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Sammanfattning 
Transport i tätbefolkade områden blir alltmer problematiskt. Trängsel, luftföroreningar, 

olycksrelaterade dödsfall och tid bortslösad i trafiken är bara några av de typiska problemen som 

medföljer modern stadstrafik. Personlig transporter förväntas öka med 63% totalt, där biltrafiken 

förväntas öka med 67% och järnvägstrafiken - med 80% under perioden från 2006 till 2050. Om 

den typen av dynamik fortsätter, är det omöjligt att nå de i dagsläget satta hållbarhetsmålen. 

Detta skapar ett behov av att införa hållbara kollektivtrafiklösningar. Att definiera hållbarhet 

inom kollektivtrafiksammanhanget med hänsyn till fallspecifika aspekter som påverkar 

definitionen är ett viktigt steg i denna process. 

Kvantifiering och användning av beräkningsverktyg för att göra hållbarhetsbedömningar är 

viktiga för att diskutera ämnet i konkretiserade termer. Transportsektorn involverar en mängd 

aktörer som var och en har sina egna ansvarsområden. Eftersom kollektivtrafiksystem i slutändan 

definieras av samtliga aktörernas kollektiva insats, är det upp till varje aktör att engagera sig i 

processen på deras motsvarande ansvarsnivå. Samhällsekonomiska kriterier är en viktig del av 

hållbarhetskonsekvensbeskrivning, eftersom det sätter tekniska transportrelaterade beräkningar i 

ett bredare sammanhang som sträcker sig utöver transportsektorn. 

Detta är en kvalitativ tillämpad studie av Scanias arbete inom utveckling av beräkningsmodeller 

som ska underlätta att föra dialogen genom att tillhandahålla kvantitativa bevis i ett tidigt skede i 

försäljningsprocessen av kollektivtrafiklösningar. I denna rapport, är metodiken för 

hållbarhetskonsekvensbeskrivning, trafikplanering och samhällskonomiska beräkningar studerad 

och tillämpad på fallet Scania, där ett helhetsberäkningsverktyg har utvecklats för företaget. 

Bus Rapid Transit-system har visat sig vara effektiva och hållbara lösningar för kollektivtrafiken 

i flera regioner. Fordonsparken är en viktig komponent i BRT-systemet, vilket är anledningen till 

att beräkningsverktyg för analys av hållbarhetseffekterna av BRT-system har hög strategisk 

betydelse för Scania. Genom att uttrycka fördelarna med hållbar kollektivtrafik i kvantifierade 

termer kommer företaget att kunna få ytterligare marknadsandelar och samtidigt främja hållbar 

storstadskollektivtrafik. 

 

Nyckelord 
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Abstract 
Transportation in densely populated areas is becoming increasingly problematic. Congestion, air 

pollution, accident-related fatalities and time wasted in traffic are only a few of issues associated 

urban transportation. Personal transportation is expected to increase by 63% total, where car 

traffic is expected to increase by 67% and railway traffic – by 80% during the period from 2006 

to 2050. With that kind of dynamic, reaching the currently set sustainability goals is impossible. 

This raises the need for introducing sustainable public transportation solutions. Defining 

sustainability in the context of public transportation and taking into account the case-specific 

differences that affect the definition is an important step in this process. 

Quantification and the use of calculation tools for sustainability impact assessment are important 

for discussing the subject in concretized terms. Public transportation involves a multitude of 

stakeholders that each have their own responsibility areas. Since public transportation systems 

are ultimately a collective effort, every stakeholder has to partake in this endeavor on their 

corresponding level of responsibility. Socioeconomic criteria are an integral part of sustainability 

impact analysis, since it puts technical transport-related calculations into a broader context that 

goes beyond the transport sector. 

This is a qualitative applied study of Scania’s efforts in developing calculation models to 

facilitate leading the dialogue by providing quantitative evidence during the early stages of their 

solution sales process. In this report, the methodology for sustainability impact assessment, 

traffic planning and socioeconomic calculations are studied and applied on the case of Scania, 

where a holistic calculation tool is developed for the company. 

Bus Rapid Transit systems have been proven to be effective, sustainable solutions of public 

transportation in several regions. The vehicle fleet is an important component within the BRT 

system, which is why calculation tools for analysis of sustainability impacts of BRT systems 

have high strategic significance for Scania. By providing quantitative evidence of the benefits of 

sustainable public transportation, the company is going to be able to gain additional market 

shares while simultaneously promoting sustainable urban public transportation. 

 

Key-words 

Public transportation, Bus Rapid Transit, sustainability, quantification, sustainability impact 

assessment 
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Glossary 
Here, the relevant terminology in the context of traffic planning is presented. These are the 

definitions used in this thesis. 

PTO – Public transportation operator. An organization that is responsible for providing urban 

regions with public transportation. The level of responsibility that PTOs have varies between 

the world’s regions. Keolis is an example of a PTO. 

PTA – Public transportation authority. An organization that is responsible for contracting 

PTOs in a region as well as for holistic transport systems planning. SL is an example of a 

PTA. 

Demand – Hourly passenger throughput through a bus line or a bus line section, expressed as 

passengers/hour (pax/h). 

Headway – Time between departures from a station, typically expressed in minutes. 

Fleet – The vehicle fleet that a certain operator has access to. May consist of multiple 

different vehicle types. 

Vehicle capacity – The maximum allowed passenger capacity of a vehicle. Typically either 

refers to total maximum capacity (sitting and standing passengers combined) or to the number 

of seats in a vehicle. This is unspecified and adjustable in the calculation model developed as 

a part of this thesis. 

Peak hours – A day’s peak hours are when passenger demand is at its highest. Typically 

occurs twice a day. 

Offpeak – Offpeak hours are the low-demand hours during a day, occurring between the peak 

hours. Offpeak hours are typically divided into three daily periods. 

Chassis – The base structure of a bus, including suspension. Determines the length of the bus, 

the wheel configuration and what kind of carriage body is compatible. Passenger capacity is 

dependent on the chassis through the body compatibility constraints. 

Powertrain – The power delivery system of a bus. Includes an engine, and a transmission 

system. 

Corridor – A road snippet in a BRT system, which may be used by one or several bus lines. 
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1 Introduction 
The aim of this chapter is to give an overview of the researched area and put it in a general 

context. The objective, research questions, delimitations and the outline of the study are 

presented in this chapter. 

1.1 Background 
Logistics are becoming increasingly difficult as urban areas become increasingly populated 

and the issues with urban accessibility more prevalent. Heavily populated areas are in need of 

efficient, convenient and comfortable means of public transportation. Personal transportation 

is expected to increase by 63% total, where car traffic is expected to increase by 67% and 

railway traffic by 80% during the period from 2006 to 2050. Reaching the currently set 

climate targets with that kind of dynamic is deemed to be nearly impossible (Berndtsson, 

2013). In many cases, the current public transportation systems used in many cities might not 

be the most optimal solution. This is due to low average speeds caused by congestion and 

suboptimal planning, the usage of fossil fuels and the public transportation not replacing 

enough private vehicles due to low perceived quality of service. 

In some heavily populated areas, the Bus Rapid Transit (BRT) systems are being 

implemented and developed to increase the passenger throughput and facilitate the daily 

commute in an efficient and sustainable manner (ITDP, Implementing Direct Service 

Integration for Transjakarta, 2013). Even though BRT systems aim to follow certain 

guidelines, the practical implementation can differ significantly depending on local 

circumstances such as available space, financial constraints and resource accessibility. Being 

able to offer tailor-made solutions is therefore important. 

A major part of BRT systems are vehicles used within it. Different powertrains, accessibility 

modifications as well as vehicle sizes and passenger demand requirements drive the 

importance of customization. Each alternation to a reference design implies changes in 

customer experience as well as the impact on sustainability. To be able to reliably provide 

customers with optimal BRT solutions, a calculation model is needed to analyze the impact of 

each factor. 

Public transportation systems are complex and consist of many organizational units operated 

by different stakeholders. The characteristics of the transportation system created by those 

have important implications on the further development of transportation systems and the 

choice of transport vehicles, operated in those. 

In the age where many organizations across different industries transition from offering 

products to offering complete solutions, communicating the benefits of different choices is 

becoming increasingly complex. Compared to the traditional business model, this requires 

strong quantified evidence and stronger customer involvement. Scania is no exception and 

because of that, such a calculation model has high strategic importance for the company. 

Through facilitating the lobbying, pre-sale and sale processes by using the model as a tool to 

gather evidence in favor of choosing sustainable BRT-solutions, the company should be able 
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to gain additional market shares while simultaneously promoting sustainable urban 

transportation. 

1.2 Sustainability impact assessment and calculation models 
In order to discuss sustainability impacts in a concretized manner, a set of relevant indicators 

has to be developed and analyzed as a part of the sustainability impact assessment process. 

The sustainability impact assessment is a process of determining the overall sustainability 

impacts of a decision, project or a policy. All three aspects of sustainable development are 

integrated into the assessment, where both short and long term qualitative and quantitative 

effects are considered. This allows less readily monetized aspects of sustainability to be 

included in the process. More about the methodology of sustainability impact assessment can 

be found in Chapter 2. 

1.3 Bus Rapid Transit 
Bus Rapid Transit, or BRT, is a public transportation system that combines the flexibility of 

traditional busses with the efficiency of a railway. While there is no strict definition of BRT, 

()ITDP and gtz (2012) have developed a categorization system for BRT solutions, called the 

BRT standard. A public transportation system is analyzed with multiple criteria in mind and 

awarded points for meeting each criterion. The points are summed to a final score, 

determining whether a system is eligible to be called BRT. According to the BRT standard, a 

public transportation system in compliance with the concept of Bus Rapid Transit should have 

 Off-board fare collection. Either implementing a turnstile system or installing a 

checkpoint at the entrance to the station to collect fares have been identified as one of the 

most important factors reducing travel time and thus resulting in improved customer 

experience. 

 Multiple routes. Having multiple routes within the same travel corridor (a route used by 

one or multiple bus lines) improves door-to-door travel times by reducing change times. 

 Express and limited services. A BRT system should provide passengers with express 

services, allowing faster travel through a corridor by skipping significant amount of lower 

demand stations operated by local services. This increases operating speeds and reduces 

passenger travel times thus resulting in a viable alternative to other commuting options. 

 Bus ways. The system should have bus ways that are aligned to the center of a street, 

ensuring minimal interference with other vehicles, thus minimizing delays due to traffic. 

 Segregated right of way. Bus ways should be physically designed in such a way that 

ensures that bus traffic will not be affected by congestion. 

 Intersection treatments. An example of this is forbidding turns across bus lanes, thus 

maximizing green signal time for buses within the BRT system. 

 Passing lane stations. This ensures that express buses are allowed to pass bus traffic 

stopping at every station. 

 Minimizing bus emissions. Buses operating within BRT systems should be compliant with 

the modern standards regarding particle and NOX emissions, thus contributing to 

sustainable public transportation. 
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 Stations set back from intersections. The distance between a station and an intersection 

should be at least forty meters to minimize boarding times and ensuring that buses do not 

hinder the rest of the traffic from pulling through the intersection. 

 Center stations. Having one station serving both directions saves space, resources and 

minimizes passenger confusion regarding the location of the correct bus station. 

 Platform-level boarding. This has been identified as one of the efficient ways of 

minimizing boarding times and thus improving travel times and overall customer 

experience. 

 Frequency. Very high service frequency is achievable in BRT systems. A departure every 

two minutes during peaks and every five minutes off peaks is possible. Helps reducing 

waiting times and increases the overall flexibility of the transport system. 

 System-wide coherent image. Having consistent overall image of vehicles and stations 

across the system, with the same logotypes and layout is important for increasing the 

perceived quality of the offered services. 

 Distance between stations. Having sufficiently long distance between stations to improve 

average vehicle speeds and overall efficiency. 

 

Due to the nature of the scoring system, a BRT-system candidate is not formally required to 

have complied with all the requirements. While there are no artificial incentives generally 

available for transportation systems that are BRT-compliant, implementing the system itself 

has a significant positive impact on the city infrastructure. Canadian Urban Transport 

Association has identified several advantages of BRT, including service speed and reliability, 

greater patronage, lower costs, high capacity, operational flexibility, the possibility of 

incremental implementation and land use change improving the efficiency (Hensher, 2007). 

The level of implementation of the elements of BRT depends heavily on transportation 

capacity requirements of a given city as well as the current land use. Advanced BRT solutions 

are typically implemented in rapidly developing cities or heavily populated areas, while only 

few selected elements get implemented in other cities (Clinger, Levinson, Rutherford, & 

Zimmerman, 2002). 

The vehicles used in within BRT systems depend on how advanced the system is and range 

from regular buses to tailor-made bi-articulated BRT buses as well as the high-floor variants 

specifically developed for leveled boarding at BRT stations. The general trend in terms of 

design profile is tram-looking, articulated buses. This includes aerodynamically shaped front 

and covered wheel arches to match the body (Billsjö & Dahlén, 2011). Some sources report 

the presence of a “railway factor”, a phenomenon where general public tends to associate 

railway traffic with higher quality and reliability, thus preferring it to bus traffic. While the 

results of the performed studies on the subject are inconclusive and the “railway factor” is 

probably an evidence of a combination of existing issues with current public transportation 

systems (WSP, 2011), the vehicle design choices are made to highlight the similarities 

between railway and BRT transportation systems in the eyes of the general public. 
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1.4 Objective and research questions 
The objective of this thesis is to investigate how different sustainability indicators and 

socioeconomic benefits of sustainable public transportation are quantified and conveyed 

during the early stages of designing a public transportation line, and develop a calculation 

model using this information on behalf of Scania. 

The main focus of this thesis is going to be questions related to sustainability indicators and 

calculation models used in the process of transportation sustainability assessment: 

 What kind of sustainability key performance indicators are considered at the initial 

stage of a bus line development process? 

 How are calculation models for optimizing bus-based public transportation systems in 

terms of efficiency and sustainability developed? 

 How are socioeconomic aspects of sustainable development incorporated in 

calculation models? 

1.5 Delimitations 
This thesis is going to be primarily focused on buses and the variants of public transportation 

involving those. Studying BRT systems specifically is an important delimitation for the 

calculation model since BRT lines are often isolated from other modes of transportation. The 

key performance indicators and aspects considering during the development of BRT are 

applicable on any type of bus-based public transportation. 

The case study company of this thesis is Scania and the company’s calculation models. Other 

companies with similar tools are mentioned in the study, but the tools themselves are not 

analyzed in detail. The calculation model that has been developed as a part of the case study 

has limited usage areas but is usable in any region given the availability of the required input 

data. This is described in more detailed manner in Chapter 6.1. 

1.6 Contribution 
This study is aimed to contribute to the sustainability impact assessment knowledge base by 

exploring the realm of public transportation and examining the methodology used to quantify 

the socioeconomic aspects of sustainability. 

On behalf of Scania, the calculation model for sustainability assessment of BRT is developed. 

This calculation model bears strategic importance for the company, facilitating the negotiation 

process during the early stages of delivering their products to customers. The calculation 

model is going to act as a foundation for further development on a case-by-case basis. 

In the beginning of the project, several calculation models have been available at the 

company’s different regional departments. The calculations included quantitative analyses of 

total operating economy and environmental loads of different solutions. The socioeconomic 

aspect of sustainability has not been introduced. An attempt has been made to integrate 

socioeconomic aspects into the calculation model as well to further develop the operational 

calculation processes.  
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1.7 Outline 
In Chapter 1, the introduction to the problem is given. 

In Chapter 2, the theoretical framework of the thesis is presented. 

In Chapter 3, the methodology is outlined and discussed. 

In Chapter 4, the empirics are presented. 

In Chapter 5, the results of the study are presented. 

In Chapter 6, the implications of the results analyzed and discussed. 

In Chapter 7, the thesis is concluded with final remarks and broader implications.  
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2 Theory and literature review 
In this chapter, the theoretical foundation of this thesis is reviewed. Secondary sources are 

going to be continuously studied during the thesis work, which implies that the theories 

presented below are only a portion of what is going to be included in the master thesis. 

2.1 Public transportation and sustainability 
This section defines sustainability and puts it in the context of public transportation. 

The definition of sustainable transportation varies between sources, depending on which 

factors are given more importance. Since finite resources are consumed by the transportation 

sector, a common and viable approach towards assessing the sustainability is resource 

management and optimization. The consumed resources include energy, human and 

ecological habitats, atmospheric carbon loading capacity and individuals’ available time. 

Unfortunately, reducing depletion of one of the resources often exacerbates the depletion of 

another, increasing the complexity of the problem (Goldman & Gorham, 2006). 

Sustainable development is generally defined as a development where meeting the needs of 

present does not compromise the ability of future generations to meet their own needs 

(WCED, 1987). A commonly agreed upon, general definition of sustainable transport is 

similar to that of sustainable development, i.e. transportation systems that are in line with the 

triple-bottom line, balanced from the economic, environmental and social sustainability 

standpoint (OECD, Guidance on sustanability impact assessment, 2010). Which specific 

factors comprise the focal point of the balancing process is much less clear (Steg & Gifford, 

2005). 

The Environmental Directorate of the OECD has defined environmentally sustainable 

transportation as: 

“Transportation that does not endanger public health or ecosystems and meets mobility needs 

consistent with (a) use of renewable resources at below their rates of regeneration and (b) use 

of non-renewable resources at below the rates of development of renewable substitutes.” 

(OECD, Towards Sustainabile Transportation, 1996) 

Economically and financially sustainable transport must be cost-effective and responsive to 

the changes in demand. Furthermore, sustainable transport has to be competitive and create 

healthy incentives for economic growth (World Bank, 1996). No single widely accepted 

definition of social sustainability exists. Some sources, however, choose to interconnect it 

with the economic sustainability and define it as practices that do not contribute to, and 

reduce, poverty (World Bank, 1996). 

Goldman and Gorham (2006) () argue that achieving sustainable urban transportation solely 

through resource optimization is somewhat naïve due to the complex nature of the problem. 

The added complexity comes from the fact that transportation decisions are often made in 

support of larger agendas, such as job creation, economic growth, socioeconomic and 

geographic transfers of wealth as well as character and intensity of land use. These agendas 
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are often not clearly stated which makes determining the underlying cause of a particular 

decision a difficult task. 

2.1.1 General sustainability impact assessment guidelines 

This section describes the general practices that are suggested for performing a sustainability 

impact assessment. The SIA process is defined in broader terms. The general guidelines are 

important to consider since sustainability is a part of the thesis. The remarks about the 

importance of having multiple angles as a part of the same assessment are particularly 

interesting. 

Guidance to sustainability impact assessment (SIA), developed by OECD (2010) ()is a 

framework foundation the proposed use of which is to grant deeper understanding of the 

process of sustainability impact assessment as well as act as a basis for detailed sustainability 

framework and policy development. The authors stress that developing a standardized and 

extensive guide is impossible and each sustainability impact assessment has to be tailor-made 

on a case-by-case basis. The assessment process is supposed to be time-consuming and have a 

more of a qualitative, rather than quantitative, character. The reasoning behind this is the 

danger of omitting important non-market considerations, such as social and environmental 

aspects of the sustainability assessment.  

The typical assessment process consists of eight steps: screening proposal, scoping the 

assessment, selecting tools or methodologies to match the scoping, ensuring stakeholder 

participation, analyzing the economic, environmental and social impacts, identifying 

synergies, conflicts and trade-offs across these impacts, proposing mitigating measures to 

optimize positive outcomes and presenting the results and options to policy makers. The 

impacts may be both negative and positive. 

The SIA is vital to perform at the beginning of the policy development process, since it 

contributes to informed decision making and helps reinforce the existing debates related the 

relevance and quality of policy proposals. 

OECD highlights the importance of the assessment being fair and thus recommends the 

presence of multiple conflicting opinions and interests during the assessment process. 

Furthermore, considering the trade-offs and interdependencies between different aspects of 

sustainability and the balance between those is deemed to be the key for achieving a high-

quality sustainability assessment. The scoping and framing stage of the assessment is deemed 

to be crucial since less authoritative, yet innovative opinions policy options may be ignored in 

favor of the more authoritative ones, resulting in a lower overall quality of the assessment. 
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2.1.2 Frameworks for analysis of sustainability of passenger transportation 

Here, a number of frameworks that are used for assessing the sustainability of public 

transportation are presented. Though these are not explicitly applied to the calculation 

model, the frameworks are considered previous research on the subject and are therefore 

important to mention. 

Previous research on the subject of sustainability analysis frameworks has shown that no 

standard framework currently exists. However, there are multiple approaches available (Jeon 

& Amekudzi, 2005). 

Jeon and Amekudzi (2005) argue that most frameworks can be divided into three general 

categories, depending on the metrics used in those: linkages-based, Impacts-based and 

Influence-oriented. 

Linkages-based frameworks aim to capture a wide range of metrics that cause particular 

conditions that affect sustainability and measures that are able to prevent or mitigate the 

impact. According to the authors, an example of linkages-based frameworks is the Canadian 

pressure-state-response (PSR) framework. The framework is based on the concept of 

causality. The human civilization exerts environmental pressure, for example air pollution and 

land-use changes. As a result, the environment sustains changes to its state in terms of the 

pollution levels or habitat diversity regarding the quality and quantity of those. The society is 

able to respond to the state or pressure changes with environmental or economic policies to 

mitigate the negative environmental impact (Jeon & Amekudzi, 2005). 

Impacts-based frameworks take a system-based approach and aim to analyze the impacts of 

different actions on the sustainability of a particular system. This type of frameworks is 

sometimes referred to as the tripartite framework, since it used three-dimensional indicators 

based on environmental, social and economic impacts. In 1999 the Transportation Association 

of Canada (TAC) proposed a framework, where an urban transportation system was expected 

to limit emissions and waste, provide equity of access to people and their goods, enhance the 

human health and provide the highest quality of life possible, as well as support a strong and 

healthy economy. Thus, the TAC framework covers all three dimensions of the proposed 

sustainability indicators (Jeon & Amekudzi, 2005). 

Influence-oriented frameworks aim to place different sustainability indicators in general 

categories based on the influence level and control that the responsible agency has regarding 

different factors that influence sustainability of an infrastructure system. Such frameworks are 

cited to divide the indicators into multiple levels of influence. An example of that is Transport 

Canada, which had three key levels in their framework: state-level, behavioral level and 

operational level of indicators.  State-level indicators are the indicators showing the current 

state of a system in terms of sustainability. Behavioral-level indicators are related to the 

actions of different stakeholders within a system, such as transportation infrastructure and 

service providers, system operators, decision-makers as well as the general public. 

Operational level refers to the actions and operations of Transport Canada or other similar 

organization for another region. This framework provides a broad analytical overview of a 

transport system regarding its sustainability (Jeon & Amekudzi, 2005). 
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A five-indicator framework, proposed by the Journal of Transport Geography includes fuel, 

access, congestion, emissions and safety as the indicators of the sustainability of a 

transportation system. This multilevel framework considers the fact that the five top-level 

factors influencing the sustainability have factors that influence those, resulting in a higher 

level of detail in the analysis. To exemplify the dependencies, the author states that vehicle 

kilometers of travel affect safety, congestion, the environment and fuel consumption; while 

individual desires affect safety and other sustainability indicators (Richardson, 2005). See 

Figure 1. 

 

Figure 1: Passenger factors affecting sustainability of the transportation system. (Richardson, 2005) 

The framework illustrates the interdependencies between different factors and maps them out 

in a comprehensive, expandable chart. The feedback loop going from the top indicators to the 

most basic ones is noteworthy, since it highlights the importance of the whole system being 

efficient. The implication is that a transportation system is heavily interdependent and 

optimizing the system as a whole is crucial for achieving long-term sustainability. 
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2.2 Public transportation sustainability indicators 
Here, the sustainability indicators and criteria that are used in the assessment process are 

presented. This is one of the sources used to decide which indicators are to be included in the 

calculation model. 

()Dobranskyte-Niskota et al proposed a set of guidelines for establishing high-quality 

sustainability indicators. The authors cite comprehensiveness as an important factor, since the 

chosen indicators should reflect the sustainability impacts these are aimed to measure in a 

relevant manner. The data gathering methods should be of high quality and the results should 

be consistent and accurate. Standardized data collection methods are highly preferable to 

ensure data comparability between different jurisdictions, times and groups. The indicators 

must be useful and easy to understand for different stakeholders. The data as well as the 

indicators based on those should be as transparent as possible and accessible by the 

stakeholders. Cost effectiveness of indicators is chosen to be another important factor. With 

that said, the decision-making worth should be prioritized before the cost of data collection. 

The net impacts and impact shifts to different times and locations should be differentiated by 

high-quality indicators. The use of indicators should lead to establishing achievable, relevant 

performance targets. 

In accordance with the definition of sustainability of transportation, sustainability indicators 

can be generally divided into three categories: environmental economic and social. Economic 

and environmental indicators are generally discussed more often than the social ones. This is 

in part due to the social and socioeconomic indicators being more difficult to quantify as well 

as due to the climate change issues being of a global nature, which facilitates conducting the 

dialog using standardized terms. 

Compared to other sustainable development dimensions, social sustainability is lacking in 

terms of standardized, widely-accepted definitions and often prioritized less. Due to 

differences generated by geographical location, political situation and the general “state of 

affairs” regarding sustainable development, there is no clear standardized system for social 

sustainability assessment. The clear distinction between sustainable and unsustainable 

patterns of social development is difficult to establish due to the absence of standardized 

assessment framework that would allow for statistical data collection. Since the effects of 

different social development patterns are unclear, formulating achievable, relevant objectives 

is further complicated (Omann & Spangenberg, 2002). However, several approaches to 

assessing social sustainability have been developed to be used contextually with high 

dependence on determined purpose and the social sustainability dimension in question (EU, 

2002) (Pareja-Eastaway, 2012) (Stevens, 2005). 

The transportation environmental impact assessment has traditionally been focused on the 

portion comprised of tailpipe emissions and vehicle lifecycle assessment. The infrastructural 

lifecycle impacts as well as other issues located higher up in the supply chain are seldom 

accounted for in a comprehensive manner despite the high environmental impact associated 

with those (Chester & Horvath, 2009). 



11 

 

2.2.1 Environmental indicators 

Emission-related environmental indicators are typically divided into greenhouse gas (GHG) 

and particle emissions. Particles emissions mainly have local presence and are the main cause 

of air pollution-related morbidity. Greenhouse gases do not immediately affect the areas 

around the emission source, but contribute to global warming. 

One of the most discussed and widely used sustainability indicators is CO2e (Carbon-dioxide 

equivalent). The indicator has been developed to incorporate carbon dioxide and other 

greenhouse gases released in much smaller quantities, which are converted into CO2e in 

accordance to the relative to CO2 global warming potential (GWP). Within this framework, 

CO2 is assigned a GWP of 1, while e.g. methane (CH4) is assigned a GWP of 21 given the 

time horizon of 20 years (Forster, 2007). CO2 is also central in the environmental 

sustainability discussion due to the local particle emissions from motorized transport being 

decreasingly problematic over the years due to efficiency improvements in combustion 

engines and fuel catalysts. 

Other greenhouse gases, typically converted to CO2e include carbon monoxide (CO), 

Tropospheric Ozone (O3) as well as other various carbon-based gases being released in 

relatively small quantities. 

Particle emissions are local air pollution sources that are not as tightly connected to global 

energy consumption as greenhouse gas emissions. This category includes various chemicals, 

such as sulfur dioxide (SO4), various mono-nitrogen oxides (NOx), heavy metals (lead), 

Benzene and formaldehydes as well as particulate matter and fugitive dust. Another local 

emission that has to be considered is noise from transport infrastructure, measured in decibels 

(Dobranskyte-Niskota, Perujo, & Pregl, 2007). A measure that has been effective for reducing 

particle emissions and driving environmental innovation at vehicle and engine manufacturing 

companies are legislative particle emission restrictions. An example of this kind of innovation 

are heavy-duty vehicle powertrains compliant with the EURO 6 emission standard, which has 

been very effective at reducing NOx particle emissions by ca 80% compared to the previously 

enforced EURO 3 standard (Nordström, 2011). 

Tailpipe emissions are generally measured in terms of kilograms released per kW of energy 

produced, while particle emissions can be both measured per energy unit produced as well as 

per air volume due to these not necessarily being connected to energy 

production/consumption (Dobranskyte-Niskota, Perujo, & Pregl, 2007). 

2.2.2 Economic indicators 

Since economic sustainability is heavily focused on profitability, growth and financial well-

being (World Bank, 1996), economic sustainability indicators typically involve a type of 

financial metric. Depending on the purpose, the financial indicator is then applied on a time, 

product type, product amount or distance to formulate an economic sustainability indicator. 

Among purely financial indicators of sustainable development, liquidity, profitability ratios 

(return on investment) and growth ratios are cited (Spangenberg & Bonniot, 1998). Economic 

indicators deemed applicable across many different industries are employment growth, 
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unemployment rate, local community economic stability, partnerships, and sufficient wage 

level to lead a dignified lifestyle well above the legislated minimum. 

2.2.3 Socioeconomic indicators and social sustainability of public transportation 

The indicators for social sustainability proposed by Litman (2014) () are per capita traffic 

crashes and fatalities, quality of transport for disadvantaged people (accessibility), 

affordability, overall satisfaction rating of transport system, universal design, portion of 

residents who walk or bicycle sufficiently for health, portion of children walking or cycling to 

school, degree cultural resources are considered in transport planning. 

OECD (2014) () addresses the cost of air pollution in terms of mortality and morbidity 

associated with it, effectively incorporating all three pillars of sustainable development in the 

discussion. Despite the indicators being bound to fiscal information (i.e. focused on costs), the 

social implications of those cannot be ignored. Firstly, morbidity is cited as being difficult to 

directly connect to air pollution and as a result, difficult to calculate the cost of. This 

generates the need to take multiple factors into account and address the issue both 

quantitatively and qualitatively. This implies that connecting specific morbidity cases to air 

pollution from public transportation requires an exceedingly complex set of indicators not 

always directly usable by the concerned stakeholders. Secondly, when both morbidity and 

mortality are considered, a multitude of factors besides economy and air pollution has to be 

taken into account, further stressing the need of mapping a holistic image of the current state 

of affairs. 

Public transportation network optimization has been previously studied providing some 

insight on socioeconomic impacts of different infrastructural choices. The US California 

study has concluded that choosing one type of station catchment patterns over another 

resulted in fairy low marginal impact on ridership, thus not being especially useful for 

ridership prediction. However, using a quarter-mile radial catchment patterns have proven the 

most effective for job functions, while the one-mile catchment pattern has shown to be 

efficient in population areas (Guerra, Cervero, & Tischler, 2011). Despite the catchment 

patterns themselves not always being useful for ridership prediction, different station 

placement has an effect passengers’ daily routines. A study has concluded that an average 

roundtrip using public transportation results in fulfilling 25% of the daily healthy physical 

activity minimum. Furthermore, by prioritizing walking before driving, significant oil 

consumption and emission reductions can be achieved (Morency, Trépanier, & Demers, 

2011). These are some of the socioeconomic benefits enabled by public transportation 

systems characterized by high infrastructural efficiency. 

Hoback et al (2008) () made an attempt to calculate the true walking distance to transit, 

referring to the fact that straight line estimations do not take into account the obstacles, such 

as absence of sidewalks and crosswalk placement. Through using Monte Carlo simulation, the 

study has concluded that the true walking distance must be more than twice as long as 

projected by typical straight line estimations, citing ca 400m walk on average. 

In the context of BRT, where the recommended walking distance to the nearest bus stop lies 

within the range of 300 to 700 meters, yielding physical activity benefits are at least on par 
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with a typical public transportation system. The health benefits are however rarely the main 

driver behind certain station placement. The prioritized reason for that is optimizing for 

higher average velocities of the vehicles within the BRT system (Arias & Castro, 2007). 
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3 Methodology 
In this chapter, the methodology used in the thesis is presented. The empirics are discussed. 

The quality of the research is discussed, where such subjects as reliability, validity and 

generalizability are the focus of discussion. 

3.1 Research method overview 
This thesis is a qualitative applied study about quantification methodology in the context of 

public transportation and Scania as one of its stakeholders. Though a calculation model has 

been developed as a part of this thesis, the primary focus is on the methodology that is used in 

the model rather than the result of calculations. 

Shifting the focus from pure quantitative analysis towards a qualitative study of the general 

methodology used in development of calculation models has been done after it has become 

clear that input and output data of the model are fairly trivial and the complexity of the project 

lies within the logic that is used to process the data and in variable interactions. This study is 

applied since it aims to develop a calculation model as an outcome of the research. 

3.2 Information gathering 
The initial information gathering consisted of reviewing scientific articles, books and other 

relevant publications on the subjects discussed in the thesis. The information gathered from 

the literature has then been complimented by performing interviews and attending seminars at 

the subject company as well as at some external organizations. The numerical data that the 

calculation model has been initially populated with was acquired from Scania’s internal 

databases. 

3.2.1 Literature and scientific publications 

A large volume of secondary sources was used in order to provide the broad context to the 

problem. Relevant literature and scientific publications were acquired through various search 

engines as well as through the company’s suggestions. The objectives of the literature study 

were to gather information on the general subject of sustainability, sustainability impact 

assessment methodology as well as on how social sustainability and the socioeconomic 

criteria are taken into account. The sources were acquired by performing online search with 

KTHB Primo and Google Scholar as the general starting points. Literature and consultancy 

reports on BRT have been acquired through Scania. 

3.2.2 Interviews and seminars 

A series of seminars, consultations, and interviews have been conducted at the company as 

well as with external stakeholders. The main purpose of these is to gain a deeper 

understanding of the current practices within the public transportation sector and the issues 

that arise associated with those. The two main focal points of external interviews were 

socioeconomic calculations and traffic planning. Key stakeholders that have been contacted 

include vehicle manufacturers, city and traffic planners as well as consultancy firms active 

within the transport sector. 
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The interviews were performed to gain a better understanding of how socioeconomic impact 

assessment is performed in praxis as well as how urban traffic is planned and analyzed. The 

scope of the interviewing process was limited to Swedish organizations primarily focusing on 

the Stockholm County.  This implies somewhat limited generalizability of the gathered 

information. However, the general findings from the interviews show that practices used by 

Swedish organizations are very similar to the ones used across most of Western Europe, with 

Sweden and Netherlands setting the standard. The interviews were performed in a semi-

structured manner. A standard set of interview questions has been used where a significant 

portion of questions were open-ended. Follow-up questions have been asked during each 

interview to gain a deeper understanding of the subject. The interview question list can be 

found in the appendix. 

3.2.3 Numerical data 

Numerical data is collected from the company’s service centers and technical specification 

sheets for vehicles, the surrounding ecosystem as well as the topology of the region. It mainly 

consists of typical emission values, fuel consumption, operational costs, passenger capacity 

and average speeds within certain regions. The operational data, such as passenger demand, 

peak structure and transportation network layout-related information is acquired through 

Scania from their customers. The data regarding fossil CO2e emission reductions relative to 

diesel-powered vehicles is acquired through the directive published by European Union. 

3.3 The calculation model and data analysis 
Ease of use has been given high priority in this project, which imposed certain limitation on 

the amount and type of indicators used in the calculations. The calculation model has been 

developed with Microsoft Excel as a platform since using Excel does not require any 

additional training for Scania’s employees. 

The model has been developed based on a combination of Scania’s existing methodology and 

the findings from literature study and interviews.  An attempt has been made to broaden the 

existing perspective. This was deemed to be important since Scania’s current models did not 

allow for mixed fleet analysis which is required in most cases where an established public 

transportation system is present. 

3.3.1 Conceptualization 

The development started with a conceptualization phase, where the main purpose of the 

model has been identified. This process involved researching the area of sustainable 

development on a general level, contextualizing it with the example of public transportation 

and BRT, and deciding on which sustainability indicators were going to be used. Then, the 

functions to be included in the calculation model were formulated. The questions that had to 

be answered during the process were: 

 Which indicators are meant to be inputs and which are outputs? Which qualify as 

both? 
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 How is it going to be used on a practical level? It the model going to be developed as a 

number of independent, but interconnected modules or should it be a single unit where 

each integral part is used every time? 

Finally, a concept of appearance and functionality of the interface has been developed. The 

process involved developing a graphical representation the calculation model and drafting 

flow charts for functionality. 

3.3.2 Target audience and scope 

The calculation model is seen as a both external and internal communication facilitator. After 

discussing how the communication process is carried out with multiple stakeholders, it has 

been identified that the information presented to different stakeholders (e.g. urban 

transportation operators, politicians, lawmakers) is essentially the same. The difference lies 

within the level of detail of the information presented. Furthermore, Scania-to-customer 

communication exchange has been identified as the most detailed one. Thus, the model is 

going to be developed primarily to be used between Scania and its customers and scaled down 

later to be used with other stakeholders.  

3.3.3 Data analysis 

This calculation model is essentially a multi-criteria analysis (MCA) tool. This type of data 

analysis is generally characterized by allowing a broad range of different types of indicators 

to be included, measured and compared. Qualitative and quantitative indicators can be 

included into the same model with the emphasis on those being measurable. It is effective for 

simplification of complex decision-making with a high diversity of outcomes and a large 

number of stakeholders. The results of the analysis are typically transparent and outline trade-

offs and issues in a clear manner. However, MCA typically includes an element of 

subjectivity since it involves a weighing stage for determining the importance of certain 

indicators. Additionally, it may not always efficiently answer the question of whether benefits 

outweigh the costs since it includes a mixture of different types of data. Finally, the time 

preference aspect is not always well reflected by the model (EU, 2002). In the case of this 

particular model, however, subjectivity is isolated to the socioeconomic portion of the model 

which is stated in text and is supposed to provoke discussion about additional benefits that 

public transportation brings. 

3.4 Quality of research 
The quality of research is generally assessed in terms of its reliability, validity and 

generalizability. Reliability mainly refers to repeatability of the study, meaning that a reliable 

study can be repeated by another researcher with the same result. Validity refers to how well 

the study represents reality. Generalizability is connected to both aforementioned terms and is 

refers to how well the results of the study on a particular sample represent all similar cases 

involving different sample sets. A study with high reliability and validity is a precise and 

well-documented one. 

  



17 

 

3.5 Quantification methodology 
As mentioned before, this is a qualitative study of quantification methodology as a part of 

which, a tailor-made calculation model for quantitative analysis has been developed. The 

decisions made during the development of the calculation model are grounded in the 

company’s requirements and the methodology that has been described in the reviewed 

literature and the reliability of these choices is deemed to be high. In terms of validity, the 

study represents Swedish and by extension European practices very well. Whether the same 

practices are generally applied in other parts of the world has however not been studied 

enough to draw meaningful conclusions. 

3.6 Calculation model and generalizability 
The calculation model is the applied component of the study. The calculation model has its 

limitations and is only meant to be used by Scania. While similar tools can be developed and 

used by similar companies, the scope and level of detail of other calculations may differ 

significantly. The inter-organizational generalizability is therefore low. 

Since the developed calculation model is considered Scania’s intellectual property and since it 

includes sensitive data, not every aspect, especially when it comes to financial calculations 

has been included in this report. That further contributes to the lacking inter-organizational 

generalizability of the model, since another researcher would not have enough information 

about financial calculations to perform those in exactly the same way. 

The information on the existence of similar calculation tools at other companies, e.g. Volvo 

Group, has been acquired through third-parties and not Volvo itself. Furthermore, no access 

has been gained to the aforementioned tools, making the discussion of similarities of Scania’s 

tools and those of other companies anecdotal at best. 

3.7 Interviews 
The answers regarding traffic simulation and planning as well as the socioeconomic 

calculation methodology are considered highly valid and reliable. This conclusion has been 

reached due to the observed high level of unity among the respondents and high compatibility 

with the information acquired from the literature. It has to be kept in mind, however, that all 

respondents that have been interviewed are active within the same region and follow the same 

standardized procedures. The risk of global generalizability being fairly low is therefore 

present. 

The answers regarding the “softer” aspects of sustainable public transportation may however 

have produced biased answers. As described in Chapter 4.2.4, the public transportation sector 

is associated with having multiple stakeholders pursuing their own interests, which has also 

been somewhat evident throughout the interviews. To exemplify, Scania has been willing to 

promote BRT and other bus-based transportation solutions, since it is a part of their core 

business. SLL, on the other hand have expressed the desire to centralize and gain more control 

over how the traffic is planned due to financial reasons. With that in mind, the answers 

covering subjects of the most optimal solutions available and politics have carried a certain 
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degree of bias. Validity of these answers is thus lower than the validity of answers regarding 

methodology. 

The interview summaries have been written after the fact based on the audio recordings made 

during the interviews. All respondents have given consent to be recorded. This have 

eliminated the potential misunderstandings and errors based on the interviewer forgetting 

details of certain answers. Each interview has been played back multiple times during the 

summary writing process to ensure that all details are included and the answers are fairly 

represented. In some cases, respondents have expressed doubts regarding their expertise in 

certain areas. Such answers have been omitted from the summaries to increase the validity of 

the summaries as a whole.  
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4 Empirics 
In this chapter, the case study as well as the findings from interviews are presented. 

4.1 Company description 
Founded in 1891 under the name VABIS, the company has specialized on manufacturing 

railroad cars, but switched to producing road vehicles six years later. After the Scania-VABIS 

merger and bankruptcy, the company reopened in 1921. The new Scania has decided to focus 

on heavy duty trucks and buses, and abandon the light vehicle production. Today, Scania is a 

global company with over 38000 employees, the central office in Södertälje and production 

units in Europe and Latin America. 

Scania focuses on continuous improvement of its processes and has enjoyed continuous 

growth. The company focuses on delivering the most profitable and efficient solutions to its 

customers by establishing strategic partnership with those. High level of involvement and 

high quality is heavily prioritized by the company. 

Scania offers lifelong maintenance and repair services on all their vehicles through the 

licensed service centers worldwide. Through modularization, the company has managed to 

achieve a high level of customization as well as facilitated spare parts availability due to the 

narrowed-down total product range. 

4.1.1 Buses & Coaches 

Scania’s Buses and Coaches business stands for ca 10% of the company’s current sales. Buses 

and Coaches product portfolio covers nearly all public transportation needs and ranges from 

regular services urban buses to intercity couches. As in the case of Scania trucks, the company 

focuses on delivering sustainable solutions for public transportation. Besides regular diesel 

engines, the company delivers biofuel alternatives, such as biodiesel and biogas-fueled power-

trains. 

As with the rest of Scania’s product portfolio, Buses and Coaches offer a high level of 

customization and different product packages. The company provides its customers not only 

with pre-built, complete buses, but also with the possibility of purchasing chassis or engines 

exclusively and ordering carriage body parts from a third-party supplier. This allows Scania’s 

customers to choose the most cost-efficient option. 

The Buses and Coaches department cooperates closely with organizations within the public 

transportation sector on different levels. Jointly with bus traffic operators, the company 

develops tailor-made solutions mainly on the vehicular level. With governmental 

organizations coordinating the traffic (e.g. SL), Scania cooperates on the project-based level 

during vehicle development stages as well as during drafting of tender scorecards 

requirements for upcoming public procurements. On governmental level, Scania is acting as a 

consultant during the sustainable public transportation policy drafting. 

The company aims to expand its core business and provide its customers with complete 

solutions and services, rather than simply delivering products. The Buses and Coaches 

department is heavily dependent on being modular with Scania trucks, adding more 
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complexity to the innovation process and making certain solutions more difficult to 

implement. 

4.1.2 Sales and marketing 

Scania’s sales and marketing department for buses and coaches is responsible for the 

customer relations process which involves contract negotiations, market research as well as 

advisory during governmental policy drafting. 

Currently, the company does not have an integrated and standardized framework for 

performing multi-criteria analysis needed to determine which solution is the most suitable for 

a given case. Each contract is instead treated like a separate task which essentially involves 

recreating calculation models every time it is used. In order to streamline the process, an 

integrated and standardized tool is needed, including all three aspects of sustainability as well 

as the financial and operational data. 

4.1.3 Solution-based business model 

The company aims to move from delivering products to delivering complete solutions. The 

general definition of a “solution” that the company’s employees use is “a product packaged 

with additional customizable services”. The definition is expected to be extended on the long-

term as the company’s level of involvement changes. 

In praxis, a solution from Scania contains a product itself (complete buses, chassis or 

engines/powertrains), official lifetime maintenance and repair support, driver training and 

financing options. 

4.2 Interviews 
Here, the findings from the interviews are presented in a summarized form. This is the most 

important source in the context of socioeconomics and traffic planning. 

4.2.1 KTH transport and congestion research 

A researcher at the Royal Institute of Technology transport department has been interviewed 

whose main focus is congestion and traffic planning in urban areas. The subject discussed in 

this interview included socioeconomics and traffic planning. 

Public health is not addressed directly, but is still indirectly included. The net effect of “pro-

health” changes depends a lot on whether people are conscious about what is considered 

healthy. Positive health effects are also discussed mainly in the context of choosing walking 

or biking over other modes of transport. When it comes to walk-to-transit and optimization of 

distance between stations, people tend to be more comfortable with having convenient 

commuting options and walking less rather than walking more. That means that in 

calculations, shorter walking distance to a station is considered better. In term of 

socioeconomic calculations, a lot of focus is given to time spent commuting and its monetary 

value. 
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There are two concepts in statistical studies when it comes to public transportation being used 

during surveys for socioeconomic calculations: a person’s revealed preference and stated 

preference. 

Revealed preference: observing a person’s actions and estimating their reasoning behind the 

choices. The issue with that is that it is impossible to determine which alternatives the person 

has chosen from. 

Stated preference: presenting a person with two alternatives (for example) and letting the 

person choose. Through many surveys with that kind of questions, optimal commuting times 

are derived. Whether the person is actually going to act upon the stated preference is unclear. 

Optimal (or acceptable) commuting times are appraised in monetary form based on these. 

A large portion of socioeconomic benefits of public transportation comes from reducing 

congestion and thus reducing time spent in traffic. This is achieved in part by replacing other 

less efficient modes of transportation with public transportation alternatives. Estimating how 

many people are willing to start using public transportation alternatives, elasticity models, 

statistics and stated preference methodology is used. 

Level of passenger comfort is another parameter in the context of socioeconomic calculations 

and congestion. This is determined in part by how full the vehicles are. High passenger 

congestion results in low comfort levels, making modes of transportation potentially 

unattractive. In terms of numerical values the amount of passengers in a vehicle is divided by 

the number of seats available, the resulting ratio is one of the performance indicators used to 

determine ridership comfort. 

Considering indirect benefits of public transportation, or “wider economic benefits”, is a 

complex issue. For example, reduced time spent commuting results in an increase in free time. 

If both are included in calculations however, the same positive effect is calculated twice, 

potentially resulting in an unrealistic value. 

Furthermore, many issues arise from the fact that many socioeconomic benefits are moved 

from one stakeholder to another as a result of different events, while the net effect for the 

whole region is null. Region productivity impacts in general are difficult to appraise in that 

sense. 

Accessibility is a part of the analysis, but the level of detail is not very high. Different urban 

zones are considered when ridership is analyzed. These are however described as generic 

points of interest rather than specifically categorized. This is due to the fact that higher level 

of detail results in higher amount of variables, which negatively impacts comparability of the 

results. With that said, accessibility is considered an important aspect. 

Attractiveness of a region is a parameter that is considered in conjunction with accessibility. 

Here, the number of available jobs/offices is accounted for as well as the existence of schools 

and large commercial areas in certain regions, all affecting attractiveness positively and thus 

increasing traffic in and out of the said regions. 
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4.2.2 Trafikverket 

Interview with Trafikverket has been performed by phone and covered the broad subject of 

socioeconomics and how socioeconomic impacts are monetarily evaluated by Trafikverket. 

Trafikverket is the organization responsible for the development of ASEK methodology and 

putting out annual reports including recommendations on standardized socioeconomic 

appraisal procedures. One of the most important findings from this interview include the fact 

that many socioeconomic indicators are quantified in terms of effects that changes in these 

indicators cause. For example, the cost of noise pollution is derived from land value changes 

in the affected urban region. 

Another important finding is that socioeconomic indicators should be approached with care in 

terms of which ones should be included in quantitative analysis due to the risk of including 

the same cost twice. In the previous example that would imply that including land value 

changes in calculating another cost is not recommended. 

On the subject of how Swedish socioeconomic practices compare to those in EU, it has been 

said that it is fairly similar and Trafikverket are trying to synchronize their general 

methodology with those of other EU countries. HEATCO and OECD guidelines for 

socioeconomic calculations are considered. The general socioeconomic literature is also the 

same. With that said, Sweden is said to be ahead of the curve when it comes to socioeconomic 

valuations. The differences in methodology and values that exist are generally based on 

demographic differences. The inexplicable differences that occur are generally a warning sign 

and are looked for.  

Socioeconomic effects that are difficult or impossible to quantify are often left to politicians 

and society to evaluate. This is used when there are no better options for evaluating the said 

effects. 

Willingness to pay to avoid certain negative socioeconomic effects is also used as a 

measurement. Willingness to pay should be approached with care because it is still based on 

people’s answers and not on actual financial transactions, even though it is mathematically 

approached as a regular transaction. This measurement works fairly well in societies with a 

low degree of economic inequality. This is due to the fact that the more financially 

independent a person is, the more room the person has to be able to “make a statement in 

financial terms” when it comes to socioeconomic impacts. 

An alternative to that which is sometimes used is when people are surveyed on the subject of 

the perceived importance of certain socioeconomic impacts and the weight of a certain 

benefit. This method is however used when no better appraisal method is available due to its 

uncertainty. The issues arise from the fact that the scale is created solely based on people’s 

answers. Since people tend to exaggerate and express themselves differently, the actual 

importance of certain impacts is difficult to determine and the results are difficult to compare 

between individuals. 

In terms of used KPIs in the calculations, emissions, traffic safety, time spent commuting and 

commuting costs, and noise are taken into account. There is also producer surplus, it is about 
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effects on operators’ profitability, but those are difficult to evaluate since private companies 

are usually not willing to disclose information on their profit margins. Environmental 

“infringement” is not taken into account even though it should be. The reason behind that is 

that these are very difficult to standardize and make comparable on a case-by-case basis. This 

is due to the differences between environments that are being infringed and the difficulties of 

evaluating those. 

The effects/KPIs that are impossible to evaluate numerically are described by Trafikverket in 

verbal terms. This is done through detailed descriptions of each effect, which is done without 

putting those on any kind of scale. Barrier effects, where an area is being blocked off by a 

road, are an example. 

Land value as such is not taken into consideration by Trafikverket since it is one of the effects 

that are being transferred between stakeholders rather than adding value. Land value is 

however used to appraise costs of noise emissions. 

Wider economic impacts are considered during the appraisal process. The effects on the job 

market and other indirect effects are taken into consideration. Better public transportation is 

assumed to have positive effects on those. Individual effects are however not calculated due to 

the risk of including the same effects twice. Region productivity shares the same issues. 

Furthermore, the availability of workforce does not automatically translate to reduction of 

unemployment because there are other aspects that have to be taken into consideration, the 

central one being the actual demand for the extra workforce. 

Public health is considered in the analysis, though this is a fairly new area. The public health 

effects of people choosing to walk or cycle rather than drive a car of take a bus are 

considered. Indirect public health effects of increasing the walk-to-transit distance have 

however not been researched and made a part of the analysis yet. 

4.2.3 WSP Group 

WSP Group is a multinational consultancy firm working across multiple different industries, 

where city planning and transportation are included. The interview at WSP has been 

performed after interviewing Trafikverket. WSP uses Trafikverket’s ASEK methodology to 

perform socioeconomic valuations in collaboration with Trafikverket in which case the 

procedures are standardized. The KPIs used in the calculations are limited by Trafikverket 

and comparability is a strict requirement. Working with other organizations, SL for example, 

comparability is not always required. This implies that socioeconomic indicators are chosen 

and accounted for differently on a case-by-case basis. 

On the topic of what Trafikverket’s models lack: Trafikverket’s calculation models do 

currently not account for congestion in public transportation, which is what sometimes sought 

after by other organizations. The differences in calculation methodology originate from 

calculation models being used in different contexts. 

The largest portion of socioeconomic benefits from public transportation comes from 

reducing congestion, and thus time spent commuting, by replacing privately owned vehicles 
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by public transport, according to WSP. This is an issue that is difficult to resolve since 

incentivizing increased use of public transportation by improving the system is not always 

very effective. 

Incremental improvements of individual components in a transport system usually result in 

very marginal improvements to the system overall, which makes considering the system as a 

whole and a large number of the said incremental improvements necessary to properly 

account for socioeconomic benefits. 

On the subject of choosing one mode of transportation over another during city planning and 

the BRT: choosing different modes of transportation is politically charged question. The 

disadvantage of BRT compared to railway-based solutions comes from the fact that allocating 

space for railway is easier to negotiate than for BRT-roads. The issue is however not BRT in 

the technological sense, but rather the image of the bus and the intangible “railway factor”. 

Politics are important to consider. SL for example is politically driven in their decision-

making which means that appraisals often involve not only considering costs versus 

technological benefits, but also costs versus political benefits. 

Politics being a big part of decision-making when it comes to public transportation is however 

not necessarily detrimental to the quality or efficiency of the resulting public transportation 

systems. Technologically advanced solutions are not always the best solutions for a region. 

Also, some socioeconomic aspects are difficult to properly evaluate in terms of their 

importance and impacts quantitatively. In these cases letting the society and the policymakers 

decide this can be a viable solution. 

4.2.4 Stockholms läns landsting – trafikförvaltningen (Stockholm city council – 

traffic management authority) 

The interview with Stockholms läns landsting (SLL) has been performed on site at SLL’s 

headquarters and covered subjects of traffic planning, passenger demand estimations and 

socioeconomics. 

The simulations to make reliable passenger demand projections are rather advanced at SLL 

and involve a great deal of infield information gathering. 

SLL are working with macro models, providing information on the bigger picture when it 

comes to ridership behavior and congestion. Some consideration is even given to the fact that 

public transportation and logistics in general are affected by passengers’ schedules and 

resolving congestion and urban transportation issues might not end with implementing 

efficient transport systems. 

SLL lists public transportation being decentralized in Stockholm as a big issue, because it 

produces situations where different modes of public transportation are cannibalizing on each 

other and competing in what could be considered socioeconomically unproductive ways. It 

also adds a layer of complexity to traffic planning that could be otherwise avoided, since the 

number of stakeholders to be involved in the process increases. 
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Deciding upon which modes of public transportation to invest in and choosing KPIs is often a 

political question which often produces suboptimal results. Paying operators on a per 

passenger basis is cited as a notable example. The issue with incentivizing public 

transportation in that way is due to business competition between modes of public 

transportation. According to SLL, this leads to potentially unnecessary bus routes along 

subway lines placed in order to try and attract the subway passenger base raise more capital, 

ultimately not improving the overall quality of service of public transportation. 

Socioeconomic impacts are deemed to an important part of public transportation as a subject, 

but are often overlooked. This is due to the fact that public transportation systems involve a 

large number of stakeholders not all of which are naturally incentivized to cooperate. Since 

most stakeholders prioritize their own special interests, arranging for achieving collective 

socioeconomic goals is difficult. 

When it comes to socioeconomic benefits, time spent commuting is the primary KPI. It is 

stated in the interview that one of the most notable socioeconomic benefits of public 

transportation comes from the reduction of time spent commuting. 

Positive effects on public health are not always considered since quantifying those is difficult 

due to the amount of variables that have to be considered in the process. The health effects are 

usually considered in the context of replacing various modes of transportation with biking or 

walking, which is identified as the biggest contributing factor to public health. Including 

health factors in the analysis is however not common practice, due to the fact that these are 

both difficult to measure and valuate.  

The decision-making process whether to implement a certain transport solution is often based 

on predetermined assumptions made by city planning organizations and individual interest of 

the stakeholders rather than to improve transportation system efficiency. 

Ease of use is important when choosing the preferred mode of transportation. Providing 

passengers with useful information in terms of maps over the transportation network and real-

time information is considered important. Railway modes of transportations are generally 

easier to depict and are better developed in that sense compared to bus systems. 

There are many advanced software solutions available for traffic simulation and planning on 

different levels. Visum and Sampers are two of those that are being widely used. These rely 

on statistical data and elasticity equations to simulate passenger demand, among other things. 

All models have their limitations. 

Keolis has developed a tool called Neolis which is used for transport efficiency evaluations 

based on passenger demand and other aspects. The limitations of that particular model include 

the fact that passenger inflow into the system is assumed to be infinite, which is unrealistic. 

Viewing each mode of transportation in a larger context is important. How different modes of 

transportation as well as multiple routes within the same mode synergize with each other is 

important to consider since it has large implications on the efficiency of the system as a 
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whole. The consequences of changes applied to a single bus line on the whole system are also 

difficult to determine. 

4.2.5 Scania 

A series of internal interviews have been performed at Scania. These interviews covered the 

company as a whole, the Buses and Coaches department, its business model and its previous 

work with efficiency calculations sustainability impact analysis. The main purpose of 

conducting these was to gain a better understanding of what kind of calculation model the 

company requires. The interviews were performed in an unstructured matter and had an 

exploratory character. 

From the interviews, it is evident that the company values sustainability rather highly. The 

subject of environmental sustainability is integrated into the sales process and is used as a 

marketing tool. The company promotes using alternative fuel-based transportation solutions 

by discussing emissions in terms of fossil CO2 emission reduction rather than providing 

absolute values of CO2 emissions. The company also highlights the importance of including 

the fuel lifecycle perspective in the analysis. The importance of considering the lifecycle 

impacts of different fuel types stems from the fact that different energy sources are produced 

using different raw materials and processes. These processes are not affected by a vehicle’s 

tailpipe emissions, and excluding those from the analysis would skew the statistics heavily in 

favor of fully electrified vehicles while also adding a large degree of error. 

According to Scania’s employees working in close contact with the company’s customers, 

public transportation systems are dimensioned to meet peak passenger demand. This means 

that a large portion of a fleet is unused during the majority of hours of operation, resulting in 

low overall efficiency. This has important implications on the way the fleet is distributed 

across a region. No vehicles are typically bound to certain routes. Instead, the traffic is 

planned in such a way that the same vehicle can be used on multiple routes contextually based 

on time of day and the way the overall transport network is constructed. This makes 

connecting specific indicators to individual vehicles problematic. 

Certain vehicles being used very little also has an effect on how vehicle fleets are composed. 

Dividing vehicles into the main and complimentary fleets in certain ways to maximize the 

overall cost-efficiency is used. 

The internal interviews and seminars also covered Scania’s financial practices, which are not 

going to be disclosed in full detail in this report. 
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4.3 Indicators included in the calculation model 
Of the presented indicators and criteria from the literature study as well as based on the 

information acquired through the interviews, a number have been selected to be a part of the 

calculation model. Here, these are presented with motivation behind the choices. 

Environmental indicators: 

 CO2e emissions (kg/paxkm). Greenhouse gas emission is a global issue that cannot be 

overlooked. Out of different variants of units of measurement, kg/paxkm (kilograms 

per passenger-kilometer) has been chosen. The motivation behind including passenger 

capacity measurement into the equation is that transport efficiency has to be taken into 

account during the sustainability impact assessment process for different transport 

types to be comparable. With no passenger capacity taken into account, this indicator 

would be heavily biased towards privately-owned vehicles. 

Economic indicators: 

 In this case, economic sustainability indicators are primarily profit-centric, due to the 

fact that Scania is the primary stakeholder in this work. This means that a solution has 

to be financially viable in order to be economically sustainable. Determining 

profitability requires estimating costs associated with a project, which is implemented 

by including an investment appraisal into the model. The total operating economy of a 

solution is expressed over time in terms of costs per distance driven, costs per 

passengers serviced and costs per passenger-distance as the chosen KPIs. 

Socioeconomic indicators and criteria: 

 Accident-related mortality. Statistical data shows that mortality caused by traffic 

accidents related to public transportation is considerably lower compared to accidents 

involving personal vehicles (Trafikanalys, 2014). Despite the fact that quantifying the 

mortality reduction and determining the portion which public transportation is 

responsible of, it is a socioeconomic criterion that is relevant to bring up in the overall 

discussion of the benefits of public transportation and should thus be presented in the 

calculation model. 

 Morbidity and mortality related to emissions caused by different modes of 

transportation.  OECD has proposed years of life lost as the unit of measurement for 

this indicator. In the context of this calculation model, however, estimating the 

potential reduction of years of life lost by public transportation optimizations is very 

difficult because determining the individual responsibility of each component in an 

urban transportation system on each case is almost impossible (OECD, The Cost of 

Air Pollution: Health Impacts of Road Transport, 2014). Reduced emissions from the 

transport sector leads to improved quality of life for the city populace, which makes 

stating the improvement potential more important than discussing the issue in fiscal 

terms. 

 Accessibility. This includes physical accessibility of the means of public 

transportation (proximity to residential complexes as well as commercial and 
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industrial centers), affordability and reliability. This can be described as an overall 

measure of public transportation usefulness and viability to the urban populace. The 

higher the viability the higher the portion of population willing (and able) to use 

public transportation. This is an important criterion to discuss in the context of 

socioeconomic sustainability of public transportation. As seen in the interviews and in 

published BRT guidelines (ITDP & gtz, The BRT Standard, 2012), accessibility is an 

integral part of sustainability analysis. 

 Region productivity and wider economic impacts. These are a large number of impacts 

and benefits the calculation of which are outside of the scope of this thesis. Public 

transportation systems have however been shown to have an impact on a region’s 

productivity which is important to take into consideration. Trafikverket considers a 

wide array of socioeconomic impacts in their analysis which goes beyond transport 

systems. 

A considerable portion of socioeconomic criteria are not quantifiable in a comparable and in 

the context of this calculation model, coherent manner. Presenting and describing the 

socioeconomic criteria in a qualitative manner is however useful for provoking discussion and 

presenting an element of public transportation in a bigger context. The importance of the 

impacts is however highly subjective due to the fact that people tend to express their feelings 

differently which makes creating a scale solely based on people’s answers is ineffective 

unless a considerably large sample size is used. 

Stating the existence of a certain impact and stating whether it is positive or negative while 

describing the impact in a detailed fashion is therefore recommended in the context of this 

calculation model. 

4.3.1 Input data from external simulations 

As a result of time constraints of the project and the lack of available data, a number of 

simplifications have been necessary to make. Properly simulating the passenger traffic 

involves an excessive on-site data collection process and using complex dedicated simulation 

tools. For the purpose of this calculation model, it has been deemed to be unnecessarily 

expensive and complex. Instead, an amount of simulation variables have been implemented to 

feed a condensed version of results of such complex simulations into the calculation model. 

The notable example of that is the passenger turnover factor. This variable is a multiplier to a 

vehicle’s maximum passenger capacity. The logic behind it is that since not every passenger 

follows all the way through a transport corridor from start to finish, a vehicle is able to service 

more passengers than its maximum hourly capacity would otherwise allow. To exemplify, 

while vehicle maximum capacity is 180 passengers/hour (pax/h), a passenger turnover factor 

of 2.2 would imply that a vehicle is able to service 396 unique passengers per hour. See 

Figure 2. 
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Figure 2 Passenger turnover factor exemplified. 

The higher the passenger turnover factor, the more efficiently the vehicles are used. In the 

case of feeder and express lines, where passengers follow all the way through corridors, the 

passenger turnover factor would equal to 1, which is the lowest possible value of this 

parameter. 

The passenger turnover factor is determined by conducting statistical field studies of certain 

travel corridors with the focus on passenger ridership behavior. In cases where passenger 

turnover factor is not available, an approximate value can be obtained by dividing hourly 

amount of passengers boarding vehicles by the total hourly vehicle capacity, assuming an 

established public transportation system is analyzed. In case of total absence of information 

about passenger ridership behavior, the passenger turnover factor can be set to 1. 

Another important parameter is annual demand growth. It is assumed that urban population 

growth has a direct effect on public transportation ridership. In this model it is assumed that 

because of changes in urban population, passenger demand is growing by a static percentage 

each year. This percentage is normally determined based on the region-specific statistical 

data.  

4.3.2 Data for model verification 

Real-world data for testing and verification of the model has been provided by Scania from 

several business cases across Europe. This data was primarily used for ensuring that the 

calculation model remains logically consistent independently from specific numerical values. 

The information regarding bus lines has been gathered through Scania from public 

transportation operators in the corresponding regions. Vehicle data has been gathered through 

the Scania Cloud solution, including the Sail database. Vehicle specifications have been 

sourced internally from Scania’s specification sheets.  
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5 Results 
In this chapter, the results of the study will be presented. Findings from both theoretical and 

empirical parts will be included. 

5.1 Sustainability key performance indicators 
RQ1: What kind of sustainability key performance indicators are considered at the initial 

stage of a bus line development process? 

Environmental key performance indicators that are considered in the context of public 

transportation are heavily focused on energy consumption and the related CO2 and particle 

emissions. Environmental impact of a public transportation system can be considered on 

multiple levels and depending on the level, different stakeholders have different 

responsibilities regarding emissions. On the level where transport planning in a region with a 

reasonably well developed road infrastructure, mainly energy consumption-related emissions 

have to be considered. The process involves considering lifecycle environmental impacts of 

an energy source, which is in the context of fossil fuels frequently referred to as the “well-to-

wheel” perspective. This is especially important when considering fully electric vehicles, 

since the efficiency of those in environmental terms is generally as good as the power mix 

used to charge the batteries. 

Another environmental impact that is important to consider in the context of urban 

transportation is local noise emissions. When it comes to BRT systems, the primary ways of 

reducing local noise pollution is using full electric or hybrid-electric vehicles near residential 

areas, while reducing other traffic. In the end, local emissions have been excluded from 

quantitative analysis since these are well-regulated by the EURO emission standards. This 

implies that in most cases, stating which EURO standard a vehicle is compliant with is 

enough information to determine the local emissions of a vehicle. 

Economic key performance indicators are deeply rooted in the definition of economically 

sustainable public transportation. Since a public transportation system is required to be cost-

efficient to be sustainable, most economic KPIs are focused on costs. In this particular case, 

cost/km and cost/paxkm have been identified as the most suitable performance indicators 

since Scania already offers invoicing on a “per distance driven”-basis. Some performance 

indicators that are considered in the discussion of economic sustainability have strong 

socioeconomic connotations and should be assessed on a more holistic level as a part of 

assessing the accessibility of a public transportation system. 

Social sustainability as such is difficult to separate from the other two dimensions of 

sustainable development and is difficult to quantify on its own. Because of that, in the context 

of sustainable public transportation, socioeconomic assessment is used to include the social 

aspect of sustainability in the analysis and consider the effects that different public 

transportation solutions have on the society as a whole. 

5.2 Socioeconomic benefits of sustainable public transportation 
There are two most prominent positive socioeconomic effects that sustainable public 

transportation has to offer. The first one is reduced congestion as a result of public transit 



31 

 

replacing the less efficient modes of transportation. The second one is time savings that come 

from reduced time spent in daily commutes. These are cited as the most important parts of the 

assessment by socioeconomic professionals in Stockholm, Sweden. 

Other socioeconomic benefits include reduced mortality in traffic accidents, increased 

accessibility to different point of interest in a region, reduced mortality from air pollution, and 

reduced social inequality as a result of the increased accessibility. 

Some studies have cited positive socioeconomic effects of different station catchment patterns 

and public health benefits from promoting certain choice patterns when it comes to different 

modes of transit. Though these have not yet been made an integral part of socioeconomic 

analysis by Swedish organizations, the professional opinion seems to be that this area has 

important implications on socioeconomic sustainability and has to be studied further. Since 

most socioeconomic effects are expressed in monetary terms, these are difficult to quantify in 

a comparable fashion, which makes including those in the holistic analysis not a straight-

forward task. 

5.3 Calculation models for transport system optimization and integrating 

socioeconomic aspects 
RQ2: How are calculation models for optimizing bus-based public transportation systems in 

terms of efficiency and sustainability developed? 

The calculation models developed by Scania are used to analyze efficiency of a solution with 

focus on the variables within Scania’s area of responsibility. This includes specifications of 

the vehicles, continuous improvements of the technology that is used within those as well as 

developing solutions that are efficient both from the economic and environmental standpoint. 

Two notable measures which the company undertakes that go beyond optimizations achieved 

through engineering and manufacturing are Scania’s connected services and Ecolution. 

Ecolution is a program offered by the company where drivers are trained to operate the 

vehicles in the most optimal manner, helping to reduce the vehicles’ environmental impact, 

wear and tear of replaceable mechanical parts, and fuel consumption. Scania’s connected 

services provide detailed statistical information on how vehicles are operated, enabling the 

implementation of a grading system for the drivers as well as facilitating the analysis of the 

overall vehicle performance.  

The calculation model that has been developed as a part of this thesis is described in detail in 

Section 5.4. The process consisted of three major steps: 

 Firstly, a literature review has been performed in order to identify the important 

sustainability components that should be included into a calculation model. The 

literature review has then been complimented by several interview conducted on the 

subject of socioeconomic sustainability, including specialists from different 

stakeholders active in the realm of public transportation. 

 Secondly, a visual concept of the interface has been developed to illustrate primary 

functions of the calculation model and discuss the said concept with the company. As 

the general functionality has been discussed, relevant financial data and performance 
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indicators to be included in the model have been discussed and agreed upon. The 

choices of those were dependent on the company’s general accounting practices. 

 Thirdly, the visual concept has been developed into a functioning calculation model 

iteratively. That means that partially functional calculation models have been 

delivered and discussed during the project to ensure mutual understanding. This 

process involved further discussion of which inputs and outputs are the most relevant 

to deliver. Initially, the company’s representatives have had a general idea of how the 

calculation model is supposed to be used. The details however were not explicitly 

stated and formulating clear goals in terms of inputs and outputs to be included in the 

model was a challenge. 

The end result is a calculation model capable of analyzing a bus line, or corridor, where based 

on certain passenger demand, distance and average speed, the total cumulative annual 

distance driven is estimated for each vehicle type used within the corridor. Based on this 

estimation, various costs and emissions are calculated and presented to the user. The cost 

responsibilities are then divided between public transportation operators (PTOs) and public 

transportation authorities (PTAs). Upon discussing relevant stakeholders with the company, 

these two categories have been deemed the most important. The aforementioned calculations 

are then complimented by the information on the socioeconomic benefits that an efficient and 

sustainable public transportation is able to deliver sourced from the findings of this study. 

RQ3: How are socioeconomic aspects of sustainable development incorporated in calculation 

models? 

The socioeconomic aspects of sustainable development are discussed and taken into 

consideration at Scania. Those are however not taken into account in calculation models and 

are not considered in quantitative terms. The general understanding of what kind of 

socioeconomic benefits public transportation brings is present at the company and is 

discussed with public transportation authorities. 

After conducting several interviews with professionals within the realm of socioeconomic 

calculations it has been concluded that integrating socioeconomic calculations in Scania’s 

current calculation models is not feasible in quantitative terms. This is due to the scope of the 

calculation models not being broad enough to incorporate several important aspects. 

Socioeconomic assessment is generally performed on macro level, due to its broad societal 

implications that often extend beyond the realm of public transportation. 

A notable example of an aspect that lies beyond the scope of this calculation model is land 

value. This is a parameter that frequently used by Trafikverket to valuate various 

socioeconomic impacts that are seemingly not directly related. These include noise pollution 

from traffic can be valuated depending on the way land value fluctuates in the affected 

regions. In order for that kind of socioeconomic impacts to be quantitatively included in a 

calculation model, land value in itself has to be thoroughly analyzed first to ensure that non-

noise related fluctuations in land value are not taken into consideration. On the same note, 

land value in itself carries a significant degree of complexity, since the net effect of the 
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impacts depends on the chosen stakeholder perspective. Increases in land value, for example, 

may be clearly positive for the landlord, but not necessarily so for the tenant.  

Listing the relevant socioeconomic impacts alongside calculations qualitatively in a factual 

manner is however needed to not leave an important aspect of sustainability overlooked. This 

is due to three main reasons. Firstly, there is evidence of public transportation having positive 

socioeconomic effects on a region. Secondly, including aspects of sustainability that are 

difficult to quantify in the overall analysis is important, as cited by the literary sources on 

sustainability impact assessment. Thirdly, the discussions on the subject are already active 

between various stakeholders and excluding it from this model would carry a potential risk of 

painting an incomplete picture. 

As a result, the socioeconomic benefits that public transportation brings are verbally stated as 

a part of the outputs of the calculation model and are static. The information is taken directly 

from this report and sourced in the same fashion. 

5.4 The calculation model 
A calculation model has been developed during the study on Scania’s behalf. The initial 

assignment was to create a template in Microsoft Excel that is able to provide the user with 

estimated total cost of ownership over a number of years. This information is calculated based 

on a number of input data, most notably passenger demand, bus line length and average 

speed. This data is provided for different time periods during the day to form a peak structure. 

The dependencies between different indicators can be mapped in accordance to the five-

indicator framework described in the literature study since the logic behind the 

interdependencies is very similar. 

The model includes an operational module, a total operating economy calculator, and an 

emissions calculator. The operational module creates a bus fleet composition based on a 

choice of four different bus types (two chassis types and two powertrain types) and hourly 

passenger demand. Based on bus line length and average speed, it calculates the total annual 

distance driven per bus type. This information is then sent to the other modules. After the 

corresponding calculations using this information are performed, the results are summarized 

in the results/output module. Each module is stored in its corresponding Excel sheet and the 

model is developed for the users to only interact with the interface and the output modules. 

See Figure 3 for the basic structure of the model. 
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Figure 3 Calculation model structure 

5.4.1 Interface 

The interface section is where the input data is entered. The user is able to describe the peak 

structure in a detailed manner, assign vehicle types, choose which vehicles to expand the fleet 

with as well as specify the relevant fixed and variable costs. The investment costs are kept 

generic and determined by the user both in terms of description and monetary values. Below, 

each element of the interface is explained and illustrated. The numerical values seen in the 

illustrations are purely fictional and are subject to change every time the calculation model is 

used. 

Time table 

The time table is where a day of operation is divided into five different periods the 

corresponding durations of which are calculated. The time periods are arbitrary and 

adjustable. The limitation of the model in this case is that dividing the day into more than five 

periods is not supported. For the sake of simplifying the calculations, periods are assumed to 

start and end at the beginning of the hour. Increasing the time resolution to minutes is 

however an easy features to implement. See Figure 4. 
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Figure 4 Time table interface element 

Pick structure and line length 

In this element, the data on average speed, passenger demand per hour of each period and the 

highest acceptable headway are entered. The line length in kilometers determines how long is 

the chosen bus line measured from start to finish. It is possible to assign different values based 

on direction, in case a line is directionally asymmetric. The same applies to average speeds, 

which may differ significantly between directions during peak hours. See Figure 5. 

 

Figure 5 Peak structure and line length 
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Operational variables 

The operational variables serve two main purposes. Firstly, these are input data from other 

simulation models. An example of that is the passenger turnover factor, which is described in 

more detail in Input data from external simulations4.3.1. Secondly, these allow the user to 

regulate parameters dependent on external aspects, such as passengers’ ridership behavior. An 

example of these are the saturation parameters. These determine how large portion of a buses 

maximum capacity is used during offpeak hours, when buses are typically never 100% full. 

See Figure 6. 

 

Figure 6 Operational variables 

Fleet calculator 

This element receives data from the operational calculations module on amount of vehicles 

needed based on the chosen capacities and passenger demand. The user is then able to choose 

a mixed fleet with buses with different powertrains. A consistency check is performed to 

make sure that the correct total amount of vehicles is chosen. The information of amount of 

vehicles of each type is then sent back to the operational calculations module to determine 

annual distances driven by each vehicle type. The vehicle amounts for offpeak hours are 

determined automatically based on the peak fleet. The user is also asked to choose which 

vehicle type the fleet is going to be expanded, which is limited to one. Chassis A is assumed 

to be main fleet, while Chassis B is assumed to be complimentary fleet which is only used 

during peak hours. When the demand surpasses a certain value, the program assumes that an 

addition to the fleet has to be made to meet the new demand. See Figure 7. 

 

Figure 7 Fleet calculator 
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Costs and investments 

In this module, the user is able to enter the relevant fixed and variable costs associated with 

operating the corresponding buses as well as enter the relevant investments. The investments 

are generic, which means that the user is not limited to the predetermined investments and is 

able to enter their own on a case-by-case basis. The user is also able to choose which 

organization is invoiced for each particular investment, which dynamically affects the 

calculation results. The investments are sent to the Total operating economy module and 

accounted for according to Scania’s financing calculation practices. Below follow the screen 

captures from the calculation model, displaying the cost inputs, see Figure 8. 

 

Revenues 

Three revenue streams are available to include in the calculations. During various discussions 

with the company, this particular combination of revenue streams has been deemed to offer 

enough flexibility, while still remaining simple to use. All three revenue streams are optional 

and can be set to 0 if revenue is not a part of the analysis, see Figure 9. 

 

Figure 9 Revenue streams 

  

Figure 8 Costs and investments 
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5.4.2 Operational calculations 

The purpose of the operational calculations module is to determine the amount of vehicles 

needed to meet the hourly passenger demand as well as determine the distance that every 

vehicle travels annually. The annual distance driven by vehicle parameter has the central 

importance in the context of public transportation system sustainability and efficiency 

assessment, since the majority of financial and environmental calculations are dependent on 

it. This emphasizes the importance of having a model for fleet composition and traffic 

planning with robust logic behind it. Below, the thought process behind calculating the total 

distance driven is presented. 

First, the fleet needed to meet the offpeak demand is calculated based on the chosen vehicle 

capacity, line length average speed, passenger turnover factor, and offpeak saturation. 

𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑜𝑓𝑓𝑝𝑒𝑎𝑘 = 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑝𝑎𝑥) ∗
𝑚𝑎𝑥 𝑑𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒𝑠

ℎ 𝑎𝑛𝑑 𝑣𝑒ℎ𝑖𝑐𝑙𝑒
∗  𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟 𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 ∗ 𝑜𝑓𝑓𝑝𝑒𝑎𝑘 𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (%) 

Equation 1 Determining the amount of vehicles offpeak based on demand 

The result is rounded up to the nearest integer. From this vehicle amount, the headway is 

calculated. 

 𝐻𝑒𝑎𝑑𝑤𝑎𝑦(𝑑𝑒𝑚𝑎𝑛𝑑) =
1

𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑜𝑓𝑓𝑝𝑒𝑎𝑘
 (ℎ𝑟𝑠) 

Equation 2 Determining demand-based headway 

Afterwards, the demand based headway is compared to the quality-of-service demand entered 

in the interface module to determine whether the required conditions are met. If the demand-

based headway is larger than the quality-of-service demand, the latter is used to calculate the 

final required amount of vehicles offpeak. 

𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑜𝑓𝑓𝑝𝑒𝑎𝑘 𝑓𝑖𝑛𝑎𝑙 = 1/ℎ𝑒𝑎𝑑𝑤𝑎𝑦 

Equation 3 Determining the amount of vehicles needed offpeak 

The resulting value is rounded up. 

In the next step, the excess demand not met by the offpeak vehicle fleet is calculated. Based 

on that, the amount of vehicles needed to cover the excess demand is calculated and added to 

the amount of vehicles used during offpeak hours. In the case there is no excess demand left 

to cover, the offpeak fleet is the total amount of vehicles needed. The demand-based headway 

for the demand-based peak fleet composition is calculated using Equation 2 and the final peak 

fleet is calculated using Equation 3. 

This information is fed back to the interface where the user can choose a mix of powertrains if 

necessary. Based on that information, the total distance driven by vehicle type and time period 

is calculated.  

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑑𝑟𝑖𝑣𝑒𝑛 (𝑝𝑒𝑎𝑘 𝑜𝑟 𝑜𝑓𝑓𝑝𝑒𝑎𝑘) = 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 ∗ 𝑡𝑟𝑖𝑝𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 ∗ ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ∗ 𝑙𝑖𝑛𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 

Equation 4 Determining distance driven per vehicle type and time period 
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After the same operation is performed for each vehicle type and time period, the results are 

summed up and the daily distance driven while not in service per vehicle is added to the 

result. 

The same operations are performed for weekdays and weekends with their corresponding 

peak structures and the total annual distance driven is calculated by summing up the results. It 

is assumed that there are 52 weeks in a year and 2 weekends per week. The same operations 

are also performed for the period of 10 years, where demand growth is accounted for to 

determine when the fleet needs to be expanded. The model is however capable of analyzing 

periods longer than 10 years. 

The fleet composition methodology is similar to a calculation model that was developed by 

Scania in South America. Since the South American calculation model only offered two types 

of vehicles and did not take powertrains into account, however, the equations and logic had to 

be developed anew. Some of the simplifications in terms of variables have been sourced from 

the same model. The South American calculation model is heavily focused on total operating 

economy derived from infrastructural and operational calculations. No environmental or 

socioeconomic aspects are taken into consideration. 

5.4.3 Total operating economy 

The total operating economy receives information on total annual distance driven per vehicle 

type and total annual passengers serviced from the operational calculation module, and costs 

and investments from the interface module. Based on these data, the module calculates the 

total cost of ownership of the vehicle fleet based on the entered conditions and presents it as 

annual cost/km and cost/passengerkm. The reason for choosing that kind of units of 

measurement rather than expressing the cost of ownership in simple monetary terms is 

Scania’s solution-based business model, where customers are offered a service rather than 

simply a product, and invoiced either per distance driven or per time period. 

The investment costs are accounted for according to Scania’s regular financing practices with 

certain interest rates, depreciation and a terminal value that is left at the end of the chosen 

time period. The total present value of a solution is calculated. 

5.4.4 Emissions calculator 

The emissions calculator is fed information on fuel lifecycle emissions per MJ energy for 

each fuel type used in the fleet. Upon conversion of units involving determining the energy 

contents of a liter of fuel, the module calculates the total annual emissions per vehicle type, 

summing it up for a total annual value. The emissions produced by alternative fuel types, for 

example biodiesel and biomethane, are expressed in terms of fossil emissions reduction 

compared to the conventional fuel type (typically diesel) in accordance to the EU RED 

directive 2009/28/EG. The emphasis is made on fossil fuel emissions reduction by replacing 

fossil fuels with fuels from renewable sources, which is currently a big selling point for 

Scania.  
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5.4.5 Socioeconomic impacts list 

The socioeconomic impacts are listed and described in this module. Upon conducting 

interviews with multiple Swedish socioeconomics professionals it has been determined that 

including socioeconomic impacts in quantitative form would not produce conclusive results in 

the framework that this calculation model establishes. This is due to multiple reasons. Firstly, 

since the model is describing a single BRT corridor, rather than system is a whole, the 

impacts (or improvements due to various factors) would be miniscule. Secondly, the 

procedure of determining the said impacts would involve a very large number of arbitrary 

assumptions due to the fact that the model is not considering the transportation system in its 

entirety, while still remaining extremely complex despite the miniscule results it is going to 

ultimately produce. Deriving a socioeconomic benefit index, where the weight/value of each 

socioeconomic indicator is decided by the stakeholder in question, as a way of quantifying the 

impacts on a case-by-case basis would produce potentially inaccurate results since it would 

rely on human perception as the primary source of numerical values. It has therefore been 

decided to present the user with a number of expected socioeconomic consequences following 

certain choices in a detailed verbal form using relevant literature as the source of information. 

The impacts are presented as compared to the baseline case of total absence of public 

transportation. This is important to mention since this implies that all the impacts presented 

are de facto positive and are not comparable in-between two existing public transportation 

systems. 

5.4.6 Output module 

In the output module, the results of the calculations are presented in a comprehensive manner. 

The data tables with information on total annual emissions, total cost of ownership, and the 

resulting vehicle fleet are complemented with graphs containing different parameters over the 

lifecycle period. Below follow the results of a fictional simulation. Cost fluctuations observed 

over some years are due to additional vehicle investments being accounted for. 

The output section of the model in its pilot form presents the final amount of vehicles of each 

type after the year of choice, various information on the total amount of passengers 

transported, total CO2 emitted, and average cost per distance driven by fleet. See Figure 10. 

 

Figure 10: Amount of vehicles after year X and data tables 

The model generates a number of graphs. Among those are the graphs displaying the costs per 

distance driven for each analyzed year, total emissions and emissions per passenger-
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kilometer, costs per distance for each vehicle type as well as cost versus revenue generated for 

the whole system. See Figure 11, Figure 12 and Figure 13. 

 

Figure 11 Costs and emissions 

Figure 12 illustrates how the total annual cost per distance driven for the whole fleet can be 

presented as a composite of different vehicle types. 

 

Figure 12 Costs per vehicle type and year 
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Figure 13 contains a graph where costs for the whole system (PTA+PTO) are compared the 

total revenue that the system generates. This is to determine the financial performance of a 

public transportation system. By adjusting cost and revenue variables, a transportation system 

can be optimized to have viable break-even points. 

 

Figure 13 Costs versus revenues, system-wide 

  



43 

 

6 Analysis 
In this chapter, the analysis of the acquired results is presented. 

6.1 The calculation model and case study 
The calculation model that has been developed during the case study at Scania is a pre-sales 

tool the approximate results of which have limited use. This is due to its limitations in terms 

of scope as well as the simplifications that have been made during the development process. 

An example of that is the absence of demand fluctuation modelling, which calculation models 

that focus on traffic planning usually include. Stockholms läns landsting and Keolis use both 

statistical data and elasticity modelling to get a better approximation of passenger demand in a 

region. 

Another limitation is that passenger ridership behavior, as well as the placement of various 

points of interest along the analyzed corridor are not taken into account. In essence, the 

calculation model provides no information on which specific part of a corridor is acting as a 

bottleneck, simply acknowledging its existence and dimensioning the fleet accordingly. 

The calculation model does not provide information on which route each individual bus takes. 

That means that distance driven per vehicle and route is strictly represented in mathematical 

terms and is not necessarily bound to a particular vehicle. In practical terms, a route may be 

serviced by two different vehicles, sharing the same distance driven per vehicle seen through 

the framework of this model. This stems from the fact that vehicles are seldom bound to 

particular routes and are assigned contextually to multiple different routes and regions to 

combat the inefficiency created by accommodating for peak demand. This means that even 

the vehicle-related indicators are primarily bound to specific routes and vehicle types rather 

than individual vehicles. 

Total passenger pool available in the analyzed region is not taken into account. Passengers are 

assumed to be infinite and not shared with other modes of transportation. In cases where the 

model is used on newly established BRT lines with high population density and no alternative 

routes this should not be a significant source of error. In cases where bus routes are 

established as alternative to e.g. subway lines this limitation becomes more prominent, since 

the total passenger pool is finite and shared by two modes of transportation effectively 

entering competition. In order to circumvent this source of error, estimations have to be made 

on what portion of available hourly passenger demand bus line is expected to attract using 

external tools and feed the data to the model. 

The aforementioned limitation has to do with the fact that the interdependencies between 

modes of transportation are not taken into account, making it difficult to estimate how an 

analyzed line affects the system as a whole and vice versa. 

The distance driven being the leading indicator for the majority of other calculations raises the 

question of whether efforts to reduce it have to be undertaken. Outside of what route 

optimization has to offer, this is achieved by reducing travelling. While this would have 
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positive effect on environmental sustainability, the economic and social sustainability would 

be significantly compromised. 

6.2 Lessons learnt from the case study 
The design of calculation models is ultimately not only determined by the required level of 

detail of the analysis, but also by the availability of the information that is preferred to be 

included in the analysis. Some of the data might be either unobtainable or too difficult to 

obtain for it to be a worthwhile time investment. This in part emphasizes the importance of 

leaving room for making educated assumptions in areas where data is not available as well as 

minimizing the amount of input indicators. 

Companies in similar position to that of Scania’s seem to have access to similar calculation 

tools. Gaining access to those as an external party is however problematic since companies 

consider the models their intellectual property and are unwilling to share the know-how. This 

contributes to the complex of issues associated with public transportation companies pursuing 

their own interests before the interest of society, and adjusting the calculation models 

accordingly to highlight the aspects that primarily benefit their own solutions. In the context 

of public transportation systems, this means that a company specializing on developing and 

deploying electric vehicles is going to be biased towards, out of two equivalent solutions, 

presenting the electric alternative in a more positive light. This translates into potentially 

lacking comparability of the results obtained via two different calculation models, which adds 

a layer of complexity to the function decision-makers. 

6.3 Integrating socioeconomic aspects into investment calculations 
The calculation model developed for Scania as a part of this thesis is designed to analyze 

public transportation on micro level, i.e. analysis of a single BRT corridor and the fleet that is 

needed to meet the corresponding passenger demand. Socioeconomic assessment on the other 

hand is usually performed on macro level, taking the system as a whole into account and 

considering several effects that are not necessarily prominent enough on micro level. This 

means that including socioeconomic calculations as a part of micro analysis will most likely 

produce inconclusive results. 

Macro effects are however ultimately the sum of the small incremental improvements 

performed throughout the system. This means that keeping socioeconomic effects in mind 

when assessing efficiency and introducing improvements on micro level is important. Thus, 

presenting clear socioeconomic goals or expected socioeconomic effects, albeit in qualitative 

terms as a part of micro level efficiency assessments is recommended. 

The non-quantifiable criteria should however not be completely overlooked. While not 

providing exact numerical representations of socioeconomic effects of a transport system, 

these create a comprehensive framework for discussing the said effects. In terms of corporate 

benefits, stating historically observed positive socioeconomic effects of certain transportation 

solutions in a clear manner may improve the solutions’ marketability while promoting 

rational, efficient decision-making. 
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6.4 General points 
It is evident that standardized SIA tools suitable for every purpose are currently not available. 

Most sources suggest using a set of guidelines to tailor an assessment procedure on a case-by-

case basis. This positively affects its relevance to the given case, while having negative 

effects on generalizability and comparability as well as being costly when performed on a 

regular basis across multiple cases. 

“Social sustainability” is an ambiguously defined term which varies heavily depending on 

several contextual factors. Firstly, it is highly region-dependent due to infrastructural, cultural 

and political differences. Secondly, it relies on understanding from which specific point of 

view social sustainability as a whole, as well as the “social benefits” associated with 

achieving it is analyzed. Two completely different sets of social sustainability criteria can be 

created for the same public transportation project depending on the stakeholders in charge of 

the investigation as well as the ultimate goals of the project. This highlights the importance of 

having clear, mutually agreed upon definitions. 

Social sustainability for BRT systems is an implicitly integral part of the publically available 

BRT development guidelines. However, the guidelines are not enforced, meaning that there is 

a degree of inconsistency from project to project when it comes to BRT implementation. 

6.5 Recommendations and further research 
There is room for improvement as far as the calculation model goes. An example would be 

implementing a better passenger demand growth simulation as well as simulating the 

fluctuations in the said demand. Additionally, a “vehicle renewal factor” could be introduced 

into the model to simulate older vehicle being routinely replaced by the new ones, improving 

the simulation of the fleet expansion/renewal process. 

Further looking at the development of such calculation models in terms of intelligence 

management could be beneficial as well. As this report shows, Scania has previously 

developed multiple calculation models at different functions within the company. Each of the 

instances seems to be pursuing similar goals with the simulations and calculations from 

different perspectives. It is believed that by organizing the development process in a more 

centralized manner, time and effort could be saved by the company. A suggestion for a title 

for another thesis from the managerial perspective would thus be “Intelligence management in 

the context of developing calculation models for sales consultancy at Scania”. 
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7 Conclusive remarks 
In this chapter, the thesis is concluded and the findings are put into a global context. 

Public transportation is in itself a tool. We commute to be able to get to work in a reasonable 

amount of time rather than for the sake of commuting itself. This means that ultimately 

sustainable public transportation systems are not the ones that are the most technologically 

advanced or the ones that have the best image. Sustainable public transportation systems are 

the ones that allow for efficient commutes in an affordable manner without compromising the 

lives of future generations. Global involvement and responsibility-taking is important for that 

kind of public transportation to be achieved, since a significant portion of sustainability 

impacts coming from the transport sector have severe global consequences. Assessing the 

system on different levels of detail and providing the early project negotiations with a 

quantitative head start is one of the facilitating factors in the journey to achieve sustainable 

public transportation. 

Sustainable public transportation systems are also a tool for reducing inequality in regions 

where public transit is not yet well-established. Owning a private vehicle cannot be afforded 

by everyone and without the affordable alternative, a considerable portion of some societies is 

left at a significant disadvantage.  

Public transportation is a politically charged subject. This means that some decisions are 

made based on political opinions and what is popular among the electors at the moment. 

Sometimes the results of this are suboptimal projects being approved based on irrational non-

quantifiable aspects. Politicians being one of the stakeholders in public transportation projects 

is however not always negative. Having a balance of interests where every stakeholder, 

including the general population is represented is ultimately healthy for the transport sector 

overall. Since establishing or modifying a public transportation system involves a 

considerable amount of stakeholders that are not directly involved with public transportation 

itself, it is especially important. Furthermore, the socioeconomic criteria that are difficult to 

quantify and assess scientifically is left to politicians, and as an extension through elections, 

to populace to decide the value of. 

BRT systems are one of the few solutions that allow for establishing efficient public 

transportation sustainably. While BRT has many positive aspects to it, it should not be 

considered the only viable option. A healthy assessment practice where multiple options are 

considered is important for achieving the best solutions possible. 

City planning and traffic planning processes should become integrated in the future. The daily 

peak structure is determined by the way people commute and the way people commute is 

determined by the way people go about their daily routines. Smarter scheduling could be a 

part of the solution for the problem urban congestion. This is also each individual’s 

responsibility because ultimately, we are not stuck in traffic, we are traffic. 
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9 Appendix 

9.1 Interview questions 

9.1.1 KTH transport research 

Introductory questions 

 What is your position? 

 What is your main function? (job assignment) 

 How long have you had this position for? 

 What is your professional background? 

General questions 

 To what degree can socioeconomic calculation procedures be standardized? 

(global/EU/case-by-case) 

 On which level are public transportation systems analyzed by your organization? 

Holistically or is there a particular focus area? 

 How is communication between different stakeholders in public transportation 

systems carried out in your experience? (how does information flow, what kind of info 

is exchanged, who initiates the process) 

 What is the decision-making process behind choosing one mode of transportation over 

another in a region? 

Sustainability indicators/criteria 

 What kind of sustainability indicators/aspects and criteria are typically used in the 

process of public transportation planning and development? Which are the most 

important ones? 

 What kind of socioeconomic benefits/drawbacks are considered in the process? 

Productivity and land value-related questions 

 Land value and region productivity: how are those affected by public transportation 

and how are these considered during the implementation process of a transportation 

system? 

 Are things like job accessibility and effects on employment considered during the 

planning process of public transportation systems? If so, how? 

Indirect effects of public transportation system and the appropriate indicators 

(externalities) 

 Are there any indirect (or spillover) consequences of implementing certain public 

transport solutions that are taken into account? 

 Human capital/years of life lost. Are these considered when discussing transportation 

systems and the impacts of those? If so, how? 
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9.1.2 Trafikverket 

Introductory questions 

 What is your position? 

 What is your main function? (job assignment) 

 How long have you had this position for? 

 What is your professional background? 

General questions 

 How are socioeconomic calculations performed at Trafikverket? 

 What kind of sustainability indicators and criteria are typically used in the process of 

public transportation planning and development? Which are the most important ones? 

 To what degree can socioeconomic calculation procedures be standardized? 

(global/EU/case-by-case) 

 How in sync are you with the EU regulations regarding different parameters relevant 

in the context of public transportation? 

 Are there any significant differences between Sweden and the EU as a whole in 

regards to how public transportation is handled? 

Productivity and land value-related questions 

 Land value and region productivity: how are those affected by public transportation 

and how are these considered during the implementation process of a transportation 

system? 

Indirect effects of public transportation system and the corresponding indicators 

 Are there any indirect consequences of implementing certain public transport solutions 

that are taken into account? Various health issues for example. 

 Human capital/years of life lost. Are these considered when discussing transportation 

systems and the impacts of those? If so, how? 

9.1.3 Master interview template used in the rest of the external interviews 

Introductory questions, adjusted depending on respondents’ areas expertise 

 What is your position? 

 What is your main function? (job assignment) 

 How long have you had this position for? 

 What is your professional background? 

General questions 

 How in sync are you with the EU regulations regarding different parameters relevant 

in the context of public transportation? 

 Are there any significant differences between Sweden and the EU as a whole in 

regards to how public transportation is handled? 
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 To what degree can socioeconomic calculation procedures be standardized? 

(global/EU/case-by-case) 

 On which level are public transportation systems analyzed by your organization? 

Holistically or is there a particular focus area? 

 Which organizations are typically involved in public transportation-related projects? 

Think of a stakeholder map of sorts. 

 How is communication between different stakeholders in public transportation 

systems carried out in your experience? (how does information flow, what kind of info 

is exchanged, who initiates the process) 

 What is the decision-making process behind choosing one mode of transportation over 

another in a region? 

 What is the most difficult aspect of the lobbying/policy-making process in the area of 

public transportation from your perspective? 

 Are there any notable conflicts of interest that arise between different stakeholders? 

Sustainability indicators/criteria 

 What kind of sustainability indicators and criteria are typically used in the process of 

public transportation planning and development? Which are the most important ones? 

 What kind of socioeconomic benefits/drawbacks are considered in the process? 

 How are socioeconomic indicators/criteria accounted for, measured and compared 

during the analysis process of a project?  

 How is social sustainability integrated into the process? 

 Time lost in traffic, what kind of effects does it have in socioeconomic terms? 

Productivity and land value-related questions 

 Land value and region productivity: how are those affected by public transportation 

and how are these considered during the implementation process of a transportation 

system? 

 How do you define an “intelligent transport system”? What’s included? 

 Are things like job accessibility and effects on employment considered during the 

planning process of public transportation systems? If so, how? 

 Are the placement and accessibility of commercial zones considered? If so, how? 

 

Indirect effects of public transportation system and the appropriate indicators 

(externalities) 

 Are there any indirect (or spillover) consequences of implementing certain public 

transport solutions that are taken into account? An example would be increased 

physical activity due to the higher walk-to-transit parameter within the system or 

raised cyclist convenience resulting in the same thing. 
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 Human capital/years of life lost. Are these considered when discussing transportation 

systems and the impacts of those? If so, how? 

 

 

 


