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1 Introduction 

1.1 Background 
The Centre for ECO2 Vehicle Design (also called the centre in this report) was started 
in the early 2006 and will run until 2015. It is a co-operation between KTH, Scania, 
Volvo, SAAB, Bombardier, Polytec Group, A2 Acoustics, VTI, Vägverket (the 
Swedish Road Administration) and Banverket (the Swedish Rail Administration). The 
main objective is to perform vehicle design research which is ecologically and 
economically sustainable. From the start the Virtual Vehicle suit has been running 
along with the technical projects. The purpose is to perform research that is evaluated 
from the virtual vehicle as a reference object. By comparing the projects with the 
reference objects regarding fuel consumption, noise and production costs and so on 
the goals of developing ecologically and economically sustainable vehicles might be 
reached. Another purpose with the Virtual Vehicle suit is to facilitate the 
communication within the centre and illustrating the connection between the different 
vehicle modes.  
 
Virtual Vehicles I was started by defining the virtual vehicle. The aims were to 
identify the main functionalities and make up specifications for the different vehicles 
in the transport modes truck, train, cars and construction equipment. The aim was also 
to develop a method for how these virtual vehicles should be used within the 
evaluation of each project. The development of the reference vehicles were made 
through interviews and workshops with the partners and specified when it comes to 
performance, driving system, load capacity and other ratios. During the project the 
issue of including the ecological aspects in the same way as the others was brought 
up. An identified problem was how to measure that the projects are working towards 
the centre’s goals. This was more difficult than expected. Another question to be 
handled that was identified during the Virtual Vehicles I was what is meant by 
environmental impact and the connection with the research results.  
 
The next phase, Virtual Vehicles II, was aiming at developing an evaluation tool for 
the ECO2 aspects and based on the virtual vehicles developed in the project Virtual 
Vehicles I. The environmental aspects were to be clarified and decided how they 
should be measured and evaluated. Another purpose with this was also to develop the 
project generation process within the centre in the sense that project proposers should 
know which criteria must be fulfilled. The evaluation form was designed with a life 
cycle perspective including the manufacturing phase, the usage and the end of life 
phase. Environmental aspects such as climate effect, spreading of hazardous 
substances, noise and resource use were included.  The form did not include any 
economical criteria though.   
 
This third project is a continuation of the Virtual Vehicle suit and has mainly been 
running during the first part of 2009. A fourth one has already been started by the 
time for writing this report which aims at developing an evaluation method adopted to 
the ECO2 criteria. 
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1.2. Objects  
 
The long term intent with the Virtual Vehicle series is to develop and improve the 
centre towards concretization and adoption to the drivers affecting the future transport 
system and vehicle design. The preferable outcome will both minimize environmental 
impacts as well as maximize commercial output optimizing the complete transport 
system, which in this case includes single mode and intermodal transports and goods 
and personal transports.  
 
The long term goals are to 

• Build a network with other centres and organizations to exchange knowledge, 
experience and findings. 

• Identify which research areas are important to focus on within the centre in 
relation to important drivers for the development of future transport systems 
and vehicle design. 

• Benchmark and market the centre towards stakeholders within business and 
academic organisations in relation to important development drivers. 

• Suggest a method to evaluate construction suggestions and transport systems 
from the centre’s perspective. This model can also be used for other 
stakeholders.  

• Create guidelines which future and ongoing projects are managed, directed 
and evaluated against within the centre. A starting point is the findings in 
Virtual Vehicles I and II.  

 
The aim with Virtual Vehicles III is to form a basis for the Virtual Vehicle series in 
order to make further research more efficient and focused. The goals beneath are 
therefore a step towards the long term goals.  
 
The goals of this project were to: 

• Map organisations for future networking, benchmarking and marketing of the 
Centre for ECO2 Vehicle Design. 

• Map important drivers and tools for future development of transport systems 
and vehicle design. 

• Create initial guidelines for prioritization for the Centre Coordination Group 
(CCG) and the Board of Centre for ECO2

 Vehicle Design to use when 
deciding on projects to be run within the centre. These guidelines will be 
further revised during forthcoming projects. 

2 Method 
The main method within this project has been interviews with persons representing 
centre partners as well as other organizations. 13 interviews with 16 persons have 
been performed and they all took approximately slightly more than one hour each. 
The major part of the interviews took place at the sites of the organizations with one 
exception. A list with all the interviewees can be found in appendix A. The questions 
regarded the areas important drivers for the development of transport systems and 
vehicle design, present and future co-operation and networks within the centre as well 
as external. Regarding the areas of drivers the interviewees were asked to describe 
what the most important issues are and what is needed in the development of the 
society in order to reach the expected transport system. The questions were asked in a 
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broad sense and then focused on environmental aspects. The interviewees were also 
asked about the centre and their own organisations, areas that work well, concerning 
research and competence, and things that need to be improved. The questions 
regarding co-operation and networks focused on how the partners within the centre 
cooperate today, what drives that co-operation, how will future co-operation look like 
and what will come out of it. The interviews were recorded but not transcribed and the 
answers from the different interviews were gathered into areas regarding the different 
questions. When several persons expressed similar opinions about an issue those 
opinions were stated as the centres opinion.  
 
Not only interviews have been performed but also a literature review which has 
focused on scenario work as well as finding tools for measuring socio-economical and 
environmental aspects and efficiency from a transport system or vehicle perspective. 
Another purpose with the literature review has been to find and present a background 
that will deepen the understanding for scenario work and also put the centre’s vision 
of the future transport system and vehicle design into a context.  

3 Drivers, tools and scenario work 
This part contains the identified drivers that form the transportation system and the 
tools to measure the consequences from the system. The interviews have formed a 
synthesis of how the centre partners think the future transportation system will look 
like and evolve. This chapter is therefore introduced with a short description of how 
scenario work is done and a briefing from another scenario work which, among 
others, handles the transportation sector. As discussed later, scenarios are created 
from a specific goal or target and starts out in the certain aspects regarding the actual 
project or situation. The scenarios described further down are therefore not to be seen 
as something to compare the centre’s vision of the future with, but as an example 
origin from the method of scenario work.  By creating scenarios, that is different ways 
that the development might take within probable limitations of resources or policies, 
an organisation might be able to prepare for possible changes. Then the result from 
the interviews is presented. It starts with what drivers the interviewees think are 
important. Secondly follows an aggregated vision of the future society with respect to 
transport system and vehicle design. The findings from the literature study are then 
presented. Different methods of measuring efficiency are presented. The next part 
contains what the interviewees think the advantages and disadvantages with the centre 
are and what drives the research. The goals within the centre stated in the beginning 
of the centre’s existence are then presented.  

3.1 Scenarios 
Theory about scenarios 
There are three categories of scenario work according to Börjeson et al (2006) which 
are Predictive, Explorative and Normative. These are divided into sub-categories as 
illustrated in the picture below. Each category answers the questions what might 
happen, what will happen and how do we reach the goal respectively. Depending on 
what question one wants to answer different types of scenario work are 
recommended.  
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Figure 1: An illustration of the different scenario approaches (Börjeson et al 2006). 
 
Predictive scenarios try to answer the question what will happen? I.e. they try to 
predict the most possible outcome. This is used when one wants to plan and prepare 
for changes. Predictive scenarios are divided into prognoses and what-if-cases. 
Prognoses give a description of the most possible outcome. What-if scenarios focus 
on an outcome given that a specific incident occurs.  
 
Explorative scenarios, which answer the question what might happen, are divided into 
external and strategic sub categories. It is common to create several explorative 
scenarios and they are more focused on changes than predictions. External explorative 
scenarios tries to answer what might happen with factors that are unimpressionable 
such as trends in the surrounding world. Strategic explorative scenarios focus on the 
effects of a certain action.  
  
By answering the question how a goal is reached, normative scenarios are created. 
Conserving scenarios describes how the goal is reached according to the present state 
and adaptations to that. Transforming scenarios are instead describing how the goal is 
reached when the present state hinders changes that are needed. The purpose is more 
often to create a discussion than predicting the future.  
 
Scenarios from Tvågradersmålet i sikte? 
The following sections presents five different scenarios described in the report 
Tvågradersmålet i sikte? written by Åkerman et al. The report starts in the goal of 
limiting the global heating by two degrees and can therefore be categorized as a 
normative scenario work  
 
The method used in the report is back casting which is used when one wants to show 
possible solutions on a major problem, for example a societal one, and when bigger 
changes are needed. The theory will not be described more in this report; the reader is 
instead referred to other literature.  
 
The premises for the scenarios are similar to the European and Swedish goals to 
decrease the greenhouse gases with 85 % between year 2005 and 2050. By 
prioritizing differently the goal will be met within all the scenarios. The purpose with 
the report Tvågradersmålet i sikte? is to give a basis for decisions regarding long-
lived systems such as transport systems, settlements, energy supply and fleets of 
vehicles. 
 

Predictive Explorative Normative 

Prognoses What-if External Strategic Conserving Transforming 

What will 
happen? 

What might 
happen? 

How do we reach 
a certain goal? 
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The scenarios are described from the two dimensions Behaviour and Energy supply. 
Behaviour consists of use of time, choice of house and transport system and others. 
The second dimension, Energy supply, depends on how big the share is of bio energy. 
The descriptions beneath are short versions and focused on transports and 
consumption since that is what is most relevant for the centre and this report 
 
Scenario 1- high speed and material consumption as well as low bio energy 
supply 
In the first scenario the salary is used for private consumption of cars, boats, 
electronics and food such as fish and meat. It is natural to own a car and car sharing is 
only used to a small extent. There is an awareness of the climate problems though, 
which has led to political policy instruments such as subsidies, taxes and fees, all in 
order to strive for less use of energy. Due to the high consumption of meat there is a 
struggle between meat production and bio fuel production regarding the land use. The 
bio fuel produced is used for power production and industry and the major part of the 
cars are plug in. The energy prices are high so the vehicles are energy efficient. For 
distances longer than 50 km diesel or gas is used. Private cars are used for every day 
travels and holidays. The public transports have a bigger share than today though and 
the vehicles used are run on electricity or biogas. Long distance travel has low priority 
and vacations are spent in the nearby area. People go by car or train in northern 
Europe. Business travels have decreased in favour of virtual meeting technology. The 
roads and railways are used efficiently due to differentiated fees as well as the use of 
satellite based positioning systems and there is a high level of goods transports. For 
local distribution hybrid trucks are used. Otherwise trucks run on fossil fuels are used 
on longer distances. For really long distances goods are transported on railway. The 
main challenge in this scenario is how to decrease the amount of air travel. Through 
political agreements and by facilitating train travels some is reached. The 
technological contribution consists of hybrids, improved aerodynamics, less resistance 
from wheels and lighter vehicles.  
 
Scenario 2- high speed and material consumption as well as high bio energy 
supply 
Much is similar to scenario 1 when it comes to consumption and travel habits. But the 
meat consumption is lower which instead gives more space for bio energy. The prices 
of energy are not as high as in scenario 1 and more bio energy is used in the transport 
sector. The amount of plug in cars is lower. The most common car is a hybrid with a 
small but advanced piston engine. People usually go on holidays in the Nordic 
countries by car or train and the amount of air travel, which uses fossil fuel, is lower. 
The decreased meat consumption does not depend on an increased number of 
vegetarians but on an increased amount of people just eating less meat. Biking is 
common. A lot of things are bought but less energy is spent on every item. The 
market consists of many small high-tech goods. The amount of goods transports on 
trucks, railway and ships has increased. The long distance trucks use fossil fuel while 
the shorter distributions vehicles are plug in. The challenges here that differ from the 
first scenario are to spread information about the effects of the meat production. 
Knowledge and engagement need to be created. Economical incentives put on food 
are one way. Another challenge is to increase the amount of produced bio energy. 
 
Scenario 3- high speed and service consumption as well as low bio energy supply 
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In this scenario the focus is rather on services and adventures than on consumption of 
goods. The consumption of meat and fish is high. Items are rented when needed or 
shared since owning takes time, money and effort. Adventures are appreciated and 
long distance travelling by air is rather common. Taxes and VAT are put on air traffic 
though. High speed travelling is preferred so investments are made in speed trains 
such as direct and night trains. The use of cars is limited mainly in bigger cities due to 
the closeness to efficient public transport. Much effort is put into placing housing 
areas close to the public transport lines. Rail traffic and accessibility for bikers are 
prioritized. Instead of buses, rail vehicles are used in the bigger cities and this has 
tremendously increased the attraction in public transport. ICT is used in many 
business meetings and the functionality is of importance. The cars used are mainly 
plug in or cheap fuel cars and for shorter distances in the suburbs two seated cars are 
used. DME and ethanol are used in personal vehicles while maintenance vehicles and 
buses are run on biogas. Trains are used in favour of trucks and satellite positioning 
systems effectives the rail logistics. The challenges in the third scenario are to reduce 
consumption and to develop the short distance travel with bikes and public transports. 
Also the renewable energy production is a problem that needs to be solved.   
 
Scenario 4- high speed and service consumption as well as high bio energy supply 
This scenario is similar to the third in the sense that experiences and adventures are 
appreciated more than goods. Less meat is consumed though so the cultivated area is 
mainly used for bio energy production. The energy prices are lower as well as the 
efficiency. Cars are used only in a small extent, often by car sharing or rentals. This is 
due to the fact that housing areas are placed along the public transport lines. There are 
less plug in and battery cars than in scenario three. Instead efficient diesel hybrids run 
on methanol are used. The air traffic is charged with taxes and VAT but is run on 
synthetic kerosene from biomass. On the countryside and in northern Europe fast and 
night trains are running. Possibilities for biking, walking and public transport are 
created. Home deliveries are common. There is a slight increase in transports by 
trucks. The major increase is within rail transports which are also rendered by satellite 
positioning. The nearby distribution takes place with hybrids. The challenges in this 
scenario are to decrease the consumption and plan for accessibility for bikers and 
walkers. The bio fuels must be introduced as well as the synthetic kerosene just like in 
scenario 2.  
 
Scenario 5- low speed and less consumption as well as low bio energy supply 
This scenario differs a lot from the others in the meaning that both goods and service 
consumption is much lower. Instead spare time is highly valued and the life is slower. 
The working hours are shorter and the time is used for experiences and family 
gatherings. Much is done together at home such as cooking and baking. The flights 
are slower, instead the vacation and time spent at the spot is longer. Less investments 
than in the other scenarios have been made in fast train rails but it is still an issue as 
well as night trains since lower trave l speed is accepted. The public transports are 
well organized and car sharing is common. It is easy to live without a car since the 
extension of external shopping centres has ceased and there are local stores, kinder 
gardens and schools in every area. Home delivery is widely used and ICT is used for 
virtual meetings. The cars existing are less fuel demanding and cheaper to produce. 
The amount of plug in is rather small, instead the cars are small and run on batteries. 
Due to the informal production in the homes as well as extensive reuse and recycling 
the production is low. The things produced are of higher quality. The second hand 
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market very much occurs on the Internet. Challenges for this scenario are to raise the 
value of health and family and to appreciate a slower life. There need to be 
investments in infrastructure for cycling opportunities (Åkerman et al 2007).  
 

3.2 Results from the interviews 
According to the interviews, made within the centre as well as with external contacts, 
the following parts describe a synthesis of how the interviewees think the society, the 
transport system and vehicle design will look like in 10 to 15 years horizon and what 
decides the development.  
 
Drivers 
Several of the interviewees states that the amount of transports will not decrease. This 
will especially be the case in developing countries were an increasing population will 
raise the demand for goods which in turn will increase the amount of transports. The 
globalization is also a factor that will increase the demand for traded goods. There 
will be a shortage of fossil fuels though due to peak oil which leads to a higher energy 
price. This, as well as a broader knowledge and awareness of the climate change, 
affects the political incentives. An increase in the oil price might lead to an intensified 
demand for hybrids or fuel efficient vehicles. The fuel price will not affect the amount 
of transports though, some interviewees predict. There is also a slightly different 
alternative opinion from some of the interviews though, that a higher oil price leads to 
more local production of goods and by that a decrease in the global transports. 
However, a bigger focus is set on CO2 emissions and the amount of transports both 
among the inhabitants and the politicians. This means that the population has a greater 
level of acceptance for political policies such as a higher tax on climate gases and for 
example congestion fees. The problem with congestion in urban areas has become 
greater and the time used for transportation has increased. This is due to the level of 
urbanisation that has increased not only in western cities but especially in the 
developing countries. In the western society this leads to higher efficiency while in 
the developing areas the urbanisation leads to increased level of transports. Other 
policies such as congestion fees are common. Examples of such policies are low 
emission zones, parking prohibited areas and night and evening traffic prohibition. 
The policies give incentives for more silent vehicles, primary in the cities, as well as 
more efficient transports. Also the European Union will be a factor of influence 
within the policy sector. Many of the interviewees believe that there will be a higher 
pressure towards intermodal solutions. A political willingness to shift goods 
transports from road to rail will affect the incentives set by politicians while, at the 
same time, the awareness of the needs of the industry is higher.  
 
According to Åkerman (personal contact 2009) there are a number of drivers affecting 
the development of the society. These are economical development, in the meaning of 
growth which in a way is determined by a demand for transports such as cars and air 
travel; technical development, which is partly connected to economical growth and at 
the same time a limitation; population growth, both totally and demographically; 
values, in the meaning of social aspects such as weighting between goods and 
services; energy supply, meaning that the oil price will raise and there will be a 
competition between energy and food production; the climate discussions, since the 
bigger the focus the more political decisions about for example CO2 tax and finally 
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the relationships of world powers, since different levels of the decision-making will 
affect the consequences of politics differently.  
 
Further the interviewees predicts that the reduction in oil supply leads to a raised level 
of competition of the biomass and land use between on one hand the fuel industry and 
on the other hand the food industry.  
 
Development of society 
The increased fuel prices together with political policies leads to more efficient 
engines and increased load capacity and the development of vehicles leads towards 
more aerodynamic design to save energy. Not only the engines will be more efficient, 
also the transportation system will be used more optimally. Intelligent Transportation 
Systems are used in much broader sense than today both when it comes to logistics 
and surveillance. This will also make the systems more reliable. The authorities, 
industry and politicians cooperate broadly over the boarders and include the different 
transportation systems in the planning. The different ways of transportation will be 
used according to its comparative advantage. Railroad is used for long distance while 
roads are used for shorter distances. Water traffic will be used more along the shores 
and the canals. When it comes to personal and goods transport there will be a clearer 
division between them which also makes the system more efficient. That is, the roads 
will be separated with lanes for goods transport and personal transport respectively. 
Europe becomes more of a unit. The national systems, of mainly railroads, will be 
linked together with integrated signal, technical and educational systems. The visual 
parts of the transportation system will contain battery charging stations and the 
crossings might be bigger, as well as the number of roundabouts, the last items due to 
larger and longer trucks. The traffic infrastructure will be separated from settlements 
to a larger extent and, mainly in Europe; more high speed routes will be installed 
according to some of the interviewees. There might be problems with financing larger 
construction works within the infrastructure which might either lead to short term 
renovations, which in turn leads to congestion and higher costs, or to private solutions 
like private partnership and road tolls. The main investments will be located in the 
urban areas where the external effects, like noise, congestion, accidents and wear, are 
most severe. There will be a shift towards a life cycle perspective when it comes to 
the vehicles. New materials evolve, as composites, which prolongs the life cycle. This 
implies exchangeable engines and electronic parts while the coach will be kept for a 
much longer period. The vehicles will also be parts in a modular system which will be 
described into more detail further down.  
 
Personal transports 
As mentioned earlier there will be more of hybrids or plug-in cars and they will have 
a higher efficiency than the ones existing today. The materials used will be of lower 
weight. An increased fuel price drives towards this development. Car sharing will be 
more common as will external parking with bus links to the city centre. The vehicles 
used will be parts of a modular system. As the need for and status of having big cars 
decrease the vehicles will be smaller and better adopted to the area of use. Often you 
do not transport as much commodities as yourself so the vehicles will be suitable for 
one to two persons. There will be terminals where modules for luggage or more seats 
are kept in case more space is needed. These modules can be ordered in a smooth 
way. The design evolves to fit the every-day needs instead of the extreme cases. With 
light-weight materials and battery packages the conditions for construction and design 
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changes. How the changes will look like is hard to predict though. The personal 
transports will mostly be done with combinations of buses and trains. The smoothness 
of the systems will be more important. It will be easy to shift between cars, buses and 
trains and the security will be higher in the meaning that the schedules will be more 
trustworthy as well as the engines and drive systems. In short, it will be more 
important to have an easy transportation system than a fancy car.  
 
Transports of commodities 
The similarity between personal transports and transports of commodities will be that 
both are characterized by intermodularity and efficiency. The total amount of 
transported goods will increase at the same time as political and economical 
incentives steer towards higher efficiency due to increased prices. There will be a 
diversification where the most optimal system will be used at the same time as the 
different systems will emerge more. More goods will be transported on rail and water, 
primarily goods that do not need to be delivered instantly. The demand for high speed 
transport will decrease when it is not necessary. This leads to less pollution at the 
same time as the load capacity increases. Green corridors might be a fact where trucks 
have their own lane on the high ways. It might even be electrical lines along these 
corridors but this is probably further away than 10-15 years. There will be combi-
terminals where the goods can be transferred from one transport mode to another. The 
systems will be linked with containers or similar that fit all modes. These centres will 
be efficient and standardized. There will also be the possibility to bring whole train 
sets on boats since there is great potential to ship more goods on water. Train and boat 
will be used for longer distances while trucks will be used for shorter. The security on 
rail ways will be higher which is a requirement for transports of more valuable goods. 
Within urban areas smaller trucks will be used which are easier to handle in narrow 
areas. The road traffic within the cities will contain mostly goods transports while 
people will take the bus or other public transports. The biggest change from today’s 
vehicles is the engine. Hybrid drive systems will be more common. The raised level 
of efficiency comes partly from ITS systems. Internet will be used more, mainly when 
it comes to optimizing loads and transports but perhaps also individual’s shopping 
habits.  
 
Conditions needed 
What is needed to reach the future society, transport system and vehicle design 
described above? The interviewees have identified some conditions needed. These 
can be divided into four different categories but are of course closely linked together. 
The first category is political incentives. Many of the interviewees think that the price 
is what primarily affects people and decision makers, even though some predicts 
small or no changes in transport demand due to a higher oil price, as written earlier. 
This is partly done through taxation and other policies. When the external effects, 
such as emissions, are internalized by pricing, the incentives will change. But the 
politicians also have the power to initiate investments in extensions of the 
infrastructure. Many of the proposals and forecasts written above are dependent upon 
changes in public transports, the railway system as well as co-operation with other 
nations. It is only the politicians that can decide which investments will be done. But, 
as described above, there might be private financing of the projects.  
 
The second category regards organizations and structure. In order to manage these 
enormous structural changes co-operation between governmental authorities as well 
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as between nations, mainly in Europe, is needed. Standards need to be developed. The 
signal system for rail ways, locomotives and education for locomotive drivers need to 
be harmonized and simplified. What the interviewees think is a condition for the 
development to occur is extended multilateral agreements of climate gases and 
chemicals. A requirement is that the issue is supported not only by politicians but by 
the industry and governmental organizations as well. This requires that the industrial 
leaders and politicians have the knowledge and are willing to adopt a longer time 
perspective.  
 
Smoothness in travelling, technology and systems is the third category. This is closely 
connected to political and industrial investments, both in infrastructure but also in 
research and development. For the users it must be easy to change between trains, 
buses and other transports. They must be trustworthy and on time. This is also a 
condition for goods transports. The combi-terminals need to be well organized and 
efficient. The lack of sufficient energy supply in the rail way system is a problem 
today that needs to be solved. When solved, the potential for a reliable system is 
higher.   
 
The fourth category is connected to trends in the society, how people behave and what 
they think is important. The awareness of environmental problems is increasing but 
needs to be even higher. Both politician’s and citizen’s engagement is important and 
they are of course closely linked together. The status will shift from the prestige of 
owning a huge car to green thinking. Whether internet trade will catch a bigger part of 
the market or not is an issue of divergence among the interviewees. But if it would 
happen the incentives to optimize logistics would be bigger and the need for a private 
car smaller. A way to affect people is for example by travel programs on the telly. By 
showing the possibilities to travel by train or in a way that is energy efficient the 
awareness, and perhaps the prestige, of sustainable travelling will rise among the 
citizens.  
 
According to Åkerman et al (2007) not only new technology and renewable fuels are 
enough to reach the goal of two degrees. Also changes are needed in behavioural 
patterns and attitudes. Regarding transports Åkerman gives some proposals on how 
the strategy for the transport area could look like in order to reach the scenarios 
described earlier in the report.  The biggest change is needed in the politics. The 
present discourse starts in the idea of mobility when it should be transformed into 
accessibility. This would create possibilities for other transports than cars, such as 
cycling, public transports and ITS and a condition for that to succeed is that the 
solutions are economically profitable for all participants. Investments in the 
infrastructure have especially long-termed effects. It lasts for decades and the more 
roads the more traffic. The cities also tend to become sparser with extended road 
traffic which makes the accessibility decreasing. Also the goal of reducing the CO2 
emissions is threatened. In planning, the reduction goal should be considered.   
 
Economical incentives are a precondition for reaching the reduction goal. Raised fuel 
taxes combined with congestion fees and subsidies on new low emission vehicles is 
necessary according to Åkerman. A tax on diesel must be coordinated within EU in 
order to securing the nation wide co-operation. An option is taxation per kilometre. 
The integration of the rail way system is of importance in order to transfer transports 
from trucks to trains.  Also the choice of fuel is an issue. One of the restrictions 
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included in all the scenarios is the supply of bio fuel. In some of the scenarios the 
supply is rather big but the question is whether it might be more beneficial to create 
heat and electricity instead. Hybrids, or plug-in-hybrids, are potentially an effective 
way of decreasing the energy input. In order to reach the target of decreasing CO2 

emissions pretty fast Åkerman gives a strategy for vehicles and their energy support 
that is: Forcefully invest in the car fleet with political incentives. Prepare for an 
introduction of plug-in hybrids. Give means for research within the area of cellulose 
as a fuel. Increase the degree of ethanol in the gasoline (Åkerman, 2007). 

4 Tools for measuring socio- economical aspects, 
environmental effects or efficiency from a transport 
system or vehicle perspective 
Ahlroth et al (2003) describes a number of tools to analyse the relationships between 
the economy, energy and the environment. Cost-benefit analysis (CBA) is a method 
for evaluating projects by weighting pros and cons, or benefits and costs, against each 
other. The effects are measured in monetary terms in order to be comparable. The 
purpose is to show the total effect on the society. CBA is described more closely 
further down. Life Cycle Costing (LCC) is another method of showing costs, but 
rather from a product perspective than a project. A life cycle perspective is used but 
the life cycle is defined differently from case to case. In a traditional LCC only the 
internal costs are included. An extended LCC might for example include external and 
contingent costs. By doing this, the LCC becomes more similar to a CBA. If one not 
wants to include the economical aspects or do not want to measure the effects in 
monetary terms there are several methods. Life Cycle Assessment (LCA) is perhaps 
the most well known and will not be describe more here. Material flow analysis is 
used for studying the use of resources. Here the flows of material are presented in a 
weight unit and external effects such as the green house effect or nitrification is not 
judged. This method is often used for regions or nations though. Energy analysis is a 
similar method more focused on production processes. The unit might be joule or 
similar but it could also be transformed into exergy or emergy, where exergy means 
the usability of the energy. Electricity has a high exergy rate while heat has low. 
Emergy aims at adding input from energy, material, information and human work in a 
process and then presenting the different ratios between them. This method includes 
also aspects not used in other methods, such as the biological variety (Ahlroth et al 
2003). 
 
Ness et al (2006) have categorized sustainability assessment tools in order to 
investigate how they are able to include the sustainability perspective. That is whether 
the tools allow the nature-society systems in short and long perspective to be 
included. The tools have also been divided into areas which are indicators and indices; 
product related assessments and integrated assessments. The first category, indicators 
and indices, includes tools such as ecological footprints and wellbeing index. These 
are often simple and quantitative measures. Examples of product related assessments 
are, as was also mentioned above, LCA (Life Cycle Assessment), LCC (Life Cycle 
Costing), Product Material and Flow Analysis and Product Energy Analysis. 
According to Ness et al it is only Life Cycle Cost Assessment and Full Life Cycle 
Accounting that are able to integrate the sustainability conception or nature-society 
systems. The product related assessments are used to evaluate the environmental 
impacts as well as the use of resources from cradle to grave for products. The last 
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group described is the integrated assessments. These are used to evaluate effects of 
policies and projects within regions. They are often based on a system analysis 
approach and include environmental and social aspects. Cost Benefit Analysis (CBA), 
Multi-Criteria Analysis (MCA) and analysis regarding risk and uncertainty are 
examples within this group (Ness et al 2006).  
 
Cost benefit analysis (CBA), cost effectiveness analysis and multi-criteria appraisals 
(MCA) are the most common methods for socio-economic assessments according to 
Juan et al (2006). These are described more closely here.   
 

• CBA is a method to include social costs and benefits in order to value to total 
costs and benefits from a project or a policy. The future costs and benefits are 
discounted and a net present value is reached when the cost have been 
subtracted from the benefits. The result will help deciding whether to continue 
with a project or not or to choose between different alternatives (Perman et al 
2003). If properly done the CBA is easy to grasp since it is transparent and the 
steps well shown (Ahlroth et al 2003). Baofeng (2005) investigates the socio-
economic impacts from a VMS (Variable Message Signs) project on freeway 
by using a cost-benefit analysis. The identified costs are investment costs and 
maintenance costs as well as vehicle operating costs. The socio-economic 
benefits found come from four areas; time savings, fuel savings, safety 
improvements and environmental improvements (Boafeng et al 2005).  Juan et 
al describes a number of cases where CBA has been used in order to evaluate 
different ITS such as automated highway system, travel management system, 
travel information system and so on (Juan et al 2006). 

 
• The purpose with a Cost Effectiveness Analysis is to choose the alternative 

that fulfils some specified criteria, opposite to a CBA which purpose is to put 
a monetary value on all external effects. The criteria could be a certain amount 
of CO2 savings or time savings (Perman et al 2003). Costs are still measured 
in a monetary unit but other impacts are translated into a relative scale and 
several examples, where the method had been used to evaluate ITS, are 
described in Juan et al (2006).  

 
• Multi-criteria analysis (MCA) is used when there are criteria competing. The 

tool identifies the trade-offs and, by using both quantitative and qualitative 
data, helps choosing between the alternatives (Ness et al 2006). Instead 
weighting methods are used depending on which criterion has a higher value 
than the other (Perman et al 2003). Data envelopment analysis is a type of 
multi-criteria appraisal often used for evaluating the efficiency of transport 
systems (Juan et al 2006).  

 
 
Many tools are used to describe effects that will arise in the future. There is therefore 
a clear connection between future studies and scenarios and assessment tools. When 
there is an uncertainty about the future scenarios are useful. They might be used to 
create stabile strategies that can be used in decision making (Ahlroth et al 2003).  



 16 

5 What are the advantages with the centre, what is 
missing and what drives the research? 
There is a unanimous opinion among the interviewees that the main advantage with 
the centre is the multidisciplinary approach. Several have used the expression that 
“ the width is the strength”. The combination of knowledge in rail and road transport 
along with research versus industry is a solid base for possibilities of co-operation and 
discoveries. The ECO2 centre is unique in the sense that the focus is vehicles in the 
categories rail and road. Another advantage mentioned in the interviews is the 
management. The participants have different background and experiences which help 
avoiding unidirected decisions.  There are several institutions that a project proposal 
needs to pass in order to be accepted and the search for consensus within these is what 
some of the interviewees think is the benefit. The aim is to have a broad perspective 
on technical development including environment and economy. This seems to be true 
to a certain extent. Some comments have been mentioned about this part being 
overlooked even though some think it is an advantage with the centre. The technical 
skills are deep but a broader perspective is needed with respect to both economical 
and profitable knowledge as well as a life cycle perspective. A challenge is to see the 
technical projects in relation to the infrastructure and people’s behaviour in it. This 
regards both hard infrastructure as roads and softer as IT and logistics. The need for 
starting out in the big perspective and then design vehicles out of that has been 
expressed in the interviews. When it comes to more concrete knowledge missing it is 
mainly economical and logistical competence. But also the environmental knowledge 
needs to expand. The ECO2 centre itself need to find its visions and head for it. 
Perhaps the centre needs to be a bit more challenging in order to create crucial 
discoveries.  
 
The different participants within the centre have different drivers. The governmental 
organizations are guided by political directives while the industry is steered by 
legislation and other political incentives together with the striving for profit. The 
university is driven by, on one hand political and industrial ventures, and on the other 
by individual conviction. When it comes to the centre itself the co-operation and 
broad perspective seem to be a strong driver. The members of the centre are 
challenged by each other and particularly within KTH. At the present state the 
financial crisis is a strong driver as well that challenges the mass production. It might 
lead to a shift towards a smaller scale high technology production.  
 

5.1 Goals within the centre 
This part describes the official goals set in the beginning of the centre, during the 
work with the proposal to Vinnova. It is based on the main application where the aims 
and goals are stated.  
 
The centre has set some objectives to focus on. The main competence area is vehicle 
design within structural mechanics, noise and vibration, vehicle dynamics, 
aerodynamics and biomechanics. Research in these areas will address both 
economical and ecological aspects, which are the ECO2 objectives. This shall be done 
with respect to life cycle cost, passenger and driver comfort, energy consumption, 
material selection, handling qualities, functionality, safety and reliability and other 
customer added values. In the proposal five strategies are listed. The third is the most 



 17 

interesting for this work, namely to identify and launch lasting joint research activities 
aiming to resolve the conflict of compatibility between different demands on 
functional requirements and ECO2 objectives.  

 
Every project should include at least two of the parts regarded in the economical and 
ecological aspects to fulfil the requirements. Also the features of the projects should 
be contradictive in order to challenge the technological development. The 
demarcations are set to not include the development of engines and motors since it is 
anticipated that the engines in 15 years time will full fill the demands of ECO2. 
Neither will the centre focus on economic theories and research. 
A coming constraint will be the lifecycle cost. The centre expects legislations to focus 
even more on a lifecycle perspective with environmental effects as the main part.  
 
In order to catch the environmental and economical aspects, every project shall 
include one or two ECO2 monitors (EM) from the industry who are experts on 
economical and/or environmental issues. Later, fms has become a part of the centre in 
order to contribute with environmental knowledge.  
 
The results from different projects will be shared among the parties through seminars, 
workshops and meetings. Training of researchers, partner staff, students and external 
parties is important to the centre according to the proposal. The first two groups 
enables learning within the centre and the last two groups facilitates the incorporation 
of the objectives into the basic knowledge of vehicle engineers.  
 

6 Map organizations for future networking, 
benchmarking and marketing of the Centre for ECO2 
Vehicle Design 
The present co-operations within the centre are presented in appendix b. This passage 
will describe how the interviewees think the co-operation will look like in a few years 
time, what the drivers are and what will come out of it.  
 

6.1 Future networking 
Most of the interviewees think that international contacts will be a part of the 
activities. The European Union will increase the level of co-operation when it comes 
to transportation and infrastructure, and the governmental authorities and 
organizations similar to VTI will have a broadened exchange. The centre will have a 
deeper collaboration between the different parties. There will be more contacts in 
forms of meeting, workshops and emails. There is a need for getting to know each 
other better. Knowledge about the organizational structure will increase and make it 
easier to find the right competence within the centre. The Swedish Road 
Administration will expand its engagement and the external communication will be 
improved. Other universities might be involved to increase the competence basis in 
for example logistics and small consultants might be included since the big actors are 
already active. Regarding the research, like the present way of developing concept 
modelling and simulations at first and later evolve the findings to be more company 
specific, will continue. Competence of drivers’ behaviour in the infrastructure will be 
improved.  
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6.2 Drivers for co-operation 
According to the interviewees it is the political decisions that formulate the drivers for 
how the participants co-operate and about what issues, even though the industry has 
big influences on this. But on a lower level, that is, within the frame of ECO2, it is the 
synergies between the transport modes that drive the co-operation. In the area of side 
wind the synergies between rail vehicles and buses is a challenging factor and the 
same is with the synergies between trucks and cars, according to the interviewees.  
 
Further the interviewees believe that the activity within the centre will lead to, except 
for a number of articles and diplomas within the area, a change in the philosophy of 
vehicle design. The Virtual Vehicle projects will steer the work to include a broader 
perspective. The system boarders will expand so that the materials developed are put 
into a context. The potential vehicles developed will be measured from how they fit in 
the infrastructure and society. People’s behaviour will be regarded more when 
designing the vehicles. During the development the interaction between the different 
transports modes are considered. The improved communication and co-operation will 
increase the probability of finding solutions that fits in the ECO2 aspects as well as a 
sustainable transport system with minimized CO2 emissions and phased out fossil 
fuels.  

7 Initial guidelines for prioritization within the Centre 
This part, which is one of the goals with the Virtual Vehicle III project, is also the 
conclusion of the paper. The former parts have described how the parties want the 
centre to be and to become, and how it was meant to be. In order to present guidelines 
for the centre, some divergences and similarities must be identified. These form the 
basis for how the guidelines should be modelled. The following is divided into two 
parts. The first consists of a proposed development of the centre, while the second 
part presents concrete guidelines for prioritizations. The proposed development, as 
well as the guidelines, has been discussed with the project partners in a meeting1. It 
does not mean that this is how the centre should evolve, but it is a first attempt to 
formulate a direction, which, and this is necessary, must be questioned and 
reconsidered continuously. 
 
The centre has a deep knowledge within the focus areas but needs a higher 
perspective. One desire, origin from the interviews, is that the projects should be put 
into a context where an economical aspect is included, both in the sense of private 
profit and the internalization of external effects. A proposal is that the materials 
developed in different project are evaluated as being part of a vehicle. This is a way of 
lifting the projects and putting them in a broader perspective. The recently started 
project, Virtual Vehicles IV, which aims at creating a valuation method, might look at 
not only including the environmental aspects but also the above described. Criteria 
including a preliminary calculation of profit will cover the expressed need for a 
company perspective. A monetary valuation of the environmental effects and other 
effects on the society will cover the economical aspects. How these criteria should be 
formulated is a question for the project Virtual Vehicles IV to investigate.  
 

                                                
1 The participants represented the organizations KTH, Volvo, Bombardier Transportation and the 
Swedish Road Administration. The Swedish Rail Administration and Scania were also invited but not 
able to participate.  
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A way of putting the projects, as well as the centre, into a context is to develop 
scenarios by starting out in the centre. The above described scenarios are developed 
from the goal of reaching the two-degree target. The ECO2 centre has other targets 
even though the two-degree goal in the long run is a part of the centre since it is what 
the Swedish government is heading for. According to Åkerman, as described earlier, 
the society needs to be transformed in a rather radical way. Much of these changes 
coincide with what the interviewees have described as the possible outcome. Both the 
interviewees and Åkerman talk about political incentives and international co-
operation. Smoothness, or accessibility, in the transportation system is an important 
aspect as well as behaviour and trends among the inhabitants. Political incentives are 
needed in order to change the focus from mobility to accessibility. Changes like this 
will affect the participants of the centre. This is something that the centre should be 
prepared for. In the future it might not be the two-degree target that is the focus but 
something else. No matter what, the centre will be better prepared for and able to cope 
with the changes. Scenarios adapted to the centre might be a strategy for preparing for 
the future. By starting out in a system, a design that fits into it can be modelled. This 
might for example be a basis for the development of materials. What kind of materials 
that are needed in the expected system can be contrived? But this line of action can 
also be inverted. When looking at the scenario it is possible to evaluate the materials 
by asking how they fit in the expected or wanted system. By having this system 
perspective one can also include the demands put by the society or the demands put 
by the centre.  
 
One of the described aims is to transfer knowledge by seminars, workshops and 
meetings. It has been expressed in the interviews that getting to know each other 
better is desired. A broader perspective on the ongoing projects is also wanted. By 
increasing the number of meetings and keeping better contact within the centre, a 
greater understanding for the activities within ECO2 is probably reached.  The 
perception is that projects are often run in silence with just a few people involved. The 
work and results should be better communicated to get people the feeling that 
something is happening. One way is to organize a couple of workshops a year, 
perhaps in connection with the annual report, where all projects are presented shortly. 
This would increase the knowledge about parallel projects and perhaps give input to 
synergies. It would also create a better understanding for the aggregated work within 
the centre. Improved communication and sharing of skills would be good both for the 
individual projects but also for the whole centre.  
 
Initial work on finding external contacts has started during the phase of this project 
and will hopefully result in new co-operations. Areas that at the moment are missing 
in the centre might be covered for, or at least, lighten up by input on how to broaden 
the perspective and attack problems. But it might also be a good idea to look within 
the centre for these skills. The governmental organisations such as the Swedish Road 
Administration and the Swedish Rail Administration have a large amount of 
knowledge when it comes to cost benefit analysis and other approaches. A proposal is 
to include those organizations even more than today and encourage them to bring in 
people with diverging backgrounds in the centre. Skills in logistics and economics 
might increase the common understanding for the role of the vehicle in the transport 
system.  
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The main purpose with this report is to initiate the work of increasing the focus within 
the centre both by finding drivers for the development of transport systems as well as 
tools for measuring efficiency in different ways. The results have been presented and 
it now comes to the following projects within the Virtual Vehicles suit to continue the 
work with concretizing the findings. This report will try to give some concrete 
suggestions though, discussed in the project group. They might be too provocative or 
too weak, but will hopefully give the centre something to think about. 
 

7.1 Concrete suggestions for prioritization 
The project proposals should motivate 

• how an assumed practical example of the research can be implemented. E.g. 
create a virtual vehicle from a developed material and explain how it could be 
used in the transport system. 

• the inclusion of person’s skills in the steering groups of the projects in order to 
broaden the competence and the project should have regular contact with the 
steering group.  

• how they follow the centre’s original plan with at least two EM: s (or similar) 
and contradictive technological features.  

• whether the project leads to significant improvements 
 
Within the centre  

• develop a simplified method of valuing the project proposals that includes not 
only the economical and ecological aspects but which also forces the 
proposers to imagine how the projects could be put into practice.  

• use scenarios to find out what way the centre shall take and create criteria 
corresponding to this that can be used for evaluating projects and market the 
centre as challenging and striving towards a goal.  

• introduce regular workshops with the whole centre to share knowledge, ideas 
and a sense of community (one every year is obviously not enough).  

• include the road and rail administrations to a larger extent and use their broad 
competence when it comes to evaluation of transport systems.   

 
The initial guidelines presented as the result of this report are generally applicable. 
But the aim is to continue the process of defining and developing the guidelines as the 
Virtual Vehicle series goes along.  
  

8. Final words 
The work within this project, Virtual Vehicles III, has included many participants 
from the ECO2 centre as well as external parties. The answers have been aggregated 
in order to find the main track or the most common opinion. There has, of course, 
been diverging opinions, but often they have not differed that much. The conception 
seems to be unanimous, perhaps not totally but in a broad sense. It is hard to tell 
whether the predictions about the future transport system told by the interviewees are 
an outcome of the common vision within the centre or if the centre’s vision is an 
outcome of the involved parties. All engaged parties, researcher at KTH as well as 
representatives from the industrial partners, have created the centre and the 
atmosphere together. This makes it rather predictable that the aggregated vision 
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created by the interviews will be corresponding to the centre’s approach. The 
identified drivers much coincide with the ones stated in Åkerman et al (2007) such as 
policies, actors and behaviour, even though Åkerman (personal contact) gives a 
broader discussion about unexpected effects from environmental changes. An 
example of this is that changes in the climate or the environment might cause 
migration which in turn might affect the stability in regions. This might, in turn, affect 
the demand for goods and transports and, further, growth. The impression is that the 
opinion within the centre is rather modest when it comes to changes in the structure of 
the society and the transport system. Åkerman (personal contact) thinks that the 
changes might be larger than expected within ECO2. In order to decrease the 
environmental impacts the amount of transport must decrease. This is a contradiction 
towards what most of the centre partners believe. Another contradiction is the 
statement that changes in the oil price will not affect the demand for transport while, 
at the same time, prices is regarded as the most influencing factor in peoples´ 
behaviour. Also, most of the interviewed persons thought that the design of trucks 
will not change that much. They expected bigger changes when it comes to private 
cars. Why this, is difficult to tell. One reason might be that many of the interviewees 
represent the industry and have insight in the development of new trucks as well as 
new private cars. The consumption of private cars is much more relying on image and 
design. The development is faster and it might be easier to see that a turn in the design 
is likely. The trucks have more or less looked the same for decades. This might make 
it harder to expect a change in the design of trucks. People are used to how the world 
looks like and might find it difficult to imagine something different. Åkerman, that 
has studied the challenges the world is standing in front of, might instead see what is 
really needed to meet the goals of for example decreasing CO2 levels. This is an 
argument for why the centre should develop its own scenarios. By setting a goal, or 
several, and then discussing different ways of reaching there, the centre will probably 
broaden the minds. When having in mind that several outcomes are possible the 
activities are less exposed and better prepared for changes.  
 
The projection used here was comparing the aggregated vision in the centre with a 
normative scenario description. By doing so the purpose was to emphasize the global 
warming issue. The transport sector has to adapt to changes due to this problem, either 
because of political policy instruments or market demand and people’s awareness and 
willingness to cope with the problem. The partners of ECO2 are researchers or 
representatives from the industry or governmental organizations and are creating the 
vehicles of the future. There is a risk, of course, of focusing to hard on the described 
scenarios and that must be avoided. The purpose here is instead to broaden the 
perspective and show some possible outcomes. But a fact is that the society has to 
change in order to counteract the global warming. The centre can choose how to and 
by presenting these scenarios several possible ways are shown.  
 
The time perspectives differ between the described scenarios from Åkesson et al and 
the interviews. This is due to the fact that the centre has a limited expectancy of life. 
When making decisions about transport systems the time horizon is much longer than 
a decade, perhaps closer to half a century. But the research performed within the 
centre, as well as the work of the authorities and the industry, also has a longer 
perspective. Therefore those two approaches can be compared to a certain extent. In 
this report no comparison will be made though, i.e. the results from the interviews 
will not be categorized into the different scenarios. The purpose is rather to use the 
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scenarios to show that the future is uncertain and that one should avoid locking 
oneself up with one description of the future. 
 
Most of the initial questions presented in the beginning of this report have been 
answered in an acceptable way. There are for example several tools for measuring the 
development of transport systems and vehicle design. Only a small part of these have 
been presented here. It then comes to the following project, Virtual Vehicles IV, to 
dig deeper into this and define what questions one wants to answer with the tool. At 
the moment the research within the centre is focused on very detailed parts in the 
vehicle. A challenge is to put this into a context which surrounds the details, the 
system, and in this case it could be the transport system or the vehicle, or both.  
 
The drivers for future development have been identified, at least some of them, and 
also compared with the ones from the scenario work in Åkerman et al (2007). These 
drivers should be investigated more in the coming Virtual Vehicle series. In what way 
do they affect the work within the centre? How should the centre handle the changes 
in society? How to make the centre and the research meet the demands and trends in a 
solid way, i.e. how to prepare the centre for the different outcomes that might be? 
 
When it comes to mapping organizations for future networking, benchmarking and 
marketing of the centre the answers from the interviews have been slightly vague. 
Perhaps the questions have been poorly asked but the interviewees still have described 
how they want, or think, the future co-operation to look like.  No concrete suggestions 
have been made for future contacts. On the other hand, there is a parallel project, 
Global links, which purpose is to find suitable contacts but in the international 
perspective. Some of the interviewees have stated that no more partners are wanted in 
the centre, rather connections in a network are wished for. Who these should be is still 
unclear.    
 
Research needed in the future is to, which has already started, develop a simplified 
method to be used when deciding upon which projects should be performed and not. 
Develop a method to be used by the project proposals to be used when arguing for and 
presenting the project proposals. It is possible they could be similar or the same in 
order to maintain the focus and facilitate communication within the centre. Simplified 
methods are often advanced in the way that few people understand the underlying 
procedure. A risk is that the results are presented as a number and not as a procedure 
of choices. Important is to let the method stay transparent so it can be evaluated and 
corrected if needed.  
 
Perhaps a deeper co-operation between the technical parts of the centre and the 
environmental and business and economical oriented parts would be an idea. The 
centre has a multidisciplinary approach and policy, but how does it work in practice? 
The technical PhD-projects might need some input from other angles in for example 
the form of joint projects with Environmental Strategies Research.  
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Jan-Olov Lundow, Bombardier Transportation 
Jonas Åkerman, KTH 
Klas Skog, SAAB 
Magnus Blinge, Enheten för transport, Vinnova 
Mats Berg, KTH 
Peter Göransson, KTH 
Peter Holen, Scania 
Rikard Engström, Vägverket (The Swedish Road Admin.) 
Stefan Edlund, Volvo 
Stefan Grudemo, Vägverket (The Swedish Road Admin.) 
Tohmmy Bustad, Banverket (The Swedish Rail Admin.) 
Tommy Rosgardt, Volvo 
Ulf Ceder, Scania 
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1Multifunctional Body Panels 
2Environmental impacts of biocomposite materials 
 
 
 

Existing co-operations within 
the ECO2 centre            
              

Cross-wind ViVeIII  MFBP1  
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design EIBCM ViVeIV 

KTH-spårfordon KTH-fms  BT   BT  KTH fms    KTH farkost och flyg 
KTH- Aerodynamics  BT  KTH   Volvo  KTH AVE    KTH fms 
Scania  Volvo  SAAB   KTH  SAAB    Volvo 
BT  Scania  A2         SAAB 
SAAB  BV          BT 
BV  VV           Scania 


