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Abstract 

This master thesis is the final assignment within my master program at the Royal Institute of 

Technology in Stockholm. The thesis is performed in cooperation with WSP and linked to their 

research project ‘On the right track”. The aim of this master thesis is to identify and estimate the 

impacts resulting from future passenger transports in Mälardalen region by using a scenario study 

methodology. The research problem this thesis is dealing with is the negative societal 

consequences can be expected to increase as a result of the predicted rise in passenger traffic 

volumes in Mälardalen.  

Four alternative scenarios are introduced in the thesis and compared with the projected 

development; Scenario 1 assumes more energy efficient vehicles, Scenario 2 expects an extended 

fuel substitution, Scenario 3 is based on a doubling of the public transport travelling and 

Scenario 4 assumes that the structurally enforced travels will be halved.  

From a methodological perspective, the results and discussion in the thesis indicate firstly that 

Mälardalen is a suitable geographical boundary in future studies related to the transport system as 

the region is becoming more integrated and secondly, that a wide range of impacts and modes of 

transport must be considered when sustainable transports are discussed. The results of the 

scenario analysis can be summarized as if the projected passenger transport development will 

decrease the energy use and the emissions, despite longer travel distances, as a result of more 

energy efficient vehicles. In order to reduce the negative impacts of passenger transports further, 

the most favorable development paths to follow are to either decrease the structurally enforced 

trips or to increase the public transit travelling. The reason why neither the projected 

development nor Scenario 1 and 2 will reduce the negative impacts is that such developments 

cannot reduce consequences that are not related to energy or fuel use to the same extent.   
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Concept Descriptions  
 

Concept Description 

Characterization 
factors  

Different emissions contribute to environmental effects to different extents, for 
example one unit of methane contributes to global warming more than one unit of 
carbon dioxide, and characterization factors are used to summarize the 
environmental effects of different emissions. The emissions of each substance are 
multiplied with the characterization factor to calculate the environmental effect in 
terms of an equivalent value (for example carbon dioxide equivalent, CO2eq). 
(Värmeforsk, 2011) 

Emission factor Emissions of different substances per unit of energy. (Värmeforsk, 2011) 

Induced travelling An increase in total vehicle mileage due to roadway improvements that increase 
vehicle trip frequency and distance, but exclude travel shifted from other times and 
routes. (Litman, 2011b) 

Mobility 
management 

The ‘software’ in the traffic infrastructure. Is aimed at improving integration of 
public transport walking and cycling, encouraging collective use of car, developing 
substitutes to physical mobility such as ICT solutions and developing new ways to 
monitor traffic flows. (Robèrt, 2007, see McCullough, 2004) 

Mälardalen Mälardalen region is in this thesis defined as the counties of Stockholm, Uppsala, 
Södermanland, Örebro and Västmanland. (Mälardalsrådet, 2008) 

Primary energy 
factor 

Indicates how much energy that is required to attain one unit of useful energy, the 
primary energy factor is often higher than 1 because energy losses occur when 
energy sources are extracted, transmitted and used. (Värmeforsk, 2011) 

Rebound effect Refers to the behavioral or other systemic responses to the introduction of new 
technologies that increase the efficiency of resource use, the responses tend to 
offset the beneficial effects of the new technology or other measures taken. 
Increased fuel efficiency lowers the cost of consumption, and hence increases the 
consumption of that good. (Lindfeldt et al, 2010) 

Structurally 
enforced travel 

Structurally enforced travel, on the other hand, is travel that, given present 
structures in society, is necessary  in  order  to  realize  certain  vital  functions; 
earning a salary, getting everyday commodities, etc. (Åkerman & Höjer, 2006) 

Transit-oriented 
development 
(TOD) 

Mixed-use communities within an average 2,000-foot walking distance of a transit 
stop and a core commercial area. TODs mix residential, retail, office, open space, 
and public uses in a walkable environment, making it convenient to travel by 
transit, bicycle, foot or car. (Calthorpe, 1993) 
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Swedish Summary 

Detta examensarbete är det avslutande momentet i mitt masterprogram som på Kungliga 

Tekniska Högskolan (KTH) i Stockholm. Examensarbetet har utförts tillsammans med WSP, ett 

globalt analys- och teknikföretag som erbjuder konsulttjänster, och varit kopplat till deras 

forskningsprojekt ”På rätt spår”. Studieämnet valt för att uppfylla de krav som ställs på ett 

examensarbete på KTH och samtidigt belysa ämnen som är relevanta för WSP. Syftet med 

examensarbetet har varit att identifiera och uppskatta den påverkan som framtida 

persontransporter i Mälardalen ger upphov till genom att studera och jämföra ett antal scenarion. 

Det problem som ligger till grund för ämnesvalet är att de negativa samhällskonsekvenser som 

persontransporter ger upphov till kan förväntas öka till följd av de ökade trafikvolymerna som 

förutspås. Strävan i detta arbete har varit att kartlägga den negativa påverkan som går att koppla 

till den ökade trafiken som antas följa Mälardalens pågående regionförstoring. Examensarbetet 

skiljer sig från tidigare studier eftersom en större region än Stockholm har studerats, fler 

konsekvenser av personresor har tagits med i beräkningarna och genom att fyra väldigt olika 

utvecklingsscenarier har utvärderats. Nedan följer en sammanfattning av de resultat 

examensarbetet har kunnat påvisa. 

Då Mälardalen är en region med en pågående regionförstoring och integration av arbets-

marknader framstår det som rimligt att använda Mälardalen som geografisk systemgräns då 

frågor som rör regionala transporter behandlas. Men den bakgrund som presenteras och det 

resonemang som förs i detta examenarbete är den avgränsningen särskilt betydelsefull i studier 

som syftar till att studera effekter som går att relatera till framtida persontransporter. 

Resultaten från scenarioanalysen visar att både den energianvändningen och de utsläpp som 

persontransporterna ger upphov till kan förväntas minska om Energimyndigetens prognos 

förverkligas; detta eftersom de antar att fordonen till år 2030 kommer att effektiviseras mer än 

vad den totala reslängden kommer öka. Trots det visar resultaten från detta arbete att det är 

sannolikt att många andra negativa konsekvenser istället kommer öka då trafikvolymerna ökar. 

De fyra hypotetiska scenarierna som är introducerade i arbetet representerar alternativa 

utvecklingsriktningar som skiljer sig från den prognostiserade utvecklingen. Alla fyra scenarier 

leder till motsvarande eller lägre nivåer av negativa konsekvenser än den prognostiserade 

utvecklingen. De mest fördelaktiga utvecklingsriktningarna att följa om målsättningen är att 

minska de negativa konsekvenserna är enligt analysen att antingen minska persontransporterna 

med bil, buss och spårbundna medel eller att öka resandet med kollektiva medel och därigenom 

minska bilresandet. Anledningen till att mer energieffektiva fordon eller ett omfattande övergång 

till förnybara drivmedel inte har en lika stor potential att minska den negativa påverkan är att 

konsekvenser såsom olyckor, ineffektiv markanvändning och negativ hälsopåverkan är svåra att 

begränsa då biltrafik utgör en stor del av persontransporterna 

Resultaten indikerar också att ett mer holistiskt angreppssätt till den samhällspåverkan som 

persontransporter ger upphov till behövs för att kunna påvisa vilka konsekvenser som kan, eller 

inte kan, reduceras genom olika utvecklingsalternativ. Vidare behöver helhetsperspektivet 

sannolikt kompletteras med passande ekonomiska utvärderingsmetoder och ett ifrågasättande 

om huruvida styrmedel och politiska mål faktiskt leder till en eftersträvansvärd utveckling.  
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1.  Introduction 

The transportation sector is a driver for growth, prosperity and jobs in the world today. In the 

European Union, the transport sector generates 7% of GDP and offers 5% of the total 

employment. (Mega, 2010) At the same time, the transport sector is responsible for 26% of the 

total energy use and contributes to 23% of the world’s energy-related greenhouse gas (GHG) 

emissions (IPCC, 2007). In Sweden, the transport sector uses around 18% of the energy 

consumed in the country and 70% of the energy use in the transport sector is used for passenger 

transports (Energimyndigheten, 2011b). Domestic transports give rise to around 32% of the 

GHG emissions released in Sweden. Moreover, the GHG emissions caused by road transports 

have increased by 11% during the period from 1990 to 2008 while the emissions of the rest of 

the energy sector have been reduced during the same period. (Naturvårdsverket, 2010) 

Domestic passenger transports are dominated by car travel, independent of travel purpose, and 

the car is used for around 70% of all journeys (ibid). Public transport travel is common in 

Sweden’s large cities but much rarer in rural areas where the private car is often the only available 

transportation mode (SIKA, 2007). For many, car travel provides a degree of flexibility, comfort 

and speed that other modes have difficulties to deliver to the same extent (Bisek, 2009). At the 

same time, excessive use of road transports are connected to high levels of energy use and 

polluting emissions. Road transport also contributes to congestion, health problems, accidents, 

losses of productive land, noise, barrier effects and potential losses of valued social interaction 

(Schiller, Bruun & Kenworthy, 2010).  

According to a report from the Swedish government (SOU, 2002), the Stockholm and 

Mälardalen region is suffering as a result of deficient investments in the transport infrastructure 

over the last decades. As a result of that, congestion can be experienced during long time periods 

in both the road system and in the public transport network. Furthermore, the challenge to 

combine environmental and safety concerns with the development vision of for the Stockholm 

and Mälardalen region is highlighted in the report.  

In cooperation with the public transport providers in the Mälardalen region, WSP, a global 

design engineering and management consultancy firm, is working with a research project aimed 

at developing methods for increased public transport traveling at the expense of private 

motoring. This thesis work has run in parallel with WSP’s research project and attempts to 

estimate the consequences of the projected development of passenger travel patterns in the 

Mälardalen region. Four development scenarios will be explored and evaluated in order to 

estimate the potential of different development paths to reduce the negative impacts of 

passenger transports. The approach differs from previous research since several impacts of 

passenger transports are taken into consideration and since Mälardalen is used as the 

geographical boundary (instead of Stockholm which is common in other studies). 

This master thesis aims to identify and estimate the impacts resulting from future 

passenger transports in Mälardalen region by using a scenario study methodology. A 

future study approach will be used to define what a desired transport system looks like and to 

explore the consequences of different development paths.  
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1.2 Research Problem 

The transport sector consumes much energy resources, releases polluting substances that harm 

both humans and nature and causes millions of deaths and injuries every year. The transport of 

goods and people has increased steadily in the latest decades and made it almost impossible to 

reduce the negative consequences transports give rise to at the same time. (Moriarty & Honnery, 

2008a) According to today’s projections for the coming decades, transportation vehicles are 

expected to become more energy efficient and use renewable fuels to a larger extent 

(Energimyndigheten 2011a). However, traffic volumes and travel distances are expected to 

increase during the same period and thus there is a risk that the potential reduction in energy use 

and emissions will be used for (or released from) the increased traffic volumes. Moreover, 

congestion causes delays and shows the deficits of today’s transport system (Schiller, Bruun and 

Kenworthy, 2010). Since long, the immediate reply to these kinds of problems has been to 

design and build new roads to unburden congested roads. The problem of such measures is that 

they often give rise to induced travelling; people travel more when travel time and congestion are 

reduced. Thus, in a long-term perspective, new roads seldom solve congestion problems. (ibid) 

Mälardalen is a region in Sweden that is growing, both as an integrated labor market and in terms 

of inhabitants. This growth can be considered positive since it increases the flexibility for both 

the region’s inhabitants as well as for the companies and institutions operating there. (SOU 2002) 

The negative aspect of a growing labor region is that people have to move longer distances to 

access job opportunities corresponding to their competence. Mälardalsrådet (2008) estimates that 

the car travelling in the Mälardalen region will increase by 80-95% up to the year 2030. 

The research problem this thesis is dealing with is that the negative societal 

consequences can be expected to increase as a result of the predicted rise in passenger 

traffic volumes in Mälardalen. Therefore, the projected development is not assumed to be 

sustainable in a long-term perspective, mainly because of the use of non-renewable resources and 

the released emissions. However, there are also many other negative impacts linked to car 

dominated passenger transports such as health issues, congestion and accidents (Schiller, Bruun 

& Kenworthy 2010). Since traffic volumes are expected to rise as a result of the regional 

enlargement, the negative consequences for society as a whole can be expected to increase. This 

thesis maps the negative impacts and furthermore, as a response to the challenging picture 

described in this section, it discusses and explores alternative development scenarios that can be 

seen as more feasible if the goal is to reduce the negative consequences of mobility.  

1.3 Research Questions  

In order to deal with the research problem described above, a set of research questions have 

been formulated; the main research questions in this thesis are:  

- How do different modes of transport impact society in terms of energy use, emissions, 

congestion, health, land-use, equity and safety? 

- How is Mälardalen affected by the projected development of passenger transport and how 

will alternative development scenarios affect the region? 

- What is sustainable transportation and what development path have the greatest potential to 

fulfill the requirements within the field of passenger transports?  

- What effects can be expected if the objective of the Swedish Doubling Project is fulfilled? 
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2. Methodology 

This section consists of three different subsections that are aimed at clarifying the thesis’s 

methodology and the approach to the identified research problem, limitations and system 

boundaries as well as a discussion about the sources’ reliability and validity.    

2.1 Future Studies 

Future studies can serve two purposes. First, they can be used to predict the future as a way to 

identify whether adjustment must be introduced when the prediction is undesired. Secondly, 

future studies can be used to design plans by which the development path can be changed. 

(Phdungsilp, 2011) Michael Marien (2002) has questioned the use of future studies and argued 

that future studies cannot be considered a field itself but that it is rather a fuzzy multi-field. 

Despite Marien’s critique, many researchers are using the methods to explore the outcomes of 

particular development paths and the approach is also used in this thesis. This section presents 

some concepts and an explanation to why the approach was considered suitable for this thesis. 

In Table 1, the concepts future studies, scenarios and scenario studies are cited from Mattias 

Höjer’s doctoral thesis (2000). In this thesis, a group of scenarios will be used to picture the 

impacts that can be related to future development paths of the passenger transports in 

Mälardalen region and hence, the study can according to Höjer’s definition be categorized as a 

scenario study.   

Table 1: Definition of concepts (Höjer, 2000) 

Concept Definition 

Future studies The exploration of future states or developments and the study of how 
these explorations can be used in planning and strategy formation. 

Scenarios Attempts to visualize possible future states and/or developments. 

Scenario studies The generation of scenarios and consideration of their implications. 

Kees van Heijden (2005) elaborates how scenario planning can be used in organizations as a 

method to handle uncertainties. According to van Heijden, scenario-based planning can accept 

the structural uncertainty and hence also manage the multiple future alternatives that come with 

the uncertainty. Moreover, he argues that strategic management is most important in 

environments characterized by both uncertainty and predictability; if everything is predictable 

there is no need of strategizing but also, if nothing can be predicted, strategies makes no sense. 

So while forecasts attempts to create a realistic picture of what the future will be like, scenarios 

have a chance to open up the area of thinking and also identify the key uncertainties associated 

with the scenarios (ibid). In this thesis, different scenarios are used to map the impacts associated 

with different development paths. Thereby, the results of this thesis can hopefully create a basis 

for future strategic policy decisions by raising the awareness of what development paths that 

have a potential to reduce the negative impacts of passenger transports.  

Börjeson et al (2006) have attempted to structure different scenario typologies to create an 

overview of the various techniques that can be used. According to them, scenario studies can be 

categorized into three different groups based on the purpose of the study; scenarios of the future 

can be predictive and attempt to answer the question ‘What will happen’, or they can be explorative 

and deal with the question ‘What can happen?’ The last group of scenarios are normative and 

attempts to respond to ‘How can a specific target be met?’  
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Each scenario group can then be divided into subgroups. Predictive scenarios can be either 

forecasts that attempt to unfold the most likely development, or what-if scenarios with the aim 

to describe what will happen if a certain event or policy is realized. Explorative scenarios are 

trying to explore situations or developments that are possible to happen and can be divided into 

external scenarios and strategic scenarios. External scenarios focus on external factors that may 

shape the development but are out of control of the relevant actors. Strategic scenarios, on the 

other hand, attempts to unfold several potential consequences of strategic decisions. At last, 

normative scenarios can also be divided into two groups, preserving normative scenarios and 

transformative normative scenarios. The two differ in their relation to the outcome of the study 

where the former can reach targets without a major structural change and the later requires a 

major structural change in order to reach the defined targets. Figure 1 shows a typology of 

different scenario methods developed by Börjeson et al. The scenario types that have been used 

in this thesis are marked in red. The motivation behind that selection follows the figure. 

 
Figure 1: Scenario typology. (Börjeson et al, 2006) 

This thesis attempts to picture a future transport system in Mälardalen region that is 

characterized by less negative impacts based on a selected set of indicators. The research 

problem and the context description in this report verifies that today’s travelling patterns are not 

in line with what is considered as sustainable in a long-term perspective. The report’s Reference 

scenario is based on a projection of national transport development which can be seen as a 

forecast. The other scenarios are developed in accordance with a transformative normative 

scenario approach since it is assumed that a transformation of today’s trends will be necessary to 

realize any of the scenarios. Moreover, it is important to clarify that the scenarios are not plans 

but rather images of potential development paths. To evaluate the different scenarios, an 

explorative methodology (Börjesson et al, 2006) has been used to identify how different 

measures will affect the impacts of passenger transports. When the scenarios are explored, no 

clear distinction has been made between internal or external factors and therefore the scenarios 

have not been defined as strategic or external. To summarize, the scenarios are designed as 

transformative normative scenarios and they are evaluated and analyzed as explorative scenarios. 

When the scenarios are evaluated, no uniform valuation method has been used and hence, the 

impacts are compared one by one instead of summarized into similar units. One alternative 

method could be to evaluate the scenarios in a cost-benefit analysis (CBA) (Glasson, Therivel & 

Chadwick, 2005) where the monetary costs and benefits related to each of the scenarios are 

calculated and thus a clear comparison is enabled. Otherwise, a Delphi methodology could be 

used to assign weights and scores to the different impacts and thereby attain results showing the 
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most favorable scenario according to the pre-defined criterions. (ibid) However, the attempt in 

this thesis has not been to define which scenario that is the best when all impacts are 

summarized. Instead, the intention has been to picture how different development scenarios 

affect the extent of impact that can be related to passenger transport. Therefore, discussing each 

impact one by one, instead of doing a CBA, and show that there are advantages and 

disadvantages connected to all different development paths has been considered more 

appropriate in this thesis.  

2.2 Limitations and System Boundaries 

When applicable, the limitations in this thesis have been guided by WSP’s research project “On 

the right track” which will be described more in detail later. There are also other limitations made 

that have been necessary in order to finish this project within the set time frame. Both kinds of 

limitations are described below to clarify this thesis’s system boundaries.     

2.2.1 Mälardalen Region 

Mälardalen is not a clearly defined region, instead its boundaries depend on in what context the 

region is discussed. In this thesis, the Mälardalen region has been defined in accordance with 

how WSP’s project partner Trafik i Mälardalen AB (TiM) [Traffic in Mälardalen Inc.] defines the 

region. TiM is a network of six public transport companies managing all bus, subway and 

commuter train traffic in the counties of Stockholm, Uppsala, Södermanland, Västmanland and 

Örebro (TiM AB, 2011). The Mälardalen region has been defined as the five counties where 

public transport companies that participate in the TiM cooperation operate; namely: Stockholm, 

Uppsala, Södermanland, Örebro and Västmanland, see Figure 2. Later in the thesis, the 

expression “Mälardalen region” will be used synonymously with the five counties.   

 
Figure 2: Extension of the public transport network in the TiM cooperation. (TiM AB, 2011) 

2.2.2 Passenger Transports 

To suit WSP’s research project, only passenger transports within the Mälardalen region have 

been considered; analyses of freight transports are not included in this paper. Moreover, the term 

passenger transports has been limited further and includes only passenger trips by car, bus, train 

and subway/light rail. The basis for the selection of modes is that many impacts considered in 

this thesis are connected to fuel consumption and also because the potential for transfers 

between different modes is expected to be greatest for the selected modes of transport. Another 

argument for the selection is that that categorization correlates with how travel data are 

presented in the National Travel Survey. Moreover, since WSP’s research project focuses on 
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public transports and car travelling, the selected modes of transport are also the most relevant 

ones for their project.  

Since the Mälardalen region is relatively small, aviation within the region is not taking place, 

therefore the impacts caused by the inhabitants’ air-travelling has not been part of this study. 

Other long-distance journeys have not been included in the calculations based on the same 

argument. Sea passenger transports account for 0.06% of all public transport trips made in 

Stockholm County and no such travelling was presented for the rest of Mälardalen region 

(Trafikanalys, 2011c). Therefore, those trips were not analyzed in this thesis.  

2.2.3 Impacts Considered and Impact Factors 

In this thesis, a set of transport related impacts have been considered to illustrate how passenger 

transports affect the society. Figure 3 is an illustration of the system boundaries for the study and 

the impacts considered in this thesis (smallest circle). A closer description of the reasoning 

behind the limitations follows the image.  

 
Figure 3: Illustration of system boundaries in the thesis. 

Since the focus of WSP’s research project is to change travelling patterns within today’s transport 

system, neither new infrastructure investments nor impacts resulting from production of new 

vehicles has been considered. Moreover, economic limitations to certain developments have not 

been discussed in detail. Other impacts that have not been discussed are how changes in 

travelling patterns will impact employment opportunities, growth potential and tax revenues. A 

study of such effects would most likely complement the impacts considered in this thesis but 

also, that would require much deeper insights into correlations between economic development 

and transport development. Therefore, those aspects have been left out of this thesis.    

The environmental impacts resulting from transport related emissions are sometimes local, 

sometimes regional and sometimes global. In this thesis, a distinction between different scales at 

which environmental impacts occur was not made. Instead, the life-cycle emissions has been 

summarized and presented for each scenario, independently of if the emission takes place in 

connection to the fuel production or the fuel consumption. In a study of a more qualitative 

character, a distinction between local, regional and global impacts would probably be preferable.   
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There are several other impacts related to passenger transports that have not been considered in 

this thesis: noise, visual intrusion, barrier effects and loss of social values such as street life and 

public safety. The reason why these impacts have not been included in the analysis is not because 

they are considered unimportant; but one problem related to many of them is that they are 

difficult to quantify. For example, the difficulty of estimating the impacts of noise and visual 

intrusion is related to that such effects are much dependent on the environment surrounding 

roads or railways. Hence, including such consequences of impacts would require a deeper 

knowledge of where such problems occur and to what extent people are suffering from such 

effects. Some of the other social impacts are even more difficult to quantify. However, attempts 

have been made to at least reason about the effect on justice and equity of passenger transports 

although those impacts surely are difficult to put numbers on as well. The reason why a 

discussion about that impact has been included is that consequences can be very important to 

take into account even though it is difficult to link a precise impact factor to them.  

When the future scenarios are evaluated, the relative impact for different modes of transport is 

assumed to be similar to todays. For example, the estimated risk of accident related to different 

modes of transport today is assumed to be the same in the future. In reality, there is a chance 

that these figures will change, but in this thesis the relative disparity between different modes of 

transport is supposed to be constant, which means that the risk of accident in the future will still 

be higher for people travelling with car than for bus passengers. The same goes for several other 

impacts, for example primary energy factors, emission factors and societal costs of transports. 

The reason why future impact factors have not been used is because no good sources of such 

information have been found and because it was assumed that such speculation would increase 

the thesis’s degree of uncertainty. Therefore, readers are recommended to focus on the relative 

impacts rather than the absolute impact values when the results are studied.  

2.3 Data and Sources  

This thesis contains references to academic papers, governmental reports, institute reports as 

well as consultancy reports. Peer-reviewed articles have been used at all times when applicable, 

but since the most detailed data on travelling patterns have been found in reports from various 

governmental agencies, academic papers have been complemented by such sources. The parts 

used from those reports are discussing energy use and emissions associated with transports, 

predicted passenger transport sector development and travel patterns. Thus, the information 

used has been considered reliable and not influenced by political objectives. Consultancy reports 

have been used mainly for the scenario design and have been considered appropriate since for 

example Profu’s report discusses the likeliness of different development paths. 

Most sources used in the thesis are up-to-date. Sometimes, data from different years have been 

used in the same calculations. For example, travelling patterns are based on journeys in 2005 and 

2006 while the vehicles’ fuel compositions are based on data from year 2010. The motivation for 

selecting this way of calculating is that the latest published data has been used at all times to 

reflect today’s travel habits as accurate as possible. As a result of that, the numbers may not 

correlate completely with emission for example data from specific years but rather reflects the 

situation during the period 2005-2011. Since this is a scenario study, the focus is more on general 

trends than studies of marginal variations in fuel use and traffic volumes. Hence, it is assumed 

that the mix of data from different years have a minor impact on the overall results.  
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2.3.1 Energy Use and Emissions 

The main source of primary energy factors (PEF) and emission factors is a publication from 

Värmeforsk (2011) called The Environmental Fact Book. The book appears to be one of the 

most detailed reports of emission factors where Swedish conditions are taken into account and 

where life-cycle values are used1. The emission factors are based on reviews of a group of life-

cycle assessments that meet basic criteria set by the working group, for example that the data 

must be permitted to be published and presented per unit energy of a specific fuel. Although the 

book itself is not a peer reviewed article, it is based on such sources. Therefore, this source has 

been considered very reliable. When other sources are used for PEFs or emission factors, the 

assumptions made in relation to the use will be described later on.  

2.3.2 Travelling Patterns 

For mapping the travel patterns in the Mälardalen region, the National Travel Survey has been 

used.  Statens institut för kommunikationsanalys, SIKA [The Swedish Institute for Transport 

and Communications Analysis], was until year 2010 the institute collecting data about Swedish 

residents’ everyday movements; the last full survey was made in the years 2005/2006. The survey 

presents travel patterns and the data are divided upon sex, age, travelling purpose, municipality 

type and county. (SIKA 2007) Trafikanalys [Transport Analysis], is the institute that since SIKA’s 

shut-down is responsible for collecting and presenting data about traveling patterns in Sweden.  

Since Trafikanalys has not published any recent information about interregional trips that are as 

comprehensive as the National Travel Survey, that source has been selected to be the main 

source. The result of that selection is that travelling patterns are based on how people who live in 

the five counties choose to travel instead of the actual trips taking place in the Mälardalen region. 

Thus, the journeys the inhabitants travel outside the region is also included in the statistics. In 

order to picture mainly the trips within Mälardalen region, only short-distance trips (less than 

100 km) has been included in the calculations. 

All journeys Mälardalen’s inhabitants travel are not necessarily taking place within the region but 

still, the numbers provide a hint about the habits in the counties of interest. Moreover, studies 

were made on both week-days, week-ends and holidays, thus the presented journeys can be 

generalized to represent the year’s every day even though the travelling patterns in reality differ 

between different days. 2  

In the National Travel Survey, travel patterns are reported as quantitative data. According to 

Edling and Hedström (2003), quantitative data is data about a large quantity of observations but 

with limited information about each unit. The opposite is qualitative data; such data often 

provide deeper insights about a smaller number of observation units. It is important to mention 

that Edling and Hedström do mention that this distinction between different types of data is 

simplified. However, the data published in the National Travel Survey and the data used for the 

analysis in this thesis are quantitative data sources because they are based on a large quantity of 

observations but present very limited information about each observation.  

                                                 
1 Include emissions from raw material extraction, processing, transportation and conversation of energy resources. 
2 According to Andreas Holmström who has been part of the working group compiling the National Travel Survey. 
Source: Andreas Holmström, Trafikanalys [Transport Analysis], mail contact 2011-11-15.  
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3. Context and Theoretical Framework 

In Section 1, the research problem and questions are introduced. In this section, a more detailed 

description of the context this thesis falls within will be given. Thereafter follows an introduction 

to parts of the relevant literature and previous research that are available within the field.  

3.1 Thesis Context 

WSP, a global design engineering and management consultancy, has initiated a research project 

called “On the right track – Developing methods for increased public transport traveling” that 

this thesis is linked to. The purpose of WSP’s research project is to, in cooperation with TiM, 

develop and test a generic methodology for communication with a targeted group of potential 

public transport travelers. Thus the research project’s focus is not to generate more travelers by 

new public transport investments but rather to develop a communication methodology with a 

potential to increase the public transport travelling within today’s network. The goal of the 

developed communication platform is to increase the proportion of public transport travelling at 

expense of private motoring. (WSP, 2010) 

This thesis work has run in parallel with WSP’s research project and attempted to picture what 

impacts a change in travel patterns in Mälardalen region will result in. Hence, the results of this 

report are not be directly linked to WSP’s research project, but the results can be used to create a 

better understanding of the possible outcomes of their project in the implementation phase or 

they can potentially be used in marketing material for the communication methodology.  

WSP’s research project is initiated to stimulate a development in accordance with a Swedish 

nation-wide co-operation project called Fördubblingsprojektet [The Swedish Doubling Project]. 

The project involves the whole public transport sector and the project’s goal is to double the 

transport market share held by the public transport; the doubling should be reached by the year 

2020 (reference year 2006). The project started in year 2008 and Trafikverket [the Swedish 

Transport Association] has been one of the partners since 2010, which means that the project 

has gained state level approval.  

According to the Chairman of the Doubling Project, Charlotte Wäreborn Schultz, a doubling of 

the public transport sector’s market share will result in great benefits for society. The goals are to 

reduce CO2 emissions significantly, achieve a more energy efficient transport system, provide 

better road safety, reduce congestion as well as create a transport system that offers equal 

opportunities. Besides that, a doubling of the public transport’s market share can contribute to 

regional development and economic growth. (Fördubblingsprojektet, 2011) 

3.2 National and Regional Trends 

This section presents an overview of how passenger travel patterns have developed in Sweden 

during the last decades and recent years. As such, it provides a picture of in what direction the 

development has gone and may continue if behaviors or technologies do not evolve. The section 

also briefly presents how the Mälardalen region has, and potentially will continue to, develop 

towards a more integrated labor region. Later in the thesis, in Section 5, travel patterns in 

Mälardalen will be discussed more in detail.  
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3.2.1 Travel Patterns in Sweden 

Bilens sociala och ekonomiska betydelse (Bisek) [The car’s social and economic value] is a 

research project attempting to picture the car’s role for the individual mobility today and in the 

future. Since the 1950s, car travelling has developed from being a marginal transport mode 

towards being the most dominant one. 75% of the Swedish households have access to at least 

one car and 25% of the households own two cars or more. The development has been a result of 

raised real incomes, an increased supply of goods and services as well as more sprawled 

household activities which in turn have resulted in an increased demand for more differentiated 

transport alternatives. (Bisek, 2009)  

In Sweden, the travelling with public transports has increased steadily; between the years 2009 

and 2010, the overall travelling increased with 3% and moreover, over the last 10-years period, 

public transit travelling increased by 19%. In Sweden, the available kilometers in the public 

transport network is made up by 75% bus, 12% subway, 11% train and 2% light rail. Despite the 

increase during the last century, the public transport’s share of all transports taking place has 

decreased from 49% in 1950 to 18% in 2009. The downturn began in the period 1960-1970 and 

reflects the introduction of the private car and the raised living-standards. Figure 4 shows the 

increase in transports and the division between different modes of transports in Sweden 

throughout the last 60 years. (Trafikanalys 2011c) 

 
Figure 4: Travel distances with different modes of transport, unit: billions passenger-kilometers (Trafikanalys, 2011c) 

The yearly energy use for passenger transports in Sweden is around 55 TWh which corresponds 

to around 20% of the nation’s total net energy use; a share of the total energy use that is 

increasing. Passenger transports account for around 70% of the road transport’s energy use and 

freight transports for the remaining 30%. (Energimyndigheten, 2011b) The energy sector as a 

whole (including transports) accounted for 73% of the total amount of GHG emissions in 

Sweden in 2009; domestic transports were responsible for 32% of the emissions the same year. 

Between the years 1990 and 2008, the emissions from all domestic transports increased by 9% 

and the road transport related emissions increased by 11%. (Naturvårdsverket, 2010) 

3.2.2 Mälardalen 

The fastest growing economic cluster in Sweden is today the Stockholm-Mälardalen region and 

Mälardalen as a whole is on its way to become an integrated functional region as a result of more 

integrated housing and labor markets. Mälardalen is the largest market of consumers in Sweden 

and it is also Sweden’s largest region for production of goods. (Mälardalsrådet, 2008) The 

commuting between different areas in the Mälardalen region has increased during the last decade 

and a well-functioning transport system is essential for the interaction and integration in the 
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region (Mälardalsrådet, 2002). Furthermore, according to a report presented by Mälardalsrådet 

(2008), economic growth, population growth and raised income levels are expected to lead to 

increased car travel distances of 80-95% up to year 2030.  

Regional enlargement is an effect of increased mobility of labor which in turn leads to an 

expansion of local labor markets. The larger labor market thus includes more people and more 

job opportunities than before. In a long-term perspective, car motoring has been one of the 

main drivers towards enlarged labor regions. At the same time, the concentration of businesses is 

driven by the strive for economies of scale. In Mälardalen, the local labor markets has been 

reduced from a number of 20 in year 1970 to 7 local labor markets in 2002 which can be seen as 

an indicator of regional  enlargement. (ARENA för tillväxt, 2002) 

The Swedish Government published in year 2002 (SOU, 2002) an interim report on the subject 

of how the transport system in Stockholm and Mälardalen should develop in a long-term 

perspective. According to the report, the region’s transport system has deteriorated due to the 

lack of investments during a period when the region has experienced population, economic as 

well as traffic growth. The consequence of this development has been increased congestion in 

the road and public transport network during longer time periods which in turn causes economic 

losses and environmental problems. Moreover, the population growth is expected to continue 

which eventually will create a demand for even more mobility.  

To reduce the problems of traffic related congestion, environmental harm and deaths and 

injuries as well as improve the accessibility, hold the region together and improve public 

transports, a set of measures are presented in the report. The overall transport objective is the 

following: ‘Ensure an economic efficient and long-term sustainable supply of transports for the 

citizens and the business sector in Stockholm and the Mälardalen region. The transport system 

should be environmentally, economically, culturally and socially sustainable.’ Measures expected 

to contribute to positive developments are such measures that can improve the connection and 

accessibility between Stockholm and the rest of the Mälardalen region. It is mentioned in the 

report that the strategy itself is not likely to contribute to a development in line with the goals of 

less traffic related injuries and less environmental harm. Instead, external changes, especially 

technical developments, are expected to be necessary in order to manage those issues. (ibid) 

3.3 Literature review 

Section 3.2 discusses trends and travel patterns in Mälardalen today. In this section, the focus 

shifts slightly and further elaborates the global context within which this thesis naturally suits. As 

such, the section should provide insights to parts of the literature that reveal the urgency of the 

subject discussed in this thesis. Later, in Section 8 and 11, theories presented in the literature will 

be discussed in relation to the results presented in this thesis.  

3.3.1 Sustainable Development  

The concept of sustainable development has become known and applied since the World 

Commission on Environment and Development gave the concept a central position in its 

analyses in year 1987. Since then, sustainable development has developed into a policy goal in 

many nations around the globe. The World Commission on Environment and Development 

(WCED) declared in the report Our common future that sustainable development is: “Development 
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that meets the needs of the present without compromising the ability of future generations to 

meet their own needs”. (WCED, 1987) 

Herman E. Daly has further developed the concept and argues that sustainable development 

must be adapted to the nature’s limits. Daly states: “The main principle is to limit the human 

scale to a level which, if not optimal, is at least within carrying capacity and therefore 

sustainable”. The idea is based on that the economy’s scale must be limited to the ecosystems’ 

capacity to function as a source of economic goods and as a sink of the human system’s waste. 

(Costanza 1991, see Daly 1991) Besides environmental concerns, social and economic aspects of 

development are often highlighted as necessities to assure in order to achieve a sustainable 

development; a just distribution of the Earth’s resources, globally as well as locally, is part of the 

social sustainability discourse (Gullberg, Höjer & Pettersson, 2007). 

According to Richardson and Connelly (2005), sustainable development is often treated as a 

concept aimed at resolving the tensions between social and economic development while also 

considering the need of protecting the environment. However, competing interests and 

uncertainties of for example what time-frame sustainability should be planned for, who it should 

be planned for and what development that should be sustained, create a range of difficulties for 

implementing measures for sustainable development. As a result of these ambiguities, 

Richardson and Connelly argue that sustainable development rather should be understood as a 

range of different discourses competing about what the term actually means. 

Gudmundsson and Höjer in an article from 1996, called Sustainable development principles and their 

implications for transport, refer to several researchers who have attempted to operationalize the 

concept of sustainable development, for example Herman E. Daly, Peter A. Victor, Robert 

Costanza and R. Kerry Turner. Based on reviews of the other authors’ attempts to identify 

principles for sustainable development, Gudmundsson and Höjer identify four principles that 

must be fulfilled in order to create a sustainable transport system: 

1) To safeguard a natural resource  base within critical loads, levels and usage patterns; 

2) To maintain the option value of a productive capital base for future generations; 

3) To improve the quality of life for individuals; and 

4) To secure an equitable distribution of life quality. 

Sustainable development is a widely spread policy goal that, according to Gudmundsson and 

Höjer, would have serious implications on transport policy if taken earnestly. When they apply 

the principles for sustainable development on the mobility patterns in western societies and the 

European Union’s transport policy, they find that transportation patterns are not in accordance 

with the principles. The most obvious indication of that is that the mobility patterns do not 

preserve the natural capital upon which it depends, thus it violates the sustainable scale of human 

activities. The environmental harm transports give rise to is another phenomenon hindering the 

fulfillment of the first principle. The effects on the other three principles are less obvious, but 

their discussion points out other shortcomings of the transport system that prevents the system 

from being considered sustainable.  
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3.3.2 Global Transportation - Challenges Ahead 

Over the 20th century, passenger transports have raised from around 2.8 trillion passenger-

kilometers (tkm) in the year 1950 to 32 tkm in 2000 (Moriarty & Honnery, 2004). Furthermore, 

Schafer and Victor (2000) project that passenger transports will continue to increase and result in 

103 tkm in 2050. The car is the most common mode of transport for passenger transports 

around the globe and according to Schafer and Victor’s projection, car travelling is expected to 

account for 80% of all passenger journeys in 2050.  

According to statistics from the International Energy Agency (IEA, 2006), 98% of the transport 

fuel used globally is petroleum-based and the share of oil used for transports has gradually 

increased over the last three decades. IEA also predicts that the global oil demand will increase 

from around 84 million barrels per day (mbd) in year 2006 to 117-118 mbd in 2030. This despite 

that the Association for the Study of Peak Oil and Gas (ASPO) has predicted that the oil 

production will fall to 60 mbd in 2030 (Moriarty & Honnery, 2008a, see ASPO, 2008) 

Newman, Beatley and Boyer (2009) discuss the link between peak oil, climate change and urban 

development in Resilient cities: responding to peak oil and climate change. They argue that the oil and car 

industry as well as many governments have been reluctant to admit the issue of peak oil, mainly 

since oil shortages have a potential to impact expectations upon the business sectors and 

threaten oil dependent nations. Many of the world’s cities have been designed to manage the 

growing amount of automobiles that has been experiences globally the last 60 years. Despite the 

signs of that the access to cheap oil will not prevail in the coming decades, more than 70 million 

of new cars and light trucks were constructed globally in 2007; many of them very fuel intensive.  

Moriarty and Honnery (2008a) have presented a report in which they have studied a number of 

other reports discussing the future of global transport using scenario techniques. According to 

Moriarty and Honnery, the reference scenarios in all reports are based on rising travel demands 

and furthermore, all reports lack both a discussion about what a preferred future looks like and 

an analysis of the human consequences of different development paths. Moreover, technological 

solutions, such as increased fuel efficiency as well as alternative fuels and power systems for 

vehicles, are discussed as ways to solve the challenges of climate change and global oil depletion. 

Moriarty and Honnery elaborate the constraints related to the technical proposals and come to 

the conclusion that none of the technical solutions can be seen as viable solutions to the global 

challenges ahead. Instead, they argue that transportation patterns and societal values must be 

questioned in order to develop a more socially and ecologically conscious transport future.     

Both high-mobility transport patters and new transport technologies and vehicles are costly; for 

the passenger as well as for the infrastructure provider. Therefore, future scenarios assuming 

more travelling are dependent on continued economic growth (ibid). That assumption 

corresponds to the historic figures of linkages between economic growth and travel distances; 

previous research by Moriarty and Honnery (2004) has discovered a strong linear relationship 

between real Gross World Product and global traffic volumes during the period 1950-2000.  

Schiller, Bruun and Kenworthy (2010) argue that the concept “hypermobility” is an important 

concept when explaining the origins to today’s unsustainable transportation system. The 

conventional way to plan transports has been to build new roads and expand the traffic network 

as an attempt to reduce congestion. However, more and better roads have instead led to more 
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driving, longer trips, more sprawl and more land and energy consumption; hypermobility is a 

term used to characterize the result of such transport planning.  

Examples of negative environmental consequences linked to excessive use of road transports for 

passengers are high levels of energy use, GHG emissions and other types of pollution, losses of 

productive land, increased water runoff and noise pollution. Social issues related to much road 

transports are losses of social values such as street life, sense of community and public safety. 

Other examples of negative social impacts in car dominated societies are accessibility problems 

for people without car access and physical and mental health problems resulting from lack of 

physical activity. From an economic perspective, automobile dependence leads to economic 

losses as a result of congestion and traffic related accidents. Moreover, the cost of transport 

infrastructure and operation increase, effective cost-recovery of transit systems is difficult to 

create conditions for and large and sprawled cities induce higher costs of urban infrastructures 

and services since they have to cover larger areas and sometimes be duplicated. (ibid) 

3.3.3 Transport Planning for Sustainable Development 

As seen in Section 3.3.1, sustainable development is a very complex issue without any single 

straight-forward definition. Despite that, attempts have been made to operationalize the concept 

of sustainable transport which will be presented in this section. A group of basic ideas that are 

often applied in planning for sustainable transportation and some planning measures introduced 

by various authors to make passenger transports more sustainable will also be presented. 

Sustainable Transportation 

The term sustainable transportation has been developed as a counter-balance to today’s car 

dominated transport system. Schiller, Bruun and Kenworthy (2010) have identified six aspects 

that are commonly brought up when attempts are made to define a sustainable transportation 

system. A sustainable transport system should:    

- Meet basic access and mobility needs in ways that do not degrade the environment; 

- Not deplete the resource base upon which it is dependent; 

- Serve multiple economic and environmental goals; 

- Maximize efficiency in overall resource utilization; 

- Improve or maintain access to employment, goods and services while shortening trip 

lengths and/or reducing the need to travel; and 

- Enhance the livability and human qualities of urban regions. 

It is emphasized that sustainable transportation should, in contrast to conventional 

transportation, focus on accessibility and quality rather than mobility and quantity. Different 

transportation modes should be planned simultaneously in order to achieve an integrated multi-

modal system. The transportation system should not only respond to present trends and 

forecasts but also attempt to reverse harmful trends in order to reach a preferred vision. The 

social and environmental costs that the transportation sector gives rise to must be incorporated 

and reflected properly. Finally, a sustainable transportation system should be planned in 

integration with other planning areas concerning environmental and social development. (ibid)   
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Differing Between Mobility and Accessibility 

Mobility has since long been regarded as a highly valued social quality that has been much 

enhanced by the introduction of the private car. Mobility patterns depend on both the supply of 

transportation infrastructure and services and a complex and unsystematic demand among users. 

The localization of firms, housing areas and service providers impact the demand of transports; 

thus there is a strong link between land use and mobility. A common trend in European cities is 

suburbanization which increases both the demand and distances of transport. (Mega, 2010)   

Accessibility, on the other hand, relates to the services people want to access and it does not 

necessarily involve movements. Thus, accessibility is also strongly related to the localization of 

services, housing areas and firms, but emphasizes the need of planning for different functions in 

close proximity. High accessibility is very important for people with reduced mobility. (ibid) 

Another way of looking at the question of accessibility and mobility is to distinguish between 

desired travel and structurally enforced travel (Åkerman & Höjer, 2006). Desired travel takes 

place when a certain attractive destination is to be reached. Structurally enforced travels on the 

other hand are the trips that are necessary in order to achieve vital function such as earning a 

salary or shop everyday commodities. In a short-term perspective, the structure of society is 

difficult to change and the desired travel is therefore most likely to decrease in case of an 

unexpected event that drastically increases the cost of travelling. However, in a more long-term 

perspective the society’s spatial and organizational structure can be adapted to reduce the need of 

structurally enforced travel instead of limiting the desired travel. (ibid) 

Planning for Sustainable Transportation 

Elizabeth Deakin (2001) has compiled and structured a list of transportation strategies that have 

been suggested to support sustainable development. The strategies are grouped based on which 

transport system component they address. The first group contains strategies related to vehicle 

and fuel technology such as efficiency measures and new technologies.  The second group’s 

strategies are dealing with improvements related to road and vehicle operations such as traffic 

flow management, intelligent transportation systems and driver educations. The last group 

consists of strategies directed towards the transport demand and discusses modal substitution, 

telecommunications, pricing incentives and disincentives as well as land use strategies. (ibid) In 

this thesis, the future scenarios are based on strategies in the first and the third group. 

Peter Calthorpe (2004) introduces transit-oriented development (TOD) as a planning model 

where transportation and land-use planning are integrated. As such, TOD is a way to integrate 

regional planning, city revitalization, suburban renewal and creation of walkable neighborhoods. 

Moreover, Calthorpe argues that TOD planning has potential to both create a more diversified 

transportation system and also provide the basis for a wide range of development alternatives for 

households, businesses, towns and cities; TOD provides choice in lifestyle. (ibid) Robert Cervero 

has widely published on and studied TOD in global metropolitan areas. The result of TOD 

planning is often a mix of moderately dense and pedestrian friendly developments built near 

transit nodes to encourage transit travelling and walking, bicycling and other alternatives to the 

private car. According to Cervero, TOD is an efficient tool to curb the trend of urban sprawl 

and the increased car dependence such development often result in. Cervero has studied several 

good TOD examples around the world and concludes that the global experiences of TOD 

planning show great sustainability benefits. (Cervero, 2006) 
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Mobility management is a concept aimed at promoting sustainable transports and affect car use 

by changing passengers’ behaviors and attitudes. As such, it is a response to traditional planning 

where new infrastructure has been built to reduce for example traffic congestion. (Trivector, 

2012)  Mobility management has by McCullough (Robèrt, 2007, see McCullough, 2004) been 

defined as the ‘software’ in the traffic infrastructure and is aimed at improving integration of 

public transport walking and cycling, encouraging collective use of car, developing substitutes to 

physical mobility such as ICT solutions and new ways to monitor traffic flows.  

3.3.4 Hindrances of Change  

Although a single definition of sustainable transportation has not been found during the work 

with this thesis, ideas of how passenger transport should be developed to move towards such a 

state have been elaborated in the previous section. This section attempts to picture some of the 

challenges and inertias that may hinder the development of a desired transport system. 

Induced Travelling 

Trivector states that the theory about induced travelling resulting from of road improvements is 

a known fact (Trivector, 2009). According to Litman (2011b), induced travel can be defined as: 

“An increase in total vehicle mileage due to roadway improvements that increase vehicle trip 

frequency and distance, but exclude travel shifted from other times and routes”. Furthermore, 

induced travelling can result in both more negative consequences for society as a whole and 

result in a higher degree of automobile dependency. According to Trivector (2009), road 

investments in urban regions are often aimed at reducing travel times by reducing congestion 

and increasing road capacity. However, such investments can have less positive outcomes such 

as increased car use and reduced public transport travelling in the short and mid-term 

perspective. In the long-term perspective, road investments lead to changed localization patterns 

and thus increase the mobility need which in turn deteriorates the conditions for effective public 

transport provision. Cervero (2003) has estimated that only 20% of the new capacity created by 

road investments remains in the long run, while the rest of the capacity is filled up by traffic as a 

result of population and economic growth as well as induced travel demand. 

Relative Attractiveness of Different Modes of Transport 

SIKA (2008b) has studied the potential of transferring passengers between different modes of 

transportation; the following hinder categories have been identified: enabling physical structures 

(such as infrastructure), technological conditions (for example vehicle design and characteristics) 

as well as rules and regulations. Examples of conditions hindering transfer of passengers from 

car to public transit alternatives are time demanding modal transfers, capacity limitations in the 

public transport network, the relative attractiveness of different modes of transport, localization 

patterns, infrastructural and technological path dependencies as well as travel restrictions.  

According to SIKA, transports can only become sustainable if people select more sustainable 

alternatives. Hence, the relative attractiveness of sustainable modes of transport must increase in 

order to change travel patterns. A modal transfer from car to public transit can result in reduced 

state incomes as tax revenues from fuels are reduced; thus, such a transfer is likely to require new 

investments. But, the transfer from car to public transport can favor the private economy since 

households do not pay as high fuel taxes when they travel with public transit. (ibid) 
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Bisek’s research (2009) has discovered that Swedish households are reluctant to reduce their car 

use as car related costs change, often other adaptations are chosen to reduce the household’s 

total costs. Also, households perceive the travel cost as small in relation to the car’s benefits 

when it comes to travel time, comfort and flexibility. Bisek concludes that people are likely to 

continue their car use as long as the real incomes are increasing and assumes that people are 

likely to rather reduce other expenditures before choosing another transport alternative.  

Moriarty and Honnery (2008b) argue that passenger travel distances will be lowered if people 

travel more with public transports instead of with private cars. One reason behind that statement 

is that people will travel less as a result of the reduced door-to-door speeds. Another explanation 

behind that people travel longer distances when travelling by car is that the cost of private 

motoring is dominated by fixed costs and since the operation costs are comparably low, there is 

no economic incentives to reduce the journey’s distance when the fixed cost is paid.     

The Victoria Institute has published a report (Litman, 2011a) responding to the critics arguing 

that public transit investments are inefficient to achieve energy conservation and emission 

reduction. The report highlights that public transit can be aimed at two, often contrasting, goals: 

providing basic mobility and contribute to efficient urban transports. Energy consumption of 

public transports is much dependent on the load factors and thus, providing basic mobility at 

locations with low demand can be energy inefficient while supplying public transit along 

corridors with high demand can result in great energy gains because the marginal energy use of 

additional passengers is very low. Hence, Litman argues that it is very important to define what 

aim public transit is supposed to satisfy and evaluate the potential gains thereafter.  

Litman also discusses the problem of conventional economic valuation models and argues that 

many of the public transit’s benefits are neglected in traditional CBAs. Examples of advantages 

are congestion reductions, road and parking facility cost savings, consumer savings and 

affordability, improved mobility for non-drivers, support for strategic land development 

objectives and improved public health. Litman argues that all aspects must be taken into account 

when investments are evaluated in order to achieve an economic efficient transport system. (ibid) 

Hindrances of Fuel Exchange and Rebound Effects 

Between 5 and 10% of the private car fleet is exchanged every year which means the fleet’s 

characteristics, such as environmental impact and fuel consumption, changes slowly. (SIKA, 

2010) Moreover, Lindfeldt et al (2010) argue that the main challenge to fuel substitution is not 

that there are no alternatives to fossil fuels, but rather that most renewable fuels are more 

expensive and energy-intensive to produce and distribute than fossil fuels. Thus, solid political 

determination, action and support will be required to bring forth a fuel substitution.  

Lindfeldt et al also discuss energy efficiency potentials and acknowledge the risk of rebound 

effects if vehicles become more efficient. As vehicles are more efficient, the cost per kilometer is 

reduced and therefore, Lindfeldt et al argue that fuel price adjustments will be necessary to 

counteract longer travel distances as a result of the reduced operating costs. A similar reasoning 

can be found in Robèrt (2007). 
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3.3.5 Synthesized Summary of Literature Review 

In Section 3.3, parts of the studied literature have been introduced; this subsection provides a 

synthesized summary of the main ideas brought up by different referenced authors, see Table 2.  

Table 2: Synthesized summary of literature review. 

 Sustainable 
Development 

Transportation 
Challenges 

Sustainable 
Transports 

Hindrances of 
Change  

Issue/ 
challenge 

- Vaguely 
defined concept; 
several attempts 
to operationalize 
the term has 
been made. 
- Sustainable 
development is a 
common policy 
goal despite the 
concept’s 
vagueness. 

- Non-renewable 
energy use and 
climate change.  
- Trend: Increasing 
traffic volumes and 
travel distances. 
- Serious social and 
economic 
consequences of car 
dominated societies. 

- Attempts are 
made to define 
sustainable 
transports. 
- Highlighted need 
of differing between 
accessibility and 
mobility. 
 

- Induced travelling 
common outcome of 
road investments. 
- Risk of rebound 
effect as a result of 
more energy efficient 
vehicles. 
- Relative 
attractiveness of 
different modes of 
transport. 
- Vehicle fleet’s 
characteristics change 
slowly. 

Response - Alternative 
concept 
interpretation: A 
set of discourses.  
 

- Energy efficiency 
and fuel substitution 
common focus in 
policies and reports. 
- Societal values and 
behaviors must be 
questioned. 

- Proposed planning 
development: 
regional planning, 
TOD, mobility 
management and 
new economic 
evaluation models. 

- Increased energy 
prices as vehicles 
become more energy 
efficient. 
- Mobility 
management 
measures. 

3.4 Previous Research 

As seen in the previous section, studies of the transport sector have attracted many researchers 

and several people have identified the need of radical changes to ongoing trends. This section 

focuses on what research has been done within this field before and presents in what ways this 

thesis differs from previous research reports. 

3.4.1 Transports in the Mälardalen Region 

There are many recent academic studies discussing transports in the Stockholm region, examples 

are Gullberg, Höjer and Pettersson (2007), Gunnarsson-Östling and Höjer (2011), Robèrt, 

Hultén and Frostell (2007) and Thynell, Mohan and Tiwari (2010). However, academic studies of 

transports in the Mälardalen region are rare to find. When articles have been sought for using the 

keywords ‘Mälardalen’ and ‘transport’, no academic articles considering the transport 

development in the region have been found. Two articles, one peer reviewed article and one 

governmental report, are indirectly touching upon subjects discussed in this thesis, the content of 

the two is described here below. 

Dahlquist, Thorin and Yan (2007) study alternative pathways to a fossil-free energy system in 

Mälardalen. Dahlquist and his colleagues, discuss how all local energy consuming sectors can 
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reduce their use of fossil energy. It is estimated that the transport sector’s energy use, 21% of the 

total energy use in Mälardalen, can be reduced by 65% through a range of different measures. As 

a result of the reduced energy demand, Dahlquist, Thorin and Yan argue that Mälardalen’s entire 

fuel fleet can use locally produced ethanol and thus no longer depend on fossil fuels. The study 

only considers Mälardalen’s energy consumption and no other impacts of transport. Moreover, it 

focuses more on the energy system than on the transport system. Hence, the research approach 

in Dahlquist, Thorin and Yan’s article differs from this thesis’s.  

A governmental report (SOU, 2002) named Långsiktig utvecklingsstrategi för transportsystemet i 

Stockholm-Mälardalsregionen [Long-term development strategy for the transport system in the 

Stockholm-Mälardalen region] discusses trends in the Mälardalen region which are expected to 

challenge the transport system in the future. The report acknowledges that the region is suffering 

because of deficient investments in the last decades despite the regional population and 

economic growth during the same period. Moreover, the report discusses future measures and 

strategies for developing an economic efficient and long-term sustainable transport system. The 

majority of the measures are based on technological solutions or improvements that are expected 

to contribute to a reduction of the negative consequences of transports; behavioral changes are 

not discussed. The report is neither considering alternative development scenarios nor discussing 

how the impacts of transports depend on the sector’s development. Therefore, the conclusions 

in this thesis can be viewed as a complement to the regional development strategy. 

3.4.2 Impacts of Transportation 

Many of the referenced reports and articles in this thesis are considering impacts of 

transportation, but often the impacts are studied in isolation. Examples of studies discussing the 

transport sector’s energy use are Dahlquist, Thorin and Yan (2007); Litman (2011a) and Robèrt, 

Hultén and Frostell (2007). Pollution and emissions resulting from transports are considered in 

Åkerman and Höjer (2006), Johansson (1998) and Åkerman (2011). Some of the articles are 

considering energy use and GHG emissions in combination since the two are closely connected. 

Other authors are discussing how a more equitable transport system can be achieved; examples 

are Holmberg (2008) and Bisek (2009). Some of the above mentioned studies are discussing how 

the consequences of transports are expected to evolve in the future. Since most of the referenced 

authors are discussing consequences of transports in isolation, the approach in this thesis differs 

from previous attempts to evaluate impacts of future transport scenarios.  

Studies including several impacts of transports are rare. Hydén (2008) is one example of a source 

discussing both different modes of transport and multiple consequences of transports. 

Therefore, the source has been a valuable source when assessing impacts. However, since the 

book mainly discusses general impacts of current transportation patterns, this thesis further 

develop the knowledge in the field by applying the book’s content on a real case and a region’s 

potential development paths.  

3.4.3 Suggested Solutions to Unsustainable Transportation 

As stated by Moriarty and Honnery (2008a), many recent scenario reports discussing a 

sustainable future of transports are viewing technological developments as the solution to the 

trends of increasing traffic volumes. Alternative fuels, such as ethanol and biogas, are also 

discussed in several of the articles used in this thesis; examples are Dahlquist, Thorin and Yan 
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(2007), Profu (2011) and Robèrt, Hultén and Frostell (2007). However, although these measures 

have a potential to reduce energy use and pollution, other transport problems related to car 

dominated transport systems, such as congestion, transport related risks and access inequalities, 

cannot be solved by solely efficiency measures or renewable fuels. Alternative paths forward 

based on integrated public transit and land use planning are presented by Cervero (2001) and 

Litman (2011a).  

Reports discussing the effect of reduced travel demands and the need of such a development are 

rarer, two examples of reports discussing the subject are Deakin (2011) and Åkerman and Höjer 

(2007). Furthermore, Robèrt, Hultén and Frostell (2007) and Lindfeldt et al (2010) discuss the 

importance of implementing both demand and supply-side policies as ways to reduce the 

demand of transports. However, by studying potential energy efficiency measures, fuel 

substitution, modal substitution and reduced travel demand, this thesis contrasts from other 

studies within the field of sustainable transports.  

Future studies and scenario studies are used in many of the reviewed article. Normative 

transformative scenarios are presented in for example Åkerman and Höjer (2007), Miola (2008), 

Åkerman (2011) and Gullberg, Höjer and Pettersson (2007), where the methodology is claimed 

to be a suitable when studying future transports since today’s trends are not necessarily in line 

with a desired development. A similar methodology has been used in this thesis. However, 

instead of focusing on the path from today’s situation to a defined vision, this study uses an 

explorative approach when evaluating the impacts related to some transformative normative 

scenarios.  In that aspect, this thesis differs from the other reports in the field of future studies 

and transport. 

4. Impacts of Transportation 

Section 3 has provided an overview of future challenges related to passenger transports and 

discussed previous research within the field. This section discusses how passenger transports 

affect the society more in detail. The impacts discussed in this section are the ones that the 

future scenarios will be evaluated upon. Therefore, attempts have been made to find reports that 

quantify the impacts of transports in ways that enable a comparison between different travel 

patterns.   

4.1 Energy Consumption and Fuel Use 

The energy consumption for transports varies between different modes of transport. 

Furthermore, the energy consumption per passenger depends on the amount of people in the 

vehicle. Table 3 presents the average energy consumption per passenger-kilometer for different 

modes of transportation. (Naturvårdsverket, 2007) 

Table 3: Energy use per passenger-kilometer for trips (<100 km), unit: megajoule (MJ)/passenger-km. (Naturvårdsverket, 2007) 

Transportation mode MJ/passenger-km (year 2005) 

Car 2.34 

Bus  1.08 

Rail  0.43 

Subway/light rail 0.43 
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Primary energy factors (PEF) give an indication of how much energy that is required to attain 

one unit of useful energy. Since energy losses occur when primary energy sources are extracted, 

transformed and transported; the the primary energy factors are most often higher than 13. A low 

number indicates that the energy losses through the life cycle are small, while a high number 

indicates the opposite. (Värmeforsk, 2011) Table 4 presents primary energy factors for common 

transport fuels.   

Table 4: Primary energy factors (PEF) of different fuels, unit: MJ/MJ fuel. (Värmeforsk, 2011) 

Fuel type Primary energy factor 

Gasoline 1.09 

Gasoline (5% ethanol) 1.1 

Diesel 1.09 

Diesel (5% biodiesel) 1.1 

E85 1.31 

Biodiesel 1.27 

Natural gas 1.09 

Biogas/CNG (62%/42%) 0.64 

Electricity (Nordic energy mix) 1.74 

For gasoline and diesel, two different PEFs are presented, one number representing 95% 

gasoline or diesel and 5% biofuel (ethanol or biodiesel) and another number with only gasoline 

or diesel. In 2008, 92% of all the gasoline and 76% of the diesel was mixed with 5% biofuels. 

(Värmeforsk, 2011)  

The Nordic countries (except for Iceland) have an integrated power market called Nord Pool. 

EU’s strategy is to create a common power market for all member states in the future. 

Therefore, it is not very useful to discuss primary energy use or emission factors for the Swedish 

energy mix. The power production in the Nordic countries is composed by around 60% 

renewable electricity, 25% nuclear power and 15% fossil fuel based power. The corresponding 

values for the EU27 counties are around 15% renewable electricity, 30% nuclear power and 55% 

fossil fuel based power. (Värmeforsk, 2011) The PEF (as well as the emission factors in next 

section) for electricity is chosen based on the assumption that the electricity used for transports 

is generated in accordance with the Nordic electricity mix.  

4.2 Emissions and Environmental Impacts 

The Environmental Fact Book (Värmeforsk, 2011) contains emission factors for most common 

fuels in the transportation sector. It is one of the most detailed reports of emission factors where 

Swedish conditions are taken into account and where life-cycle values are used, thus including 

emissions from raw material extraction and processing to transportation and conversation. For 

the fuels considered in this thesis, the emissions to water are very low when compared with the 

emissions to air. Table 5 presents the emissions to air as a result of fuel production, distribution 

and use and Table 6 presents similar emissions released to water. 

 

                                                 
3 The exception is biogas that has a PEF lower than 1 because biogas is extracted from sources where the energy 
content will be lost if it is not used for biogas production. 
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Table 5: Emissions to air from fuel production, distribution and use, unit: g/MJ. (Värmeforsk, 2011) 

 FUEL TYPE CO2 CH4 N2O CO NOX SO2 VOC PM NH3 

 Gasoline  77.8 0.050 0.001 1.51 0.17 0.015 0.31 0.002 0.03 

 Gasoline (5% ethanol) 76.0 0.049 0.002 1.51 0.17 0.015 0.31 0.002 0.03 

 Diesel 78.8 0.034 0.002 0.14 0.24 0.014 0.05 0.017 0 

 Diesel (5% biodiesel) 75.9 0.033 0.003 0.14 0.24 0.017 0.05 0.017 0.001 

 E85 28.2 0.024 0.02 0.86 0.10 0.017 0.21 0.004 0 

 Biogas/natural gas 4 28.6 0.18 0.001 0.13 0.05 0.011 0.007 0.004 0 

 Electricity  25.7 5   0.009 0.02 0.012 0.0007 0.011 0.001 

Table 6: Emissions to water from fuel production, distribution and use, unit: g/MJ. (Värmeforsk, 2011) 

FUEL TYPE NO3 NH3 NH4
+ PO4

3- 

Gasoline  0.000027 0.00000002 0.000025 0.0000003 

Gasoline (5% ethanol) -0.00291 0.00000002 0.000025 0.0000003 

Diesel 0.000027 0.00000002 0.000025 0.0000003 

Diesel (5% biodiesel) 0.000026 0.0256 0.000024 0.0000003 

E85 0.133  0.0000064 0.00000009 

Biogas/natural gas  -0.0412  0.0000020 0.00000002 

Electricity  0.0079 0.0021 0.0000003 0.000065 

4.2.1 Environmental Impacts 

Emissions from the transportation sector give rise to a group of environmental impacts; four 

such impact categories are: global warming, eutrophication, acidification and photochemical 

oxidant creation. Different substances contribute to environmental degradation to a varying 

degree and characterization factors can be used to summarize all emissions causing a certain 

environmental impact into one equivalent unit. That means, the characterization factors indicate 

a substance’s global warming potential (GWP), eutrophication potential (EP), acidification 

potential (AP) or photochemical oxidant creation potential (POCP). Table 7 presents a summary 

of characterization factors for some substances and environmental impacts. (Värmeforsk, 2011) 

Table 7: Characterization factors for calculations of environmental impacts. (Värmeforsk, 2011) 

 Global warming 
potential, GWP 

(CO2 equivalent) 

Eutrophication 
potential, EP 

(PO4
3- equivalent) 

Acidification 
potential, AP 

(SO2 equivalent) 

Photochemical oxidant 
creation potential, POCP 

(C2H2 equivalent) 

CO2 1    

CO    0.032 

NOX  0.13 0.7  

SO2   1  

VOC    0.42 

CH4 23   0.007 

N2O 296    

NH3  0.35 1.88  

NO3
-  0.10   

PO4
3-  1   

                                                 
4 A mix of 62% biogas and 38% natural gas. A similar mix is assumed throughout the thesis. 
5 The emissions related to electricity use are based on calculations with data from the Environmental Fact Book. 
The emissions of CO2, CH4 and N2O are summarized into carbon dioxide equivalents (CO2eq).  
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As seen in Table 7, emissions of CO2, CH4 and N2O contribute to global warming and the 

numbers indicate each substance’s GWP. The GWP is most often measured in CO2
 equivalents 

(CO2eq) per MJ fuel. If one unit of CO2 has the GWP 1, an equal unit of CH4 has the GWH 

value 23 and N2O has a value of 296 which indicates that both CH4 and N2O per unit are more 

severe GHGs than CO2. Eutrophication emerges when the concentration of growth limiting 

substances in an area becomes higher than normal and nitrogen oxides (NOX) and phosphates 

are the substances contributing to eutrophication. Different substances’ EP is often summarized 

into phosphate equivalents (PO4
3-

eq) per energy unit.  

Acidification has negative consequences on animals and plants, especially in streams and lakes. It 

is caused mainly by NOX and sulfur dioxides (SO2) that give rise to acidified land and ground 

water. Also, the substances are converted into acids when they reach the atmosphere, thus 

causing acid rain. Different substances’ AP is often measured in SO2
 equivalents per energy unit. 

Photochemical oxidants are substances created when NOX, carbon monoxide (CO) or volatile 

organic compounds (VOC) react with sunlight. The emissions’ POCP is often measured in 

ethane (C2H2)
 equivalents per energy unit. (ibid)  

4.3 Air Pollution and Local Health Impacts 

Different studies have reported that peoples’ travelling habits impact their personal health and 

well-being. The World Health Organization (WHO) has published a book looking at the health 

and environment aspects of passenger transports (WHO, 2000). There it is stated that the 

transport sector affects human health and well-being negatively since it give rise to traffic noise, 

injuries, air pollutants and lack of physical activity. It is estimated that air pollutants in urban 

areas cause by traffic causes 40 000-130 000 early deaths every year in Europe. 65% of the 

people in Europe are also exposed to noise levels and a large proportion of the population is 

thus exposed to an increased risk of sleep disturbance, speech interference and annoyance.  

The local air pollution affecting human health is mainly caused by release particulate matter 

(PM), CO, hydro-carbons (HC) or VOC, NOX and ozone (O3). At high concentrations, these 

substances have a potential to affect human health negatively. But even at lower concentrations, 

the pollution creates discomfort because of smell or local contamination. (Ericsson & Ahlström, 

2008) 

PMs are released from the vehicles’ exhausted gases as well as wearing of the road surface, tires 

and braking system. Air pollution by PMs are estimated to cause around 5 000 early deaths in 

Sweden every year as they have a potential to reduce a person’s lung capacity or cause an 

increased risk of cardiovascular diseases. Inhalation of CO reduces the blood’s ability to 

transport oxygen in the body and can be very harmful for persons with cardiovascular diseases 

or fetuses. Apart from that, CO can cause fatigue, irritation and impair reactivity. VOCs are 

released when fuels are combusted incompletely and some of them are directly carcinogenic. 

NOX emissions are created in the combustion process and have negative consequences on the 

breathing capacity and can cause irritation in the eyes, nose and throat. Tropospheric O3 is 

created through chemical reactions that take place after the exhaust gases have left the vehicle 

and it is a very aggressive pollutant that reduces the lung capacity and has a potential to impair 

asthma pains. (ibid) 
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According to a Swedish governmental report (SOU, 2003), a study made by SIKA has estimated 

that people who are mainly using the car move (walking or by bike) on average 0.5 kilometers 

every day. At the same time, people using public transports move on average 2 kilometers every 

day. Moreover, the report also refers to an American experiment that showed that the risk of 

cardiovascular diseases is reduced by 25-30% for persons who walk 3 kilometers three times a 

week. WHO’s book (2000) also discuss the health aspect of physically active modes of transport. 

According to WHO, studies have shown that an increase in physical movement has resulted in 

both physical and psychological wellbeing. People who are physically active have better moods, 

higher self-esteem and better cognitive functioning than people who are less fit.  

4.4 Risk of Death and Injuries 

Each year, transportation accidents result in deaths and severe injuries. In Sweden, the amount 

of deaths in road transports accounts for approximately 18% of all accidents with fatal outcome. 

Between the years 1999 and 2003, the average amount of deaths with different transport modes 

was 576. Of all deaths, 98.8% was caused by road transports while the other 1.2% was caused by 

railway, air and sea transports. The average amount of severe injuries were during the same 

period 4 318 and road transports contributed to 99.4% of those injuries. (SIKA, 2003) 

According to Trafikanalys (2011d) road transports caused 283 deaths in 2010, a reduction of 

21% since the year before. The overall trend since the end on the 1970s is that the amount of 

transport related deaths are decreasing, although there are some years differing from the 

downward trend.  

Travelling leads to different risks depending on the mode of transport that is used for the trip. 

The Norwegian Transport Economic Institute (TØI, 2008) publishes a traffic safety handbook 

in which they presents relative risks of person injuries between different modes of transport. It 

should be noted that the numbers represent the risk associated with the actual trip with each 

mode of transport and thus, it does not account for the risk related to the walk to a bus station 

for example.  

In Table 9, the risk values are presented and the numbers will be used in calculations later in the 

thesis. In the table, only the risks that will be used in later calculations are shown although the 

risks are often higher for pedestrians and bicyclists than for vehicle drivers or passengers. 

Table 8: Risk of accident per millions passenger-kilometers. (TØI, 2008) 

Mode of transport Risk of accident per million passenger-kilometer 

Car, driver 0.35 

Bus 0.21 

Light rail  0.8 

Train and subway 0.01 

4.5 Justice and Equity 

Mobility is for many people necessary to access workplaces, schools, health-care, shops and 

services as well as culture. About one third of all citizens above 18 years old in Sweden are 

unable to drive since they lack a driver’s license and/or have no car access; thus, a large 

proportion of the citizens benefit from a well-functioning public transport network. Hence, 

public transport investments can have a redistributive impact since car access vary between 

different social groups. (Holmberg, 2008)  
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The groups in society who use public transport more than others are women, persons without 

income, youths, people with no car, individuals living in multi-family houses and households 

with at least three family members. Therefore, a well-functioning public transport system is 

especially important for those groups. Studies have also shown that those groups spend a larger 

share of their income than the average citizen who spends around 1% of their income on public 

transports. People without access to car are also the most vulnerable to changes in fees and 

supply of public transports. Thus public transports can even out mobility differences among 

different social groups in society. (SOU, 2003) 

Gudmundsson and Höjer (1996) discusses the distributional effects of transport planning and 

highlights that justification procedures of transport investments, such as CBAs, tend to benefit 

affluent groups most since reduced travel times and hence people’s valuation of time influences 

the outcome of the procedure much. Moreover, the victims of the negative external effects of 

transports are often less affluent people and time-saving investments in the transport sector tend 

to benefit rich and more mobile groups in society. Gudmundsson and Höjer concludes their 

discussion on equity by arguing that transport policies are often contributing to a wider gap 

between rich and poor people, both at a regional and at a global scale. 

4.5.1 Resource Use and Environmental Harm 

Within the field of environmental justice it is also possible to discuss the amount of resources 

different travelling patterns make use of. Measuring the primary energy use different modes of 

transport and fuel types result in can for example indicate how much of the Earth’s resources 

that are used by different people or regions. Negative consequences of transport, such as 

emissions and congestion, also impact other people than the actual traveler, so measures of such 

impacts can indicate how people harm other humans or nature through their choice of travelling. 

(Räty and Carlsson-Kanyama, 2008) 

4.6 Land Occupation 

The occupied land per passenger varies much for different modes of transport. Compared with 

private cars, public transport alternatives are much more space efficient which means that less 

land in the urban environment has to be used for transports if people choose to travel with 

public transport modes instead of using private cars. According to Holmberg (2008), around 900 

passengers can pass a normal road (not high-way) during one hour while between 1 500 and       

8 000 bus passengers can pass a similar road during one hour 6. Somewhere between 12 000 and 

20 000 passengers can pass the road by light rail7 and a commuter train can transport between   

20 000 and 50 000 passengers during one hour8. (ibid)  

Table 9 shows the area needed per passenger according to a study by Thor Haatveit (Hydén, 

2008, see Haatveit, 1987). The table indicates that car travelling occupies more land per 

passenger than public transport modes and that rail transports are more space efficient than bus 

transport. These numbers will be used for later calculations and subways and other trains will be 

expected to occupy as much space per passenger as the light rail.  

                                                 
6 The quantity depends on whether the bus has a separate lane and whether it is given priority in crossings. 
7 The higher number is for light rail trains with separate lanes. 
8 50 000 passengers/hour is during peak-hours.  
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Table 9: Land occupation associated with different modes of transport, unit: m2/passenger. (Hydén, 2008, see Haatveit, 1987) 

Mode of transport Land occupation, m2/ passenger 

Private car 22.1 

Bus 2.1 

Light rail 1.2 

4.7 Travel Time 

How much time people spend on journeys are at least partly connected to what mode of 

transport they are travelling with. In the National Travel Survey (SIKA, 2007), both the average 

distance and travel time for trips with different modes of transport in all Swedish counties. In 

Table 10, the average speed for journeys with different transport modes in Mälardalen are 

presented. Subway and light rail lines only exist in Stockholm but since people in the other 

counties also travel in Stockholm’s public transport network, average speed are presented for the 

other counties as well.  

Table 10: Average speed for passenger transports in Mälardalen, unit: km/h. (own calculations and SIKA, 2007) 

 Car Bus Subway/ light rail Train 

Stockholm 43 21 16 40 

Uppsala 49 29 10 48 

Södermanland 50 22 34 55 

Örebro 47 29 12 70 

Västmanland 45 29  54 

 4.8 Societal Costs of Passenger Transport 

When CBAs considering transports are made, different modes of transport are assigned values 

for the cost per passenger-kilometer. The value is supposed to reflect the societal cost of 

passenger transport with a specific transport mode. Thus it differs from the cost companies or 

individuals pay for transportation and instead attempts to reflect the cost for society when all 

cost and benefits are summed up. (Stockholms stad, 2007) Table 11 presents the societal costs of 

different modes of transport that Stockholms stad [the City f Stockholm] is using; a description 

of what is included in the values will be presented after the table.  

Table 11: Societal cost of different modes of transport, unit: SEK/passenger-kilometer. (Stockholms stad, 2007) 

Mode of transport SEK/passenger-km 

Car (fuel: gasoline & diesel) 1.47 

Car (fuel: ethanol) 1.88 

Car (fuel: biogas) 1.79 

Bus 1.27 

Train 0.19 

The cost of car transports includes capital expense, devaluation, attrition of components, tire 

costs and salaries for all car types. The cost also includes a fuel specific costs that differ between 

cars using different fuels which is the reason for presenting three different values for cars. 

Ethanol and biogas results in a higher cost for society since the costs associated with the 

production, distribution and infrastructure of such fuels are higher than for gasoline and diesel.  



 

- 28 - 
 

The cost of bus transports includes vehicle specific costs (such as rents), time dependent costs 

(such as salaries to bus-drivers) and distance dependent costs (such as costs of fuels). Train costs 

are based on a combination of marginal expenditures and marginal overhead costs (cost of 

administration and services). (Stockholms stad, 2007) 

5.  Today’s Situation 

The focus of this section is to map today’s travelling patterns in the Mälardalen region. Data 

related to how people in the region are travelling are taken from the National Travel Survey. In 

next section, the figures from this section will be adjusted in accordance with how passenger 

travelling is projected to develop up to the year 2030.  

The population in the Mälardalen region is growing. Table 12 shows statistical data for the 

relevant counties from Statistics Sweden. The statistics show that the population in all counties 

in Mälardalen has grown in the last five years.  

Table 12: Population in the Mälardalen region, unit: amount of inhabitants. (SCB, 2010a) 

COUNTY 2010 2009 2008 2007 2006 

Stockholm 2 054 343 2 019 182 1 981 263 1 949 516 1 918 104 

Uppsala 335 882 331 898 327 188 323 270 319 925 

Södermanland 270 738 269 053 267 524 265 190 263 099 

Örebro 280 230 278 882 277 732 276 067 275 030 

Västmanland 252 756 251 353 249 974 249 193 248 489 

TOTAL 3 193 949 3 150 368 3 103 681 3 063 236 3 024 647 

5.1 Habits and Behaviors in the Region 

The statistics related to travel patterns in Mälardalen will be presented below. Figure 5 shows the 

percentage of all journeys that are made with different modes of transport. Although the general 

distribution between different modes is similar, there are clear differences between the counties.  

 
Figure 5: Share of all journeys using different modes of transport in Mälardalen. (own calculations and SIKA, 2007) 

For example, the percentage of trips made by car is lower in Stockholm than in the other 

counties. The car use in Uppsala is also significantly lower than in the counties of Södermanland, 

Örebro and Västmanland. Public transport travelling is much more common in Stockholm than 

in the other counties and both subway and light rail trips are almost only taking place among 
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Stockholm’s inhabitants. Bus is the dominating public transport mode in all counties except 

Stockholm. Moreover, Uppsala is, besides Stockholm, the only county where a substantial part of 

the trips are made by train. Södermanland and Västmanland are having the least amount of trips 

by public transport. (SIKA, 2007) In later calculations, the trips categorized as Private car 

passenger, Bicycle and Walk will be left out.  

The differences in public transports use in the region can partly be described by the diverse 

supply of public transport and car ownership. The highest amount of available kilometers per 

inhabitant could in 2010 be found in Uppsala and Stockholm County. Västmanland County on 

the other hand supplied the least number of available kilometers per inhabitant. (Trafikanalys, 

2011c) Figure 6 shows the car ownership, the available public transport kilometers and the 

amount of public transport journey each inhabitant travel.  

 
Figure 6: Cars per 1000 inhabitants (blue), available public transit kilometers per inhabitant (red) and public transport journeys 
per inhabitant (green) in Mälardalen's counties, units: shown at the bottom of the figure. (Trafikanalys, 2011c) 

Figure 6 shows that car ownership is lower in Stockholm and Uppsala than in the other counties. 

At the same time, the available public transit kilometers per inhabitant are significantly higher in 

Stockholm and Uppsala. The amount of journeys per inhabitant is much higher in Stockholm 

than in all other counties. Uppsala County also has a comparably high amount of journeys per 

inhabitant compared to Södermanland, Örebro and Västmanland County. Hence, the low 

amount of public transit journeys in Södermanland, Örebro and Västmanland can maybe be 

explained by the low number of available kilometers per inhabitant and the amount of cars.  

5.1.1 Travel Distances 

In order to assess the consequences of transport in the Mälardalen region, the travel distances 

and fuel use must be estimated. According to the National Travel Survey, the daily trips are 

divided between different modes as shown in Figure 5. Moreover, the survey also presents the 

average travelling distances for different modes of transport in each county. Table 13 presents 

the average travel distances with different modes of transport in Mälardalen.  

Table 13: Average travel distance with different transportation modes, unit: km. (SIKA, 2007) 

COUNTY Car Bus Subway/ light rail Train 

Stockholm 31 19 14 54 

Uppsala 34 29 6 80 

Södermanland 34 18 37 99 

Örebro  30 31 32 177 

Västmanland 24 29 - 88 
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It can be recognized that travel distances for subway and light rail are presented for inhabitants 

in the counties of Örebro and Södermanland even though there are no such trips made by the 

same inhabitants according to Figure 5. According to Holmström9, a few trips were made by the 

inhabitants and the distances represent those trips, but since the amount of respondents 

travelling with subway or light rail in those counties where so few, the amount of trips is 

rounded off to zero.  

In order to assess the total distance travelled each year, the numbers used in Figure 5 are 

multiplied with the average distances travelled with different modes of transport in the five 

counties. The results, when all counties are summarized, are presented in Table 14. 

Table 14: Amount of trips (unit: 1000 trips) and total distance travelled (unit: 1000-km) with different modes of transport. 

 Amount of trips/year (1000s) Total distance (1000-km) 

Car 522 150 16 078 350 

Bus 130 850 2 768 100 

Train 59 700 3 693 300 

Subway/light rail 98 200 1 371 650 

TOTAL 810 900 23 911 450 

5.1.2 Fuel Use 

Both the energy use and the emissions related to passenger transport depend on what fuels are 

used for transports. This section attempts to picture the fuel consumption passenger transports 

in Mälardalen give rise to.  

For cars, each county’s fuel use will be assessed by studying the amount of cars using a certain 

type of fuel. Table 15 presents the car fleet composition, as percentages, in the Mälardalen region 

based on fuel type. For newly registered cars, other fuels than gasoline are becoming more 

common than what is shown in these numbers. However, cars run by gasoline, diesel and 

ethanol still dominate both the existing car fleet and the newly registered cars. (Trafikanalys, 

2011b) Since the fuel types for the group “other hybrids” (definition according to Table 15) is 

not specified, those vehicles will not be considered later in the thesis. 

Table 15: Passenger car fleet in Mälardalen, division upon fuel type in 2010, unit: percentage of fleet. (Trafikanalys, 2011b) 

COUNTY Gasoline Diesel Electricity 
Ethanol 

hybrid/E8510 
Other 

hybrids11 

Natural 
gas/ 

biogas 

Stockholm 73 % 17 % 0.005 % 8 % 1 % 1.1 % 

Uppsala 82 % 14 % 0.002 % 4 % 0.3 % 0.2 % 

Södermanland 84 % 11 % 0.005 % 4 % 0.3 % 0.5 % 

Örebro 83 % 12 % 0.004 % 4 % 0.3 % 0.5 % 

Västmanland 84 % 11 % 0.003 % 4 % 0.2 % 0.2 % 

AVERAGE 81 % 13 % 0.004 % 5 % 0.5 % 0.5 % 

For busses, there is no county specific numbers for the fuel composition. However, in 

Mälardalen, the following five public transport companies are bus operators: Storstockholms 

Lokaltrafik (SL), Upplands Lokaltrafik (UL), Västmanlands Lokaltrafik, Länstrafiken Sörmland, 

                                                 
9 Andreas Holmström, Trafikanalys [Transport Analysis], mail contact 2011-11-15 
10 Vehicles using ethanol or E85 as their primary or secondary fuel. 
11 Vehicles which can be run on two types of fuels that are not part of any of the other vehicle groups. 
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Länstrafiken Örebro. Each company presents their bus fleet in terms of the amount of busses 

that are run on different fuels. Table 16 shows the percentage of the total bus fleet that is fuelled 

by a certain fuel for each bus operator.  

Table 16: Fuel composition for busses in Mälardalen in year 2010, unit: percentage. (SL, 2010; UL, 2010; Länstrafiken, 2010) 

 Diesel Ethanol  Natural gas/biogas Biodiesel 

  Storstockholms Lokaltrafik  64 % 27 % 6 % 3 % 

  Upplands Lokaltrafik 96 % - 2 % 2 % 

  Västmanlands Lokaltrafik 91 % - 9 % - 

  Länstrafiken Sörmland 71 % - 26 % 3 % 

  Länstrafiken Örebro 65 % - 35 % - 

According to Trafikanalys (2011a), 2.4% of the passenger trains are fuelled by diesel while the 

rest (97.6%) are run on electricity. All trains on light rail and subways are according to the same 

report using electricity as their fuel. However, according to Trafikverket (2012), all railway lines 

in Mälardalen are electrified and therefore, it is assumed that all train trip that are of interest in 

this thesis are fuelled by electricity.  

5.2 Impacts of Travel Patterns in Mälardalen 

Section 4 introduces a set of negative impacts that can be associated to passenger transports. In 

this section, some of the consequences of today’s travel patterns and traffic volumes in 

Mälardalen will be presented.  

5.2.1 Energy Consumption 

The energy consumption transports give rise to can be assessed as energy per passenger-

kilometer, see Table 3. Table 17 presents a summary of the energy use in Mälardalen counties 

resulting from the kilometers travelled (according to Table 14) by different modes of transport.  

Table 17: Energy consumption for different modes of transport in Mälardalen, unit: terajoule (TJ). 

 Energy use (TJ) 

Car 37 600 

Bus 3 000 

Train 1 600 

Subway/light rail 600 

TOTAL 42 800 

5.2.2 Fuel Use 

Next step is to assess the fuels used for the passenger transports in Mälardalen. The fuel 

composition for Mälardalen’s car fleet is shown in Table 15, the fuel composition for busses is 

presented in Table 16 and in accordance with Section 5.1.2, all train, subway and light rail traffic 

is assumed to be fuelled with electricity. Table 18 shows the results when the fuel composition 

percentages are multiplied with the different counties’ energy consumption resulting from 

passenger transports. The energy consumption of each fuel is summarized in the row Total. 

Then, to estimate the primary energy use, the energy use is multiplied with each fuel’s PEF 

(Table 4). In the last row in Table 18, the primary energy use resulting from passenger transports 

in Mälardalen is presented.   
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Table 18: Energy and primary energy use resulting from consumption of different fuels for diverse modes of transport, unit: TJ. 

 
Gasoline Diesel Electricity Ethanol 

Natural 
gas/biogas 

Biodiesel TOTAL 

Car fleet 29 300 5 550 2 2  450 30 - 37 600 

Bus fleet - 2 100 - 550 300 100 3 000 

Train/ subway/ 
light rail 

- - 2 200 - - - 2 200 

Total 29 300 7 650 2 200 2 950 600 100 42 800 

Primary energy use 32 250 8 400 3 800 3 850 350 100 48 700 

5.2.3 Emissions and Environmental Impacts 

Different types of fuels give rise to a diverse set of emissions when it is produced, distributed 

and used in transport vehicles. Table 5 and 6 shows the emissions to air and water resulting from 

production, distribution and use for a group of fuels in the transport sector. The fuel use in 

Mälardalen has been multiplied with the emission factors, the results are presented in Table 19. 

Table 19: Emissions to air and water caused by passenger transport in Mälardalen, unit: tons. 

  
Gasoline Diesel Electricity Ethanol 

Natural 
gas/biogas 

Biodiesel TOTAL 

E
m

is
si

o
n

s 
to

 a
ir

 

 CO2 2 233 550  587 900 56 350 83 300 16 700 1 400 2 979 200 

 CH4 1 450 250 - 50 100 1 1 900 

 N2O 50 20 - 50 - 2 150 

 CO 44 100 1 050 20 2 550 100 1 47 800 

 NOX 5 000 1 850 50 300 50 6 8 050 

 SO2 450 100 50 50 6 2 650 

 VOC 9 150 350 2 600 4 - 10 150 

 PM 50 150 20 10 3 - 250 

 NH3 850 5 3 - -  850  

        

E
m

is
si

o
n

s 

to
 w

a
te

r  NO3 -100 - - 400 -20 50 350 

 NH3 - 150 - - - - 150 

NH4+ 1 - - - -  1 

PO4
3- - - - - -  - 

Different emissions impact the environment in its own way and characterization factors (Table 

7) are used to summarize the environmental impacts resulting from transport related emissions. 

The environmental impacts associated with emissions from passenger transports in Mälardalen 

are presented in Table 20. Global warming is a global environmental impact that does not 

depend on where the emissions take place. Eutrophication, acidification and photochemical 

oxidant creation on the other hand affect the environment at both a local and regional scale in 

connection to where the emissions take place. (Värmeforsk, 2011)     

Table 20: Environmental impacts associated with passenger transports in Mälardalen, unit tons/year. 

Environmental impact Emitted tons per year 

Global warming potential (GWP) 3 066 950 

Eutrophication potential (EP) 1 300 

Acidification potential (AP) 7 600 

Photochemical oxidant creation potential (POCP) 5 800 
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5.2.4 Other Impacts 

Later in this thesis, the following consequences of passenger transports will be considered: Local 

health impacts, Risk of deaths and injuries, Justice and equity, Land occupation, Travel time and 

Societal costs of passenger transports. Since the focus of this thesis is how the future transport 

system will impact the society, the impacts resulting from today’s traffic volumes will not be 

considered in detail here. Instead, reflections regarding whether the negative impacts have 

increased or decreased when compared with today will be presented in the next section.  

6. Future Scenarios 

As introduced earlier, this thesis is a scenario study and here in Section 6, the different scenarios 

will be introduced and in coming sections, evaluated and analyzed. In total, five different 

scenarios have been considered in this thesis; one correlating with the predicted development 

(Section 6.1) and four hypothetical scenarios (Section 6.2).    

6.1 Reference Scenario  

Profu, a Swedish consultancy and research firm working with projects related to energy, waste 

and the environment, has presented a report about the future development of the Swedish 

transport sector on behalf of the Swedish governmental agency Trafikanalys. The report maps 

the potential development of the transportation sector based on two different scenarios called 1) 

Best Technology and 2) Reference. (Profu, 2011) 

This thesis’s Reference scenario is based on the Reference scenario presented in Profu’s report. 

The scenario uses data from the long-term projection presented by Energimyndigheten [the 

Swedish Energy Agency] (2011a); a projection based on today’s policies and the expected 

development of fuel prices and GHG emission charging. The predicted traffic volumes and fuel 

composition presented in this scenario will form the basis for all other scenarios in this thesis. 

Although the predictions are considering Sweden as a whole, it is assumed in this thesis that the 

predicted traffic volumes and fuel composition correspond with the development in the 

Mälardalen region as well.  

Another projection has been made by Mälardalsrådet [the Mälardalen Council], they predict that 

the car traffic in the Mälardalen region will increase by 80-95% up to year 2030 (Mälardalsrådet, 

2008). However, since their projection does not discuss all modes of transports considered in 

this thesis and since the information is not very detailed, the projection from Energimyndigheten 

has been viewed as more useful in this thesis.  

6.1.1 Energy Consumption and Fuel Use 

According to the projection, the energy consumption in the transport sector is expected to 

decrease until 2030 despite an increase in both the amount of vehicles and their travel distance. 

The assumed reduction in energy consumption per vehicle and per passenger-kilometer is a 

result of more energy efficient vehicles and engines. (Profu, 2011)   

Based on the projected fuel composition and the travel distance in 2030, passenger cars are 

expected to become 29% more energy efficient until the year 2030 in the Reference scenario. 

The Swedish passenger car fleet’s total energy consumption is expected to be reduced from 
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50.53 TWh/year in 2007 to 45.91 TWh/year in 2030, a reduction of 9%. The reason why the 

total energy consumption is reduced less than the energy use per vehicle is because the transport 

distances are expected to increase by around 28%.    

For busses, efficiency measures are projected to lead to a reduced fuel consumption of 10% per 

vehicle. The bus traffic’s total energy consumption is expected to be reduced from 2.55 

TWh/year in 2007 to 2.41 TWh/year in 2030. The bus transport distance is according to these 

figures expected to increase by around 5%.  

The railway traffic is expected to become 7% more energy efficient in 2030 compared with 2007, 

but the energy consumption is projected to increase from 3.34 TWh/year in 2007 to 4.30 

TWh/year in 2030. The distance is according to the figures expected to increase by around 38%. 

In Profu’s report, no division is made between passenger transports and freight transports or 

between trains, subways and light rail. Therefore, it is assumed that the transportation increase is 

similar for all types of railway transports. (ibid) 

Table 21 presents the expected transport distances and energy use in the year 2030 in Mälardalen 

if the regional development corresponds to the predicted national development. Furthermore, 

the assumed fuel composition is presented in Table 22.     

Table 21: Predicted distances (unit: 1000-km) and energy consumption (unit: TJ) in Mälardalen according to Profu's Reference 
scenario (own calculations). 

 Total distance 
(1000-km) 

Change  
2007-2030 

Energy use 
(TJ) 

Change 
2007-2030 

Car 20 575 100 +28 % 34 200 - 9 % 

Bus 2 906 800 +5 % 2 850 - 5 % 

Train 5 112 750 +38 % 2 050 + 29 % 

Subway/ light rail 1 898 850 +38 % 750 + 29 % 

TOTAL 30 493 450 +28 % 39 850 - 7 % 

Table 22: Fuel composition for transport fleets according to Profu’s Reference scenario, unit: percentage. (Profu, 2011) 

 
Gasoline Diesel 

Biogas/ 
Natural gas 

Ethanol Biodiesel Electricity 

Cars 50 % 39 % 3 % 5 % 2 % 1 % 

Bus 1 % 88 % 6 % 0 % 5 % 0 % 

Railway 0 % 19 % 0 % 0 % 1 % 80 % 

As described in Section 5.1.2, electricity is used for all railway lines in the Mälardalen region and 

in this thesis, those conditions are not expected to change. Therefore, Profu’s projected fuel 

composition will be neglected for railway traffic instead, electricity will fuel all railway traffic in 

the future scenarios.   

Based on the expected fuel mix and the energy consumption, the primary energy use for 

transports has been calculated. When the projected energy use of different fuels is multiplied 

with the PEFs for the different fuels, the yearly primary energy use associated with passenger 

transports in Mälardalen is around 45 650 TJ, a reduction by 6% from today’s use.  

All other impacts discussed earlier in the thesis will be explored and compared further in Section 

7, first a description of the alternative scenarios follow.  
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6.2 Description of Scenarios  

As described above, the Reference scenario is in line with the projected development for Sweden 

as a whole. In this section, four hypothetical development paths will be introduced. None of 

them are in line with the projected development, instead they will require a transformation from 

today’s trends and thus, the four scenarios are transformative scenarios. In the next section, the 

impacts related to each scenario will be evaluated.  

6.2.1 Scenario 1: Energy Efficiency  

In this scenario, energy efficiency measures have been implemented and hence each vehicle’s energy consumption has 

been reduced more than in the Reference scenario. Travelling patterns are similar to the Reference scenario, both 

when it comes to the travel distances and modal composition. The fuel composition also corresponds to the Reference 

scenario although the fuel use per passenger-kilometer has been reduced by implemented energy efficiency measures.  

The potential of even more energy efficient passenger transport vehicles is elaborated in Profu’s 

report in their scenario called Best Technology. Several potential efficiency measures are 

considered but only the measures contributing to an energy reduction of a cost less than 1 000 

SEK per reduced percentage of fuel consumption are considered as feasible. Based on that 

criterion, the efficiency potential for passenger cars is 49% compared with 2007’s level of 

efficiency and 28% compared with the Reference scenario.  

For busses, all efficiency measures that can contribute to 1% reduced fuel consumption at a cost 

lower than 24 000 SEK have been included. Then the efficiency potential for busses is 40% 

compared with today’s level of efficiency and 33% compared with the Reference scenario. For 

railway traffic, the efficiency potential in the Best Technology scenario is assumed to be 10% 

higher than today’s level. (Profu, 2011)  

Table 23 presents the predicted energy use if efficiency measures are implemented according to 

the above mentioned criterions. 

Table 23: Energy consumption in Scenario 1 (Profu's scenario Best Technology), unit: TJ. 

 Total energy use 
(TJ) 

Reduced consumption compared 
with the Reference scenario 

Car 24 550 - 28 % 

Bus 1 900 - 33 % 

Train 2 000 - 3 % 

Subway/ light rail 750 - 3 % 

TOTAL 29 150 - 27 % 

6.2.2 Scenario 2: Fuel Substitution 

In this scenario, a significant part of the fossil fuel used in the transport sector has been replaced by different 

biofuels and electricity. The use of today’s established biofuels, such as ethanol, biodiesel and biogas, has increased 

and new biofuels, such as methanol and Fischer-Tropsch Diesel (FTD), have also gained market shares in the 

transport sector. The energy consumption per vehicle, the travel distances and the modal composition corresponds to 

the Reference scenario. 

Profu’s scenario Best Technology also considers the potential of substituting fossil fuels with 

different kinds of biofuels and electricity. According to their scenario, the implemented 

efficiency measures have resulted in a lower energy consumption which results in a greater 
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potential to match the available biofuels with the fuel demand. However, since different changes 

are studied in isolation in this thesis, the fuel substitution has been matched with the same 

preconditions for energy use per vehicle as in the Reference scenario. 

Table 24 shows the assumed fuel composition according to Scenario 2. A discussion what PEFs 

and emission factors that have been used for the newly introduced fuels follows the table.  

Table 24: Fuel composition for the transports in Scenario 2 (Profu’s scenario Best Technology), unit: percentage. (Profu, 2011) 

 Fossil fuels Biogas Ethanol Methanol Biodiesel FTD Electricity 

 Cars 27  % 25 % 18 % 5 % 4 % 3 % 18 % 

 Busses 31 % 25 % 19 % 5 % 12 % 8 % 0 % 

 Trains, subways   
 /light rail 

12.6 % 0 % 0 % 0 % 2 % 1.8 % 85.6 % 

Comments on Fuels 

According to Titti de Verdier12 the fossil fuels that are part of the fuel mix consist only of 

gasoline and diesel, so no modes of transport are fuelled by natural gas in this scenario. 

Moreover, the amounts of gasoline and diesel has not been specified in detail and therefore the 

numbers further on assumes a similar composition as in The Reference scenario even though the 

quantity of fossil fuels in Scenario 2 is less (gasoline 56% and diesel 44%).  

In all other scenarios biogas is used in a mix with natural gas but according to this scenario, pure 

biogas will be used in cars and busses. Therefore the PEF and emission factors are adapted to 

better reflect the impacts of biogas use. However, in the the Environmental Fact Book the 

emissions resulting from the use of biogas are not specified. Therefore, the emissions related to 

the production and distribution of biogas reflects pure biogas while the emissions related to the 

fuel use reflects biogas and natural gas in combination (62% biogas and 38% natural gas).  

Börjesson et al (2008) have published a report in which they discuss how sustainable different 

biofuels are in comparison with fossil fuels. Since methanol is not used as a transportation fuel 

today, the fuel is discussed in terms of potential future development. When methanol is 

compared with fossil fuels, the GHG emissions the fuel gives rise to are significantly reduced if 

the methanol is produced from biomass. At the same time, if coal is used to produce methanol, 

GHG emissions are most likely increased when compared with fossil fuels. Moreover, the report 

states that methanol and ethanol have similar characteristics when it comes to emissions of CO, 

NOX, PM and VOC. Therefore, since no reliable information about life-cycle emissions for 

methanol has been found, the PEF and emission factors that are associated with ethanol 

production and use will be used for methanol as well.  

Beer et al (2002) have published a report where different fuels are compared. One of the fuel 

types they are looking at is Fischer-Tropsch Diesel (FTD), a synthetic fuel produced from the 

conversion of natural gas into a diesel fuel. In Scenario 2, 3% of the car fleet and 8% of the 

busses are projected to be fuelled by FTD in 2030. Life-cycle emissions for FTD has been taken 

from report from Beer et al since no PEF or emission factors for FTD are published in the 

Environmental Fact Book. Unfortunately, all emissions types considered in the Environmental 

Fact Book are not published in the Beer’s report, but life-cycle emission factors for GHGs, CO, 

NOX and PM have been found and will be included in the calculations for this scenario.    

                                                 
12 Titti de Verdier, qualified investigator Trafikanalys [Transport Analysis], mail contact 2011-09-12  
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6.2.3 Scenario 3: Modal Substitution  

In this scenario, the travelling by public transports modes has increased significantly in the Mälardalen region and 

replaced a large share of the car trips people did before; a modal substitution has taken place. The total travelled 

distance corresponds to the Reference scenario even though the distance travelled with bus, subway, light rail and 

train has doubled and substituted earlier car transports. The vehicle efficiency and the fuel composition are similar 

to the Reference scenario. 

This scenario assumes that redistribution between different transport modes will take place. The 

travelling with public transport is expected to increase with 100% and thereby fulfill the goal of 

the Swedish Doubling Project (a doubled market share held by public transport). Important to 

clarify is that it is the travel distances with public transports that has been doubled and not the 

amount of trips. Therefore, both replacing car trips with public transport and replacing long car 

trips with short car trips in combination with longer public transport trips will contribute to 

modal substitution according to the definition in this scenario.  

In this scenario, it is assumed that a doubling of public transport travelling requires more public 

transport services than what is available in the Reference scenario since the services should be 

supplied for more people. In Scenario 3, the modal substitution will require a doubling of the 

available kilometers in the public transit network and hence the energy use per passenger-

kilometer will be the same as in the Reference scenario. The fuel composition for different 

vehicle types and the total travel distance will also be remain the same.  

Table 25 shows the travelled distance with different modes of transport and the assumed energy 

consumption per passenger-kilometer. 

Table 25: Travelled distance with different modes of transports (unit: 1000-km) in Scenario 3 and energy use per passenger-
kilometer (unit: MJ/passenger-km). 

 Travelled 
distance 

(1000-km) 

Market 
share 

Distance travelled 
compared with the 
Reference scenario 

Energy use 
(MJ) per 

passenger-km 

Car 10 656 700 51 % - 48 % 1.66 

Bus 5 813 600 18 % + 100 % 0.97 

Train 10 225 500 27 % + 100 % 0.40 

Subway/light rail 3 797 700 4 % + 100 % 0.40 

TOTAL 30 493 450 100% ± 0 % - 

6.2.4 Scenario 4: Less Travelling  

The demand of travelling has been reduced through a combination of spatial planning, information and 

communication technology (ICT) and changed societal ideals. People are living closer to work-places and services or 

they are using ICT tools in ways that reduce the structurally enforced travelling. The Mälardalen region has 

developed into a region characterized by good accessibility; people can reach services without moving long distances. 

The modal composition, the vehicles’ energy consumption and the fuel composition equals the Reference scenario. 

According to Åkerman and Höjer (2006), two thirds of peoples’ short-distance trips can be 

classified as structurally enforced trips. In this scenario, the approach has been to reduce the 

amount of trips people travel in order to access work-places or services. It is assumed that a 50 

percentage reduction of the structurally enforced trips is possible; thus the total travel distance in 
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Mälardalen has been reduced by 50% for two thirds of the total distance. The desired travel, 

equaling one third of all short-distance trips, has not been changed in the scenario.  

Table 26 shows the travelled distances when the structurally enforced travelling has been halved.   

Table 26: Travelled distance with different modes of transport in Scenario 4, unit: 1000-km. 

 Travelled distance 
(1000-km) 

Distance travelled compared 
with the Reference scenario 

Car 13 716 700 - 33 % 

Bus 1 937 850 - 33 % 

Train 3 408 500 - 33 % 

Subway/light rail 1 265 900 - 33 % 

TOTAL 20 329 000 - 33 % 

7. Scenario Evaluation and Results 

In the previous section, the predicted scenario (Reference scenario) and four hypothetical 

scenarios were introduced. To estimate the impacts related to each scenario, calculations based 

on the impact factors presented in Section 4 and the travel patterns in each scenario have been 

made.  In this section, the results from the calculations will be presented and discussed.  

7.1 Travel Distances 

In three scenarios, the travelled distance equals the travelled distance in the Reference scenario, 

in total 30 500 million kilometers. In Scenario 4, the yearly travelled distance in Mälardalen has 

been reduced by one third to a total distance of 20 350 million kilometers. However, although 

the travelled distance in Scenario 3 equals the Reference scenario, the modal composition differs.  

Figure 7 shows the travel distance for the different modes and the distribution of travelled 

kilometers with different modes of transport. Scenario 3 is the only scenario in which the car is 

not the dominating transport mode. In all scenarios, apart from Scenario 4, the total yearly travel 

distance is longer than today’s. 

 
Figure 7: Yearly travel distances in the different scenarios and today, unit: 1000 kilometers. 
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7.2 Energy Consumption 

The energy consumption associated with passenger transports differ in all scenarios. Figure 8 

shows the energy use and primary energy consumption for all scenarios. In the chart, the higher 

and darker bars show the primary energy use in each scenario. The primary energy use is greater 

than the energy use as a result of that all fuels except for biogas have a PEF that is higher than 1. 

 
Figure 8: Energy use (light-colored bar) and primary energy use (dark-colored bar) in the different scenarios and today, unit: TJ. 

Scenario 1, energy efficiency, consumes less energy than the Reference scenario as a result of the 

implementation of feasible energy efficiency measures. Scenario 2, fuel substitution, consumes as 

much energy as the Reference scenario (part of scenario description). Moreover, there is only a 

minor reduction of primary energy use in Scenario 2 when compared with the Reference 

scenario since many of the renewable energy sources have comparably high PEF (biogas is an 

exception with a PEF of 0.3). Scenario 3, modal substitution, uses less energy than the Reference 

scenario since public transports are more energy efficient per passenger than car travelling. At 

last, Scenario 4, less travelling, consumes less energy than the Reference scenario since 50% of 

the structurally enforced trips are no longer taking place.  

Scenario 4, less travelling, has both the lowest primary energy use and the lowest energy 

consumption. However, the there is only a minor difference in energy consumption between 

Scenario 1 and 4. Scenario 2 stands out from the other scenarios since it does not contribute to a 

reduction in primary energy use.  

Today, the calculated energy use in Mälardalen is around 42 800 TJ and the primary energy 

required to provide that amount of useful energy is 48 800 TJ. Hence, both the energy use and 

the primary energy use are higher today than in both the predicted scenario (Reference scenario) 

and the four hypothetical scenarios (Scenario1-4). 

7.3 Emissions and Environmental Impacts 

As described earlier in this thesis, the emissions and pollution that passenger transports give rise 

to depend on the travel distance, the mode of transport and the fuel type. Since at least some of 

those factors differ between all scenarios, the emissions caused by passenger transports vary as 

well. Below follows the GWP, EP, AP and POCP associated with each scenario is presented.  

Figure 9 shows the GWP associated with the different scenarios. Scenario 2, fuel substitution, is 

the development path that contributes the least to global warming (despite the high energy use) 
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since the emissions of CO2, CH4 and N2O are less than for the other scenarios. Scenario 1, 

energy efficiency, will result in the highest GWP after the Reference scenario.  

 
Figure 9: Global warming potential in the different scenarios and today, unit: tons CO2eq. 

Figure 10 shows the EP the different scenarios will result in. Scenario 3 and 4, modal 

substitution and less travelling, are the development paths that contribute the least to 

eutrophication since the summarized emissions of NOX, NH3, PO4
3- and NO3 are lowest in those 

scenarios. Scenario 1, energy efficiency, will result in the highest EP after the Reference scenario.  

 
Figure 10: Eutrophication potential in the different scenarios and today, unit: tons PO4

3-
eq. 

Figure 11 shows the AP associated with the different scenarios. The acidification caused by 

Scenario 2  is little lower than for the other scenarios while the AP associated with Scenario 1 is a 

bit higher than for the others. All scenarios release much less emissions contributing to 

acidification than the Reference scenario.  

 
Figure 11: Acidification potential in the different scenarios and today, unit: tons SO2eq. 
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Figure 12 shows the POCP caused by the different scenarios. Scenario 3, modal substitution, is 

the development path that contributes the least to photochemical oxidant creation since the 

emissions of CH4, CO and VOC are less than for the other scenarios. Scenario 2, fuel 

substitution, is another scenario releasing comparably low levels of emissions causing creation of 

photochemical oxidants. Scenario 1, energy efficiency, will contribute to the highest level of 

POCP after the Reference scenario.  

 
Figure 12: Photochemical oxidant creation potential in the different scenarios and today, unit: tons C2H2eq. 

All hypothetical scenarios contribute to significantly lower levels of emissions contributing to 

GWP, EP, AP and POCP than the Reference scenario and the Reference scenario is associated 

with lower emissions than today’s travel patterns (see Figure 9-12). Thus, the environmental 

impacts are reduced in all hypothetical future scenarios when compared with today’s. 

7.4 Air Pollution and Local Health Impacts 

No additional calculations have been made to appoint how the different scenarios are affecting 

human health and well-being. However, results from previous calculations combined with the 

different scenario’s characteristics have been used to identify how the different scenarios impact 

health issues at a local level.  

Section 7.3 presents the environmental impacts each scenario’s fuel use will result in. Each of the 

impacts are based on a mix of different emissions multiplied with characterization factors. When 

it comes to health impacts related to emissions, the substances are studied separately. 

Tropospheric O3 is not included since O3 emissions are not included in the Environmental Fact 

Book.  

Table 27 shows the released tons of emissions associated with negative health impacts. The 

numbers in the Table 27 shows that all scenarios will cause less air pollutants with negative 

consequences for human health and wellbeing than the Reference scenario. At the same time, 

none of the scenarios is better than all other scenarios for all pollutants. Scenario 4, less 

travelling, results in the smallest volume of PM emissions while Scenario 2, fuel substitution 

contributes to most PM pollution. For CO pollution, Scenario 3, modal substitution, results in 

the lowest emission and Scenario 1, energy efficiency has the highest CO emissions. Scenario 3 

also results in less emissions of VOC and NOx than all other scenarios. Scenario 1 releases most 

VOC emissions and Scenario 2 causes most NOX pollution.  
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Table 27: Air pollution caused by the fuel use in the different scenarios, unit: tons. 

 Reference Scenario 1 Scenario 2 Scenario 3 Scenario 4 

PM 350 250 300 300 250 

CO 29 550 21 200 17 250 15 950 19 700 

VOC 6 450 4 600 3 800 3 550 4 300 

NOX 7 000 5 000 4 900 4 650 4 700 

When similar figures are studied for the passenger transports taking place today it shows that 

today’s travelling patterns give rise to more pollution than both the predicted development 

(Reference scenario) and almost all hypothetical scenarios (Scenario 1-4). The only exception is 

PM emissions where the future scenarios have higher values than todays.  

Since no detailed data on physical activity for people with different travel habits have been found 

for the population in Mälardalen, the available information have not been suitable for estimating 

the physical activity among the region’s residents. However, as stated in Section 4.3, persons who 

are using public transports tend to walk or bicycle more than persons who often travel by car. 

Since the car use is the same for the Reference scenario, Scenario 1 and 2, the physical activity 

among the population cannot be expected to differ between those scenarios. However, in 

Scenario 3, the public transport travelling has increased significantly and thereby also reduced the 

car travelling. Therefore, it can be assumed that the physical activity, and thereby also people’s 

wellbeing as a result of physical activity, will increase if Scenario 3 is realized. What will happen if 

Scenario 4 happens is more difficult to estimate since it depends on whether people choose to 

work from home and therefore maybe move less or if they instead select to walk or bicycle when 

travelling to places located close to the place where they live. Because of this uncertainty, no 

assumption regarding how Scenario 4 will impact the physical activity has been made.  

7.5 Risk of Death and Injuries 

According to Section 4.4, different modes of transport give rise to varying risk levels of transport 

related accidents per million passenger-kilometers. The risks are based on the mode of transport 

and the kilometers travelled. Therefore, the Reference scenario, Scenario 1 and 2 are associated 

with the same risks. In Scenario 3, the composition of modes has changed and the risk has been 

modified in order to suit the new modal composition. In Scenario 4, the amount of travelled 

passenger-kilometers has decreased and thus, the risk differs from the Reference scenario. 

Figure 13 shows the relative risk of accidents caused by the different scenarios. The modal 

substitution according to Scenario 3 significantly reduces the transport related risk. Moreover, it 

is clear that the risks related to public transports have increased and replaced some of the risk 

related to car transport. In scenario 4, less travelling, the relative risk has also decreased much 

but in Scenario 4, each transport mode’s share of the total risk corresponds with the Reference 

scenario since the reduced travelling is the same for all modes of transport.  
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Figure 13: Statistical risk of accident for the travel distance in Mälardalen in the different scenarios, unit: statistical number of 
accidents per year.  

Since no assumptions have been made about how people in in the different scenarios are 

travelling with other modes of transport, this comparison does not say anything about the overall 

risk of transport related accidents. Instead, the figures only indicate how the risks related to 

journeys by car, bus and rail will differ between the different scenarios.    

Similar calculations are made for today’s passenger transports in the Mälardalen region. The 

calculations show that the relative risk of accidents is lower today than in the Reference scenario 

and Scenario 1 (energy efficiency) and 2 (fuel substitution). However, the relative risk of accident 

is lower for Scenario 3 (modal substitution) and 4 (less travelling) than for today’s passenger 

transports. 

7.6 Justice and Equity 

No data on the extent of redistributive effect have been found and therefore, no specific 

calculations for justice and equity aspects of the different scenarios have been made. However, 

below follows some speculative thoughts of the redistributive effects of each scenario.  

Since Scenario 1 and 2 has the same modal composition as the Reference scenario, the mobility 

and accessibility to labor markets and services can be expected to be the same for all three 

scenarios. However, both more energy efficient vehicles and extended fuel substitution are 

according to the reviewed literature linked to higher costs of transport. Therefore, car access may 

become rarer for low income groups as a result of the heavy investments needed in the vehicle 

fleet. At the same time, if less fuel is needed as a result of energy efficiency measures in 

accordance to Scenario 1 and the prices of fuel remain more or less the same, the operation costs 

will decrease and thus favor low-income households. However, whether these speculations will 

be the outcome of the different scenarios or not is of course closely linked to transport related 

policies and thus the actual development is difficult to predict.    

As stated in Section 4.5, investments in public transit often have a redistributive effect and hence 

it can be assumed that Scenario 3 with its heavy investments in the public transport services will 

be most favorable for low-income households. However, since such investments can also be 

assumed to require much money, there is a risk that the fees are raised which in turn is negative 

for the people who already spend a large share of their income on public transport. Therefore, 

the redistributive effect of Scenario 3 also depends on the policies that will follow the 

investments and whether the revenues from new travelers can reduce the need of higher fees.  
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Scenario 4 is based on the assumption that the need of travelling will be reduced with all modes 

of transport which, at least theoretically, has a potential to benefit all people independently of 

what mode of transport they usually use. However, since public transports are financed by a mix 

of user fees and public funds, fewer travelers may reduce the income from fees and thereby force 

an increase in either fees or public funding. As with all other scenarios, it is difficult to predict 

the redistributive effect of less travelling. What can be assumed though is that people will spend 

a smaller share of their incomes on transport if prices of transports do not increase much.  

7.6.1 Resource Use and Environmental Harm 

In this thesis, the resource use that can be associated with passenger transports is the primary 

energy use that is required to fuel all vehicles. Scenario 1, 3 and 4 are using significantly less 

primary energy resources than both Scenario 2, fuel substitution, and the Reference scenario (see 

Figure 8). That result can be interpreted as if Scenario 4 is the most suitable scenario if a more 

just distribution of resource use is desired. 

When it comes to pollution and other negative consequences of transport, the picture is not as 

clear. Scenario 2, 3 and 4 are the scenarios that cause the smallest amount of polluting substances 

when the reductions are summarized. Scenario 3 and 4 are also the two scenarios contributing to 

comparably low levels of other negative consequences of transport. Therefore, if the goal is to 

reduce the negative consequences of transport that are spread among all people (independently 

of whether they travel or not), Scenario 3 or 4 are favorable according to this thesis’s results. 

7.7 Land Occupation 

The land required for passenger transports depend on the travel distances and the mode of 

transport used for the trip as described in Section 4.6. Based on the figures introduced there, the 

land occupation passenger transports contribute to in Mälardalen has been calculated. Since the 

traffic volumes and the composition of different modes of transport are similar in the Reference 

scenario, Scenario 1 and 2, the land occupation for transports is assumed to be the same.  

Figure 14 shows the relative land occupation in the different scenarios. The figure shows that the 

Reference scenario, Scenario 1 and 2 requires the largest area while both Scenario 3 and Scenario 

4 use significantly less space. Scenario 3 makes use of the smallest area even though the supply of 

public transport is doubled. The reason for that is that travelling with public transport requires 

much less space per passenger than car travelling. Scenario 4 leads to a reduced area as a result of 

the reduction in travel distances.  

 
Figure 14: Relative land occupation for the different scenarios, calculated as m2 per passenger.  
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In Figure 14, the relative land occupation for today’s transports is also shown (the yellow dotted 

line). Hence, today’s passenger transports require less space than the Reference scenario and 

Scenario 1 and 2 (due to shorter total travel distance) but more space than Scenario 3 and 4.  

Important to mention is that the figure shows the relative land occupation for the different 

scenarios as if the space used for transport would be adapted to suit the traffic volumes. 

However, this does not necessarily mean that the areas used for transport will be reduced if 

Scenario 3 or 4 are realized. It rather indicates that congestion can be reduced if more people 

travel with public transport modes or if the total amount of travel kilometers is reduced.  

Moreover, the figure only shows the area required for the actual travelling and not the area 

necessary to provide the transport fuels. Scenario 2, fuel substitution, would most likely require 

larger areas of land for growing biofuel crops but that area has not been taken into account here.  

7.8 Travel Time 

According to Section 4.7, the time required to move a certain distance varies between different 

modes of transport and in Table 10, the average speed in Mälardalen is presented. Since the 

transport modes and travel distances vary in the scenarios, the travel time differ as well.  

Figure 15 shows the travel time in the different scenarios (average speed is multiplied with the 

distance). The travel time is the same for the Reference scenario, Scenario 1 and 2 since the 

modal composition is similar for all three scenarios. In Scenario 3, modal substitution, people 

travel longer time periods since many car trips are substituted by public transits which consume 

more time per kilometer. In reality the difference may not be as significant since there will be 

fewer cars in the transport network in Scenario 3. Still, it seems reasonable that a modal 

substitution is not a preferable way if the goal is to reduce the travel time.   

 
Figure 15: Time spent on journeys in Mälardalen in the different scenarios, unit: 1000 hours 

Scenario 4, less travelling, is the scenario requiring the least time when compared with the other 

alternatives. However, it is important to notice that the figure only shows the time people travel 

with the modes of transport considered in this thesis and hence, the result only indicate that the 

travel time with car, bus and rail is reduced in Scenario 4. Therefore, the comparison does not 

capture the additional travel time of for example new bicycle trips that replace today’s car trips.  

The result should therefore be interpreted as if the time spent on car or public transport journeys 

in Mälardalen has been reduced; an expected result since the travelling has been reduced.  

When compared with the time spent on journeys today, only Scenario 4 requires less time. All 

other scenarios can be expected to consume more time in total. However, that result is not 

unexpected since all those scenarios are based on longer travel distances.  
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7.9 Societal Cost of Passenger Transport 

In accordance with Section 4.8, the societal cost of passenger transports depend on the distance 

people travel, the selected mode of transport and the fuel that is used. According to Table 11, 

the societal cost is highest for private cars using biofuels or biogas and lowest for train trips. 

Figure 16 shows the cost of passenger transports when the societal cost per kilometer is 

multiplied with each scenario’s travel distance. Since the fuels composition and the travelled 

distance are the same for the Reference scenario and Scenario 1, the two are shown as one bar.  

 
Figure 16: Societal cost of passenger travelling in the different scenarios, unit: million SEK. 

The lowest societal cost can be expected if people travel less as in Scenario 4. However, if people 

are to travel the same distances as in the Reference scenario, Scenario 3 is the alternative 

contributing to the lowest societal cost. However, one can assume that the cost for supplying 

more public transport will contribute to a higher cost than what is shown in the figure. But since 

both the travel kilometers with public transport and the supply of public transport is expected to 

be doubled in Scenario 3, the cost per passenger-kilometer has been assumed to remain the 

same. Scenario 2, fuel substitution, contributes to a relatively high societal cost as a result of that 

a greater share of the car fleet uses biofuels and biogas compared with the Reference scenario.  

When the same calculations are made for today’s passenger transports in Mälardalen, the results 

indicate that the societal cost of  passenger transports today are higher than for Scenario 3 and 4 

and lower than in the Reference scenario and Scenario 1 and 2. 

7.10 Summary 

What has been shown by this evaluating section is that none of the scenarios stands out as the 

best alternative since none of the scenarios show low values for all impacts. However, Scenario 3 

and 4 appear to have less negative consequences than the other three scenarios for most impacts. 

Also, the Reference scenario, which equals the projected development, is having more negative 

side effects than the other scenarios for all impacts accept for travel time and travel cost. 

Table 28 shows a summary of all the impacts of passenger transports considered in this thesis 

(travel distance and justice and equity aspects are not included in this summary). For all impacts, 

the scenario having the largest impact is assigned 1.00 and the other scenarios get a number 

between 0 and 1 which represents the relative improvement compared with the highest value. 

For example, Scenario 1 causes a 26 percentage lower primary energy use than the Reference 

scenario and the Reference scenario has the highest energy use; therefore, the Reference scenario 
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is assigned 1.00 and Scenario 1 has 0.74. The coloring of the boxes marks how good the 

different scenarios are when they are compared with each other. As seen in the first row in Table 

28, dark green marks the scenario with the least negative impact while the dark red color shows 

the scenario with the greatest impact for each impact category.  

Table 28: A summary of the impacts considered in this thesis. The dark red color show the scenario with greatest negative 
impact and the dark green color show the scenario with the lowest impact for each impact category. The numbers show the 
relative impact compared with the scenario having the highest impact (which is indicated by the number 1.00)   

Color codes BEST       WORST 

      

 

Reference 
scenario 

Scenario 1 
Energy 

efficiency 

Scenario 2 
Fuel 

substitution 

Scenario 3 
Modal 

substitution 

Scenario 4 
Less 

travelling 
  

     

Primary energy use 1.00 0.74 0.98 0.78 0.67 
  

     

Energy use 1.00 0.73 1.00 0.73 0.67 
            

GWP 1.00 0.72 0.62 0.67 0.67 
  

     

EP 1.00 0.72 0.70 0.66 0.67 
  

     

AP 1.00 0.72 0.63 0.66 0.67 
  

     

POCP 1.00 0.72 0.59 0.55 0.67 
  

     

Air pollution 1.00 0.72 0.67 0.64 0.67 
  

     

Risk of accident 1.00 1.00 1.00 0.66 0.67 
  

     

Land occupation 1.00 1.00 1.00 0.58 0.67 
  

     

Travel time 0.85 0.85 0.85 1.00 0.57 
  

     

Travel cost 0.89 0.89 1.00 0.64 0.59 

      

Average 0.98 0.80 0.82 0.69 0.65 

Table 28 shows that Scenario 4, less travelling, contributes to the least average impact. On 

average the impacts of passenger travelling in Scenario 4 are 35% lower than in the Reference 

scenario. Scenario 3, modal substitution, has almost the same average as Scenario 4. But since the 

increased travel time that may result of more public transit travelling, the average impact is 

higher than in Scenario 4 despite the fact that most impacts are lower in Scenario 3 than in 

Scenario 4. In both Scenario 1 and 2, passenger transports are causing more negative impacts 

than the other two scenarios. One explanation to that may be that many of the negative impacts 

passenger transports give rise do not depend on how fuel efficient the vehicles are or what fuels 

that are used in the vehicles. 

In reality, the different impacts may not be considered to be equally important; for example 

some people may argue that GWP is more important than the travel time. Such a valuation has 

not been done in this thesis. Therefore, it is suggested that the results for each impact in the 

study is considered in isolation. For example, the results show that a fuel substitution as in 

Scenario 2 can be very good if the goal is to reduce GHG emission but a bad alternative if the 

goal is to reduce the primary energy use. A similar example is that Scenario 3 or 4 are preferable 

scenarios if the goal is to reduce the risks of injuries and deaths linked to passenger transports 

but that Scenario 3 is less attractive if the travel speed should be maximized.    
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8. Scenario Analysis 

After evaluating of different development scenarios, it is clear that all alternatives results in less 

energy use and pollution than what is caused by passenger transports today and in the projected 

Reference scenario. Moreover, the local health impacts caused by pollution can also be expected 

to be reduced if the emissions from transports are reduced.  

However, all other impacts considered in the thesis, the health problems resulting from lack of 

physical activity, the risks of death and injuries, social inequalities, land occupation, travel time 

and societal costs of transports, can be expected to increase in the Reference scenario, Scenario 1 

and 2 since the distances of passenger transports are expected to increase and no major modal 

shift is expected (when compared with today). Below follows an analysis of what impacts each 

scenario can be assumed to result in.  

Scenario 1, energy efficiency, is characterized by a relatively low energy use as a result of more 

energy efficient vehicles. Although the energy use per vehicle is significantly lower than today’s 

use (49% less for cars, 40% for busses and 10% for modes on rail) the reduction compared with 

the other scenarios is not as great since a higher efficiency (compared with today’s) is expected in 

all future scenarios. The environmental effects resulting from emissions are high in this scenario 

since most vehicles are still fuelled by fossil fuels. A development path in accordance with 

Scenario 1 does not have a potential to reduce the risk of accidents or land occupation. The 

societal costs of transports are comparably high since the passenger transports are dominated by 

car travelling but still, the costs are lower than in Scenario 2, fuel substitution, since as large 

investments in new fuel infrastructure will not be necessary.  

Scenario 2, fuel substitution, is characterized by a high energy use since it is similar to the 

Reference scenario. However, the increased use of biogas as fuel leads to a slightly lower primary 

energy use than in the Reference scenario even though most biofuels and electricity are having 

higher PEFs than fossil fuels. The GWP associated with Scenario 2 is low since the combustion 

of all biofuels and biogas as well as use of electricity is resulting in relatively low GHG emissions. 

The EP is high in Scenario 2, a result of that the level of emissions to water contributing to EP 

in Scenario 2 is higher than in the other scenarios. The POCP is low in Scenario 2 compared 

with the other scenarios since the emissions of CO and VOC are lower for many of the biofuels 

than for the fossil fuels. Similarly to Scenario 1, the risk of accidents or the land occupation in 

Scenario 2 is the same as in the Reference scenario since the amount of vehicles have not 

changed. The societal costs of transports are highest for Scenario 2 since new investments in fuel 

infrastructure must be made in order to enable such a development. 

Scenario 3, modal substitution, is using relatively little energy since the energy use per passenger 

is lower when people travel with public transports than with private cars. However, the modal 

substitution also results in an overall fuel change since diesel and electricity are more common 

fuels for public transit alternatives than for cars. The consequence of that change is relatively 

high primary energy use since the PEF for electricity is higher than for fossil fuels and thus, the 

primary energy use in Scenario 3 is slightly higher than in Scenario 1. The GWP associated with 

Scenario 3 is also fairly high since fossil fuels are still used to fuel passenger transports to a large 

extent. However, other environmental impacts (EP, AP and POCP) are low in Scenario 3; it can 

be noted that the POCP is particularly low, that is because the emissions of CO and VOC are 
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higher for gasoline than for diesel and thus, Scenario 3 results in a reduction of POCP even 

though fossil fuels are common. As the risk of accidents is lower for the passengers in public 

transport modes than in the private car, Scenario 3 contributes to a significantly lowered risk 

level. Furthermore, the space required for each passenger is reduced to a large extent and thus, 

Scenario 3 can reduce congestion without reducing each person’s travel distance. The time each 

person spends on travels can be expected to increase in Scenario 3 since public transports often 

require more time for the same distance. Moreover, since the public transports are available to 

everyone, this scenario is expected to lead to a more equitable transport system. The physical 

activity is also expected to increase since people who travel with public transit tend to move 

more than car borne travelers.  

Scenario 4, less travelling, is almost similar to the Reference scenario but the travel distance with 

all modes of transport has been reduced by one third. Thus, most impacts have been reduced by 

around 33% compared to the Reference scenario. When compared with the other hypothetical 

scenarios, Scenario 4 has a low use of fuel and primary energy. Moreover, as a result of that less 

energy is used, the emissions contributing to GWP, EP and AP are reduced as well. Although 

the POCP is also reduced by 33%, Scenario 2 and 3 are resulting in even lower levels of 

emissions contributing to POCP. As a result of less travelling, both the land occupation and the 

risk of accidents associated with passenger transports are reduced. However, whether this result 

is realistic or not depends on if and how people choose to move instead of using public 

transport modes or car. The same goes for travel time as no assumptions has been made 

regarding if people are travelling more with bike or walk more than in the other scenarios.         

8.1 Are the Scenarios Examples of Sustainable Transportation? 

In Section 3.3.3, aspects to be fulfilled by sustainable transports are presented. In this section it 

will be discussed to what extent the different scenarios fulfill the requirements of sustainable 

transports. The question also correlates with one of this thesis’s research questions.  Each of the 

objectives will be discussed in isolation and in relation to the four development scenarios.  

1) Meet basic access and mobility needs in ways that do not degrade the environment 

The scenarios are based on predicted transport distances and it is difficult to say whether the 

projection corresponds to the basic access and mobility needs. If it is assumed that the distances 

in the prediction do meet the needs, Scenario 1 and 2 fulfill the first criteria. For Scenario 3, the 

fulfillment depends on whether the public transports are planned in a way so that people 

experience that they can access things equally good when they travel with public transports 

instead of with the car. Scenario 4 is based upon the assumption that people can access job-

places and services to the same degree without moving as much. Such a development will most 

likely require an increased use of ICT and localization planning aimed at increasing accessibility 

and reducing mobility. That means, the goal of Scenario 4 is to meet the basic need of access and 

mobility even though the travelled distance is reduced. Whether such a development is possible 

to put in place or not have not been discussed in detail in this thesis. 

All scenarios are causing emissions which can be argued to degrade the environment. However, 

the scenarios differ regarding to what extent they degrade the environment. Since Scenario 3, 

modal substitution, shows the lowest values for almost all environmental impacts (Scenario 2 has 

a lower value for GWP), so that scenario can be argued to degrade the environment the least. 
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2) Not deplete the resource base upon which it depends 

All scenarios are using fossil fuels for passenger transports, at least to some extent. Scenario 2 is 

the alternative using most renewable fuels and therefore, it is arguable that Scenario 2 fulfills the 

second goal best. However, as stated by Gudmundsson and Höjer (1996), a sustainable use of 

renewable resources must be at a scale where the resources are replaced at the same speed as 

they are used. Therefore, that must be a prerequisite for Scenario 2 if the scenario should be able 

to fulfill the second goal.  

Reducing the use of primary energy for passenger transports can be seen as another way to 

reduce the resource use that the sector depends upon. If that is the measure of fulfilling Goal 2, 

Scenario 4 can be seen as the most preferable scenario. However, in order to not deplete the 

resource base that the scenario depends upon, the use of renewable fuels must most likely 

increase which in turn may increase the use of primary energy resources. 

3) Serve multiple economic and environmental goals 

The overarching goal of transports in the Stockholm-Mälardalen region is according Section 

3.2.2 ‘Ensure an economic efficient and long-term sustainable supply of transports for the 

citizens and the business sector in Stockholm and the Mälardalen region. The transport system 

should be environmentally, economically, culturally and socially sustainable.’ Sub-targets are: 

Improved access for everyone, Reduced congestion and better availability, Developing the 

capacity and reliability of public transports, Reduce traffic accidents, Increase the environmental 

consideration and Increase equity in the transport system (translated from SOU, 2002).  

Since new investments or economic limitations have not been considered in this thesis, it is 

difficult to say how congestion and availability will be affected by the different scenarios. 

However, having more vehicles occupying a large area per passenger is not likely to reduce 

problems of congestion if not the road network is expanded to the same extent. Therefore, 

Scenario 3 and 4 are likely to be the scenarios reducing congestion the most. Scenario 3 is also 

the alternative which has the greatest potential to contribute to improved public transports. If 

the risk of traffic accidents with different modes of transport remains the same as today, 

Scenario 3 is a favorable scenario to reduce the economic losses caused by traffic accidents. 

Scenario 3 and 4 are together expected to best fulfill environmental targets. At last, investments 

in public transports can often result in a transport system based on equity, thus Scenario 3 is a 

suitable option to increase transport related equity. 

4) Maximize efficiency in overall resource utilization 

The scenario which is aimed at maximizing the vehicles’ resource use is Scenario 1, thus it can be 

seen as a favorable option if Goal 4 is to be realized. Still, in Scenario 1, the volumes of car 

traffic are expected to increase although the private car cannot be considered very resource 

efficient per passenger-kilometer. Hence, Scenario 3 can be considered more resource efficient if 

the travel distances are more relevant than the mode of transport people travel with. Even 

Scenario 4, can be seen as more resource efficient if the same services and opportunities can be 

accessed without physical movements.  

5) Improve or maintain access to employment, goods and services while shortening trip 

lengths and/or reducing the need to travel 

The scenario that most clearly responds to Goal 5 for sustainable transports is Scenario 4. All 

other scenarios are based on the assumption that transport distances must increase in order to 
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respond to the mobility and accessibility needs of people. Scenario 4, on the other hand, 

challenges the belief that increased mobility must be the immediate response to the quest for 

improved accessibility.   

6) Enhance the livability and human qualities of urban regions 

In this thesis, the measurements of livability and human qualities of urban regions can be based 

on the local air quality, the risk of accidents, how much land that is used for transports and how 

much time people have to spend on travels. Based on that definition, Scenario 1 and 2 are not 

very favorable for achieving Goal 6 in any other way than their potential to reduce travel times. 

Since Scenario 3 and 4 are expected to require less space, reduce the negative local health 

impacts and reduce the risk of transport related accidents, those scenarios are expected to 

enhance the human qualities of urban regions to a greater extent. Moreover, if such 

developments are planned consciously and in integration with land use plans, as suggested by 

Cervero (2006), the livability of the urban regions can potentially be enhanced even further.  

9. Sensitivity Analysis 

As this is an explorative study, the attained results depend much on the numbers used in the 

calculations. Three separate sensitivity analyses have therefore been with altered calculation 

inputs or assumptions to see how much the changes affect the overall result. In the first analysis, 

Stockholm is left out of the calculations; the second analysis assumes a higher efficiency potential 

in Scenario 1 and in the third analysis, the travelling is projected to increase more than earlier.  

9.1 Leaving Stockholm Out of the Calculations  

According to the numbers used for Figure 5, the journeys taking place among inhabitants in 

Stockholm County dominate the travelling in the Mälardalen region and furthermore, passenger 

transports differ between Stockholm and the other counties in Mälardalen. In the Reference 

scenario, 56% of the kilometers travelled by car, 66% of bus kilometers, almost all subway trips 

and 71% of the train kilometers are travelled by Stockholm’s inhabitants. To discover how much 

the travelling patterns in Stockholm affect the overall results, the same calculations as in Section 

7 has been made without the Stockholm inhabitants’ trips. Table 29 shows the results, the 

interpretation of colors and numbers is similar to Table 28.  
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Table 29: Summary of impacts related to passenger transports in Uppsala, Södermanland, Örebro and Västmanland County. 
Interpretation of the results similar to Table 28.   

Color codes BEST       WORST 
      

  

Reference 
scenario 

Scenario 1 
Energy 

efficiency 

Scenario 2 
Fuel 

substitution 

Scenario 3 
Modal 

substitution 

Scenario 4 
Less 

travelling 
  

     

Primary energy use 1.00 0.73 0.98 0.87 0.67 
  

     

Energy use 1.00 0.72 1.00 0.85 0.67 
            

GWP 1.00 0.72 0.62 0.82 0.67 
  

     

EP 1.00 0.72 0.70 0.82 0.67 
  

     

AP 1.00 0.72 0.62 0.82 0.67 
  

     

POCP 1.00 0.72 0.59 0.74 0.67 
  

     

Air pollution 1.00 0.72 0.66 0.80 0.67 
  

     

Risk of accident 1.00 1.00 1.00 0.81 0.67 
  

     

Land occupation 1.00 1.00 1.00 0.75 0.67 
  

     

Travel time 0.96 0.96 0.96 1.00 0.64 
  

     

Travel cost 0.88 0.88 1.00 0.76 0.59 
      

Average 0.99 0.81 0.83 0.82 0.66 

When Table 28 and Table 29 are compared, it is clear that the travelling patterns in the whole 

region depend much on travelling patterns in Stockholm. The most obvious result of the new 

calculations is that Scenario 3, modal substitution, appears to be a much less advantageous than 

what is shown in Section 7 and 8. One reason behind that result can be that journeys with public 

transit is much rarer in the four other counties than in Stockholm and therefore, doubling the 

kilometers travelled with public transportation only affects the negative impacts marginally. 

Hence, the result can indicate that most benefits of the Swedish Doubling Project will take place 

at locations where the travelling with public transports is common.  

Another result of these calculations is that Scenario 1 and Scenario 2 appear to be more 

favorable, at least in relative terms, than in previous calculations. That indicates that efficiency 

measures and fuel substitution are more influential when the car is the dominating mode for 

passenger transports. However, it can also be recognized that neither the inefficient land-use nor 

the risk of accidents are reduced for those scenarios in these calculations either.  

Scenario 4, less travelling, stands out as a very advantageous alternative; even more obvious than 

in Section 7 and 8. Thus, in order to reduce the negative impacts of passenger transports, 

enabling accessibility without creating more mobility appears to be a safe alternative 

independently of how people are travelling. Creating conditions through which people can 

reduce their car use for structurally enforced journeys are then important.  

9.2 More Energy Efficient Vehicles in Scenario 1 

In this thesis, the potential of raised energy efficiency in the scenarios are based on a report by 

Profu. However, there are other reports estimating how efficient future vehicles can become; 

one example is a report from Naturvårdsverket [the Swedish Environmental Protection Agency] 
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(2011) where the efficiency potential up to the year 2050 for cars is 70%, 60% for busses and 

50% for transport modes on rail. Although, these numbers are projected for 2050, the attempt in 

this sensitivity analysis is to picture how much the result depends on the assumed efficiency 

potential. Therefore, the higher degree of efficiency is used in the calculations for Scenario 1 

while the other Scenarios remain the same. The summarized results of the calculations are shown 

in Table 30 (interpretation of the results similar to Table 28).  

Table 30: Summary of impacts related to passenger transports with increased efficiency potential in Scenario 1. Interpretation of 
the results similar to Table 28.   

Color codes BEST       WORST 
      

  

Reference 
scenario 

Scenario 1 
Energy 

efficiency 

Scenario 2 
Fuel 

substitution 

Scenario 3 
Modal 

substitution 

Scenario 4 
Less 

travelling 
  

     

Primary energy use 1.00 0.44 0.98 0.78 0.67 
  

     

Energy use 1.00 0.43 1.00 0.73 0.67 
            

GWP 1.00 0.43 0.62 0.67 0.67 
  

     

EP 1.00 0.43 0.70 0.66 0.67 
  

     

AP 1.00 0.43 0.63 0.66 0.67 
  

     

POCP 1.00 0.42 0.59 0.55 0.67 
  

     

Air pollution 1.00 0.43 0.67 0.64 0.67 
  

     

Risk of accident 1.00 1.00 1.00 0.66 0.67 
  

     

Land occupation 1.00 1.00 1.00 0.58 0.67 
  

     

Travel time 0.85 0.85 0.85 1.00 0.57 
  

     

Travel cost 0.89 0.89 1.00 0.64 0.59 
      

Average 0.98 0.61 0.82 0.69 0.65 

If the vehicles can become as efficient as what is considered in this calculations, the summarized 

impacts are lower for Scenario 1 than all other scenarios, a result differing from previous 

calculations. Thus, the expected advantages of more energy efficient vehicles depend much on 

how great the potential of efficiency is assumed to be; a result which may not seem very 

surprising. However, what is interesting to notice is that there are social and economic 

consequences related to passenger transport that will not be reduced no matter how efficient the 

vehicles become, for example the travel time or the land occupation. Thus, in order to develop 

the transport system in a sustainable direction, additional measures to reduce impacts not related 

to fuel use must most likely be initiated. 

9.3 More Travelling Projected 

According to a projection that Mälardalsrådet (2008) refer to, the car traffic is expected to 

increase by 80-95% in Mälardalen up to year 2030 if the economic growth is high during the 

same period. According to the same prediction, the public transport travelling is also expected to 

increase during the same period but no exact figures of how much are presented. Since this 

projection predicts a greater increase than Energimyndigheten, a sensitivity analysis has been 

made to estimate how much the projection influence the results. The calculations have been 



 

- 54 - 
 

based on the assumption that car travelling will increase by 85% (in similarity with 

Mälardalsrådet’s report), bus travelling with 10% (compared with 5% in earlier calculations) and 

rail travelling with 38% (same as Reference scenario since it is already there a large increase). The 

summarized results are presented in Table 31.    

Table 31: Summary of impacts related to passenger transports with increased traffic volumes in all scenarios. Interpretation of 
the results similar to Table 28.   

Color codes BEST       WORST 
      

  

Reference 
scenario 

Scenario 1 
Energy 

efficiency 

Scenario 2 
Fuel 

substitution 

Scenario 3 
Modal 

substitution 

Scenario 4 
Less 

travelling 
  

     

Primary energy use 1.00 0.74 0.98 0.83 0.67 
       

Energy use 1.00 0.73 1.00 0.80 0.67 
  

          

GWP 1.00 0.72 0.62 0.76 0.67 
       

EP 1.00 0.72 0.69 0.75 0.67 
       

AP 1.00 0.72 0.62 0.75 0.67 
       

POCP 1.00 0.72 0.58 0.68 0.67 
       

Air pollution 1.00 0.72 0.66 0.75 0.67 
       

Risk of accident 1.00 1.00 1.00 0.76 0.67 
       

Land occupation 1.00 1.00 1.00 0.70 0.67 
       

Travel time 0.88 0.88 0.88 1.00 0.58 
       

Travel cost 0.89 0.89 1.00 0.71 0.59 
 

     

Average 0.98 0.80 0.82 0.77 0.65 

Firstly, it is important to mention that all impacts in these calculations have increased in absolute 

terms from previous calculations (in Section 7) since the travel distances have increased more; 

Table 32 only shows the relative impact level for the different scenarios. Secondly, this sensitivity 

analysis pictures a development path in which the car becomes more dominant than today and 

thus, more efficient vehicles as in Scenario 1 will be more influential than when the cars are less 

dominant. Therefore, both Scenario 1 and 2 appears to be more advantageous than Scenario 3 

for the impacts related to fuel use. As such, the result can be analyzed similarly to the sensitivity 

analysis where Stockholm is left out of the calculations (Section 9.1); a modal substitution in 

accordance with the Swedish Doubling Project is most influential if a large share of the trips is 

made by public transport modes in the reference year.  

Moreover, the result of this sensitivity analysis shows that the projected development does affect 

how favorable the different scenarios appear; changes are most visible for Scenario 3 (modal 

substitution). Therefore, it seems important to create realistic projections in order to be able to 

assess the future impacts of passenger travelling.  
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10. Critical Reflections 

Naturally, limitations and assumptions are necessary in a thesis like this due to the scope of 

work. In this section, the attempt is to analyze some of the consequence that can be related to 

the limitations. When suitable, explanations behind the selected limitations or assumptions are 

presented.   

As described in Section 2.2, future studies have been described as vague and fuzzy. Certainly, this 

study can also be criticized for being too hypothetical and hence unrealistic. However, since the 

aim was to study impacts related to future passenger transports and since no one actually knows 

how travel patterns will evolve in the future; the scenario study methodology appeared to be a 

suitable approach. So for those readers who wanted to know how people will travel in 

Mälardalen in the future, this thesis does not provide any clear answers. Instead, the scenario 

evaluation provides indications of how transport related impacts will develop in the future if 

technology or travel patters evolve in certain directions.  

The geographical boundary for this thesis is Mälardalen region and the evaluated modes of 

transports are car, bus, train and subway/light rail. Potential future development scenarios 

include more energy efficient passenger transports, fuel substitution, modal substitution and less 

travelling. Several assumptions have been made in this thesis in order to achieve comparable 

results. For example, the relation between impacts of passenger transports and the modes of 

transport have sometimes been simplified and external factors are sometimes neglected; the risk 

of accident in different modes of transports is most likely linked several other factors than the 

travel distance and the mode of transport. Therefore, it is important to mention that the 

calculated impacts are valid if external influences affecting impact factors remain more or less the 

same.  

Since this thesis is linked to WSP’s research project, many limitations have been made to match 

the project’s limitations. One such limitation is that air travelling has been neglected in the 

calculations based on the assumption that no air travelling takes place within Mälardalen region. 

However, as presented by Jonas Åkerman (2011), air travelling among Swedes is increasing fast 

and the inhabitants in Stockholm are Sweden’s most frequent air passengers. Moreover, at the 

altitudes where most of the emissions from aircrafts occur, water vapor and NOX also 

contributes to a higher GWP. Since neither air travelling nor long-distance journeys are included 

in the calculations in this thesis, the thesis should not be viewed as a comprehensive study of the 

overall travel patterns among the inhabitants Mälardalen but rather a study of the trips that are 

likely to take place within the region. 

The research problem motivating the thesis topic, the way the passenger transport sector is 

evolving, argues the development will not to be sustainable in a long-term perspective. However, 

all dimensions of sustainability have not been elaborated very thoroughly in the thesis. Instead, 

the idea is that the impacts that have been evaluated in the thesis are implicitly linked to whether 

the passenger transports can be considered sustainable or not. Approaching a subject with an 

aim to propose something more sustainable is complex since there are no obvious borders of 

what aspects that should be taken into account or left out. Therefore, the impacts considered 

here are not in any way covering all effects a full sustainability study should, but the attempt has 

been to find at least some impacts that can be related to environmental, social and economic 
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aspects of sustainability. However, the broad approach is to some extent a result of the attempt 

to picture what a more sustainable passenger transport system may look like.  

As a result of the broad approach discussed above, none of the investigated impacts have been 

evaluated in a very detailed way. Rather, the attempt has been to study how a range of impacts 

are affected if passenger travel patterns, or technologies, change. Therefore, the attained results 

are fairly general and built upon a set of assumptions. Most likely, it is arguable that this 

approach is too general and that the reality is much more complex than what is shown by these 

calculations. In an extended study, it would have been interesting to collect primary data specific 

for the Mälardalen region and its local conditions. For example, it is probably possible to 

estimate the risk of accidents more specifically in Mälardalen. Since it has not been possible to 

collect such data in this thesis, the analysis is based on the available data which in turn is often 

based on national, or even international, statistics. Still, the results can indicate tendencies that, at 

least partly, are applicable also in Mälardalen. 

11. Contribution to Knowledge and Future Research 

The methodology used in this thesis for approaching the research problem is a scenario study 

methodology and quantitative data sources have been used as the basis for analysis. Scenario 

studies have been considered suitable since the aim of the thesis was to identify and explore the 

implications that can be related to a set of alternative future developments. Quantitative data was 

selected since the attempt was to study a large group of individuals’ travel patterns and not each 

person’s reasoning behind their choices. This section presents how what new knowledge this 

thesis has contributed with and elaborates potential future fields of research.  

11.1 Regional Approach 

As described in Section 3.2, strategies to better integrate infrastructure and transports between 

Mälardalen’s counties and labor regions are currently being planned. Moreover, the Stockholm-

Mälardalen region is, and is projected to continue to be, the region in the forefront of economic 

growth generation. However, such a development has a price since regional enlargement, a 

growing population and economic growth are often connected to longer travel distances and 

growing traffic volumes. Hence, the regional passenger transport network is facing serious 

challenges if the trends and projected development in the Mälardalen region are realized. 

Based on these projections and the political will to enlarge and integrate the Mälardalen region, it 

seems reasonable to use Mälardalen as the geographical boundary instead of studying Stockholm 

in isolation. Especially when studies are made of the development 20-40 years ahead it appears 

important to include regional trips more than what have been done in previous studies. In this 

thesis, a larger region has been studied and the recommendation to future research is to question 

whether Stockholm actually is the most suitable geographical limitation. 

In order to improve the validity of future studies of passenger transport in Mälardalen, it would 

be preferable to have statistics and projections for the journeys taking place within the region. In 

this study, the best alternative appeared to be to use data from the National Travel Survey in 

order to map travelling patterns, but statistics on regional travel patterns would have been 

preferable in studies assessing passenger transports related impacts as a result of regional 
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enlargement. Furthermore, enabling such studies would probably lay the basis for a more critical 

discussion on the advantages and disadvantages of regional enlargement as well as about which 

political objectives that should be given priority if the imagined outcomes are contradictory.  

The sensitivity analysis reveals something interesting; the goal of doubling the travel distance 

with public transports is very influential at locations where an essential share of the travelling is 

already made by public transports. Since public transport travelling is much more common in 

Stockholm than in the other counties in Mälardalen, the realization of the Swedish Doubling 

Projects is affecting the impact levels much more in there. Based on the result of the sensitivity 

analysis, there seems to be a need to review the Swedish Doubling Project so that the ambitions 

and objectives are also suitable for regions where public transport travelling is rarer. 

11.2 Impacts of Passenger Transports 

Another finding presented in the literature review and in the section on previous research is that 

although several impacts of transports are brought up when the future of passenger transports 

are discussed, impacts are often considered in isolation. One exception is energy use and GHG 

emissions from transports that are often assessed in the same reports. However, if impacts are 

studied in isolation, the effects of urban form and regional development on the demand of 

transports are often neglected. Moreover, many of the problems related to transport, for 

example excessive land requirements, costs of transport and risks related to transports, are not 

necessarily solved by substituting the fuel used for transports or by increasing the vehicles’ 

efficiency. Public transport travelling can reduce some of those effects, but benefits linked public 

transit are often neglected if they are not included in the same assessments. Therefore, if 

passenger transports and regional development are interlinked, it is important to expand the 

system that is studied when impacts of passenger travelling are assessed. As shown by the results 

of this thesis, different development paths will be more or less favorable depending on the 

impact of interest. Thus, if the aim is to develop a more sustainable transport system, a variety of 

sustainability parameters linked to passenger transports must be taken into account.  

Some of the impacts discussed in this thesis are not easily expressed in economic terms and are 

therefore left out in traditional economic valuation methods. This is also mentioned by Litman 

(2011a), who argues that economic evaluation methods must be developed to better reflect the 

impacts of certain planning measures. The result of this thesis can be interpreted similarly even 

though economic valuation methods have not been studied in detail; there is a need to consider 

and assess several impacts of transports in order to give priority to planning measures that have 

the ability to meet policy objectives and targets. 

Finding comparable factors for the different impacts has not always been easy. Although data on 

land occupation, societal costs or risks associated to transports can be found, they are often 

expressed in very general terms or not updated recently. Hence, assessing impacts of passenger 

transport in a fully accurate and valid way would most likely require more detailed and recent 

impact factors. For a study like this, impact factors for different modes of transports and 

different fuels would be useful. 

As mentioned in the Methodology section, a uniform valuation methodology such as CBA or 

Delphi could most likely have resulted in more comparable results. As stated, the intention in 

this thesis was rather to map how a range of development scenarios affect the extent of impact 
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than to achieve an indication of which scenario that is the most favorable. However, it would be 

very interesting to see what outcome an alternative study methodology would result in and thus, 

that is for sure an exciting theme for further studies.   

11.3 Relevance for WSP’s Research Project 

The aim of WSP’s research project “On the right track” is to develop a communication 

methodology with a potential to increase the public transport travelling at the expense of car 

travelling in Mälardalen. This section will attempt to map the relevance of the results for WSP’s 

research project and for WSP as a company in the forefront when it comes to sustainability.  

First of all, the scenario evaluation clearly shows that the negative consequences associated with 

passenger transports can be reduced significantly by reducing car travelling and instead increase 

the public transport travelling. When all results are summarized, the best development seems to 

be to reduce the total travel distance (Scenario 4). However, such a development path will most 

likely have to be complimented by land-use changes and other, more widespread societal changes 

that may be very difficult to plan and over-view. Furthermore, Scenario 4 may also contradict 

other political objectives, such as regional enlargement and economic growth, more than 

Scenario 3 which is based on the Swedish Doubling Project that has gained political approval.  

Secondly, data regarding travel patterns in the counties in Mälardalen have been collected and are 

presented in Section 5. The compilation of these data can be used to get an overview of today’s 

travel and the conditions for modal transfers in the region. However, to make the data even 

more useful it must most likely be complemented by information about the region’s potentials 

and shortages in order to create a full image of local preconditions. However, since this thesis 

has been based on quantitative data, such information has neither been available in the reviewed 

sources nor been considered relevant in order to approach the research problem in this thesis. 

Thirdly, this thesis takes many impacts into account that are rarely quantified in other studies of 

passenger transport such as the risk of accidents, the land occupation and the travel time. In 

order to create a more complete image of how the society is affected by passenger transports, 

these aspects must be taken into consideration. Furthermore, since the evaluation of these 

impacts show that public transport travelling significantly can reduce the negative consequences, 

the material can be suitable to present if WSP wants to run a similar project at another location. 

Finally, and maybe most important, this thesis provide insights to which development direction 

that can be considered most suitable if the goal is reduce the negative consequences associated 

with passenger transports. For WSP, like for many other companies, the raised awareness in 

society about sustainability increases the incentives to rethink its own operations and practices in 

order to develop towards a more sustainable organization. Hence, the results of this master 

thesis can lay the basis for more conscious travel policies for WSP’s own staff. For example, to 

act sustainably, WSP can encourage their employees to work part-time from home or travel all 

business trips with public modes of transport. Moreover, the insights can be valuable in other 

projects where WSP has a chance to influence the customers’ demands and thereby promote 

more sustainable passenger transport solutions. What the results of this thesis show is that it is 

possible to achieve significant effects by changing peoples’ travel habits.     
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11.4 Discussion and Generated Questions 

Scenario 4, less travelling, is based upon the assumption that there is a potential to reduce the 

demand of passenger transports within the Mälardalen region. How this reduction can be 

realized is not discussed in more detail than that it is a result of conscious land use planning and 

innovative use of ICT. In the literature review, potential hindrances to modal substitution or 

travel changes such as induced travel demand, rebound effects, path dependencies, fixed and 

operation costs associated with different modes of transport and the relative attractiveness of 

different modes of transport are discussed. Some of the proposed planning measures are 

mobility management measures, integrated land use and public transit planning as well as a 

combination of supply and demand-side policies. Moreover, planning for accessibility rather than 

for mobility is often seen as a necessity when discussing sustainable transports. Since Scenario 4 

appears to be a favorable development path if the goal is to reduce the negative impacts 

discussed in this thesis, it seems reasonable to initiate further studies of how the demand of 

transports can be reduced and how the identified hindrances can be managed. In hopes of that 

future research will look deeper into these issues, some suggestions of future research questions 

are: Is it possible to reduce the structurally enforced travel in a region experiencing regional enlargement and 

population growth? In what ways do strategies directed towards reducing the structurally enforced travel contradict 

with other political objectives? What can be done within the field of urban and regional planning to develop cities 

and regions characterized by a high level of accessibility without excessive mobility? How can well-known 

hindrances to changed travel patterns be managed in order to reduce their influence on peoples’ travel choices?  

A difference between the four scenarios that is not discussed in detail in the thesis is what actor 

or actors who must act in order to realize any of the alternative scenarios. A qualified guess is 

that Scenario 1 and 2 will be actuated by technology developers and policies while Scenario 3 and 

4 is more closely linked to the citizens’ choices and behaviors. Of course that is to some extent a 

simplified image since policies can affect peoples’ choices and since whether more energy 

efficient vehicles become attractive depends on peoples’ preferences. An interesting field of 

study for future research could be which actors who must be engaged if an alternative 

development path should be realized or movements towards them should be initiated.   

Economic efficiency is brought up as a common policy goal in both Sweden and Europe. As 

verified by some of the referenced authors in the literature review, common economic valuation 

methods are insufficient to estimate all cost and benefits related to developments within the 

passenger transport sector. Based on that, there seems to be a need of a critical analysis of how 

economic valuation methods are designed and used when decisions regarding new investments 

or adjustments in the passenger transport system are to be taken. Potential research questions for 

future research can be: How are economic valuation methods used in transport related decision-making 

processes and what consequences can be related to the way they are used? How can the economic valuation methods 

be developed to better take all costs and benefits into consideration? 

As discussed in this thesis and in many sources discussing the future of Mälardalen region, there 

are positive effects associated with regional enlargement such as new employment opportunities 

and economic growth potentials. Moreover, as shown in Bisek’s study (2009), the car is 

associated with personal freedom and flexibility. In this thesis, the positive impacts associated 

with passenger transports have not been discussed in detail. Hence, it would be interesting to see 

the results of a complementary study looking at the potential positive outcomes of each scenario.  
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12. Concluding Remarks 

This master thesis is the final assignment to be accomplished within my master program at the 

Royal Institute of Technology in Stockholm. The thesis has been performed in cooperation with 

WSP, a global design engineering and management consultancy firm, and linked to the research 

project ‘On the right track”. Thus, the subject is chosen to both fulfill the requirements of a 

master thesis and deliver new insights to WSP. The aim of this master thesis has been to identify 

and estimate the impacts related to future passenger transports in Mälardalen region by using a 

scenario study methodology. The research problem that was approached in this thesis is that the 

negative consequences for society can be expected to increase as a result of the predicted rise in 

traffic volumes in Mälardalen. Therefore, attempts were made in this thesis to map the negative 

impacts linked to the increased travel distances as a result of Mälardalen’s regional enlargement. 

It differ from previous studies within the field since a larger region than Stockholm is studied, 

more passenger transport related impacts are taken into consideration and four very diverse 

development paths are evaluated. Here follows a summary of the attained results. 

Since Mälardalen is a region experiencing regional enlargement and integration of labor markets, 

it seems reasonable to use Mälardalen region as the geographical boundary in regional transport 

studies; especially when future study approaches are used and the passenger transports 20-40 

years ahead are of interest.  

Based on the results of the scenario analysis it can be concluded that the projected passenger 

transport development will decrease the energy use and emissions as a result of more energy 

efficient vehicles. However, many of the other negative impacts associated with transports will 

not be reduced in the projected development but instead they are likely to increase as a result of 

increased travel distances. The four scenarios introduced in the thesis present hypothetical 

development paths and all scenarios are according to the evaluation resulting in similar or lower 

levels of negative impacts than the projected development. The most favorable development 

paths to follow in order to reduce the negative impacts of passenger transports are to either 

decrease the passenger travelling with car, bus, train or subway/light rail or to increase the 

travelling with public modes of transport. The reason behind why more energy efficient vehicles 

or an extensive fuel substitution will not reduce the negative impacts to the same extent is that 

such development paths do not have the potential to reduce negative impacts such as the risk of 

accidents, inefficient land-use or health impacts resulting from lack of physical activity.  

The overall result of the scenario analysis indicate that a more holistic approach to impacts of  

passenger transport is needed to identify which impacts than can, or cannot, be reduced by 

certain development paths. Whether the impact factors used in this thesis are representative for 

the conditions in Mälardalen can surely be debated; however, the results indicate that there is a 

necessity to refine impact factors for several impacts and to provide statistics that enables this 

kind of analysis. In order to provide more sustainable solutions for future passenger transports in 

Sweden and Mälardalen, a holistic perspective of transport related impacts must be accompanied 

by suitable economic valuation methods as well as a general questioning of whether policies and 

political objectives are likely to lead towards a desirable development path.  
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