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Abstract 
The transport system is acknowledged as one of the most difficult sectors for sustainable 

development today. Stockholm Royal Seaport has expressed the ambitious target of 

developing a fossil free transport system by 2030. This report evaluates several individual 

measures for carbon dioxide emission reductions and thereafter uses the backcasting 

approach to investigate how the combination of these can meet the target for the transport 

system. The results show that a broad range of measures, regarding both behaviour change 

and technological systems, must be implemented to their maximal potential for the target to 

be realised. 
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1. Introduction 

1.1. Background 
Stockholm Royal Seaport is an urban district under development with high environmental profile. 

The vision is to become an urban district with environmental performance in world class and to be a 

role model for sustainable city development. This vision is formulated in the ambitious targets to 

become fossil fuel free by 2030 and further to reach positive climate contribution (Stockholms Stad 

2010). One key aspect for the environmental performance of an urban district is to develop and 

promote sustainable transportation. This is today acknowledged as one of the toughest challenges 

when it comes to sustainable development (e.g. Khöler et al. 2009; Marsden & Rye 2010; Carlsson-

Kanyama & Lindén 1999). In Sweden, the transport system is currently the largest user of fossil based 

energy, with two thirds of Sweden’s petroleum consumption. Consequently, the transport system is 

heavily dependent on fossil based energy and only 10% of the energy has a fossil free origin (ET 

2009:28). Furthermore, the development of the transport system into a more sustainable path has so 

far been proven difficult. This can be visualized with the fact that none of Sweden´s environmental 

targets for the transport system has been realized (SIKA 2006:2). As Gärling and Schuitema (2007) 

points out there are many negative impacts from today's transport system (e.g. noise, ambient air 

pollution, traffic accidents, destruction of aesthetic and restorative qualities). However, from a 

sustainable perspective, the contribution to climate change1 and the depletion of oil2 are the two 

main reasons to rapidly end the use of fossil fuels. In order for this to be achieved in the transport 

sector, change must come from all directions. Vergragt & Brown (2006) implies that technological, 

social as well as structural changes are needed. This view is shared by, for example, Woodcock et al. 

(2007) who further stress the health benefits with a shift from motorized to physically active 

transportations.  

1.2. Aim and objectives 
This study aims at evaluate the prospects for the transportation of residents and employees in 

Stockholm Royal Seaport to meet with the target of being fossil fuel free by 2030. Furthermore, the 

energy consumption is limited to be supplied from domestically produced renewable energy.  

To meet the aim of the study, the possibilities and constraints in both technological development and 

behaviour change are explored and evaluated. In more detail, the objectives of this study are to: 

                                                           
1
 Modern society’s anthropogenic contribution to climate change is acknowledged to severely risk the 

possibility for human survival (Rockström et al. 2009). IPCC recommends a limitation of carbon dioxide 
emissions to about 450 ppm. This would probably limit the increase of the global mean temperature to about 2 
degrees, which is seen as an upper limit not to be exceeded in order to avoid severe consequences (IPCC 2007). 
The probability to reach this target with current efforts is assumed to be extremely small, and a more likely 
outcome is an increase of the global mean temperature of about 3 or even 4 degrees (New et al. 2010). This 
calls for urgent measures to reduce anthropogenic contribution to climate change, and an increased effort in 
reducing carbon dioxide emissions.  
2
 A growing view is that peak oil (i.e. when the consumption rate overruns the extraction rate), will be reached 

in a near future (Aleklett 2009; JOE 2010; Owen et al. 2010). According to World Energy Outlook 2010 the peak 
for conventional oil was in 2006 (IEA 2010). This means that the more expensive, technologically challenging 
and risky extraction of unconventional oil must increase for current demand to be satisfied. This can result in 
increased oil prices and, if being dystrophic, a possible world recession (Owen et al. 2010; Rubin 2009).  
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 Assess detailed information about today's travel behaviour and technological performance of 

the constituents in the transport system 

 Identify current trends and projections about technological development and behaviour 

change regarding transportation 

 Analyze and evaluate the possibilities for successful travel demand and policy measures 

promoting environmentally beneficial modes of transportation and technologies 

 Estimate the effect of a combination of measures and approach it from a backcasting 

perspective 

1.3. Scope and limitations 

1.3.1. Stockholm Royal Sea Port 

Stockholm Royal Seaport is located just outside the central parts of Stockholm and has large natural 

geographical boundaries of water and protected green areas. The area covers 390 ha and is planned 

to house 10000 apartments with approximately 19000 residents and 30000 workplaces. The first 

stage of constructions will be initiated during 2011 and the exploitation is planned to be finished by 

2025 (Stockholm Stad 2010).  

1.3.2. Transport system 

The transport system in this study is approached from an individual level. Thus, the transport system 

is defined to include the trips from residents and employees enclosed by the geographical boundary 

of the urban district. For this, four trip types are specified;     residents trips (the total trips made by 

residents in the urban district),      business trips (business and other work related trips by 

employees in the urban district),       commuting trips (trips to and from work by employees with 

their workplace within the urban district) and      the residents share of road transportation of 

goods. Trips with flight, which is a constituent in the two first trip types, are treated separately since 

they have special features and are not within the direct influence of the urban district. This leaves 

out four major trip types that could have probable impact on the performance of the transport 

system. These are; trips to the urban district from people that neither lives nor works within it, trips 

that passes through the urban district, road transportation of goods to the urban district, but not 

with residents of the urban district as end consumers and lastly, transportation of goods other than 

by road. The last of these includes the transportation of goods by freight that travels to or from the 

harbour in the urban district. 

The modes of transportation that are specified as a constituent of the transport system in this study 

are     car as driver,     car as passenger,     public transportations,     long distance train (trips by 

train excluded from public transportations),     long distance bus (trips by bus excluded from public 

transportations),     motorcycle or moped,     physically active transportation (i.e. trips by foot or 

with bicycle) and finally     flight (treated separately, see above). For road transportation of goods 

the modes of transportation are divided in light trucks (i.e. lighter than 3.5 tons) and heavy trucks 

(i.e. heavier than 3.5 tons). All other modes of transportation (both passenger kilometre and 

environmental impact) are excluded from the calculations. 

1.3.3. Impacts 

The environmental impacts from the transport system calculated in this report are emissions of 

carbon dioxide equivalents (CO2e), and energy consumption. Both impacts are confronted in a well to 

wheels (WtW) approach, where respect is taken for extraction, distribution and use for the different 
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types of fuel. Throughout this report, carbon dioxide means CO2e if nothing else is stated. The 

emissions of carbon dioxide and energy consumption from production, service and maintenance of 

vehicles or infrastructure is not within the scope of this study.  

1.3.4. Scenarios 

The purposes of the scenarios are to visualize the relative magnitudes of distinctly different key 

aspects of the transport system. Additionally, the combination of these aspects is evaluated in 

relation to the defined backcasting target. The treated aspects are meant to represent areas of which 

the owner of Stockholm Royal Seaport project (i.e. Stockholm Stad) has opportunity to influence. The 

scenarios are thus not meant to cover all possible important properties of the transport system, 

although a majority of them. Furthermore, the large complexity and interrelations of the transport 

system demands simplifications in order for the scenarios to be manageable. One important 

simplification is that the rebound effects (i.e. change of traffic due to change in costs, travel time and 

other similar factors) are disregarded, a simplification that most likely leads to a moderate 

overestimate of the scenarios. Robèrt & Johnsson (2006) has shown this effect to be about 3% to 

10% for the Stockholm region 

For the technological scenarios two future solutions are evaluated,     a transport system based on 

electricity and      a transport system based on biogas. They represent two distinctly different 

technological solutions of interest for the urban district and during the scenario time. Furthermore, 

they are complementary rather than competitive, which is also investigated in the backcasting 

scenario. Other technological solutions are of course also possible but an extensive analysis of 

different technological systems, and their market possibilities are not within the scope of this study. 

1.4. Methodology 

1.4.2. Backcasting approach 

The backcasting approach differs from forecasting in the way that it, rather than to indicate a likely 

future, indicates the relative implications of possible paths or targets. A backcasting scenario will 

thus not predict the future with some degree of certainty; instead it will provide the relations 

between alternative paths to a target (Robinson 1982). Hence the benefit with the backcasting 

approach is that it does not depend on the accuracy of assumptions about the future. For long 

scenario periods this benefit increases in significance, since the difficulty of estimating future effects 

heavily increases with an increase in time of the scenario. The backcasting approach emphasizes 

“upon determining the degree of freedom of action, in a policy sense” (Robinson 1982, p.2) for 

features that influence the performance of the studied system. The backcasting approach is, 

according to Dreborg (1996) particularly useful when,     the problem is complex and effects many 

levels and sectors of society,      there is a need for major change (i.e. marginal changes within the 

prevailing order is not enough),       dominant trends are a part of the problem as these trends are 

often the cornerstone of forecasts,      the problem, to a great extent, is a matter of externalities, 

which the market cannot treat satisfactorily and     the time horizon is long enough to allow 

considerable scope for deliberate choice. All of these properties    to    apply to the transport 

system in this study.  

The backcasting framework is constructed of three distinct steps displayed in Figure 1. The first is the 

definition of the desired future state (sustainability target); this is followed by the description of the 
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current state (baseline) and the final step includes the backcasting scenarios (the paths between the 

two states, containing the estimated effect of the policy measures) with analysis.  

Figure 1. The three components in the backcasting framework. Observe the sequential order, where target 
description and mapping of the baseline forms the basis for the construction of an efficient transport system 

1.4.2. Calculation methodology 

The driving forces behind environmental impacts from the transport system can be described by 

the       identity (                                      ) (Kwon 2005). In this 

report two impacts will be considered, carbon dioxide emission and energy demand. Affluence is 

represented by travelled distance, and technology is the intensity of carbon dioxide emissions or 

energy consumption. 

In order to increase the accuracy of the       identity, the population for the different trips types 

are divided into appropriate groups. Furthermore, the two last variables are broken down in modes 

of transportation as can be seen in Table 1.  

Account will also be taken for occupancy rate in respective mode of transportation. Thus, the   

    identity is represented by equation (1), which will be used to describe the impact of the 

transport system from respective trip types. 

Table 1: Breakdown of population in trip types and modes of transportation 

 Residents Employees Goods transportation 

Group Single adult without children Public employee n.a. 

Single adult with children Private employee  

Two or more adults without children   

Two or more adults with children   

Modes of 

transportation 

Car as driver Car as driver Light truck (<3.5 tons) 

Car as passenger Car as passenger Heavy truck (>3.5 tons) 

Public transportation Public transportation  

Long distance train Long distance train  

Long distance buss Long distance buss  

Motorcycle or moped Motorcycle or moped  

Physically active  Physically active   

 Flight* Flight*  
* Treated separately since the urban district has limited influence regarding policy measures regarding flight 

Policy measures Baseline Sustainability target 

Backcasting scenarios 

CO2 

Energy 

Travel behaviour 

 Emission level 

 Energy consumption 

 Travel behaviour 

 Individual preferences 

 other 

 Travel demand 

management 

 Car 

 Public transportation 

 Physically active 

transportation 

 Other 
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         (1) 

Here   is impact (i.e. carbon dioxide emission or energy consumption)   is the population,   is 

average passenger kilometre,   is the impact intensity per vehicle kilometre (i.e. carbon dioxide 

emission or energy consumption),   stands for the average occupancy rate. Finally  ,   and   is trip 

type, population group and mode of transportation respectively. 

When calculating the total impact of the transport system (i.e. adding the impacts from the different 

trip types together) commuting and business trips will be counted double for those that both live and 

work in the urban district. To correct for this, the number of residents that both lives and works in 

the urban district       is multiplied with the average yearly travel distance from commuting and 

business trips specific for this group3, annotated   . This is further multiplied with the sum of the 

share of passenger kilometres for each mode of transportation          times their respective 

impact intensity. This is thereafter subtracted from the sum of the different trip type impacts. Thus, 

the total impact of the transport system is calculated according to equation (2). 

                   
   

  
 

  

  
      (2) 

1.5. Outline of report 
The outline of this report follows the three principle steps in the backcasting framework (Figure 1 in 

2.1). Hence, section 2 is a description of the desired future state for the transport system where the 

limitations for the backcasting scenarios are set. Thereafter, section 3 describes the baseline, which 

forms the starting point for the calculations. Lastly, in section 4 the scenarios are presented; firstly, 

as a yardstick the business as usual scenario is calculated. Thereafter, forecasts of different travel 

behaviour and technological aspects are evaluated separately to thereafter be combined and 

approached from a backcasting perspective.  

2. Sustainability target 
The target for the urban district is to be fossil fuel free by 2030 (Stockholm Stad 2010). For the 

transport system no quantifiable targets are established. However the above mentioned target also 

imposes fossil independence for the transport system. Moreover, in this report the energy supply is 

limited to domestic production potential. In an optimistic scenario for 2025, the amount of 

renewable energy available for transportation in Sweden could reach 38 PJ for biogas and 240 PJ for 

electricity (Lindefeldt et al. 2010). Assuming a population in Sweden of 10 million, Stockholm Royal 

Seaports share of renewable energy for transportation would be 0.2% of the domestic production. 

Thus, 72 TJ of biogas and 456 TJ of renewable electricity are set as the targets for energy 

consumption by the transport system.  

                                                           
3 Assessed in the databases, with limitation to those that lives within 5 kilometres from their workplace. Thus, 

giving specific travel behaviour regarding share of passenger kilometres with respective mode of 

transportation. For details see appendix 2.  
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3. Baseline 
The study uses two sets of databases to assess information about today's travel behaviour, which is 

used to describe the baseline. The information is adapted to be as specific as possible to the 

geographical location of Stockholm Royal Seaport. Information about residents and business trips are 

collected from the database originating from the national travel survey conducted 2005-2006 (SIKA 

2007), the data is restricted to include trips from resident in Stockholm municipality (8697 trips by 

2958 residents) and employees with workplace in Stockholm municipality (460 trips by 2272 

employees) respectively. Furthermore, the data is weighted to an average day and scaled to an 

annual value. Information for commuting trips from the employees in the urban district are accessed 

in a specific database named CERO (for reference see Robèrt 2009) which contains surveys of the trip 

pattern of employees in several public and private companies conducted between 2007 and 2010. 

This data is limited to treat cases for workplaces located in the central parts of Stockholm, resulting 

in information gathered from 8820 individuals. The information about travel behaviour from both 

databases is generalized as today´s situation (i.e. 2010). This generalization rather underestimates 

than overestimates the impacts from the transport system, since passenger kilometres has shown an 

increased trend in the past, especially for trips with car and flight. However, the generalization is not 

thought to affect the relative impacts to any great extent. The transportation of goods are estimated 

as a national average and scaled to the number of residents in the area (Trafa 2009; Statistics 

Sweden 2009:1). The technological performances for the different modes of transportation are 

gathered from sources relevant to the system situation. A full presentation of today's travel 

behaviour and technological performance and their sources are available in Appendix 1.  

4. Scenarios 
Firstly, in order to show the relative effects of the different scenarios, a business as usual scenario is 

calculated. The business as usual scenario is used as a yardstick to which the other scenarios will be 

compared. The measures for carbon dioxide emission reduction from the transport system that will 

be treated are;     the effects of parking availability,      the potential for physically active 

transportation,       the potential for increased use of public transportation,      the potential for a 

reduction of average passenger kilometre,     optimistic scenario for road transportation of 

goods,      plug-in hybrid electrical vehicles and       biogas driven vehicles. Lastly, to evaluate 

potential for multiple measures, a scenario that combines the individual measures is constructed and 

approached from a backcasting perspective. 

4.1. Business as usual 
For the business as usual scenario, the information about today's travel behaviour and technological 

performance, as described in the baseline, are assumed to follow current trends or projections4. In 

the business as usual scenario this study assumed that the share of cars with alternative fuel types 

are increased to 20% compared with today's 10%. The occupancy rates are not assumed to change, 

neither for passenger trips nor road transportation of goods, from the baseline. The full explanation 

of variable values, assumptions and their respective sources for the calculations is presented in 

appendix 2. 

                                                           
4
 References for these are available in appendix 2. 
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The calculations of the business as usual scenario give that the transport system of Stockholm Royal 

Seaport´s annual carbon dioxide emissions in 2030 exceeds 65000 tons. The emissions from flight 

represent 41% of the total emissions. The energy consumption in 2030 from the transport system is 

calculated to 884 TJ, of which about 200 TJ is consumed by flight (see Table 2). If comparing residents 

with employees it can be seen that residents emits 63% of the carbon dioxide and consumes 59% of 

the energy. Per capita (excluding trips with flight and road transportation of goods), residents emit 

530 kilos of carbon dioxide whilst the figure is 540 kilos from employees commuting trips. If flight 

and road transportation of goods are included the picture changes radically, residents then emits 

almost twice as much as employees (1500 compared with 900 tons per capita). Evidently the 

business as usual scenario is far from target achievement with large emissions of carbon dioxide.  

4.2. Measures for carbon dioxide emission reduction from the transport 

system 

4.2.1. Parking availability 

One of the factors considered when planning Stockholm Royal Seaport is parking availability. The 

thought is that a low number of parking places per dwelling will decrease the level of car ownership, 

thus drive the development towards increased use of other modes of transportation than car and a 

decrease of carbon dioxide emissions. In a similar way, the relation between commuting trips by car 

and parking availability at the workplace is assumed. This idea is strengthened by e.g. Shoup (1998), 

Tsai and Chu (2010) and Weinberg et.al (2009). Furthermore, this is a factor that Stockholm 

municipality has direct influence over and the constructors are limited to supply 0.5 parking places 

per dwelling.  

For parking availability at the workplace, information from the CERO database (for reference see 

Robèrt 2009) of employees travel behaviour gives clear relations between parking availability and 

use of car as mode of transportation. The parking availability for the employees is furthermore large 

in Stockholm municipality, 85%. 

Information from the national travel survey (SIKA 2007) gives that the share of cars per capita today 

is 0.74 for residents in Stockholm municipality. This figure differs substantially from the official 

statistics, which gives a share of cars per capita of about 0.4. This is explained with the setup of the 

survey, where two or more individuals living together and sharing the availability of a car, all will be 

Table 2. Results for the business as usual scenario (appendix 2) 
 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips   10255   191 
 With flight   18849   138 
 Transportation of goods   12513   172 

 Sum: residents   41617   502 

 Commuting trips   12783   252 
 Business trips   2627   47 
 With flight   8685   64 
 Sum: employees   24095   363 
Transport system total, all trips  65711   864 

      



8 
 

denoted car ownership. Furthermore, some of the car owners have several cars which results in 38% 

that does not own a car (SIKA 2007).  

The limitations in parking places per dwelling is in this study assumed to affect the level of car 

ownership from 0.74 to 0.5 cars per capita, if related to the information in the national travel survey. 

Furthermore no household is assumed to own more than one car. In the business as usual scenario 

no change in car owner ship is assumed. The situation for parking availability in the business as usual 

scenario and in the parking availability scenario is presented in Table 3. 

Table 3. Parking availability in business as usual 
scenario and parking availability scenario  

Residents 
Business 
as usual* 

Parking availability 
scenario 

Cars per capita 0.74 0.5 
No car 38% 50% 
1 car 51% 50% 
2 cars 10% 0% 
3 cars 1% 0% 
Employees   
Parking 81% 50% 
No parking 19% 50% 
* sources: residents (SIKA 2007), employees (CERO 
database) 

The effect on absolute passenger kilometre, resulting from the change from business as usual to the 

scenario situation, is calculated as the quota of the total passenger kilometre for the scenario and 

the business as usual situation. For residents trips the effect on occupancy rate is also calculated. The 

travel behaviour for residents, depending on level of car ownership, is assessed from the national 

travel survey (SIKA 2007). For employees the travel behaviour is only distinguished between those 

with or without parking availability at their workplace. For the employees the total passenger 

kilometres are not assumed to change since parking availability is not assumed to affect neither the 

distance to the workplace nor the days of work. The results are presented in Table 4. 

Table 4. Effects on absolute passenger kilometres and occupancy rate for 
the scenario situation compared with business as usual (appendix 3) 

 Residents Employees* 
Total passenger kilometre -5% 0% 
   Car as driver -21% -24% 
   Car as passenger -5% -24% 
   Public transportations 7% 44% 
   Long distance train 16% 54% 
   Long distance bus 12% -25% 
   Motorcycle or moped -2% 19% 
   Physically active 4% 10% 
   Flight -6% 0% 
Occupancy rate (car as driver) -2.7%  
Occupancy rate (car as passenger) -2.8%  
* Only commuting trips are assumed to be affected 

The change of absolute passenger kilometres (Table 4), results in a change of relative share of 

passenger kilometres for the respective modes of transportation. For residents the annual average 
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passenger kilometres are also affected. All values used for the calculations of the scenario are 

available in appendix 3. 

The most relevant result from this scenario is the sum of the affected trips excluding flight. Here the 

calculations give that compared with the business as usual scenario the carbon dioxide emissions are 

reduced with 22% and the energy consumption is reduced with 17% Table 5. When comparing the 

effects of reduced parking availability for residents and employees the calculations gives that the 

effects are greatest for employees, which to some extent can be explained with the fact that parking 

availability is decreased to greater extent. The effect on carbon dioxide emissions from the total 

transport system of reduced parking availability in Stockholm Royal Seaport is a reduction with 9%, 

as seen in Table 5 and Figure 2. The scenario shows that reducing parking availability can provide a 

portion of the path to the target, but especially if looking at the transport system as a whole it is far 

from target fulfilment. Interesting is that a change in level of car ownership for residents seems to 

affect trips with flight. This is most probably a result of underlying aspects, as for example household 

income or household type. But also urban design could be a possible factor, as discussed by Holden & 

Norland (2005). 

Table 5. Results and difference from business as usual scenario for affected trip types and total 
transport system in parking availability scenario (appendix 3) 

Affected trips Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  8869 (-14%)  169 (-12%) 
 Residents trips with flight 17772 (-6%)  130 (-6%) 
 Commuting trips  9095 (-29%)  199 (-21%) 
 Sum: affected trips (exc. flight)  17964 (-22%)  367 (-17%) 
 Sum: affected trips (incl. flight)  35737 (-15%)  498 (-14%) 
Transport system total, all trips 59561 (-9%)  780 (-10%) 

 

 
Figure 2. Results for affected trip types (excluding flight) in parking availability scenario  
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4.2.2. Physically active transportation 

The increase of physically active transportation (i.e. bicycling and walking) is seen as an important 

parameter in a sustainable transport system with both positive effects on environment and health 

(Woodcock et al. 2007, 2009). Promoting physically active modes of transportation is furthermore an 

investment that according to Lindmark (2008) is socioeconomically profitable. In the work of Rietveld 

& Daniel (2004) it is evident that The Netherlands are a good role model when it comes to physically 

active modes of transportation. In comparison of passenger kilometres with Sweden, the Dutch share 

is 104% greater (9.62% compared with 4.71%). The trend in Stockholm however, is that the number 

of bicycle trips is increasing substantially. The 5 year average has increased with 48% from 2000-2004 

to 2005-2009 (Isaksson & Karlsson 2010). In the business as usual scenario about 4% of the passenger 

kilometres excluding flight are with physically active transportations.  

This scenario calculates the effects when Stockholm becomes a region with high level of physically 

active modes of transportation. The assumption for the scenario is that passenger kilometres with 

physically active modes of transportation increases with 75%, thus approaching the Dutch average 

(Rietveld & Daniels 2004). Furthermore, this increase is at the expense of passenger kilometres with 

car and motorcycle or moped. Business trips are not assumed to be affected. The effect of this 

change is that the share of passenger kilometre with physically active modes of transportation is 

increased to 8.5%. A full explanation of calculations, assumptions and variable values are available in 

appendix 4.  

The results for affected trips are calculated to about 7% decrease for carbon dioxide and 6% decrease 

for energy consumption. The impact on the total transport system of increased use of physically 

active modes of transportation is a reduction of carbon dioxide emission with 2%, as seen in Table 6 

and Figure 3. Again the scenario shows small steps towards target fulfilment, if treating the total 

transport system the effects are marginal.  

Table 6. Results and difference form business as usual scenario for affected trip types and total 
transport system in physically active transportation scenario (appendix 4) 

Affected trips Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  9513 (-7%)  178 (-7%) 
 Commuting trips  11966 (-6%)  238 (-6%) 
 Sum: affected trips  21479 (-7%)  417 (-6%) 
Transport system total, all trips 64152 (-2%)  837 (-3%) 
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Figure 3. Results for affected trip types in physically active modes of transportation scenario 

4.2.3. Public transportations 

Public transportations are another aspect of interest. Most travel demand management measures 

promote the use of public transportation. It is also a mode of transportation with low carbon dioxide 

emission and energy consumption intensity if comparing passenger kilometres. Thus it has large 

potential to reduce the environmental impacts from the transport system. In the business as usual 

scenario, 22 percent of the passenger kilometre excluding flight is with public transportations. The 

potential to promote us of public transportations in Sweden has been evaluated by Eriksson et al. 

(2010). The study assumes a combination of substantial push and pull measures5 to reduce 

transportation by car in favour of public transportations. The result estimates a reduction of car use 

with 28% 

For trips with flight the introduction of high speed trains could result in a shift of passenger 

kilometres between the two modes of transportation. Fröidh (2007) established a 10-15% reduction 

for domestic flight trips with the introduction of high speed train between Stockholm and 

Gothenburg (Sweden’s two largest cities). This implies that if more routes with high speed trains are 

introduced the effect could be larger. Additionally, an expansion of the current rail system could, 

according to SOU (2009:74) result in a 12% increase of passenger kilometres with train.  

This scenario evaluates the effect when 30% of the passenger kilometres with car and motorcycle or 

moped in the business as usual scenario shift to public transportations (including long distance train 

and long distance bus). Additionally, 10% of the passenger kilometres by domestic and international 

                                                           
5
 The push measure includes a reduction of the price for local and national public transportations with 50 

percent, and increased trip frequency for local public transportations. The pull measure includes the raised tax 
on fossil fuels with about 50 percent. 
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flight in the business as usual scenario are transferred to long distance train. All assumptions and 

variable values for the calculations are available in appendix 5. 

The calculations gives that the emissions of carbon dioxide from affected trips (excluding flight) are 

reduced with 28%, the energy consumption is decreased with 21%. If including flight the effects 

compared with the business as usual scenario is smaller (as seen in Table 7 and Figure 4). The effect 

on the total transport system about 15% decrease of carbon dioxide emissions. As the previous 

scenarios, this scenario still is distant from reaching the target of carbon dioxide neutrality. 

Table 7. Results and difference from business as usual for affected trip types and total transport 
system in public transportation scenario (appendix 5) 

Affected trips Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  7670 (-25%)  156 (-19%) 
 With flight  16964 (-10%)  124 (-10%) 
 Commuting trips  9042 (-29%)  197 (-22%) 
 Business trips  1839 (-30%)  36 (-23%) 
 With flight  7816 (-10%)  57 (-10%) 
 Sum: affected trips (excl. flight)  18551 (-28%)  389 (-21%) 
 Sum: affected trips (incl. flight)  43331 (-19%)  571 (-18%) 
Transport system total, all trips 55844 (-15%)  743 (-14%) 

 

 
Figure 4. Results for affected trip types in public transportation scenario 
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4.2.4. Reduced passenger kilometres 

The potential of reducing passenger kilometres is a complex issue depending on many aspects. Most 

travel demand management measures are targeted at transferring passenger kilometres between 

modes of transportation. Further, car restricting policies are often seen as poor in terms of cost 

effectiveness. Marshall and Banister (1999) evaluates the effects of several travel reduction 

strategies and concludes that the change “is small, but in most cases significant”. There are however, 

potential factors that can affect passenger kilometres. Telecommuting has potential to reduce 

commuting and business trips, since it could substitute personal contacts, or the need of office time. 

Mokhtarian & Varma (1998) found 11.9% reduction of passenger kilometres from telecommuting 

activities. E-commerce is another aspect mentioned as possible to reduce passenger kilometres. 

Studies show that e-commerce does have potential to decrease traffic. However, Browne (2001) 

concludes that care “needs to be taken in modelling the traffic generation effects of home 

shopping”, since delivery system efficiency and costumers use of time saved are factors that heavily 

affects the outcome. Yet another issue is land use, here the thought is that increased urban density 

results in shorter trips and therefore decreased passenger kilometres. Results from studies 

investigating this has somewhat ambiguous results, Chatman (2008) finds that this relation is 

complemented by other factors, such as increased congestion. If the network load is low, on the 

other hand, the non-work auto trips increases. Further, Holden & Norland (2005) implies the relation 

between increased urban density and increased long distance leisure time or vacation trips. The 

picture that emerges is that increased urban density does have the possibility to reduce passenger 

kilometres, but not as a mean in itself (i.e. complementary measures must be taken). The above 

discussed aspects implies the complexity of transportation, it further implies the thought of a 

constant travel time budget as discussed by e.g. Mokhtarian & Chen (2004) and Joly (2006). With this 

said, the potential for reduced vehicle kilometres has been estimated to about 10% to 15% in 10 

years time, but would demand focused and aggressive policy measures (IEA 2003). 

The assumption in this scenario is that the demand for trips is reduced with 15% until 2030 

compared with the business as usual scenario. Here no distinction is made for mode of 

transportation or population group for the calculations. Road transportation of goods is not assumed 

to change compared with the business as usual scenario. The full explanation of the assumptions and 

variable values different from the business as usual scenario is presented in appendix 6. 

As a clear consequence of the assumption, the result of the calculations is that carbon dioxide 

emissions and energy consumption is decreased with 15%. Although, for the total transport system, 

which includes road transportation of goods, the effects are somewhat smaller (12%), Table 8 and 

Figure 5 present the results. 
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Table 8. Results and difference from business as usual for affected trip types and total transport system 
in passenger kilometre scenario (appendix 6) 

Affected trips Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  8716 (-15%)  162 (-15%) 
 With flight  16021 (-15%)  117 (-15%) 
 Commuting trips  10849 (-15%)  214 (-15%) 
 Business trips  2233 (-15%)  40 (-15%) 
 With flight  7382 (-15%)  54 (-15%) 
 Sum: affected trips (excl. flight)  21798 (-15%)  416 (-15%) 
 Sum: affected trips (incl. flight)  45201 (-15%)  588 (-15%) 
Transport system total, all trips 57715 (-12%)  760 (-12%) 

 

 
Figure 5. Results for affected trip types in passenger kilometre scenario 

4.2.5. Optimistic scenario for road transportation of goods 

Greszler (2010) estimates the potential to decrease the overall impacts from road transportation of 

goods with approximately 40%. Half of this is contributed by non technical measures such as 

increased logistics. The potential for reduction of carbon dioxide emissions by using biogas as fuel for 

trucks is estimate to between 50% and 80% by Börjesson & Berglund (2007).  

In this scenario it is assumed that the total biogas potential is used as fuel for heavy trucks, and that 

the decrease in carbon dioxide emissions when changing from diesel to biogas is 80%. Furthermore, 

the vehicle kilometres are assumed to be reduced with 20% compared with the business as usual 

scenario and the diesel trucks are assumed to decrease its carbon dioxide and energy consumption 

intensity with 20%. The energy consumption for use of biogas in trucks is assumed to have the same 

relation to biogas cars as diesel trucks have to petrol cars today. The variable values used are 

presented in Table 9.  
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Table 9. Variable values used in business as usual and optimistic scenario for road transportation of goods 

 Business as usual Scenario 

 Heavy truck Light truck Heavy truck Light truck 
Vehicle kilometres 9546736 km1 14447216 km1 7637389 km2 11557773 km2 
Of which with: Diesel 100% 100% 51% 100% 
                            Biogas 0% 0% 49% 0% 
Carbon dioxide emissions     
  Diesel 1000 g/km3 200 g/km3 902 g/km4 200 g/km4 
  Biogas   230 g/km5  
Energy consumption     
  Diesel 13.8 MJ/km6 2.8 MJ/km6 12.7 MJ/km4 2.8 MJ/km4 
  Biogas   18.9 MJ/km7  
Average carbon dioxide emission  1000 g/km 200 g/km 580 g/km 200 g/km 
Average energy consumption 13.8 MJ/km 2.8 MJ/km 15.7 MJ/km 2.8 MJ/km 
1 Based on values in Table 21 in appendix 2, and the number of residents in the urban district (19000) 
2 20% reduction from business as usual 
3 Based on Table 22 in appendix 2 
4 20% reduction from today's performance (Table 16, appendix 1) 
5 80% reduction from today's performance (Table 16, appendix 1) 
6 Based on values in Table 22, appendix 2 
7 Same relation between biogas trucks and cars as between diesel trucks and cars (calculated from Table 16 and Table 
17) 

The results of the scenario calculations are that the carbon dioxide emission from road 

transportation of goods decreases with 46% and the energy consumption is decreased with 12%. 

Thus, the energy increase per vehicle kilometres is counteracted by the decrease of transportation 

need.  

4.2.6. Plug-in hybrid electrical vehicles 

The plug-in hybrid electrical vehicle (PHEV) is one of the most discussed short to medium time 

solutions to the fossil dependence within the transportation sector today. It contains both an 

electrical battery possible to charge in the available grid, as well as a traditional internal combustion 

engine. The large benefit is thus that the problem with range that is considered to be a major barrier 

for the full electrical vehicle is overcome. However this means that there will still be some use of 

fossil based fuels.  

In the PHEV scenario it is assumed that all trips with car are with PHEV, and that the electricity range 

is 25 kilometres which covers 70% of the passenger kilometres. Thus 30% of the passenger 

kilometres are still in need of fossil based fuel for propulsion. This assumption is used in other 

scenarios (e.g. van Vliet 2011) and further confirmed when analyzing the data in the national travel 

survey (Trafa 2007) and the CERO database (for reference see Robèrt 2009), where briefly 70 percent 

of the trips with car are under 25 kilometres. The carbon dioxide emission and energy consumption 

for the PHEV is assessed form the well to wheels (WtW) analysis conducted by the European 

Commission (JRC 2007a) together with the work by van Vliet et al. (2010). The complete explanation 

of all variable values and assumptions for the scenario calculations is available in appendix 7.  

The calculations for PHEV scenario gives that the carbon dioxide emissions are decreased with 61% 

for affected trips. For energy consumption the decrease is 35%. The decrease of carbon dioxide 

emission for the total transport system is 24% (see Table 10 and Figure 6.)  
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Table 10. Results and difference from business as usual for affected trip types and total transport system in 
PHEV-wind scenario (appendix 7) 

Affected trips Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips   4201 (-59%)   93 (-51%) 
 Commuting trips   4934 (-61%)   125 (-51%) 
 Business trips   985 (-61%)   20 (-57%) 
 Sum: affected trips   10120 (-61%)   238 (-52%) 
Transport system total, all trips  50167 (-24%)   612 (-29%) 

 

 
Figure 6. Results for affected trips in PHEV-wind scenario 

4.2.7. Biogas driven cars and trucks 

Biogas is one renewable source that are of great interest in Sweden. The major problem in using 

biogas as vehicle fuel is the need of new infrastructure and propulsion systems. However, biogas is 

largely beneficial in an environmental context compared to traditional fuels. As for electricity 

different origins of biogas has different environmental performances. In Sweden the major part of 

the produced biogas comes from waste water treatment plants and co-digestion of municipal waste 

(ES 2010:05). The most promising source however, is liquid manure (due to the reduction of emitted 

methane gas from manure). If biogas is to be used in large scale the only option is to include many 

different sources. The Swedish biogas potential consists of briefly 27% manure. The major part of the 

remaining potential consists of agriculture waste (Linné et al. 2008). To estimate the carbon dioxide 

emissions and energy consumption from use of biogas it is assumed that 27% origin from liquid 

manure and the rest from municipal waste; the environmental impacts for these sources are 

assessed in JRC (2007). The result and original values are presented in Table 11.  
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In this scenario it is assumed that all cars, light and heavy trucks are driven on biogas. For cars the 

impact intensities are assumed to correlate with a mix of municipal waste and liquid manure as seen 

in Table 11. For trucks the emissions of carbon dioxide are assumed to be reduced with 80% 

compared with the baseline, this correlate with the potential described by Börjesson & Berglund 

(2007). Further, the energy consumption for use of biogas in trucks is assumed to have the same 

relation to biogas cars as diesel trucks have to petrol cars today, which results in 18.9 MJ/km for 

heavy and 4.1 MJ/km for light trucks. The full explanation of the variable values and assumptions 

used for the calculations are presented in appendix 8.  

The result of the calculations gives that if all cars and trucks are driven on biogas the carbon dioxide 

emissions are reduced with 97% while the energy consumption increases with 40% for the affected 

trip types. The effect on the total transport system is somewhat more modest but still significant 

(60% decrease) as shown in Table 12 and Figure 7. These results look promising in respect of carbon 

dioxide emissions. However, when correlating the energy demand to Stockholm Royal Seaports share 

of the domestic biogas potential (i.e. 72 TJ) the obvious drawback of a transport system based on 

biogas emerges. The potential does not even cover one third of the consumption by transportation 

of goods.  

Table 12. Results and difference from business as usual for affected trip types and total transport system in 
biogas cars and trucks scenario (appendix 8) 

Affected trips Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips -473 (-105%)  268 (40%) 
 Transportation of goods 2918 (-77%)  240 (40%) 
 Commuting trips -1127 (-109%)  351 (39%) 
 Business trips -283 (-111%)  67 (44%) 
 Sum: affected trips 1035 (-97%)  926 (40%) 

Transport system total, all trips 28568 (-57%)  1128 (31%) 

 

Table 11. WtW carbon dioxide emissions and energy consumption from different sources of 
biogas (JRC 2007b) 

Source of biogas WtW carbon dioxide emission WtW energy consumption 
Municipal waste 32 g/km 3.51 MJ/km 
Liquid manure -143 g/km 3.68 MJ/km 
Municipal waste/Liquid manure (73/27) -15 g/km 3.56 MJ/km 
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Figure 7. Results for affected trip types in biogas cars and trucks scenario 

4.3. Backcasting scenario 
To fully investigate the potential to reach the backcasting targets defined in section 2, the situation 

where multiple changes in both behaviour change and technological system is evaluated. Since many 

of the above evaluated aspects overlap in change of travel behaviour, the effects are applied in a 

sequential order as follows: 

1. The average annual passenger kilometres are reduced with 15 percent. 

2. The remaining trips with physically active transportation are increased with 75% at the 

expense of passenger kilometres with car and motorcycle or moped. 

3. 30 percent of the remaining passenger kilometres with car and motorcycle or moped are 

transferred to public transportation, long distance train and long distance bus. Additionally, 

15 percent of the reaming trips with flight shifts to long distance train. 

4. Road transportation of goods is assumed to follow the optimistic scenario for road 

transportation of goods, that is; 20% reduction of vehicle kilometres compared with business 

as usual, total potential of biogas used for heavy trucks, technical development results in 

20% decrease in carbon dioxide emissions and energy consumption for diesel heavy and light 

trucks compared with the baseline values (for further explanation see 4.6). 

5. Finally, the remaining trips with car follow the assumption in the scenarios for PHEV-wind, 

with the change that 80% of the passenger kilometres are driven in electric mode6. 

Thus, the assumptions for this scenario do not include the aspect of parking availability. However, 

this can be seen as an important factor for 1, 2 and 3. The effects of the assumptions after every step 

are presented in appendix 9. 

                                                           
6
 To be compared with 70% in the PHEV scenario. This change is seen as a result of changed travel behaviour.  
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The results from the calculations gives that the carbon dioxide emissions are reduced with 53%, if 

excluding trips with flight and road transportation of goods the reduction reaches over 80%. The 

effect in energy consumption is more modest, 47% and 67% for the two definitions. Detailed 

presentation of the result are shown in Table 13 and visualised in Figure 8.  

Table 13. Results and change from business as usual for the backcasting scenario (appendix 9) 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips   1831 (-82%)   64 (-67%) 
 With flight   13618 (-28%)   100 (-28%) 
 Transportation of goods   6756 (-46%)   152 (-12%) 
 Commuting trips   2167 (-83%)   85 (-66%) 
 Business trips   313 (-88%)   13 (-78%) 
 With flight   6275 (-28%)   46 (-28%) 

Sum (excl. flight and transportation of goods) 4311 (-83%)   162 (-67%) 

Transport system total, all trips 30960 (-53%)   460 (-47%) 

 

 
Figure 8. Results for backcasting scenario  

4.4. Summary of individual measures and backcasting scenario 
When comparing the individual measures for carbon dioxide emission reduction, the technological 
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largely overstepped. For behaviour change, increased share of public transportation seems to have 

largest potential, although these measures (the four first in Figure 9) are partly complementary. All 

measures and their relations can be seen in Figure 9. For PHEV-wind and the backcasting scenario an 
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Sweden an average wind mill produced 6.6 TJ during 2009 (ES 2010:03). If only including the electric 
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energy demand7 the number of wind mills needed is 14 and 12 for PHEV-wind and backcasting 

scenario respectively. Today in Stockholm municipality there is currently no wind mills in operation, 

in Stockholm County there is four (ES 2010:03).  

 
Figure 9. Summary of all backcasting scenario results for carbon dioxide emissions. Red percentage is change 
from business as usual for trips excluding flight and road transportation of goods. Black percentage is change 
from business as usual for total transport system 

5. Discussion 
The results in this study clearly show that there is no single handed solution for the transport system 

of Stockholm Royal Seaport to be fossil fuel independent until 2030. Neither individual technological 

development, nor behaviour change proves to be sufficient if the target is to be fulfilled. Even if 

looking at combined measures the need of substantial and successful implementation is obvious.  

In this study, the transport system includes multiple aspects of transportation. Many other studies 

focus on certain components of the transportation system (most often trips with car) and extensive 

information of various aspects for these components are available. The set up of this study was not 

aimed at further increase the understanding of specific components in the transport system; rather it 

has a broader view of transportations, thus trying to provide a more complete picture of the 

transport system. Nevertheless, in order for the study to be comprehendible, limitations in the 

complexity of the transport system were made. It is possible that these limitations result in that 

some of the important relations and interactions are overseen. However, the limitations are not 

thought to affect the results in the report to any great extent.  

                                                           
7
 The electric energy demand consists of the trips with car in electric mode, public transportation with train and 

trips with long distance train.  
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The calculations of impacts are vitiated with uncertainties, but the focus of the study has not been to 

accurately approximate potential future impacts. It is instead the possibility to reach the backcasting 

target and the relations between the different measures for carbon dioxide emissions that are of 

interest. In this sense, the magnitude of the results is seen to be sufficient in accuracy. Also when 

comparing the results of the current state description with previous studies, they correlate 

satisfactory. If excluding trips with flight and road transportation of goods, commuting trips from 

employees per capita almost emits as much carbon dioxide as resident’s total travels per capita. The 

reason for this is that an average employee travels further and more with car compared with other 

individuals. This indicates the necessity for efforts to reduce the environmental effects from 

commuting travels. 

The business as usual scenario has been produced with great caution. The most modest projections 

for travel behaviour development are used and the impacts from the business as usual scenario 

should be seen as a low estimate. The consequences of this, are that on the one hand the scenario 

effects could be underestimated (i.e. the difference from the business as usual), but on the other 

hand the distance to target achievement is smaller (i.e. the remaining portion of carbon dioxide 

emissions). In a similar way has the potential effects in the different scenarios been optimistically 

applied. Thus, realising the scenario situations are rather harder than easier than the results in this 

study indicates, and will most probably demand much effort and though travel demand measures 

aimed at reducing carbon dioxide emission and energy consumption. Furthermore, with the cautious 

approach in the business as usual scenario, increased oil price cannot be thought to contribute much 

to the backcasting scenarios as it is already included in the business as usual scenario. In summary, 

the scenario results can be seen as a maximal, or at least a very high, potential for the treated 

aspects.  

The results from the backcasting scenario show that steps towards target achievement can be made, 

although it is not easy. Also, if including trips with flight and road transportation of goods the effects 

are often marginalised, although not less important. If only looking at the technological possibilities 

the effects can be seen as quite large, however it is the remaining amount of carbon dioxide emission 

that are really tough to manage. Thus, travel behaviour change is of great importance for this last 

part of target achievement. Furthermore, the prospects to reach the situation of fully changed 

technological system are most likely a utopia, most studies points at a 30% market share for PHEV in 

2030 (van Vliet et al. 2010). For biogas the potential production is not near to meet the demand. 

Today, biogas is used mainly in busses for public transportation, in the backcasting scenario it is 

assumed that public transportation uses other renewable fuels to reach carbon dioxide neutrality. 

Thus biogas is available for other sectors, as for example road transportation of goods.  

It is clear that to achieve the backcasting target and consequently approaching a fossil free transport 

system, much effort in many different aspects of transportation are necessary. No single handed 

solution is obvious. The need of an ambitious, comprehensive and pioneer transport strategy is 

emerging. Ideally, this strategy should impose a new view on transportation and its consequences as 

well as have influence in all parts of the urban district development. In this sense Stockholm Royal 

Seaport has many advantages since it is currently under development. This makes it possible to from 

the beginning include the frames for a sustainable transport system in the urban district. There are 

many interesting components possible to include in a transport strategy for Stockholm Royal 

Seaport. Examples are the inclusion of car sharing services in the public transportation system as 
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discussed by Huwer (2003), promoting development of flexible office and telecommuting (Robèrt & 

Börjesson 2006) and enforcing companies to compensate employees that are not using parking 

availability (Shoup 1997). Another aspect of importance is increased urban density. However, studies 

show that possible rebound effects, that increase long distance car and flight trips, can emerge. 

Consequently increased urban density should not be assumed to single handed be a sufficient travel 

demand measure. Further, the decreased parking availability policy that is used in Stockholm Royal 

Seaport can, if it results in decreased car ownership, have some effect. It is also important that the 

transport strategy treats the transport system in all its complexity. In relation to the example of 

increased urban density, such complex interactions are the use of freed time and money when the 

transportation time and costs decreases (as discussed by Brown 2001). If the decrease in car use 

results in increased vacation trips with flight or consumption of goods with high emissions of carbon 

dioxide from transportation, the gain can be diminished. Thus, if being truly devoted to develop a 

sustainable transport system, in a global perspective, it is important to promote and enforce the 

transition to sustainable consumption and fewer trips with flight. Important factors in the 

development a sustainable transport system in this complex manner could be to increase awareness 

of transportation consequences and impacts (possibly by clarifying the impact-cost relation, thus 

letting the emitter pay the full cost associated with the emissions), to communicate clear and 

relevant targets as well as how these targets are met and increase the sense of belonging and sense 

of community to strengthen the efforts to reach the targets. Another important factor that could be 

of large relevance for the development of Stockholm Royal Seaport is the relation between the 

increased tendency of behaviour change and large social changes (e.g. changing jobs or relocating) 

(Burkhart & Millard-Ball 2006). If the frames for sustainable transport behaviour are available and 

promoted, it is possible that the tendencies for individuals to conform to them are large. However, 

the change from unsustainable travel behaviour might be less attractive if these habits are already 

set. To further complicate things, external factors are of importance for the target success. Examples 

of such are apparent in both the investigated technological systems. For biogas, the competition 

from natural gas (although better in respect to carbon dioxide emissions than petroleum) could 

result in largely decreased environmental benefits. For electricity many fossil based sources could 

impose the same threat. Thus, the general energy policy is of great importance, both in a local, 

national and global sense.  

The results in this study also highlight the importance of system boundary definition when analysing 

transportation and transport systems. The chimney perspective, where only impacts from 

transportations within a geographical area are included, will largely underestimate the impacts from 

transportation caused by individuals in this area. The chimney perspective therefore, enables the 

possibility to oversee or ignore important aspects of the transport system and promote less 

beneficial decisions in a global sustainable perspective. The main argument for using the chimney 

perspective is that these trips are within the direct influence of local policy measures. Consequently, 

in including trips outside the geographical area (e.g. flight and transportation of goods) successful 

local measures for reduction of environmental impacts are most likely marginalised, an argument 

that are definitely of importance. The approach in this study is to focus on the impacts from trips 

within the direct influence of Stockholm Stad, and complement this view with the addition of 

remaining trips to show their relative contribution. This approach provides a more complete picture 

of the transport system. Thus, the information is better suited as a base for sound decisions in a local 

and global sustainable perspective.  
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The possibility for Stockholm Royal Seaport to accomplish the changes in travel behaviour and 

technological system assumed in this report depends on many factors. This is a challenging task that 

must include many aspects of the urban district development. However, if treated correctly, some 

special features in Stockholm Royal Seaport that could enhance the possibility of success exists. One 

is the short distance to recreational areas (large protected park and water areas). This could decrease 

the travel demand for leisure time travels and possibly vacation trips. The short distance to city 

centre is another aspect that could both decrease total passenger kilometres and promote the use of 

alternatives to trips by car. However, good infrastructure for public transportations and physically 

active transportation are vital. The high environmental profile and the integrated thought of 

sustainability of the urban district development could also be beneficial in several aspects. If clearly 

communicating relevant targets and their benefits residents might adapt them and fight for their 

realisation. This could cause a local social and political pressure for further investments in sustainable 

transportation. As for the change in technological system, the cost is thought to be the largest 

aspects for individuals. The high investment cost in PHEV is currently a large barrier for its market 

share. Car sharing could partly decrease this barrier, and if residents have adapted the targets of 

sustainability, the willingness to share car might be increased as well as the demand for car sharing 

services. Thus, shared PHEV could be seen as a first step of introducing the technology to the market 

and providing a base for future increase in market share. 

Yet another aspect that needs to be handled is the effect on the attractiveness of Stockholm Royal 

Seaport as residential and business area. Generally residential areas with restricted parking 

availability are preferred less compared with residential areas with good parking availability (Borgers 

et al. 2008). Consequently, other restrictions concerning car use are likely to achieve similar effected 

on attractiveness. According to Stubbs (2002) these are perceived values, acting as barriers for 

sustainable transportation. Possibly, these barriers could be over-won by showing good examples of 

benefits from sustainable transportation in an early stage of the urban district development. Such 

benefits could be; reduced costs, time savings, decreased occupied space by cars and infrastructure 

for cars, resulting in more visually preferable surroundings, decreased fear of accidents, and 

increased sense of contributing to positive climate effects. Potentially, this could increase the 

attractiveness of the urban district compared with other urban districts without high environmental 

profile. 

The use of backcasting has been very useful in order to visualise the constraints of a fossil free 

transport system. It enables the possibility to step out of the restrictions of the current situation and 

its properties, and instead presuppose the desired state. Hence, focus lies on the margin of 

manoeuvrability available rather than on stringent forecasting scenarios. In this aspect the results of 

this study is uniform, and complies with many other studies treating the subject (e.g. Hickman et.al 

2010; Yang et al. 2009; Carlsson-Kanyama & Lindén 1999); reaching a sustainable transport system is 

a though challenge, and does not leave much margin of manoeuvrability. It will demand large 

changes in technological system as well as travel behaviour. Thus, this transition cannot wait, 

especially since it is not done over night.  
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6. Conclusions 
The results from this study show that there is no single solution to reach the target of a fossil fuel 

independent transport system. Even if looking at a set of combined measures to promote sustainable 

transportation, the implementation must be large and successful in all areas for target achievement.  

If the transport system in Stockholm Royal Seaport is to reach target achievement and fossil fuel 

independence it needs to operate within thought constraints, both regarding travel behaviour and 

technological performance. The urban district must become one of the top regions for physically 

active modes of transportation as well as decrease the user of car, even from today's situation. 

Furthermore, traditional cars will have to be completely phased out of the system and replaced with 

expensive and novel alternatives, a development that with current policies and measures seems 

unlikely to a sufficient level . The largest hinder for the realisation of the fossil free transport system 

is trips with flight and road transportation of goods, but even if excluding these, significant efforts 

are still needed. However, if a variety of ambitious and determined measures and public policies are 

undertaken, large steps towards the desired situation can be taken. Consequently, the necessity for 

an ambitious and pioneer transport strategy is evident and urgent. If such a strategy is successfully 

implemented, Stockholm Royal Seaport could take the position as a role model and frontier in 

sustainable transportation development.  
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Appendix 1. Baseline  
The travel behaviour from residents in Stockholm municipality is assessed from the national travel 

survey (SIKA 2007), the variable values relevant for the calculations in this study is presented in Table 

14. 

Table 14. Residents travel behaviour today  

  Group of population Source 

    S   SwC   T   TwC  
Average annual passenger 
kilometre      12580 km 9529 km 21570 km 14438 km 

SIKA 
2007 

Share of passenger kilometre per mode 
of transportation          

 

 

  car as driver 35% 24% 23% 34% 
  car as passenger 12% 31% 13% 18% 
  public transportation 24% 30% 9% 14% 
  long distance train 12% 9% 5% 6% 
  long distance bus 0.4% 0% 3% 4% 
  motorcycle or moped 0.2% 0% 0.2% 0.1% 
  physical active 6% 6% 3% 4% 

   flight 10% 0% 43% 19% 
Occupancy rate        
   car as driver 1.37 1.38 1.51 1.86 
   car as passenger 2.60 3.80 2.45 3.16 
   other modes of transportation 1 1 1 1 
S=single adult, SwC=single adult with children, T=Two adults without children, TwC=two adults with children 

For commuting and business trips from employees in Stockholm municipality the relevant variable 

values are assessed from the CERO database (for reference see Robèrt 2009) and the national travel 

survey (SIKA 2007) respectively and presented in Table 15 

Table 15. Employees travel behaviour today  

  Commuting trips Business trips Source 
    public   private   
Average annual passenger 
kilometre   

 
  

6366 km 7785 km 2926 km 

Commuting trips: 
CERO database (for 
reference see Robèrt 
2009) 
Business trips: 
National travel 
survey (SIKA 2007) 

Share of passenger kilometre per mode of 
transportation          

 

 

  car as driver 15% 49% 35% 
  car as passenger 2% 2% 5% 
  public transportation 65% 37% 2% 
  long distance train 11% 6% 6% 
  long distance bus 0% 1% 0% 
  motorcycle or moped 0.9% 0.4% 0% 
  physical active 6% 3% 1% 
  flight 0% 0% 51% 

Occupancy rate       

   car as driver 1.15 1.15 1.26 
National travel survey 
(SIKA 2007) 

   car as passenger 2.19 2.19 2.63 
   other modes of transportation 1 1 1 

For the road transportation of goods the variable values are assessed as a national mean from official 
statistics, the values are presented in Table 16. 
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Table 16. Road transportation of goods today 

Transportation of goods today  Source 
Vehicle kilometre per person 1238 Trafa (2010) och Statistics Sweden 2010 

Share of vehicle kilometre by mode of transportation  

Light truck (<3.5 tons) 40% 
Trafa (2010) 

Heavy truck (>3.5 tons) 60% 
Carbon dioxide emission per kilometre   

Light truck (<3.5 tons) 1.15 
SIKA (2009:13) 

Heavy truck (>3.5 tons) 0.25 
Energy consumption per kilometre   

Light truck (<3.5 tons) 15.8 Calculated from the relation between energy 
consumption and carbon dioxide emissions for 
cars. 

Heavy truck (>3.5 tons) 
3.4 

Occupancy rate (average weight per transport)  

Light truck (<3.5 tons) 1 Set to 1 as calculations are based on vehicle 
kilometre. Heavy truck (>3.5 tons) 1 

The technical performance of today's transport system and their sources are presented in Table 17. 

Table 17. Today’s technical performance of transport system 

Mode of 
transportation     

Carbon 
dioxide 
intensity
      

Energy 
intensity 
     

Source 

  car 0.19* 2.97* Well to wheels emissions from combustion of fuel (mix of 
gasoline and diesel) equals 2.7 kg/l (Swedish Consumer 
Agency 2010). Fuel consumption of Swedish car fleet is 
8.0 l/100 km (Johansson 2010). Energy content in 
gasoline (environmental class 2) equals 32.6 MJ/l 
(Swedish Energy Agency 2010) and the loss of energy 
from well to tank is 14% (JRC 2007a). Including 10% 
renewable fuels assumed to be carbon dioxide neutral. 

  public transportation 0.026** 0.35** Carbon dioxide intensity: Transek (2006). Energy 
intensity: assumes 90% train and 10% bus 

  long distance train 0.00089** 0.29** SJ (2010) 

  long distance bus 0.095** 0.90** The value is taken from calculations conducted in a report 
for the National Association for Swedish Bus Industry 
(Augustinsson 2008), calculations for energy intensity 
based on a fuel consumption of 30 l/100 km, an 
occupancy rate of 12 persons (Augustinsson 2008) and 
energy content in diesel of 35.9 MJ/l (Johansson 2010). 

  motorcycle or moped 0.10** 1.40** Estimated value with large uncertainty, probably 
underestimated. Calculations from carbon dioxide 
emissions and vehicle kilometre (no respect for number 
of passengers) gives a value of 0.18 kg/km 
(Naturvårdsverket 2010; Trafa 2010). According to 
Motorcycle Fuel Consumption (2010) the median value 
for various motorcycles from 1947 to 2010 is 4.5 l/100 
km, which, with a carbon dioxide emission of 2.7 kg/l 
(Swedish Consumer Agency 2010) and an energy content 
of 32.6 MJ/l (Swedish Energy Agency 2010) corresponds 
to 0.12 kg/km and 1.47 MJ/km.  

  flight 0.24** 1.76** Åkerman (2008) 
* Per vehicle kilometre 
** Per passenger kilometre 
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Appendix 2. Calculations for business as usual scenario 
Table 18 gives the assumptions for change in travel behaviour and technological performance from 

2010 to 2030 as well as the projections or other bases used for these assumptions. The assumptions 

for change in absolute and relative passenger or vehicle kilometre are corrected for the change in 

population used in the projections. This correction is calculated according to equation (3) 

              (3) 

where    is the assumed change,    is the projected change and    is the change in population.  

Table 18. Assumed changes in travel behaviour and technological performance from 2010 to 2030 in 
business as usual scenario  

Factor Assumption of change 
from 2010 to 2030 

Source 

Residents and employees travel behaviour 
Average Passenger kilometre   

Residents trips  4.6%* 
Projected by SIKA (2005:19) 

Business trips 4.6%* 
Commuting 0% Distance to workplace and days at work 

are assumed to be unchanged. 
Increase of absolute passenger kilometre by mode of 
transportation 

 

Car as driver 5%* 
Projected by Stockholm Stad (2004) Car as passenger 5%* 

Public transportation -11%* 

Long distance train 42%* 

Projected by SIKA (2005:19) 
Long distance buss -4%* 

Motorcycle or moped 5%* 
Physical active 7%* 

Flight 49% Annual increase with 2 percent. Used in 
low scenario by Macintosh & Wallace 
(2008) 

Carbon dioxide emission per kilometre   
Car as driver -18% The projection of increased fuel efficiency 

with 0.8% annually from 2001 to 2020 
(SIKA 2005:6) is continued until 2030 

Car as passenger -18% 

Public transportation -100% The target of fossil free public 
transportation (SL 2010) will be realized. 

Long distance train -100% The target of fossil free rail traffic (SJ 
2010) will be reached by 2030. 

Long distance buss -18% 
Same projection as for cars 

Motorcycle or moped -18% 
Flight -20% Based on the assumption of 40% 

reduction until 2050 used in Åkerman 
(2005) who discusses the fuel efficiency 
potential for traditional aircrafts. A similar 
value is used in the scenarios about future 
international flights by Macintosh & 
Wallace (2008) 

Energy efficiency per kilometre   
Car as driver -18% No shift to other technologies, only the 

effect of increased fuel efficiency as above 
(SIKA 2005:6) 

Car as passenger -18% 

Public transportation 0% No expected change in energy efficiency 
Long distance train -30% Andersson & Lucaszewicz (2006) 

Long distance buss -18% Same as for cars 
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Motorcycle or moped -18% 
Flight -20% Assumed to be in line with the change in 

carbon dioxide intensity. 
Occupancy rate (number of passengers per trip)   

Car as driver 0% 

No change 

Car as passenger 0% 
Public transportation 0% 

Long distance train 0% 
Long distance buss 0% 

Motorcycle or moped 0% 
Flight 0% 

Transportation of goods   
Average passenger kilometre   

Light truck (<3.5 tons) 2%* 
Projected by SIKA (2005:19) 

Heavy truck (>3.5 tons) 2%* 
Share of passenger kilometre by mode of 
transportation 

 

Light truck (<3.5 tons) 0% 
No change in relative distribution. 

Heavy truck (>3.5 tons) 0% 
Carbon dioxide emission per kilometre   

Light truck (<3.5 tons) -18% Same as cars 

Heavy truck (>3.5 tons) -13% Historical trend according to Grezler (2010) in 
Danile & James (2010) 

Energy consumption per kilometre   

Light truck (<3.5 tons) -18% Same as cars 

Heavy truck (>3.5 tons) -13% Historical trend according to Grezler (2010) in 
Danile & James (2010) 

Occupancy rate (average weight per transport)  

Light truck (<3.5 tons) 0% 
No change Heavy truck (>3.5 tons) 0% 

*Corrected for increase of population according to equation (3) 

Calculations for average yearly passenger kilometre and relative share of this passenger kilometre for 

respective mode of transportation in 2030 are based on the assumptions in Table 18 above and the 

information about today's travel behaviour from appendix 1. The results for residents are shown in 

Table 19, and the results for employees are presented in Table 20. Table 21 presents the values for 

road transportation of goods. 
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Table 19.Residents average annual passenger kilometre, share of passenger kilometre by 
respective modes of transportation and occupancy rate in 2030 (calculated from Table 18 
and Table 14) 

  Group of population 
    S   SwC   T   TwC 
Average annual passenger 
kilometre      

13159 9967 22562 15102 

Share of passenger kilometre per 
mode of transportation          

 

 

  car as driver 33% 24% 19% 32% 
  car as passenger 12% 31% 11% 17% 
  public transportation 19% 26% 7% 11% 
  long distance train 16% 12% 6% 7% 
  long distance bus 0.3% 0% 3% 4% 
  motorcycle or moped 0.2% 0% 0.2% 0.1% 
  physical active 6% 6% 3% 4% 

   flight 13% 0% 52% 25% 
Occupancy rate        
   car as driver 1.37 1.38 1.51 1.87 
   car as passenger 2.60 3.80 2.45 3.16 
   other modes of transportation 1 1 1 1 
S=single adult, SwC=single adult with children, T=Two adults without children, TwC=two adults with 
children 

 

Table 20. Employees average annual passenger kilometre, share of passenger kilometre by 
respective modes of transportation and occupancy rate in 2030 (calculated from Table 18 
and Table 15) 

  Commuting trips Business trips 
    public   private  
Average annual passenger 
kilometre   

 
  

6366 km 7785 km 3060 km 

Share of passenger kilometre per mode of 
transportation          

 

   car as driver 16% 51% 28% 
  car as passenger 2% 3% 4% 
  public transportation 59% 33% 2% 
  long distance train 15% 8% 7% 
  long distance bus 0% 1% 0% 
  motorcycle or moped 1% 0.4% 0% 
  physical active 7% 4% 1% 
  flight 0% 0% 58% 

Occupancy rate      
   car as driver 1.15 1.15 1.26 
   car as passenger 2.19 2.19 2.63 
   other modes of transportation 1 1 1 
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Table 21. Road transportation of goods in 2030, national 
average scaled to the number of residents in Stockholm 
Royal Seaport (calculated from Table 18 and Table 16) 

Vehicle kilometre per person 1263 
Share of passenger kilometre by mode of 
transportation 

Light truck (<3.5 tons) 40% 
Heavy truck (>3.5 tons) 60% 

Occupancy rate (average weight per transport) 
Light truck (<3.5 tons) 1 

Heavy truck (>3.5 tons) 1 

The calculations for technological performance of the respective modes of transportation in 2030, is 

based on the assumptions in Table 18 above and today’s technological performance from appendix 

1. The results of the calculation are presented in Table 22. 

Table 22. Technological performance of respective modes of transportation in 
2030 based on the assumptions for change in technological performance and 
today’s performance 

Mode of 
transportation     

Carbon dioxide 
intensity, kg/km      

Energy intensity, 
MJ/km      

  car (including 20% renewable fuels) 0.14* 2.44* 
  public transportation 0.0** 0.35** 
  long distance train 0.0** 0.20** 
  long distance bus 0.08** 0.74** 
  motorcycle or moped 0.08** 1.15** 
  flight 0.19** 1.41** 
  light truck (<3.5 tons) 1.00* 13.8* 

   heavy truck (>3.5 tons) 0.21* 2.82* 
* Per vehicle kilometre 
** Per passenger kilometre 

The correction for double counting of the residents that also works in the area is based on the 

assumption that all residents with less than 5 kilometres to their workplace works within the urban 

district, this group corresponds to 25 percent of the residents according to the national travel survey 

(SIKA 2007). Furthermore, it is assumed that the average passenger kilometre to work for this group 

is 3 kilometres. From the national travel survey (SIKA 2007) it is assessed that an average employee 

travels to work 201 days every year. Thus, the average annual commuting distance (back and forth) 

for this group is calculated to 1205 kilometres. The shares for the respective modes of transportation 

are assessed form the CERO (2010) database.  
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Table 23 shows the variable values used to correct for double counting. For business trips the double 

counting is corrected for by subtracting the impacts from 4750 (25% of 19000) employees.  

Table 23. Variable values for correction of double counting. Data 
restricted to residents with less than 5 kilometres to their workplace 
(CERO database, for reference see Robèrt 2009) 

Variable   Value 
Residents that also works in the urban 
district     ) 

 

 Number  4750 (25%) 
Average annual commuting distance      1205 
Share of annual passenger kilometre           
   car as driver 15% 
   car as passenger 2% 
   public transportations 28% 
   physical active 54% 
   other modes of transportation* 1% 
* Not included in calculations  

The results from calculations of business as usual scenario with equation (1) and (2) are shown in 

Table 24.  

Table 24. Results for business as usual scenario 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips   10255   191 
 With flight   18849   138 
 Transportation of goods   12545   173 
 Sum: residents   41649   502 
 Commuting trips   12783   252 
 Business trips   2627   47 
 With flight   8685   64 
 Sum: employees   24095   363 
Total    65711   864 
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Appendix 3. Calculations for parking availability 
The leftmost columns in Table 25 show the travel behaviour for employees with and without parking 

availability at their workplace in the business as usual scenario. The central column show the change 

when the parking availability is decreased to 0.5 per employee. The two rightmost columns show the 

travel behaviour in the scenario situation for public and private employees. The values for today’s 

travel behaviour are assessed in the CERO database (for reference see Robèrt 2009).  

Table 25: Variable values for calculations of reduction potential if reducing parking availability at the 
workplace. Change in absolute passenger kilometres when parking availability is reduced (CERO 
database, for reference see Robèrt 2009) 

 Business as usual  Scenario 
situation 

 Access to 
parking  

Not access 
to parking  

Change 
from b.a.u 

Public Private 

Availability to parking at workplace 81% 19% -31% 50% 50% 
Share of passenger kilometres             
   car as driver 73.3% 26.4% -23.6% 10% 37% 

   car as passenger 2.5% 0.9% -23.6% 1% 2% 

   public transportations 13.0% 39.6% 43.6% 65% 44% 

   long distance train 7.8% 29.1% 53.6% 18% 12% 

   long distance bus 1.0% 0.3% -24.9% 0% 1% 

   MC 0.3% 0.6% 19.3% 1% 0% 

   physically active 2.1% 3.0% 10.3% 6% 4% 

Table 26 describes the travel behaviour for residents with no, one and two or three cars. The travel 

behaviour is assessed from the national travel survey (SIKA 2007) 

Table 26: Variable values for calculation of reduction potential if reducing the availability to 
private parking places for residents (SIKA 2007) 

 
No car One car Two or 

three cars 
Change from 

b.a.u 
Share of population 
Today 38% 51% 11%  
Scenario situation 50% 50% 0%  
Average annual passenger 
kilometre 10109 km 17153 km 16438 km -5.3% 
Share of passenger kilometres for respective mode of transportation 
   car as driver 10.1% 30.7% 50.0% -21.1% 
   car as passenger 12.7% 16.3% 12.8% -4.8% 
   public transportations 27.5% 9.7% 9.6% 6.9% 
   long distance train 20.9% 7.1% 0.9% 15.7% 
   long distance bus 2.8% 1.9% 0.0% 11.7% 
   motorcycle or moped 0.0% 0.1% 0.0% -1.5% 
   physically active 7.1% 3.6% 3.0% 3.9% 
   flight 18.9% 30.7% 23.7% -6.5% 
Occupancy rate 
   car as driver 1.46 1.62 1.53 -2.7% 
   car as passenger 2.65 3.05 2.79 -2.8% 
   other modes of transportation 1.46 1.62 1.53 0% 

The change in total passenger kilometre and absolute passenger kilometre for the respective mode 

of transportation when the change from today's situation to the scenario situation is realised, as well 

as the resulting effect on respective household type are presented in Table 27. 
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Table 27. Effect on travel behaviour of changed parking availability 

Change  S SwC T TwC 
-5.3% Average annual passenger 

kilometre     12460 km 9438 km 21364 km 14300 km 
 Share of passenger kilometres for respective mode of transportation          

-21.1%    car as driver 27% 19% 16% 27% 
-4.8%    car as passenger 12% 30% 11% 17% 
6.9%    public transportations 21% 29% 7% 13% 

15.7%    long distance train 19% 15% 7% 9% 
11.7%    long distance bus 0% 0% 3% 4% 
-1.5%    motorcycle or moped 0.2% 0% 0.2% 0.1% 
3.9%    physically active 7% 7% 3% 4% 

-6.5%    flight 13% 0% 51% 25% 
 Occupancy rate       

-2.7%    car as driver 1.33 1.34 1.47 1.81 
-2.8%    car as passenger 2.52 3.70 2.39 3.07 

0%    other modes of transportation 1 1 1 1 

The effect on the residents that also works in the area is assumed to be affected in the same way as 

other employees by the decreased parking availability, thus the values used for correction for double 

counting are shown in Table 28 

Table 28. Variable values for correction of double counting in parking 
availability scenario 

Variable   Value 
Residents that also works in the urban 
district     ) 

 

 Number  4750 (25%) 
Average annual commuting distance      1205 
Share of annual passenger kilometre           
   car as driver 10% 
   car as passenger 1% 
   public transportations 35% 
   physical active 52% 
   other modes of transportation* 1% 
* Not included in calculations  

The variable values from above are used to calculate the impacts from the transport system 

according to equation (1) and (2). The results and difference from the business as usual scenario are 

shown in Table 29. 

Table 29. Parking availability results and difference from business as usual 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  8869 (-14%)  169 (-12%) 
 With flight  17772 (-6%)  130 (-6%) 
 Transportation of goods  12513 (0%)  172 (0%) 
 Sum: residents  39155 (-6%)  471 (-6%) 
 Commuting trips  9095 (-29%)  199 (-21%) 
 Business trips  2627 (0%)  47 (0%) 
 With flight  8685 (0%)  64 (0%) 
 Sum: employees  20407 (-15%)  309 (-15%) 
Total   59561 (-9%)  780 (-10%) 
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Appendix 4. Calculations for physically active transportation 
Table 30 shows the effect on relative share of passenger kilometres for the affected modes of 

transportation in the scenario calculations.  

Table 30. Share of passenger kilometre when physically active modes of transportation increases 
with 75% at the cost of trips with car and motorcycle or moped 

Modes of transportation       residents    employees 

   S   SwC   T   TwC   Public   Private 

  car as driver 30% 22% 18% 30% 12% 49% 
  car as passenger 10% 28% 10% 16% 2% 2% 
  motorcycle or moped 0.2% 0% 0.2% 0.1% 0.7% 0.3% 
  physical active 11% 11% 5% 7% 11% 6% 
S=single adult, SwC=single adult with children, T=two adults, TwC=two adults with children 

The results from the calculations of equation (1) and (2) when the scenario assumptions are realised 

are presented in Table 31. 

Table 31. Results for physically active transportation scenario and difference from business as usual 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  9513 (-7.2%)  178 (-6.7%) 
 With flight  18849 (0.0%)  138 (0.0%) 
 Transportation of goods  12513 (0.0%)  172 (0.0%) 
 Sum: residents  40875 (-1.8%)  489 (-2.5%) 
 Commuting trips  11966 (-6.4%)  238 (-5.6%) 
 Business trips  2627 (0.0%)  47 (0.0%) 
 With flight  8685 (0.0%)  64 (0.0%) 
 Sum: employees  23277 (-3.4%)  349 (-3.9%) 
Total  64152 (-2.4%)  837 (-3.1%) 
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Appendix 5. Calculations for increase of public transportations 
Table 32 shows the effect on the relative share of passenger kilometres for the affected modes of 

transportation in the scenario calculations.  

Table 32. Variable values when public transportation scenario assumptions 
are realised, non presented variable values are unchanged from business as 
usual scenario 

Residents travel behaviour 
  Group of population 

    S   SwC   T   TwC 
Share of passenger kilometre per mode of transportation          

 

  car as driver 23.3% 16.8% 13.6% 22.2% 
  car as passenger 8.1% 21.8% 7.6% 12.0% 
  public transportation 26.5% 37.4% 10.5% 18.7% 
  long distance train 23.5% 17.6% 14.8% 14.5% 
  long distance bus 0.5% 0.0% 4.2% 6.1% 
  motorcycle or moped 0.1% 0.0% 0.1% 0.1% 

   flight 11.9% 0.0% 46.5% 22.7% 

Commuting trips and business trips by employees 
  Commuting trips Business trips 
    public   private   
Share of passenger kilometre per mode of transportation          

 

  car as driver 11.4% 35.9% 19.8% 
  car as passenger 1.6% 1.8% 2.7% 
  public transportation 63.4% 45.5% 3.5% 
  long distance train 16.5% 11.7% 20.6% 
  long distance bus 0.0% 1.3% 0.0% 
  motorcycle or moped 0.7% 0.3% 0.0% 
  flight 0.0% 0.0% 52.7% 

S=single adult, SwC=single adult with children, T=two adults, TwC=two adults with 
children 

The variable values used for correction of double counting are presented in Table 33. 

Table 33. Variable values for correction of double counting in public 
transportation scenario 

Variable   Value 
Residents that also works in the urban 
district     ) 

 

 Percent  25% 
Average annual commuting distance      1205 
Share of annual passenger kilometre           
   car as driver 11% 
   car as passenger 1% 
   public transportations 33% 
   physical active 54% 
   other modes of transportation* 1% 
* Not included in calculations  
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The values for the relative share of passenger kilometre from Table 32 are used to calculate the 

impacts from the transport system according to equation (1) and (2) when public transportation is 

increased. The results are presented in Table 34. 

Table 34. Results for public transportations scenario, and difference from business as usual 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  7670 (-25%)  156 (-19%) 
 With flight  16964 (-10%)  124 (-10%) 
 Transportation of goods  12513 (0%)  172 (0%) 
 Sum: residents  37147 (-11%)  452 (-10%) 
 Commuting trips  9042 (-29%)  197 (-22%) 
 Business trips  1839 (-30%)  36 (-23%) 
 With flight  7816 (-10%)  57 (-10%) 
 Sum: employees  18697 (-22%)  291 (-20%) 
Total  55844 (-15%)  743 (-14%) 
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Appendix 6. Calculations for reduction of average passenger kilometre 
Table 35 shows the average annual passenger kilometres for residents and employees used in the 

scenario calculations. The result is presented in Table 36. 

Table 35. Affected variable values in calculations of reduced passenger kilometres scenario 

Average annual passenger kilometre       

 Group of population 
Residents   S   SwC   T   TwC 
 11185 km 8472 km 19178 km 12837 km 
Employees Public Private Business trips 
 5411 km 6617 km 2601 km 

 

Table 36. Results for passenger kilometres scenario and difference from business as usual 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  8716 (-15%)  162 (-15%) 

 With flight  16021 (-15%)  117 (-15%) 
 Transportation of goods  12513 (0%)  172 (0%) 
 Sum: residents  37251 (-10%)  452 (-10%) 
 Commuting trips  10849 (-15%)  214 (-15%) 
 Business trips  2233 (-15%)  40 (-15%) 

 With flight  7382 (-15%)  54 (-15%) 
 Sum: employees  20464 (-15%)  308 (-15%) 
Total  57715 (-12%)  760 (-12%) 
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Appendix 7. Calculations for PHEV 
Table 37 shows the values used to calculate the technological performance of PHEV.  

Table 37. Technological performance for PHEV (van Vliet et al. 2010; JRC 2007b) 

    energy consumption   carbon dioxide emission 
Propulsion by electric motor 
TtW  0.37 MJ/km 0 g/km 

WtT loss Wind 14% 0 g/MJ 
WtW Wind 0.39 MJ/km 0 g/km 
Propulsion by petrol* 
WtW  2.44 MJ/km 177 g/km 
Propulsion by electricity/petrol (70/30) 
WtW Wind 1.00 MJ/km 53.1 g/km 
TtW=Tank to wheels, WtW=Well to Wheels 
* From business as usual scenario, no respect for renewable share of fuels 

The results from calculations of equation (1) and (2) are shown in Table 38. 

Table 38. Result for PHEV-wind scenario and change from business as usual 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  4201 (-59%)  93 (-51%) 
 With flight  18849 (0%)  138 (0%) 
 Transportation of goods  12513 (0%)  172 (0%) 
 Sum: residents  35563 (-15%)  403 (-20%) 
 Commuting trips  4934 (-61%)  125 (-51%) 
 Business trips  985 (-63%)  20 (-57%) 
 With flight  8685 (0%)  64 (0%) 
 Sum: employees  14604 (-39%)  209 (-43%) 
Total  50167 (-24%)  612 (-29%) 
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Appendix 8. Calculations for biogas 
Table 39 shows the values used for technological performance of biogas driven cars and trucks with 

biogas originating from a future potential biogas source mix (i.e. 73% municipal waste and 27% liquid 

manure). For the technological performance from trucks it is assumed a reduction of 80% in carbon 

dioxide emissions. The energy consumption for use of biogas in trucks is assumed to have the same 

relation to biogas cars as diesel trucks have to petrol cars today. 

Table 39. Technological performance for biogas driven cars (JRC 2007b) 

Source of biogas WtW carbon dioxide emission WtW energy consumption 
Cars   
Municipal waste 32 g/km 3.51 MJ/km 
Liquid manure -143 g/km 3.68 MJ/km 
Municipal waste/Liquid manure (73/27) -15 g/km 3.56 MJ/km 
Trucks   
Heavy trucks 230 g/km 18.9 MJ/km 
Light trucks 50 g/km 4.11MJ/km 

The results from the calculations of the scenario according to equation (1) and (2) are presented in 

Table 40.  

Table 40. Results for biogas scenario with municipal waste as source for biogas 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  -473 (-105%)  268 (40%) 
 With flight  18849 (0%)  138 (0%) 
 Transportation of goods  2918 (-77%)  240 (40%) 
 Sum: residents  21294 (-49%)  646 (29%) 
 Commuting trips  -1127 (-109%)  351 (39%) 
 Business trips  -283 (-111%)  67 (44%) 
 With flight  8685 (0%)  64 (0%) 
 Sum: employees  7275 (-70%)  482 (33%) 
Total  28568 (-57%)  1128 (31%) 
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Appendix 9. Calculations for backcasting scenario 
In this scenario the scenarios concerning behaviour and technological system are combined to see 

the effects of multiple efforts. Two different alternatives for the use of biogas is evaluated. To correct 

for overlapping effects of the different behaviour change scenarios, the backcasting scenario is 

calculated in four steps as follows; (1) the average annual passenger kilometres for residents and 

employees trips are reduced with 15%. (2) the remaining passenger kilometres with physically active 

transportation is increased with 75%, the increase comes at the expense of passenger kilometres 

with car and motorcycle or moped. (3) the now remaining passenger kilometre with car and 

motorcycle or moped is decreased with 30%, the decrease is compensated with increase of 

passenger kilometres for public transportations, long distance train and bus. Additionally 15 percent 

of the trips with flight changes to long distance train. (4) road transportation of goods is assumed to 

be driven on biogas to the extent possible (limited by supply), and all trips with car is assumed to be 

performed with PHEV. The effect of step 1 on average annual passenger kilometres is presented in 

Table 41. 

Table 41. Step 1 in backcasting scenario: Decrease of average annual passengers with 15% 

Average annual passenger kilometre       

 Group of population 
Residents   S   SwC   T   TwC 
 11185 km 8472 km 19178 km 12837 km 
Employees Public Private Business trips 
 5411 km 6617 km 2601 km 

Table 42 shows the effect on the relative share of passenger kilometres in step 2 of the backcasting 

scenario.  

Table 42. Step 2 in backcasting scenario: Share of passenger kilometres after the increase of 
passenger kilometres with physically active transportation with 75% at the expense of passenger 
kilometres with car and motorcycle or moped 

Modes of transportation       residents    employees 

   S   SwC   T   TwC   Public   Private 
  car as driver 30% 22% 18% 30% 12% 49% 
  car as passenger 10% 28% 10% 16% 2% 2% 
  motorcycle or moped 0.2% 0% 0.2% 0.1% 0.7% 0.3% 
  physical active 11% 11% 5% 7% 11% 6% 
S=single adult, SwC=single adult with children, T=two adults, TwC=two adults with children 

 

The effect on travel behaviour for residents and employees after step 3 in the backcasting scenario 

are shown in Table 43 and Table 44 respectively. The values in parenthesis are the difference from 

the business as usual.  
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Table 43. Residents travel behaviour in backcasting scenario, after step 3. Change (in absolute percentage) 
from business as usual scenario in parenthesis 

  Group of population 
    S   SwC   T   TwC 
Share of passenger kilometre per 
mode of transportation          

 

 

  car as driver 21% (-12.3%) 15% (-8.7%) 13% (-6.7%) 21% (-10.8%) 

  car as passenger 7% (-4.3%) 20% (-11.2%) 7% (-3.8%) 11% (-5.8%) 

  public transportation 26% (6.5%) 36% (10.3%) 10% (3.7%) 18% (7.0%) 

  long distance train 24% (7.5%) 17% (4.8%) 17% (11.1%) 15% (8.3%) 

  long distance bus 0.5% (0.1%) 0.0% (0.0%) 4.1% (1.5%) 6% (2.3%) 

  motorcycle or moped 0.1% (-0.1%) 0.0% (0.0%) 0.1% (-0.1%) 0.1% (0.0%) 

  physical active 11% (4.6%) 11% (4.8%) 5% (1.9%) 7% (2.9%) 

   flight 11% (-2.0%) 0% (0.0%) 44% (-7.7%) 21% (-3.8%) 
S=single adult, SwC=single adult with children, T=two adults, TwC=two adults with children  

 

Table 44. Employees travel behaviour in backcasting scenario after step 3. Change (in absolute percentage) 
from business as usual scenario in parenthesis 

  Commuting trips Business trips 
    public   private  
Share of passenger kilometre per mode of 
transportation          

 

 

  car as driver 9% (-6.9%) 49% (-1.9%) 20% (-8.8%) 
  car as passenger 1% (-0.9%) 2% (-0.1%) 3% (-1.2%) 
  public transportation 61% (1.8%) 30% (-2.7%) 4% (1.8%) 
  long distance train 16% (0.5%) 8% (-0.7%) 23% (16.5%) 
  long distance bus 0% (0.0%) 1% (-0.1%) 0.0% (0.0%) 
  motorcycle or moped 0.5% (-0.4%) 0.4% (0.0%) 0.0% (0.0%) 
  physical active 13% (6.0%) 9% (5.4%) 1% (0.5%) 
  flight 0% (0.0%) 0% (0.0%) 50% (-8.8%) 

The calculations for the effect on carbon dioxide and energy consumption intensity for road 

transportation of goods used in step 4 are presented in Table 45. The total biogas potential is used to 

the extent possible for propulsion of heavy trucks and the remaining vehicle kilometres are driven 

with diesel trucks. 

Table 45. Technological performance of heavy trucks with the assumption that the total biogas 
potential is used for propulsion of heavy trucks, the remaining vehicle kilometres are driven by 
diesel trucks with technological performance as in optimistic road transportation scenario 

 Energy 
consumption 

Carbon dioxide 
emissions 

Biogas potential 72 TJ  
Heavy trucks (biogas) * 19.2 MJ/km 230 g/km 
Total vehicle km with heavy trucks* 7637389 km  
Vehicle km with heavy trucks (biogas) 3750000 km  
Percent of total vehicle km with heavy trucks 49%  
Heavy trucks (diesel) 12.7 MJ/km 920 g/km 
Percent of total vehicle km with heavy trucks (diesel) 51%  
Average heavy truck performance (biogas/diesel: 49/51) 15.9 MJ/km 580 g/km 
* values from optimistic road transportation scenario  

 

The correction for double counting correlate with the variable values in the scenario for increased 

public transportations (Table 33). The values in Table 43, Table 44 and Table 45, the average annual 



47 
 

passenger kilometres in Table 41 and the technological performance for PHEV (Table 37) are used to 

calculate the impacts from the transport system according to equation (1) and (2), the results are 

presented in Table 46. 

Table 46. Results for backcasting scenario, difference from business as usual scenario in 
parenthesis 

Trip types Carbon dioxide emission (tons) Energy consumption (TJ) 
 Residents trips  2105 (-79%)  64 (-67%) 
 With flight  13618 (-28%)  100 (-28%) 
 Transportation of goods  6756 (-46%)  152 (-12%) 
 Sum: residents  22479 (-46%)  316 (-37%) 
 Commuting trips  2667 (-79%)  85 (-66%) 
 Business trips  391 (-85%)  13 (-73%) 
 With flight  6275 (-28%)  46 (-28%) 
 Sum: employees  9333 (-61%)  144 (-60%) 
Total  31811 (-52%)  460 (-47%) 
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