEV as a family car and a smaller EV as the 
supplement car. This would enable the need of European daily commute life but also offer the 
range needed for the occasional longer trips. Based on the fact of daily European travel life it 
is obvious that the EV is a solution that can meet the range demand, especially for inner city 
conditions. For those who travel significantly more the PHEV is a solution that will provide 
the excessive range for the longer trips but at the same time enable electric supported short 
trips. This is facts that have to be communicated to the society in a transparent way.  

It is important to show society that EV works for the majority of the Europeans driving 
patterns. The environmental and economical propulsion benefits must be communicated to 
society in a clear way. Perceptions of travelling and how to charge will have to be changed 
and understood in the transition to EVs. This will happen automatically as the development 
continually replace the vehicle fleet and economical gains will be valued against a new way of 
travelling. The best way to communicate this is through a transparent policy and try-out 
sessions that will enable society to create there own perception of EVs. 

6.4.1 Try-Out Sessions 

Probably the best way to advocate EVs is through try out sessions where people can build 
their own opinion, which will be spread through the community. Another benefit is that at the 
same time companies get the chance to try products and infrastructure. Together with try-out 
sessions the infrastructure issue is more or less based on people’s historical opinions and 
estimations of their use of car and needed range. This means that the social entrenched habits 
are more important than economic factors; it is an understanding and learning process. A 
process that is dependent on learning and understanding often need policy and 
implementation plans to be transparent.  

It is important in what way the information is provided to the society and therefore it is 
important to let people try and understand EVs and PHEVs in daily life. In Berlin a project is 
started in order for the society to try-out and evaluate EVs in daily usage. BMW provide the 
try-out session with 50 EVs and Vattenfall provide the needed infrastructure. The 
infrastructure provided is constructed in a way that ensures that other EV try-out sessions can 
use the charging equipment (Vattenfall 2008). There are similar try-out sessions actions taken 
around Europe.   Another important aspect of the Berlin try-out session could be the steps 
taken toward a standardized agreement; try-out sessions can gain even more if utilities 
involved can cooperate in order to evaluate common solutions that are beneficial for all parts 
involved. 
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The result of the try-out session will lead to a higher knowledge of usability and what kind of 
infrastructure that is needed. This information will be useful when governments, companies 
and utilities shall provide parking lots or public sites with charging equipment. It enables 
society to gain knowledge of EVs without the economic risk of purchasing the EV. 
Economical low risk is important since the EV is connected to uncertainties regarding 
operating range, reliability and capability. This is a good example on how knowledge can be 
gained for both consumers and producers. The producer can find out what is expected, needed 
and what the actual driving patterns are at the same time as the consumer find out how often 
the need to charge their EV. Try out-sessions are typical example of how to spread an 
innovation through diffusion to society.  

6.4.2 Potential Target Audience 

The importance of getting EVs out on the market is high but it is also important that try-out 
sessions are directed to the right target groups. Travel distance must meet the operating range 
of the EV and the daily working pattern must collaborate with the charging time of the EV. 
For other circumstances other transport alternatives are preferred. If EVs would be introduced 
to the wrong target groups there could be both problems in work related questions but also a 
negative first public opinion. The negative opinion would be significantly hard to overcome 
since there is an existing alternative in the IC-car available on the market.  

The primary target audiences in a short term perspective are major companies and 
governmental projects that have car fleets of hundreds of cars. Big companies can provide 
employees with EVs for the daily commute and they have probably already the parking lot 
with possibilities for regular charging, see motor heaters. There is no need for a car fleet 
consisting of only EVs, provide the fleet with an amount of EVs and let employees try them 
out. This has also a benefit in that the employees are able to try EVs without putting anything 
at stake. 

As time goes and the car fleet needs to be renewed an EV will be a natural replacement 
vehicle to the IC-car. For employees this kind of leasing would provide them with a car that, 
depending on travel distance, could take them to work and home free since they only has to 
charge it on the companies parking lot. This would both provide the company and society 
with an environmental profile and lower long term operating cost for their vehicle fleets.  

In the later stages of the introduction of EVs there is an individual target audience. This target 
group consists of innovators, early adopters and early majority. At this stage it is the early 
majority that is the most important target group. They will by starting to use EVs affect the 
late majority group that will follow after the early majority. The innovators and early adopters 
will already have EVs and purchased EVs as soon they were available on the market without 
the need of persuading. The laggards on the other hand will not be persuaded easily. But they 
stand for only 16 % and if the other 84 % are convinced the laggards can be neglected. This is 
based on a general theory of adaption, Rogers’s adoption of innovation curve (Rogers 1995), 
and must be treated as a general. Half the population will be positive and the other half will 
have a more critical view on E-mobility, in general theory. The surrounding conditions for 
EVs with low operating costs and environmental benefits will make the positive groups 
larger. The high initial cost and uncertainties connected to operational range will have the 
opposite effect.      

A suggested individual target group is younger people actively engaged in their carrier who 
will purchase their first or second vehicle. The vehicle is not used in work but rather for 
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personal transport. Beneficial with this target group is that they, in most cases, are used to 
travel with public transportation. Travel with public transportation has two significant benefits 
for the transition to E-mobility. The economic post for transportation is already in the budget 
and the routines travel planning. The felling of freedom of driving an IC-car and laziness is 
not as entrenched as it is in groups used to private transportation. In general the cost of 
traveling for groups used to public transportation are lower than for those that are used to 
transport by IC-car. A too significant increase in the budget for transportation would hardly be 
acceptable for the group used to personal transportation. Therefore the potential to drive for 
free will be of extra interest to this group even if it includes more planning and less freedom 
than an IC-car can offer. The transportation aspects on the value of money considered is of 
more importance. Groups used to drive an IC-car might have a larger post in their budget for 
transportation. The low degree of travel planning needed has increased the value of freedom 
for them, at a higher cost. A rational decision for groups used to drive IC-cars is to take the 
car instead of public transportation.  

Another benefit with first time buyers is that the first car is often a city car of smaller size; the 
EVs with the most potential today are small city sized cars.  The model, size and comfort will 
be of less importance for this category. But to this group there is a significant importance of 
cost reduction or company involvement in order to cut purchase cost or split over payoff 
periods. When it is time to purchase the family vehicle the ongoing development should have 
decreased prices on PHEVs or created an EV that can meet the operational range demands. 
For families owning two cars it is probable that the new one will be the smaller inner city 
vehicle, therefore it is important to provide proper incentives in order to make the family 
choose an EV.  
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6.5 Key-Findings Creating Conditions for Electric Mobility 
Some key-findings and conclusions can be drawn from the investigations and evaluations on 
how to create conditions suitable for E-mobility to develop. These findings are presented in  

Table 11. 

Key-Findings Directives 

Divide actions 
between participant 
actors 

Different actors should focus on different areas of development 
concerning E-mobility. Governments should act in order to reduce the 
total operating cost of an EV and to provide incentives toward vehicle 
OEMs to provide the market with EV models. One way to provide 
these incentives toward vehicle OEMs is to provide governmental 
companies with vehicle fleets consisting of EVs. Governments should 
also stand for subsidies and economic support to other major 
companies with large vehicle fleets. If governments and major 
companies state an interest in shifting their vehicle fleets to EVs, this 
demand should be an incentive for vehicle OEMs to provide the 
market with EVs. These vehicle fleets has to be supported with 
charging possibilities in connection to the workplace. 

Organizations such as housing cooperatives should be supported 
economically if they choose to provide their housing areas with 
charging possibilities. Lease associations and new constructions 
could be obliged to provide charging possibilities for their residents. 
If governments and major companies solve the charging connected to 
their parking lots and residential areas is provided with charging 
possibilities the infrastructure to support PHEVs are in place. This 
infrastructure is essential to make EVs functional as daily commute 
transportation.      

The main development of infrastructure in public areas and connected 
to commercial sites should be handled by interested participators. The 
construction and placement of public charging alternatives will be 
provided by companies with commercial interest in EV development. 
The use of EV charging as a way to offer added value toward 
customer will be a driver for the development of public EV charging 
possibilities. The development of this infrastructure will gain from 
try-out sessions and demonstration projects. 

Diversified actions will create a more balanced market that does not 
depend entirely on governmental incentives. 

 

Focus on 
Infrastructure to 
Support EVs 

The infrastructure development should be based on the operational 
range of EVs. The focus should be to offer charging possibilities that 
will enable an EV to work as a daily commute alternative.  

Even if a PHEV is the natural transition vehicle toward E-mobility 
that will offer the size and comfort of a long distance vehicle it is 
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important to focus on EVs and its coherent development concerning 
infrastructure. The existing charging infrastructure today is enough 
for a PHEV to operate in. For a PHEV to run out of battery is not a 
problem since it is supported by the dual fuel technologies.  

A simultaneously development is preferred but if one technology 
should be the leading technology the focus should be on EVs.  

 

Try-Out Sessions 
and Demonstrations 

Try-out sessions and demonstration projects together with public 
interaction will be highly important for the development of E-
mobility. It will be beneficial for the public, governments and 
companies. To offer society a chance to try EVs at no or a low cost 
will be important. The target group should mainly be the early 
majority with daily patterns that fit the operating range of EVs. 

The transition to E-mobility will be dependant on social acceptance 
and try-out sessions will be a good way to promote E-mobility and 
increase acceptance. 

 

Subsidies and 
Incentives 

The economic actions can be divided into different categories. The 
main categories are two; vehicle OEMs and the consumer side 
consistent of major companies and the public.  

The subsidies that are mentioned for the vehicle OEMs shall work in 
order to make it possible for vehicle OEM to supply the market with 
EV models. When the production cost is reduced the subsidies shall 
be reduced.  

For major companies the reduced tax fringe value is probably the 
most important. The subsidies and incentives directed to EV drivers 
can be divided into gains and reductions. Gains will be the incentives 
that are offered at an operational basis such as reduced operating cost, 
free parking and exemption from congestion charges. The gain 
incentives will work as its best when they are offered on a regular 
basis and offer economic value. The reduction incentives are 
purchase subsidies or added equipment offered. The reduction 
incentives are used in order to persuade the consumer to buy the 
product.     

 

Standardization It is important to standardize some components in the E-mobility 
system. Characteristics concerning the charging procedure is 
important to reach an agreement upon and could be standardized by a 
stand-alone organization e.g. ISO. 

At the same time it is highly important to leave some components 
free for development and innovation in order to gain maximum of E-
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mobility. Components that are not limiting must be free for 
innovation. The lock-in effect will probably take place sooner or later 
anyway.   

 

 

Table 11. Key-findings with directives on how to create conditions for E-mobility. 

These key-findings are suggested ways to overcome the barriers considering economic, 
technological and social issues. If development theory shall be applied, the cognitive model of 
innovation is a model that applies all these findings. By looking at the key-findings another 
conclusion can be drawn and that is the importance of a system integrator in order to get these 
actions to work together at the proper time. The system integrator will act to avoid structural 
tensions in the development.  

  



48 

 

  



49 

 

7.  Implementation Process 
The implementation of E-mobility will be based on a set of factors that has to work 
interconnected in order to provide a smooth transition. The transition time will be affected by 
these factors and the conditions created by active participators in the development.  To offer 
better conditions for the transition toward E-mobility previously presented key-findings and 
knowledge gained through this thesis is used to create suggested directives for an 
implementation plan with coherent business models. 

7.1 Implementation Plan  
These suggested key-points for an implementation plan will work in order to take advantage 
of the commercial factors that will increase the speed of adoption, to avoid lock-in effects and 
structural tensions but also to ensure that proper actions are taken at the right time. The 
suggested implementation plan is based on the following four key-points; 

Key-Points Directives 

Engage in the Market 

 

It will be of importance to actively engage in the development 
toward E-mobility. To commit to the transition and be active in 
the front end of the development will be beneficial. For 
governments this means that they should send signals to national 
vehicle OEMs to invest in the EV market but also to support 
initiatives taken. For energy utilities this would mean that it will 
be beneficial to be more than a provider of electricity to E-
mobility.  

Disruptive Technology Consider the transition disruptive and actively look for new ways 
to develop the market, avoid to early lock-in effects on 
technologies. This also include that new technologies mean new 
perceptions and brings new demands from customers. What might 
seem negative or could considered a barrier might be the factor 
that opens up new market areas and business opportunities. 

Spin-Off Companies  Participate in the development in other areas than the main area 
for the company. The use of spin-off companies will enable a 
broader approach to the market. EVs are not in current state ready 
for mainstream markets and spin-off companies will offer new 
perceptions on E-mobility. In this way spin-off companies might 
find new markets for EVs.  It might also work in order to change 
the social opinion of E-mobility. 

Social Transparency  Engage actively in try-out sessions in public networks in order to 
gain knowledge but also create a positive opinion of EVs and 
increased public knowledge and awareness. To engage the early 
adopters and the early majority will be important in order to create 
a market as well as a positive opinion of E-mobility. 

Table 12. The four key-points of the implementation process with coherent directives. 

The key-points presented in Table 12 will offer a baseline when business models shall be 
evaluated against the market. 
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7.2 Electric Mobility Markets 
If E-mobility is well adopted it will change the markets; oil will be replaced with electricity, 
IC-car with EVs, gasoline pumps with charging equipment. Service, spare part and additional 
services will also be affected. 

The E-mobility development can be divided into two different main markets; the vehicle and 
the infrastructure market (Frieser 2009). These two markets will offer different business 
alternatives and be interesting for different actors. 

The vehicle market will mainly attract the vehicle OEMs and battery developers. This market 
will beside manufacturing vehicles also include raw material supply, spare part and service, 
but also to retail EVs and offer feasible leasing deals. The competition on the vehicle market 
will be between established manufactures and rising competitors. Development of batteries 
and software programs and services will be an important part of this market. Co-operations 
between old IC-car manufactures and new EV developers can lead to a model where old IC-
car models are provided with electrical drive trains. Leasing deals toward major companies 
and governments is one approach; another is to focus on rental companies and car pools. In 
order to make these deals, partnerships between vehicle OEMs, utilities and banks are 
preferable. 

Even if categorized as two different markets it is important that the development happen 
simultaneous with a clear interaction between infrastructure and vehicle. These markets also 
have in common that they will need policy involvement; the involvement will differ 
depending on market situation.     

The infrastructure market can be divided into four different categories, each offering different 
degrees of engagement. Energy utilities can choose from being a full E-mobility provider to 
only be engaged in the electric wholesale. The four different models (Frieser 2009) of the 
infrastructure market include different actions. The first model is basically electric generation 
and wholesale and is not a way to actively participate in the development. The second model 
is electric generation and wholesale for an open infrastructure market and includes the added 
value services, customer handling and roaming deals. Even if this model offers a higher grade 
of involvement is mainly actions taken in the build up process for the infrastructure market. 

The two remaining models mean engaging in developing and providing charging equipment, 
installation, maintenance and to offer payment solutions. The final model includes all three 
above mentioned models but also include a higher interaction with the vehicle market. Battery 
management, battery lease and V-2-G management are added services for this model. This 
stage will be full E-mobility service.     

As mentioned in the implementation plan, actively engaging in the market is a key-point and 
coincides with full mobility service. The four key-points in the business model and the 
implementation plan will have the most impact and be most beneficial if actions are taken at 
the proper time.  

  



51 

 

7.3 Cross Industry Alliances 
A working E-mobility society is a system of interconnected actors and components. The 
alliances that are created will in the introduction mainly be business to business, B2B, 
operations and it is not before the E-mobility has developed more that the business to 
consumer, B2C, will be a significant market. To share knowledge between different business 
sectors will be a significant part of the development. The main areas and actors are shown in 
Figure 17 below.  

 
 

Figure 17. Different actors, businesses and components needed for E-mobility.  

Alliance between areas and actors will increase the connection and interdependence of the 
market which will make the development less fragile to structural tensions. Today there are 
already some alliances. Most vehicle manufactures have alliances with battery developers, 
energy utilities cooperate with charging equipment providers and fast-food restaurants apply 
solutions from different alliances to their parking lots (Wedberg 2009). 

E-mobility is an interdependent market and the full potential will be gained when the main 
participants are integrated in a system. Therefore the system is in need for a system integrator 
that can manage the development. Energy utilities have a strong position as providers of the 
basic electricity. In addition to this they also have knowledge from metering, billing, 
maintenance and have a large customer circle with communication expertise. Energy utilities 
should consequently be in a good position to act in a role of system integrators. To have 
position of system integrator in the long term will be beneficial. Energy utilities in Europe 
have already taken the first step toward an integrated system by engaging in try-out sessions. 

To get involved in more cross industry alliances is in line with both the implementation plan 
as well as the suggested business models. Cross industry alliances offer possibilities to use 
spin-off companies and development outside the company’s main area. Engaging in cross 
industry alliances is a must in order to offer full mobility service. 
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Suggested cross industry alliances would address the two basic problems of economy and 
technology. Economical alliances would solve the investment needed both in a B2B 
perspective as well as in a B2C perspective. Technological alliances would mainly be 
connected to the development of batteries but also to equip the market with attractive 
charging solutions and use existing costumer circles.    

A road map should be developed to identify proper alliances and how to use the 
implementation and business plan in the most beneficial. This will give at least a direction on 
how the development will take place.   

7.4 Road Map of Development  
How the market development will proceed and what time it will take is difficult to predict. 
There are some uncertainties connected to E-mobility that can hold the development back but 
also driving forces and possible technology breakthroughs that can increase the speed of 
development. It will also be affected by the acceptance from society and the driving patterns 
in near time future. In order to apply the implementation plan and business model it is 
important to make estimations on when different actions are needed and will have most 
impact. 

 

Figure 18. Market development of charging infrastructure based on development phases. 

Figure 18 presents a possible development of the different types of charging in the E-mobility 
system and during what phase they will take place. The figure is divided into three main 
phases; introduction phase, commercial phase and the re-development phase. There are no 
time estimations presented, this estimation is based on the interconnected overall 
development. Each type of charging technology marker show introduction, maturing and if 
the technology is being replaced and phased out. 
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The marker of regular charging is represented in all three phases. It will be of importance in 
all three phases but with different significance. The introduction, commercial and re-
development phase will demand different actions and focus points. By evaluating the probable 
development scenarios the implementation directives and the degrees of business model 
interactions can be applied in order to create the probable “development scenarios”. Examples 
on suggested actions and alternatives are given for each phase.  

The cost to provide a parking lot with charging possibilities will be based on different factors. 
These factors are based on location, existing technology, how advanced technology used and 
maintenance. 

 

Figure 19. The determining factors when providing parking areas with charging.  

The examples presented will also be evaluated from a cost perspective. The calculations are 
based on the scheme presented in Figure 19 and presented in more detail in Appendix 3a-e. 

Based on the implementation plan, the business models, the predicted development and the 
economic calculations each phase can be evaluated thoroughly.  

7.5 Introduction Phase 
The first phase of the transition toward E-mobility has already started. The start of the 
introduction phase was the use of green business models, good will models and the use of EV 
charging poles in a publicity and advertisement purpose. This model is basically to provide 
commercial spots and parts of cities with EV charging poles. The only purpose of these 
charging poles is to draw attention. The functional purpose is small and as a preparation or 
R&D stage the chosen sites may have been different. This stage of “green business” is not 
predicted to last long and will be out phased when the functional transition start.    

It is important for the introduction phase to remember that E-mobility at this state can’t be 
compared to a transport system based on IC-cars. EVs are not ready for the mainstream 
market with coherent demands. The existing mainstream demands are connected to initial 
price of the EV and the assumed operational need from the public. The introduction phase 



54 

 

will be a learning process and the precise development can not be predicted. The knowledge 
will be learned from society at the same time as actors can gain from that knowledge. Even if 
the development can not be predicted it is important to try to predict what kind of conditions 
that will help the transition toward E-mobility. 

For the introduction phase it is important that roaming deals are developed. These deals are 
important to enable an open infrastructure where charging can take place independent on who 
is the electricity provider. These roaming deals will be between energy utilities and concern 
how the profit shall be shared but can also work as a framework for joint investments. Perhaps 
it will be of most importance when business models in commercial aspects are used. 
Standardization and roaming deals are important decisions that must be taken from key-
actors. The GSM net has been able to set European roaming deals and also been able to attract 
joint investments in the GSM net. These actions can be used to leapfrog some of the problems 
that will be brought due to profit and investment sharing on national level. A European 
roaming deal together with standardization will open up borders for E-mobility. 

The dominant factor in the introductions phase will be the regular charging that take place at 
home at night time and day time charging at work. The circumstances needed for this phase is 
that vehicle has to be left standing for a consecutive amount of time, during night and at work. 
The regular charging uses the existing grid and can be used with standard outlets. This will 
make it suitable for the introduction phase when EVs are introduced to the market. Regular 
charging taking place at home will use similar charging equipment as the one used at 
company parking lots.  

More advanced technology and better social understanding together with try-out sessions will 
indicate the direction of development. The key is to start the introduction at the right sites and 
direct it toward the correct target audience and vehicle fleets. Another important factor to 
consider can be a more concentrated geographical introduction, more actions taken in fewer 
cities.  

To use existing conditions will be serve dual purposes, it will decrease the investment needed 
and it will show that EVs can be used without the need of major additional installations. 

7.5.1 Parking Lot Alternative 

Major parking lots provide the proper site and target audience. The basic conditions are in 
place and the cost will be on the company. By providing the parking with charging equipment 
it will offer benefits similar to the one gained from try-out sessions. It will also send signals 
that the company is committed to the development of E-mobility. These signals can be of high 
importance for the public opinion but also important toward business partners. 

The main benefit is to offer a market for vehicles and R&D chances for companies. It could 
be the first step for a company’s vehicle fleet to be replaced by EVs and the employees of the 
company will also get a chance to try out EVs without risking personal economic loss. The 
social transparency of the first phase is important and will benefit from the key-points from 
adoption of innovation. It will offer trialability, possibilities to try an EV, and a first 
introduction to the relative advantage of E-mobility. In long term development the parking lot 
alternative will be of importance to a V-2-G society, both as a central hub in the system but 
also for R&D purposes.  

To equip a parking lot with regular charging equipment will not be that expensive. It is a low 
cost solution that offers low symbolic value but it will still be noticeable as EV charging due 
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to the charging boxes. The cost will be low since the solution is based on pre-existing motor 
heaters connections and low charging technology need. The equipment cost for a single 
charger will be between € 200-500, for this expense a charger with a lock mechanism and 
indication function is provided. The total cost for 10 chargers will be approximately € 4 500. 
This cost is based on ground preparation, equipment and installation. For calculations see 
Appendix 3a. 

To provide company parking lots with charging equipment is a functional and supportive step 
in the development. The commercial forces used are low but the parking lot alternative offer a 
base line for further development. The parking lot solution is a low cost solution where 
equipment is placed at the best suited sites possible. It uses a low degree of technology and 
the electricity will be paid for by the parking lot provider. For companies that actively works 
toward shifting their vehicle fleet to EVs and for companies that work with the development 
of E-mobility and engage in try out sessions this will be a good and affordable alternative.  

The cost to equip the parking lot with charging equipment can be compared to the operational 
gains from using EVs in the vehicle fleet. If the company pays for the operating cost, gasoline 
or electricity, the payback time for this investment would be approximately 15 days, 
equivalent to three working weeks. This is due to the price difference between gasoline and 
electricity. The usefulness of this payback time can be discussed since it neglects the high 
initial cost of EVs. Calculations presented in Appendix 3b. 

There are other places where the vehicle is left for a long time, for example long term parking 
in connection to train stations or airports. Distance travel with train or by planes is often 
dependent on a personal transport alternative at the departure and arrival site. This opens up 
business opportunities for interconnected businesses.  

7.5.2 The Commuter Alternative 

To interconnect EV charging possibilities with major commute stations is a way to provide an 
advantage for major travel companies but also to provide the travel from commute station to 
final destination. Often there is already long term parking with connection to the grid at the 
commute station. The fee for charging the EV will probably be included in the fee for 
parking. Parking like this would in a commercial sense be beneficial for train companies.  

Cooperation with car pool companies could offer package deals for travelers, free charging at 
the departure parking lot and travel ticket with a fully charged EV at destination in order to 
provide the inner city travelling. From environmental aspect this would be a good way to 
decrease the CO2 emissions. This alternative should also be supported by governments in 
order to lower emission on a national level. The incentives in this alternative are those who 
are attractive to private users and also solve the old argument that a car is needed at arrival 
site.  

The cost for this alternative will be more expensive than the parking lot alternative, assumed 
that there are no motor heaters at the site increases the preparation cost along with more 
advanced equipment  used. This adds up to a total cost of € 10 000 for ten chargers. For 
calculations see Appendix 3c. 

The parking lot and commuter alternative are investments that in short term will have low, 
probably no, economic gain but will open up the market to more actors ready to invest and 
engage. The initial cost for this investment will be covered by the company or utility that 
provides it. The charging will be free or included in a parking fee. The electricity cost will be 
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covered by company or utility providing the parking lot. The knowledge and the head start 
gained from this can be significantly beneficial in a long term development.     

This phase is more focused on implementing and providing the proper market conditions for 
E-mobility. Therefore the key-points from the implementation plan are important. All four 
points are involved in this phase and as the disruptive key-point suggests the continuous 
development can shift toward other solutions. According to the business models it is mainly 
point one and two, electricity wholesale and roaming deals, for an open market that is 
involved. This phase will mainly consider B2B and B2G, alliances between energy utilities 
and different OEMs will take place and contracts with governments will be signed.  

From the governmental side the recommended actions are to offer reductions of the taxable 
value of fringe benefits for a couple of years in order to increase the amount of company EVs. 
To invest in EV fleet for national businesses is another important action, equipping parking 
lots in connection to these fleets with charging possibilities should be included. Governmental 
actions should be directed toward major vehicle fleets. 

Regular charging will become mature quite early due to the good basic conditions. As regular 
charging becomes more common and the vehicle fleet of EVs increases, mainly because 
company vehicle fleets, semi-fast charging will be introduced. The semi-fast charging will be 
the start signal for the commercial phase where competitive advantage is the predicted key-
driver.  

7.6 Commercial Phase 
When regular charging and EVs become more common, more and more parking lots will be 
able to provide charging. Leisure site parking lots will start offer charging as a competitive 
advantage toward other competing businesses. To offer charging possibilities will be an 
important factor when EV drivers shall choose leisure sites to visit. In the introduction and 
commercial phase is probable that EV drivers will charge when ever they are given a chance. 
This due to the fact that it is for free but also to ensure that the vehicle always is fully charged 
in order to provide a feeling of reliability.  

During the commercial phase the introduction of semi-fast charging and ongoing development 
of fast-charging will be important. During this phase infrastructure development should strive 
to increase the feeling of independence for EV drivers. When more and more charging 
opportunities are given EV drivers becomes less dependant on regular charging at home and 
at work. Another positive aspect with the charging equipment is that it will not decrease the 
amount of parking spaces. Leisure centers aim to attract as much customers as possible and 
therefore need a lot of parking spots.  

In addition to more and more charging opportunities offered, EV drivers will use Global 
Positioning System, GPS, services to a higher extent. GPS services will increase the reliability 
of E-mobility since it will keep the driver aware of were he can charge. GPS services will be 
able to provide charging opportunities connected to the state of charge of the battery. Internet 
services will provide the same service but accessible without GPS. This will further increase 
the reliability of E-mobility but also increase the need for similar E-mobility services 

The commercial phase is based on the competitive advantage and the fact that charging an EV 
takes time and will naturally take place during other activities.    
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7.6.1 Shopping Mall Alternative 

A larger shopping mall will be a natural site to offer semi fast charging to the customers. This 
scenario would mean that the EV could be charged in 1-3 hours with help of semi-fast 
charging. This charging time for the EV to be fully charged coincides with time spent by 
consumers in a shopping mall. If a shopping mall offers free charging to customers this will 
be a good way to attract customers. In connection to a mall the expensive can be shared 
between several commercial businesses or provided by parking lot owner. This will provide 
incentives for customers to choose a specific mall or cinema, the charging will be free and the 
extra cost for electricity will be covered by   additional sale of products or services. These 
incentives correspond to two important factors; economical and on a regular basis. The 
investments connected to this alternative are set by amount of participant providers at the site. 
If the investment can be split between providers the preparation cost will be lower but it will 
require a higher technology of the charging equipment. The fact that this alternative will 
demand delta voltage transformers also increases the cost.  

At these sites there are no existing motor heaters connections and there is a significant need of 
ground preparation work. The price of the charging pole will be between € 2 150 and 2 500. 
This will offer a payment solution based on the existing public transportation system. These 
poles are equipped with two outlets each and can be connected to a transformer that will cost 
€ 3 000 and ensure delta voltage. Ground preparation work and installation will cost € 1 000 
per pole. The total investment will be € 21 500, if a credit card terminal is added that will add 
an extra investment of € 14 000. For calculations see Appendix 3d. 

During this phase consumer matching alternatives grow strong. Subsidies and development of 
batteries, car pools and rental services will provide EVs to the public. More and more 
consumer matching will be available when battery leasing becomes a more interesting 
alternative. Subscriptions that offer a monthly usage will be a convenient way for consumers 
to purchase vehicle. Car pools subscriptions will offer consumers a vehicle without the high 
initial purchase cost and with low operating costs. For these alternatives it is important with a 
well developed public infrastructure charging net, since home charging may not be provided 
in rental scenarios.  

7.6.2 Consumer Matching Alternative 

Car pools and rental companies that offer EVs to the public will during the commercial phase 
be able to use this as a competitive advantage compared to ones who do not. People will be 
able to try out an EV when they need to rent a car or participate in a car pool; the EV will be 
something new and will attract consumers. 

Later in the commercial phase rental firms and car pools will offer inner city people the 
possibility to use the service of a vehicle without owning it. EVs can in this stage be 
compared to public communication cards that offer free travel for a monthly fee, since the 
operational costs are low. A monthly fee paid upfront will ensure access to a vehicle when 
needed and parking lot spot will be of no concern since it is provided by the rental firm. 

A connection between public transportation and car pool companies could offer monthly 
subscriptions that offer a certain amount of trips by public transportation and pre-paid amount 
of kWh. Higher use will be charged for retroactive.  

Leasing deals for EVs could include access to a PHEV for 3 weeks a year for family 
vacations. The investment for a car pool alternative will be similar to the commercial parking 
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lot, only infrastructure considered. Access to vehicle will be enabled through member card 
system. If the car pool shall be effective a booking service and service that show where fully 
charged vehicles are available is needed. This means a higher level of connection between 
charger and communication channels. Car pools and rental firms will be the first steps taken 
toward provide individual solutions to personal transportation, mainly in the inner cities.  

During the commercial phase the development of fast-charging will be important, this in order 
to offer competitive advantage for businesses were activities take 30 minutes or less. When 
EVs can be charged in 30 minutes it may be offered by almost all commercial business in 
order to gain customers. The full potential of EV charging is offered to the commercial 
business sector. 

7.6.3 The Fast Food Alternative 

Fast charging will take approximately 30 minutes in order to get a fully charged battery. 30 
minutes or more is an estimation of a common “fast-food” stop or lunch, lunch time at 
working days is an hour. For lunch restaurants and fast food restaurants along highways 
charging will be a natural added value to offer. An EV driver driving an EV with a range 
capacity of 300-400 km will probably find this stop natural on a longer trip anyway. For lunch 
restaurants the free charging will be a important factor when it comes to choosing restaurants, 
both along highways and in suburbs. Fast-food restaurants along highways will have the 
potential of becoming the new gasoline stations. 

Cost estimations for fast charging are hard to estimate, the determining factors are in a R&D 
stage. But at this phase it is probable that the development has provided fast charging.  

The fast food alternative and fast charging together with a higher adoption of E-mobility will 
be one of the final steps toward a new perception of traveling. Commercial business 
alternatives will seek new ways to connect EV drivers to their business and therefore the 
development of software, payment solutions and added value services will increase. The 
charging will be free and therefore the additional sale of products and services must be re-
connected to the right business. 

7.6.4 Payment Solutions 

There are different alternatives on how to connect the free charging back to the provider. One 
alternative is the today commonly used member card. Major commercial businesses today 
often offer member cards to their costumers. An EV driver could apply to have the member 
card connected to the charger which would enable him to activate charging at arrival. The 
equipment will be able to save the member card information and the billing process is solved.  

If the charging is provided by fast-food restaurants a natural alternative is to include it in 
meals. In this way charging can be started from the cashier when something is ordered. 
Charging can be included in meals or just for free as soon as something is ordered.  

A bonus system can be used and a certain amount of travel will offer the EV driver to a 
certain amount of free charging. Free charging in comparison to travel points, special offers 
and bonus checks. Payment solutions will be connected with business ideas from commercial 
businesses and service providers. To develop more and better payment solutions will be a key 
in order to use commercial forces. 

In comparison to the implementation plan and business models this stage assumes a full E-
mobility transition and therefore the business models will be of more importance. Integrated 
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energy services will be significant in order to keep development connected and the 
infrastructure open from both provider and consumer perspectives. In the commercial phase it 
is of importance that the commercial businesses gain from the competitive advantage. It will 
probably open the market to time extensive services that coincide with the time spent 
charging. Excessive time will be evaluated against free charging and other economic and 
social incentives. With a more developed EV usage society will learn more about driving 
patterns and personal transport need.  

At the commercial phase B2C will provide an expansion of the market. This will offer 
alliances between different business sectors. Vehicle OEMs, energy utilities and banks can 
create alliances to provide EV purchases with profitable payback deals or leasing deals mainly 
to private consumers. The cross industry alliances that are created at this phase will connect 
the different actors in a more integrated system. A good example to this is the development of 
commercial payment solutions where billing knowhow will be used together with hardware 
solutions concerning electric poles and software programming. This solution will in next stage 
be applied to a commercial business that will gain economic from additional sales of ordinary 
products or services.  

Subsidies that create incentives for private customers to invest in EV will be of importance in 
this phase and should be provided by governments. The initial cost of EVs and PHEVs will 
probably have decreased due to more production and sale of vehicles. Free charging, free 
parking and exceptions from congestion charges and environmental taxes will be useful.  

The first steps toward full E-mobility will during this phase be taken and as E-mobility 
becomes more common. The development moves toward a new development phase where the 
new registered vehicles for personal transport are EVs and PHEVs. Social adoption will 
determine whether the development proceed to the next phase or not.       

7.7 Re-Development Phase 
The infrastructure provides charging for personal E-mobility and at this phase the earlier used 
technologies are replaced by new more efficient technologies. Regular charging at home and 
at parking lots will still be one of the main charging alternatives. New apartments are 
equipped with parking alternatives connected to the grid and offer natural charging spots for 
people living in the inner city. The charging patterns for personal transportation have become 
more similar to mobile phone charging; some charge as soon as time is given and some when 
it is needed. Re-development of the society starts when the existing net has become mature 
and can provide E-mobility as personal transportation.  

7.7.1 V-2-G Society to Promote Renewable Energy 

A personal transportation system consisting of or shifting towards EVs offer a good way to 
curb GHG emissions. The EV fleet offers an extra battery park that can be used to store the 
energy generated from fluctuated sources during night time when electricity usage is low. The 
energy can be “sold” back into to grid from the vehicle during peak hours. An economic EV 
driver will in this way be able to decrease operating cost to minimum by charging during low 
cost hours and selling it back during high cost hours, peak hours. Price of electricity will shift 
depending on when the EV is charged.  

For an EV fleet to be a regulative force considering peak hours a capacity of 500 MWh has to 
be reached. An EV fleet of 50 000 vehicles with battery capacity of 20 kWh is calculated to 
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supply the extra capacity needed. The EVs will still work as a transport solution, batteries are 
not totally depleted.  

This development brings incentives to invest more in renewable energy sources, both for 
energy utilities but also for private users. Energy utilities need of scale production in order to 
gain economic benefit and private users can by providing their vehicle with e.g. solar panels 
provide their own power plant.  

The re-development will also include heavy vehicles such as public transport busses. 
Transportation alternatives that are used in similar patterns will become involved into the E-
mobility. Public transportation is supported by ultra-fast charging stations and zones with 
inductive charging. There is a higher degree of connection between EVs and commute 
transportation.  

The competitive advantages will not be as significant, charging possibilities will rather be 
taken for granted. This advantage will be replaced by additional travel planning and extra 
value from soft-ware producers and charging providers. Battery development will open up the 
leasing market and offer business models that will cut the cost of EVs.  

7.7.2 E-mobility Services  

In a new transport society more and more mobility services will have to evolve to make it 
easier for the driver to navigate in traffic. Active GPS solutions will work to minimize road 
congestions and also offer driver different road suggestions based on the EVs state of charge 
and charging possibilities. GPS providers can offer equipment that suggests primary stops at 
charging locations where a specific service provider benefits from the charging.  

Services that will offer information over internet concerning charging possibilities will be of 
interest. Where and who provides the nearest charging spots and what other services is offered 
at the site can easily be checked out from a mobile phone. The price situation and possibilities 
to sell back at peak hours can be stated, this to offer the EV driver a competitive situation in a 
V-2-G society. 

The development to full E-mobility offer leasing deals and a mature battery technology 
decreases the initial costs of EVs. Leasing of batteries will decouple battery ownership from 
vehicle ownership. A higher grade of battery technology will also offer a second hand market 
for batteries e.g. used in large battery parks. On the other hand the development might take 
another turn and customers will only purchase the battery and lease the mechanical structure. 
This would be interesting in vacation aspects but also in cities with seasonal weather changes.   

Personal transportation has developed to a fully integrated system with economical, 
environmental and social benefits. The electricity grid is the energy provider, vehicle OEMs 
supplies the market with vehicles, the use of personal services and added value are the 
commercial forces and all of this is integrated and managed by different energy utilities.  
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7.8 Key Findings Implementation Process  
A short summary of the three different development phases are presented in Table 13 together 
with the key-findings based on the evaluation of the implementation process. 

Key-Findings Directives 

Introduction The purpose of the introduction phase is to provide cities with 
infrastructure that offer charging possibilities for EVs. The 
introduction phase will offer time to develop joint agreements 
concerning roaming deals and standardization. 

To equipping work connected parking lots with charging 
infrastructure will offer natural try-out sessions for employees 
but also provide the essential charging sites. Governmental 
actions should be focused on EV purchase and to provide the EV 
fleet with charging possibilities. Parking lots that are used for 
over night parking or long term parking are natural areas to 
provide with charging infrastructure. Governments should also 
promote major companies to invest in EV fleets by offering tax 
reductions. This creates incentives for vehicle OEMs to supply 
the market with EV and PHEV models. 

The introduction phase will not serve the purpose of economic 
short term gain but rather create condition for middle and long 
term benefits. The most important actions are those to decrease 
barriers and offer better conditions for E-mobility development.  

The different EV models offered to the public are few and there 
is still some barriers concerning technology, infrastructure and 
economic aspects. 

 

Commercial During the commercial phase the infrastructure net will increase 
and enable more possibilities to charge the EV. Development 
and introduction of faster charging alternatives will increase the 
potential and adoption of E-mobility.  

Business models will be essential in the commercial phase. To 
offer EV charging will be used as a competitive advantage for 
commercial sites. Free charging will be of importance when EV 
drivers shall choose commercial sites for leisure activities.  New 
business models that are connected to the time it take to charge 
an EV will evolve. Leisure sites might offer charging 
technologies that correspond to the time the offered activity take. 
The new models will depend on the development of charging 
equipment and the evolving of new models will be important for 
E-mobility. 

How to connect this competitive advantage to the commercial 
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business will be solved with different payment solutions e.g. 
charging possibility connected to a member card. 

Government and economical alliances shall act in order to 
decrease the initial costs of EVs. The primary target should be to 
reach a cost scenario similar to IC-car. More and more actions 
are directed toward the B2C market.   

In the end of the commercial phase the number of EVs and 
PHEVs sold are continuously increasing. The market is 
becoming less and less dependant on governmental subsidies and 
incentives. 

 

Re-Development The re-development phase is based on a full adoption of E-
mobility. Public transport is included in E-mobility; this is made 
possible through inductive charging. 

A Vehicle-to-Grid, V-2-G, society will develop and EVs are 
integrated into the overall energy picture for society. Road 
congestions and pollution has significantly decreased due to E-
mobility services and a transport system based on electricity 
from renewable sources.   

The re-development phase offer E-mobility that is independent 
of governmental support. Since the transition is based on a 
disruptive technology predictions of the re-development phase is 
hard to make. The development is highly dependant on the social 
adoption in the commercial phase.   

 

Regular Charging 
Preparation Important and 
Possible 

Regular charging will be a corner stone for the transition to and 
in E-mobility. One of the advantages with the EV technology is 
that the vehicle can be charged when it is not in use. Even when 
charging technologies get more developed the over night and at 
work charging alternative will be the most natural charging 
alternative for EV drivers. This development is more connected 
to patterns than to technological development. 

Therefore the introduction phase will play a significant role in 
preparing the market for a widespread use of EVs. The costs 
connected to providing parking lots with equipment to provide a 
functional introduction phase for EVs are not that significant. If 
the basic connections to the grid exist the cost for regular 
charging is low. These circumstances probably exist in the 
developed part of Europe. The significant cost is represented by 
the vehicles. 
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Business Models and 
Commercial Businesses 
use of Competitive 
Advantage 

 

Social acceptance is one of the keys to the adoption of E-
mobility. In order to get a more positive public opinion it is 
important to use the relative advantage connected to EVs and 
PHEVs. This will best be done if proper business models are 
offered. Leasing deals for batteries or entire vehicle, subscription 
deals or simple pay-off possibilities are important models that 
shall be developed by participant actors. 

One of the EVs relative advantages is the low operating cost. 
This should be used by commercial businesses in order to offer 
relative advantages to other businesses. The offering of free 
charging in connection to their site will offer incentives to EV 
drivers to choose one leisure site in front of another.  

In the commercial business model the charging will be 
considered an added value. To be able to use the full potential of 
the added value service payment solutions must be worked out. 
Payment solutions such as free parking connected to member 
cards will make sure that the gain of providing free parking will 
be connected to the right provider.  

Business models and commercial business using competitive 
advantage will be a key to reach social acceptance of E-mobility 
and to increase the development rate.  

Charging of EVs will generally be free for the EV driver when 
the EV is charged outside the home area. This will consist 
through the introduction and commercial phase. 

 

Cross Industry Alliances 
and System Integrators 

E-mobility is dependant on a lot of different actors in order to 
work at its full potential. Cross industry alliances will be 
important when technological and economical barriers shall be 
overcome. Shared knowledge between actors will accelerate the 
development of E-mobility.  

Since E-mobility is dependant on a lot of actors there is a need 
of a system integrator. The system integrator will work in order 
to keep the development connected and maintain the connection 
between provider and user in the different areas. Energy utilities 
have a good possibility to take the role as the system integrator 
of E-mobility. They have the proper management, metering, 
billing and grid operations knowledge. Another benefit is their 
large number of customers. 

 

Time Aspects The time for each development phase is hard to predict and so 
far in the thesis no estimations are done. In order to get 
investments and entrepreneurs to be interested in E-mobility 
time aspects are important. To replace the insecure time aspects 
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governments and major companies has a crucial role. By 
investing and engaging in the development they will send signals 
toward investors and entrepreneurs that E-mobility will be 
reality.  

If an estimation of time is for the implementation scenario shall 
be done a suggestion is that the introduction phase will be from 
present to 2020. The commercial phase will take place between 
2020 and 2050 at least. The re-development phase will start 
when E-mobility is entrenched.  

This time estimation is based on the IEA, International Energy 
Agency, Blue Map Scenario and different countries specific 
targets for EV and PHEV sales.  

 

Table 13. Key-findings from implementation process. 

The commercial phase is the critical phase and will decide if E-mobility will be fully adopted 
by society or not. A good basic charging infrastructure developed during the introduction 
phase will offer a good base for the commercial phase to offer the relative advantages 
connected to EV driving. The re-development phase will offer new vehicle solutions, new 
services and added values that will make E-mobility a well working transportation system.   

These key-findings will be of importance in order to create E-mobility. All of these actions 
should be evaluated and investigated further in order to make them work at is best. The 
advantage of E-mobility will differ based on country, energy mix, existing infrastructure and 
specific driving patterns. 
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8. Conclusions 
The overall conclusion that can be drawn is that E-mobility is a reality for future personal 
transportation and that it offers a lot of benefits. There are although some major barriers that 
has to be overcome in order to gain from these benefits. The two main barriers are economical 
and social. The right charging infrastructure and interaction from active participants will be a 
way to overcome these barriers. In order to provide proper charging infrastructure it is 
important to understand patterns in society and how people react to different incentives. The 
implementation of E-mobility must be based on this. The shift to E-mobility is a major 
transition that will open up new markets and offer business opportunities during the 
development phase. These new opportunities are important to take advantage of and use in the 
implementation work. The transition will be dependant on governmental interaction. At the 
same time it is important that when E-mobility is adopted it will continue to develop without 
governmental involvement. 

The social factors are connected to perceptions of traveling based on historic needs and 
predetermined opinions. The average operating range needed in Europe is 40 km and that is a 
range that can be provided by EVs today without the need to recharge. This and other facts 
concerning advantages that EVs have, has to be communicated to society in a proper way. 
The best way to get a positive opinion of EVs is to offer public try-out session and 
demonstrations in connection to hearings and information actions. The important target 
groups is the early adopters and the early majority, people that are interested in EVs and do 
not actively look for obstacle and barriers connected to E-mobility. 

The economical barriers are mainly connected to the high initial cost of vehicles. This cost 
will decrease when large scale production of batteries and EV starts. But for this to happen 
there is a need for an EV market in order for vehicle OEMs to invest in the development. In 
this governments play a vital role in equipping their vehicle fleets with EVs and provide 
charging infrastructure in connection to workplace. Governmental involvement will be 
important in order to send signals to OEMs that the EV market is worth investing in. 
Governments should also provide subsidies and tax benefits for major companies and 
individuals that are interested in investing in EVs.  

The transition toward E-mobility shall focus on providing charging infrastructure that 
corresponds to the needs of an EV. The PHEV shall be seen as a complement and supportive 
vehicle to EVs. If the infrastructure is developed after the needs of PHEVs there is a strong 
possibility that there will be stagnation in the development. The PHEV will although play an 
important role as a long distance vehicle in the transition toward full E-mobility.  

A transition to E-mobility will be based on three main phases; introduction phase, commercial 
phase and re-development phase. These phases serve different purpose but have the final aim 
in common, to promote E-mobility. In each of these phases involvement from utilities and 
governments will play an important role. To ensure that the actions taken in each phase have a 
positive effect on the overall development it is important that they are based on social, 
economical, technological and environmental factors. The different phases have in common 
that the charging will be provided for free, at least in the introduction and commercial phase. 
When charging take place during night in the driver’s private garage the cost will end up on 
the bill but at commercial sites or at parking lots the provider of the parking area will have to 
stand for the charging cost or it will be included in the regular parking fee. 
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The main purpose of the introduction phase is to provide conditions for the EV development 
in a later phase. During the introduction phase governments and major companies shall invest 
in EVs for their vehicle fleet. For companies involved in the transition toward E-mobility, this 
phase can be used in R&D purposes as well as in providing try-out sessions and hearings with 
the public. The introduction phase has no short term economic gain but offer time in order to 
develop roaming deals, standardization of components and joint businesses that will ensure 
economic gain in long term scenarios. Active participating in the introduction phase will offer 
a head start when the development moves on and E-mobility becomes more adopted by 
society. Standardization of characteristics connected to charging possibilities will be highly 
important. A stand-alone organization such as ISO could help in order to reach an agreement.  

In the commercial phase business models will be essential for the adoption of E-mobility to 
society. To use charging as competitive advantage will provide commercial business 
incentives to invest in EV charging. Charging at commercial spots will be an incentive that 
corresponds to high rated incentives by society, economic gain offered often. For commercial 
business there will also be a need to complement the commercial charging with payment 
solutions. Payment solutions will connect the benefits from providing charging back to the 
correct provider. During this phase cross industry alliances will be promoted in order to 
develop added value services besides charging. In the commercial phase the B2C markets will 
open up and there must be incentives for potential EV drivers.  

During the commercial phase leasing deals between manufactures and companies as well as 
between manufactures and individuals will be important to cut the initial cost of an EV and 
further increase the production of EVs. Cross industry alliances between OEMs and banks 
will offer affordable EVs. Cross industry alliances will during this phase also serve the 
purpose of developing solutions and services that will put extra value to driving an EV. To 
use knowledge from different business areas and apply to a common solution will be 
important for the development of charging equipment. Business models that are oriented 
toward decoupling the use of a vehicle from owning it will evolve.   

If the development toward E-mobility and E-mobility itself shall work there is need for a 
system integrator. Energy utilities have the proper knowledge and customer circles to take this 
role. The system integrator will be a very important role in a society based on E-mobility. The 
commercial phase is the most important phase if E-mobility shall be adopted by society but 
will only be possible if the introduction phase has offered suitable conditions.  

The re-development will start the process all over again. E-mobility will be target for 
efficiency development and societies like V-2-G will evolve. 

This thesis suggests an implementation plan and actions that shall be taken over a long time 
and actively be evaluated against the current state of development. It is important that E-
mobility is a disruptive technology and need to be handled based on that. The presented 
barriers are hard to overcome and they will vary depend on national and local conditions. 
Therefore the suggested actions must be evaluated and designed based on countries given 
conditions.  
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Appendix 1. 
The cost of battery connected to capacity. 

Manufacture Current Price 
[€/kWh] 

Ener1 Hevs 470 

Valence Technologies 670 

Altair Nanotechnologies 670 

A123 Systems 860 

2008 DOE SEGIS-ES Estimates 890 

2009 NEDO Survey Results 

Average of Japanese Producers 

1350 

VDI Nacrischten (Abrahamsson, 2009) 700 

 
The table shows cost estimations from different manufactures. 
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Appendix 2 
Appendix 2a 

EV efficiency used: 0, 2 [kWh/km] 

Energy mix for EU-15 countries kg CO2/kWh 

 

Equation:  
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Appendix 2b 
EV efficiency used: 0, 2 [kWh/km] 

Price of electricity 

 

 
 
Equations: 

EV operating cost:  

 

IC-car and Diesel car:  

 

Operating range:  
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Appendix 3.  
The cost calculations used to determine the cost of equipping a parking lot with EV charging 
equipment.      

Charging equipment cost used in calculations, a compilation of different manufactures 
estimates. 

Model Tallykey Scandinavian 
Electric 

Elforsk Trivector YIT Abrahamsson

Easiest 
Solution 

- - - 200-500 300-500  

Simple Pole - 1 000 700 - 800-      
1 000 

700

Pole with 
payment 
equipment 

2 500 2 150 1 200 2 000 -  

Credit Card 
Pole 

- 140 000 - - -  

Transformer 
(Delta 
Voyage) 

- - - 3 000 -  

Installation 
Work (10 
spots) 

   5 000 -  

 

Appendix 3a 

Parking lot alternative calculations 

The basic conditions for the parking lot are good, there are pre-installed engine heathers and 
proper connection to the grid. The installation cost will only depend on the amount of 
charging spots and time needed for installation.  

• Installation costs will be set to € 200 for installation of 10 chargers. 

The charging spots will be of the more robust and un-advanced kind, no payment system is 
needed but perhaps some lock possibility. It is positive if the spot can handle both 10 Amps 
and 16 Amps. 

The design of the charging spot shall fulfill a symbolic value and communicate that it is a 
charger for EVs in order to gain good will. 

• The equipment cost will be € 300-500 a piece. (If a pole or more a communicative spot 
is wanted the price will increase significantly). 
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The maintenance of these chargers will be low since there are no advanced components. Wear 
and tear will not be that significant but potential sabotage is always a determining factor.  

• Maintenance costs are set to a yearly cost of € 200 for 10 chargers.  

The total initial cost for installing 10 regular charging spots on a parking lot with good basic 
conditions is; 

• The total cost is € 3 500 – 5 500. (Used in thesis € 4 500). 
 
 

Appendix 3b 

Parameters used in pay-back calculations: 

Used figures 

Average driving:  40 km Days per year: 200 

Gasoline cost: € 12/ L Electricity cost: € 0, /kWh 

IC-car efficiency: 0, 07 L/ km EV efficiency: 0,75kWh/km 

Needed gasoline: 2, 8 L Needed electricity: 30 kWh 

 

Pay-Back Calculation for an EV fleet consistent of 10 EVs:  

Initial Cost Charging Equipment = € 4300. 

Daily Propulsion Cost EV = € 60. 

Daily Propulsion Cost IC-car = € 340. 

Daily Propulsion Cost Difference = + € 280. 

Pay-Back Time = Initial Charging Equipment / Daily Propulsion Cost Difference  

Pay-Back Time ≈ 15 days, 3 working weeks. 

 

Appendix 3c 

Commuter alternative calculations  

The basic conditions for the parking lot are good, there are an existing grid that the charging 
equipment can be connected to. Some work to draw cables and cover them up must be done. 

• Installation cost will be set to € 5 000 for installation of 10 charging poles. 

This scenario sets higher demands on the charging equipment since the charging poles shall 
be used by different users but also shall the cost for the electricity be divided between 
different providers. Some kind of payment system will be used and some sort of access 
function is needed.  
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• The charger will cost from € 700 - 1000 and provide the easiest form of payment 
solution through member card. 

The maintenance cost will be based on how functional the software is and how the payment is 
solved.  

• Maintenance costs are set to a yearly cost of € 1 000 for 10 chargers.  

The total initial cost for installing 10 regular charging poles is; 

• The total cost is € 9 500-11 000. (Used in thesis € 10 000). 

 

Appendix 3d 

Shopping Mall Alternative Calculations  

The basic connections are similar to the parking lot alternative, a large open area with a 
nearby grid. Motor heaters are not existent.  

• Installation cost will be set to € 5 000 for installation of 10 charging poles. 

The demands on the charging equipment will be quiet high.  

• Equipment cost are set to € 2 500 for 5 charger with 2 outlets each. Additional cost 
transformer for delta voltage, cost € 3 000. 

The maintenance cost will be based on how functional the software is and how the payment is 
solved.  

• Maintenance costs are set to a yearly cost of € 1 500 for 10 chargers.  

The total initial cost for installing 10 regular charging poles is; 

• The total cost is € 21 500. (Used in thesis € 21 500). 

 

Appendix 3e 

V-2-G preparation and calculations 

500 MWh / 10 kWh = 50 000 vehicles. 

The EVs has a battery capacity of 20 kWh, 10 of these 20 can be used during peak hours. This 
leave the EV with half the battery left charged that can provide operation rang if needed. 
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