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Abstract 

Human development is currently leading to destruction of the stability of the earth system 
upon which we depend for our survival. In other words, it is unsustainable. At the same 
time, urbanisation and digitalisation are progressing at a rapid pace. Digital technologies 
have a potential to decrease environmental impact from cities and urban lifestyles. 
Transport and mobility is an important part of urban life, and it has been suggested that 
digital technology can improve urban transport performance in both accessibility and 
sustainability. Mobility as a Service (MaaS) is a relatively new concept for provision of 
mobility services through a digital platform, sometimes together with digital accessibility 
services that lower the need to travel (Accessibility as a Service – AaaS). It has been 
suggested that MaaS could offer a real alternative to the privately owned car and lead to 
more sustainable mobility. However, its real effects in practice are still not well known. 

This thesis aims to create knowledge to guide public and private actors in developing 
digital technologies and using digitalisation to support environmental goals, especially 
regarding urban mobility. The results are structured around three parts. The first part 
explores strategies and digital services for municipalities that want to use digital 
technology to support environmental goals. The second part presents requirements for 
MaaS and AaaS to support environmental goals for urban mobility. To do so, they should 
reduce travelling overall and reduce environmental impact per kilometre travelled through 
enabling better modes of transport and lower vehicle emissions. It also suggests that a 
functional physical infrastructure for public transport and bicycling is important if MaaS 
are to support environmental goals. The third part identifies important knowledge gaps to 
explore, if digital services are to support environmental goals. The relationship between 
digital services, urban form, and sustainability implications is brought up as an important 
subject for future research, as well as how to ensure that MaaS fulfil the previously 
identified requirements. 

Finally, I discuss how to ensure that digital services and MaaS serve environmental goals. 
There are sometimes grave uncertainties regarding the real effects of various services. 
Although this makes future effects difficult to predict, it also suggests that investments 
need to be done strategically, and that data of effects need to be carefully collected and 
evaluated. Public and private actors both have responsibilities to ensure that digital 
services fulfil environmental goals. However, it is important not to only look at how to 
solve specific problems today. To support urban sustainability, we need to think about 
what kinds of cities we want. We do not have to focus digital services on streamlined, 
seamless and instant access to things no matter where they are. They can also support 
urban lifestyles of less focus on physical ownership and daily travelling, and more on 
positive experiences of sustainable modes of travel and of the local community. 

Keywords 
Digitalisation, sustainability, smart cities, smart mobility, sustainable mobility, smart 
sustainable cities 
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Sammanfattning 

Nuvarande mänsklig utveckling är på väg att rasera stabiliteten för det planetära system vi 
är beroende av för vår överlevnad. Den är med andra ord ohållbar. Samtidigt pågår en 
snabb urbanisering och digitalisering av våra samhällen. Digitala teknologier har potential 
att minska miljöpåverkan från städer och urbana livsstilar. Transport och mobilitet är 
viktiga komponenter i stadslivet, och det har föreslagits att digitala teknologier kan 
förbättra urbana transportsystem vad gäller både tillgänglighet och hållbarhet. Mobilitet 
som tjänst – Mobility as a Service (MaaS) – är ett relativt nytt koncept för 
tillhandahållande av mobilitetstjänster genom en digital plattform, ibland tillsammans 
med tillgänglighetstjänster som minskar behovet av att resa (Accessibility as a Service – 
AaaS). MaaS föreslås kunna vara ett verkligt alternativ till den egna bilen, och leda till 
hållbarare resande. Dess verkliga effekter är dock fortfarande oklara. 

Den här avhandlingen syftar till att skapa kunskap som kan vägleda allmänna och privata 
aktörer i utveckling och användning av digitala tjänster som kan stödja miljömål, särskilt 
gällande urbant resande. Resultaten är strukturerade i tre delar. Den första delen utforskar 
strategier och digitala tjänster för kommuner som vill använda digital teknologi för att 
stödja miljömål. Den andra delen presenterar hur MaaS och AaaS ska kunna stödja 
miljömål för urbant resande. De behöver bidra till minskat resande samt minska 
miljöpåverkan per personkilometer genom att stödja bättre transportsätt och lägre utsläpp. 
I avsnittet föreslås också att en välfungerande fysisk infrastruktur för kollektivtrafik och 
cykling är viktiga förutsättningar för positiva effekter av MaaS. Den tredje delen 
identifierar viktiga kunskapsluckor som behöver utforskas ifall digitala tjänster ska kunna 
stödja miljömål. Relationen mellan digitala tjänster, urban form, och hållbarhetseffekter är 
ett viktigt ämne för framtida forskning, liksom hur vi ska kunna säkra att MaaS lever upp 
till sin miljöpotential. 

Slutligen diskuterar jag hur digitala tjänster och MaaS ska kunna stödja miljömål. Det 
finns stora osäkerheter kring tjänsternas verkliga effekter. Det gör deras framtida effekter 
svåra att förutse, men betyder också att investeringar behöver göras strategiskt, samt följas 
upp noga. Allmänna och privata aktörer har båda ansvar för att se till att digitala tjänster 
lever upp till miljömål. Dock är det viktigt att inte bara se till hur dagens problem ska lösas. 
För att verkligen stödja hållbarhet i städer behöver vi fundera kring vilka städer vi vill ha. 
Vi måste inte använda digitala tjänster för att skapa sömlös och omedelbar tillgänglighet 
till mer saker, var de än är. Digitala tjänster kan också stödja urbana livsstilar med ett 
minskat fokus på fysiska ägodelar och dagliga resor, och ett ökat fokus på positiva 
erfarenheter av hållbart resande och lokalsamhället. 
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Mobilising digitalisation to serve environmental goals 

1. Introduction 

It is becoming increasingly clear that human development is currently leading to 
destruction of the stability of the earth system upon which we depend for our survival 
(Rockström et al., 2009; Raworth, 2012; Steffen et al., 2015). This is often expressed as the 
current form of development being unsustainable, and that it needs to become sustainable 
(Heinberg, 2010). Exactly what sustainability and sustainable development mean in 
practice is heavily contested (Robinson, 2004), especially since the concept often include 
both social, economic, and environmental aspects. This thesis will not focus on 
sustainability as an overall concept, but specifically on environmental aspects. However, I 
understand these three aspects of sustainability as interlinked, as human wellbeing and 
human life are dependent on planetary health (Raworth, 2017). 

During the last decades, an increasingly large part of the world population has come to live 
in urban areas. In 2018, an estimated 55,3 % of the world’s population lived in urban 
settlements (United Nations, 2018). If this development continues during the coming 
decade, this number will be 60 % by 2030 (United Nations, 2018). At the same time, there 
is a global trend of digitalisation, as more and more people get access to the Internet 
(International Telecommunication Union, 2019). It has been suggested that digital 
technologies can be used to make cities and urban lifestyles more environmentally 
sustainable (Mitchell, 2000; Kramers, 2013; Hilty and Aebischer, 2014; Höjer and Wangel, 
2014a). However, for digital technologies to support environmental goals, it is important 
that they are used strategically (Hilty and Aebischer, 2014; Höjer and Wangel, 2014b; 
Ringenson, 2018a).  

Transport and travelling are important parts of the urban life. The term “smart mobility” 
has been used for a wide range of transport concepts, including concepts not including 
digital technology. However, most commonly it involves digital technology, and describes 
transportation improved through the application of ICTs. Normally, this improvement is 
expected to concern both accessibility to transport, and sustainability. Mobility as a Service 
(MaaS) is a smart mobility concept that combines different transport modes to offer 
mobility services as a package (Hietanen, 2014; Jittrapirom et al., 2017). The idea is that 
MaaS could provide flexible travelling and disconnect mobility from vehicle ownership as 
well as from dependency of time schedules of public transport. However, some researchers 
warn that quickly switching urban transport to MaaS may not necessarily serve 
environmental or social goals, but rather undermine them through e.g. increased car 
dependence. It is therefore important to assess under which circumstances MaaS can 
support more sustainable mobility patterns, and what is needed to ensure the realisation of 
such circumstances (Pangbourne et al., 2019). It has been suggested that MaaS should be 
complemented with accessibility services that do not require travelling, such as online 
meetings. This is sometimes referred to as Accessibility as a Service (AaaS) (Kramers et al., 
2018b). 

If we recognise the importance of planetary health and the part that urban areas play in it, 
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we should choose to use available assets to support transitioning to more sustainable 
urban areas and life, including mobility. Research can play an important role in supporting 
decision makers in making policies and investments that serve environmental goals. There 
is especially a need for research that investigates the potential for different technologies to 
serve such goals, as well as under what conditions they can fulfil that potential.  

1.1. Aim and research questions 

The aim of this thesis is to create knowledge to guide public and private actors in 
developing digital technologies and using digitalisation to support environmental goals, 
especially regarding urban mobility. 

The thesis is structured along the following research questions: 

How can digital services be redirected to better support environmental goals? 

What is required for AaaS and MaaS to support environmental goals for urban mobility, 
and what do they need to fulfil such requirements? 

If digital services are to support environmental goals, what are the most important 
knowledge gaps to explore? 

1.2. Delimitations 

To ensure the safety of the inhabitants in cities and users of any MaaS systems and smart 
city services, data security will be important (Wang, Ali and Kelly, 2015). However, this 
thesis does not cover data security issues. 

Implementation of autonomous vehicles (AVs) is commonly included in smart mobility 
visions (Docherty, Marsden and Anable, 2017). Rockström et al. (2017) suggest AVs as a 
possible way to decrease greenhouse gas (GHG) emissions in the future. However, AVs still 
need a lot of technical development. Although the MaaS concept does not explicitly exclude 
AVs, I have chosen to focus on technologies that are, or are very close to being, technically 
deployable today. 

The research presented in this thesis revolves around urban structures and mainstream 
lifestyles of primarily the middle and upper classes in the richer part of the world. There 
are three main reasons for this focus. First, the thesis is written in a Swedish context, often 
using Swedish cases and co-researchers, and Sweden belongs to this part of the world. 
Second, problems and pre-requisites for using ICT differ greatly depending on 
infrastructure and economy, as well as political systems. Trying to cover all possible 
economic, political and infrastructure systems would mean needing a much wider scope. 
Third, and most importantly: As the globally affluent have a larger ecological impact than 
we need and more than is sustainable, we are the ones who need to change the most (see 
e.g. Sachs, 2015; Callmer, 2019). 

This thesis brings up problems that are more or less specific to urban areas, such as traffic 
congestion, as well as problems that are generic to both urban and rural populations in 
high-income countries, such as over-consumption. It also deals with administrative units 
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that can handle both rural and urban areas, such as municipalities. Although it briefly 
mentions some issues that may concern sparsely populated areas, such as lack of public 
transport, it does not explicitly include rural perspectives, but focuses more on urban 
areas. 

This thesis primarily discusses how digitalisation and ICT-supported mobility can support 
environmental goals in cities. It should however be mentioned that it can differ what those 
environmental goals are. In Paper 1, I investigated a number of different cities, each with 
their own environmental goals. In Paper 2, I worked with environmental aims on an EU 
level, as these often affect the environmental goals of cities and municipalities within the 
EU region. For Paper 3, I worked with a literature review of research on the environmental 
impacts of urban transport and mobility, where most of the research did not depart from 
any specific environmental goals. Paper 4 took its starting point from the environmental 
impact discussions of Paper 3. For Paper 5, the environmental goals that came up were 
those of the municipalities which representatives we interviewed, while we also included 
the perspective of the Avoid-Shift-Improve approach, which is used internationally (United 
Nations, 2016). Although there might be downsides to using so many different perspectives 
on environmental goals, it can also make the recommendations from this research more 
generally applicable. Section 2.2. presents some of the environmental goals that affect 
cities and municipalities. 

Lastly, the research presented in this thesis focuses on solutions to problems, rather than 
seeking to further define and problematize concepts like “the smart city”, et cetera. I have 
written on such matters in other publications (Ringenson and Rivera, 2017; Ringenson, 
2018b; Widdicks et al., 2018). 

1.3. Structure of the thesis 
This thesis consists of two parts: A cover essay and appended papers. The following is an 
outline of these parts. 

This Introduction chapter briefly introduces the research topic of the thesis, and explains 
why it is important. It introduces the aim of my research and the research question I have 
used for working towards that aim. 

Chapter 2, Research context, presents the context of this thesis: Sustainability and 
sustainable development, cities and environmental goals, digitalisation and environmental 
issues (including presentations of the “smart city” concept, as well as the limitations of 
digitalisation and the smart city), and Mobility and Accessibility as a Service (MaaS and 
AaaS). 

Chapter 3, Methodology and methods, presents the research strategies of the research 
included in this thesis, including ontologies and epistemology that inform it. It also gives a 
brief overview of the methods used. 

Chapters 4-6 summarise the results of papers 1-5, structured in accordance with the 
research questions. 
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Chapter 7, Discussion, is divided into two parts: Methodological reflection, which 
elaborates on the methods I have used; and Concluding discussion of results, where I 
relate the findings to the overall aim and relates them to broader contexts. 

In Chapter 8, Final words, I reflect upon and summarise some core takeaways of the work 
with this thesis. 

The papers included in the thesis are briefly summarised below: 

Paper 1, Smart City Planning and Environmental Aspects: Lessons from Six Cities looks 
for promising sustainable smart city technologies in six different cities. Its conclusions are 
centred on the importance to define, evaluate, and follow up environmental goals for 
technology investments. 

Paper 2, Digitalization and Environmental Aims in Municipalities formulates a method to 
find practical implementations of digital technology to further environmental goals of 
municipalities. 

Paper 3, Indicators for Promising Accessibility and Mobility Services, formulates 
indicators for investigating accessibility and mobility services and their impacts. 

Paper 4, Exploring everyday mobility in a living lab based on economic interventions, 
presents the findings of a living lab, where everyday mobility of car users were explored 
through the use of economic interventions to make the car less attractive, and bicycling 
and public transport more attractive. 

Paper 5, Mobility as a Service and the Avoid-Shift-Improve approach, examines MaaS as 
presented in research literature and interviews with the help of the Avoid-Shift-Improve 
approach for sustainable transport. 

2. Research context 

This thesis is written within the context of sustainability research, more specifically within 
that of research for urban sustainability with the help of digitalisation, or “smart 
sustainable cities”. This section will introduce this context by going through and explaining 
concepts of sustainability, situations regarding climate change and resource depletion, and 
then more specifically cities and environmental goals. It will also introduce and explain 
digitalisation, smart cities, and Mobility and Accessibility as a Service. 

2.1. Sustainability and sustainable development 

One of the earlier and most well-known mentions of sustainable development is that of the 
so called Brundtland Report (Brundtland, 1987). This report states that development needs 
to be sustainable as in it should '[meet] the needs of the present without compromising the 
ability of future generations to meet their own needs''. The term sustainability is often 
used interchangeably with sustainable development in public debate, but has been argued 
to hold a different meaning. While sustainability is linked to the potential of an exploited 
ecosystem to subsist and provide goods and values for humans over time, sustainable 
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development can be said to be about “the societal process of steering towards collective 
economic, ecological and socio-cultural goals” (Axelsson et al., 2012, p. 7). This division of 
economic, ecological and social aspects of sustainable development is commonly echoed in 
uses of the concept, although there are different understanding of how these aspects 
should be defined and evaluated (Connelly, 2007; for examples see e.g. Raworth, 2012; 
Lind, 2014; United Nations, 2017). It has also been argued that this wider idea of social, 
economic and environmental dimensions  risks diminishing the environmental dimension 
and separates social aspects from economic ones, despite these being closely connected or 
“in reality /…/ one and the same” (Kuhlman and Farrington, 2010, p. 3436). Sometimes, 
the differences in understanding of what sustainable development actually is, is related to 
whether sustainable development should be led by “weak” or “strong” principles of 
sustainability (Connelly, 2007; Neumayer, 2010). Turner (1993) and Neumayer (2010) 
explains weak sustainability as based on economical ideas of “man-made” and “natural” 
capital as equally important, and natural capital as substitutable in the production of 
consumption goods, machineries, roads etc. as well as for other utilities. Strong 
sustainability, on the other hand, regards natural capital as non-substitutable (Turner, 
1993; Neumayer, 2010). 

A commonly used visualisation of the so-called environmental aspect of sustainability is 
that of the “planetary boundaries” for the earth system (Rockström et al., 2009; Steffen et 
al., 2015). The planetary boundary concept describes the earth system as having nine 
planetary boundaries, which we must not cross if we want to continue to develop and 
thrive for generations to come (these boundaries are: biosphere integrity, climate change, 
novel entities, stratospheric ozone depletion, atmospheric aerosol loading, ocean 
acidification, biogeochemical flows, freshwater use, land-system change (Steffen et al., 
2015)). Currently, human activities push these boundaries to a point where continued 
thriving and development are at risk. Steffen et al (2015) mention this as especially urgent 
for the two boundaries “climate change” and “biosphere integrity”. Each of these two 
factors could on their own change the entire earth system, if they are disturbed beyond 
repair (Steffen et al., 2015). Since a few centuries back, we are already experiencing climate 
change driven by excessive emissions of carbon dioxide and other greenhouse gases from 
human activity, mainly transport, buildings and industry (IPCC, 2014). There is a widely 
spread understanding of the need to decarbonise the energy sector and switch to renewable 
energy to battle climate change (Renewable Energy Policy Network for the 21st Century, 
2017). However, this switch is in turn dependant on natural resources. According to data 
from the Global Footprint Network (2017), humanity is currently using ecological 
resources and services at a faster pace than they can regenerate. At that, oil, metals, and 
most mineral regenerate so slowly that we call them finite or non-renewable, and will 
eventually become so hard to mine that we will talk about them as depleted (J. L. Smith, 
2012; Nyambuu and Semmler, 2014). This speaks for the need to not just expand 
renewable energy production, but also cutting overall energy consumption (European 
Environment Agency (EEA), 2016). 

2.2. Cities and environmental goals 

Environmental goals are commonly used to work with environmental aspects of 
sustainability. This section presents environmental goals that affect municipalities and 
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regions. Some of these are explicitly referred to as “environmental goals”. Others are more 
specific, but still have a purpose of environmental protection. Examples of the latter are 
goals not to increase car traffic, water preservation objectives, or having a certain rate of 
recycling in a city.  

On an international level, there are several international agreements of varying legal 
weight. The United Nations’ Sustainable Development Goals regard both environmental 
and other aspects of sustainability and are relatively well-known, but not legally binding 
(United Nations, no date). EU member states are bound to fulfil EU directives (Paper 2), 
but in practice, the directives can still influence on a municipal or regional level. For 
example, the Waste Framework Directive states that municipalities are responsible for 
handling household waste, which means that its instructions on such waste directly affect 
the municipalities (Paper 2). Paper 2 specifically focuses on directive 2008/98/EC on 
waste (the Waste Framework Directive) and directive 2012/27/EU on energy efficiency 
(the Energy Efficiency Directive). 

In Sweden, the Swedish national environmental objectives are a shared responsibility on 
several decision levels: from international work (especially through EU) to the Swedish 
national government, to national agencies (including the Swedish Transport 
Administration), to the regional and local level through the Swedish Forest Agency, county 
councils, municipalities, and regions (Sveriges miljömål, 2019; Swedish Environmental 
Protection Agency, 2019a). Many Swedish municipalities integrate the Swedish national 
environmental objectives into their own environmental work (Swedish Environmental 
Protection Agency, 2016). The regions do not have any formal role in working with the 
national environmental goals, but e.g. public transport usually operates on a regional level 
or in cooperation between municipality and region, and goals regarding accessibility with 
public transport may be included in a municipal plan (Sveriges kommuner och landsting, 
2017b). Similarly, regional traffic or water policies can also influence a municipality’s work 
in the same areas. Municipalities can also have their own environmental goals formulated 
through local municipal politics, as well as e.g. traffic goals.  

2.3. Digitalisation and environmental aspects 

When talking about societal changes that stem from an increased use of digital 
technologies, it is useful to differentiate between that change in itself and the use of the 
technologies that are a prerequisite for it (Tilson, Lyytinen and Sørensen, 2010; Brennen 
and Kreiss, 2016). Digitisation is the process of converting analogue information into 
digital data (ibid.). Digitalisation, on the other hand, is the sociotechnical process in which 
digital techniques are applied to broader social and institutional contexts, and the ways in 
which social life are restructured around digital communication and media (ibid.) such as 
Information and Communication Technologies (ICTs). Digitalisation is a wider and deeper 
change of how society works, and digitisation is a prerequisite for that change. As 
previously mentioned, ICTs and digitalisation have been identified as helpful to forward 
sustainability goals (Hilty & Aebischer, 2015). This covers both expectations on digital 
technologies to target specific sustainability issues and on digitalisation to change the 
entire economy in a more sustainable direction (Rockström et al., 2017). Höjer et al. (2015) 
present five ways in which ICTs and digitalisation can support lessened environmental 
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impact: 

 replacing e.g. products or transports with digital services; 
 intensifying the use of products/spaces/travels with the help of e.g. digital booking 

solutions; 
 leaning processes and activities with the help of ICT:s; 
 digitally supported informing for changed choices;  
 long-term societal change. 

2.3.1. The story about the smart (sustainable) city 
Discussions about using digital technology to support environmental goals in urban areas 
are often formulated around the concepts of the “Smart City” (SC) and/or the “Smart 
Sustainable City” (SSC). However, these concepts are ambiguous and often extend to more 
than ICTs for environmental benefits. For example, the United Nations’ ITU-T Focus 
Group on Smart Sustainable Cities defines the SSC as “an innovative city that uses [ICTs] 
and other means to improve quality of life, efficiency of urban operation and services, and 
competitiveness, while ensuring that it meets the needs of present and future generations 
with respect to economic, social and environmental aspects" (Kondepudi, 2014, p. 13). 
Here, ICTs are just one out of several measures for a number of different benefits. 
Literature and projects within the SC and SSC field also often focus on other aspects, such 
as economic growth, or “smartness” that does not only include digital technologies and 
digitalisation, but also e.g. education, economy, or urban planning (Paper 1). SC projects 
are often collaborate efforts of private and public actors, sometimes in collaboration with 
the research sector (Paper 1; Grossi and Pianezzi, 2017). However, when SSC projects with 
a focus on environmental benefits are executed, there is often a lack of evaluations of the 
actual effects (Paper 1). Höjer and Wangel (2014a) have formulated a number of challenges 
for the SSC: 

1. strategic assessment of what technologies that should be implemented; 
2. mitigating measures to deal with possible counter-actions to environmental 

benefits of smart solutions; 
3. top-down/bottom-up approaches to SSC development; 
4. SSC-related competence in municipalities; 
5. governance issues. 

In essence, they call for active decisions to ensure that digitalisation actually benefit 
sustainability. This thesis primarily responds to the first two challenges. However, because 
of the variated and broad definitions of the SSC in literature and projects, it is only in 
Paper 1 that I use the concept of the SSC for my own research, even though most of my 
research could be placed within the SC and SSC field.  

2.3.2. The limits to digitalisation 
Digitalisation in itself may not necessarily lead to environmental benefits and increased 
sustainability. Producing, running and discarding electronic devices and ICT require both 
energy and the use of resources, including depletable and resources that are difficult to 
obtain, such as rare metals and rare earth minerals (Hilty and Aebischer, 2014; Wäger, 
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Hischier and Widmer, 2015; Preist, Schien and Blevis, 2016; Aslan et al., 2018; Widdicks et 
al., 2019). Electronic waste is a growing problem, and it is often inadequately handled and 
recycled, leading to negative environmental and social effects (Balde et al., 2017). The 
resource and energy use needed for construction and upkeep of digital technologies 
sometimes seems to be forgotten in discussions of the smart city and ICT’s possible 
environmental benefits (Ringenson et al., 2017) 

Apart from such direct effects, there may also be negative indirect effects of ICT products 
and services (Börjesson Rivera et al., 2014). A typical example is that improved 
technological efficiency can make goods or services cheaper and more easily available, 
leading to increased consumption (ibid.). Furthermore, there is concern that ICT’s growing 
energy and resource demand is fuelled by a cornucopian paradigm, where digital services 
are expected to continuously become faster, richer and more pervasive, which requires 
constant updates of hardware and storage for digital technology (Preist, Schien and Blevis, 
2016; Widdicks et al., 2018; Widdicks and Pargman, 2019).  

As for smart cities more specifically, there is a growing concern about its implications. 
Digital technologies are dependent on electricity, which makes their functionality 
vulnerable to energy shortage and power blackouts. As previously mentioned, we need to 
shift to renewable energy without fossil fuels. Such energy is often harder to store, and it is 
likely that energy flows might shift depending on weather or season (Smil, 2006; Hilty, 
2015). A too far taken smart city transition could risk creating societies that are even more 
vulnerable to disasters and dependent on a constant energy flow (Ringenson et al., 2017). 
A pilot study that explored the impact of lowered online connectivity showed that as long 
as it was technically possible to find information in other ways, the participants quickly got 
used to analogue systems even if they normally relied on digital systems (Widdicks et al., 
2018). However, that change is still reliant on the existence of such analogue systems. Just 
as we need buildings to have stairs that can be used instead of the elevator in case the 
house is burning, it is important that cities can function even if its digital devices do not 
(Ringenson et al., 2017). On the other hand, the Covid-19 pandemic of 2020 has shown 
that digital technology can be invaluable tools in catastrophic circumstances. 

2.4. Mobility and Accessibility (as a Service) 

2.4.1. Mobility, accessibility, and the environment 

In 2017, 27 % of the total greenhouse gas emissions within the European Union came from 
the transport sector (European Environment Agency (EEA), 2019). Urban mobility 
accounts for 40 % of all CO2 emissions from transport and up to 70 % of other pollutants 
from transport (European Commission, 2020). Apart from contributing to climate change, 
traffic is also associated with acidification, eutrophication, noise pollution, and harmful 
particles (Swedish Environmental Protection Agency, 2019b). 

According to Banister (2005), all transport is unsustainable in an absolute sense, as all 
transport consumes resources, although bicycling and walking consume very little of them. 
If we do want more sustainable mobility, we need take action “to reduce the need to travel, 
to encourage modal shift, to reduce trip lengths and to encourage greater efficiency in the 
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transport system” (Banister, 2008, p. 76). 

The Avoid-Shift-Improve (ASI) approach is an established approach for more sustainable 
transport planning and policymaking (United Nations, 2016). The ASI approach suggests 
for policy and planning to prioritise as follows: 

1. Avoid or reduce inefficient or unnecessary travel or transport where appropriate 
(United Nations, 2016). This means that travel does not take place, due to a 
reduced need or desire for it (Dalkmann and Brannigan, 2007), and/or that 
distances are shortened. Telework and compact, multimodal communities are 
examples of things that encourage this (United Nations, 2016; Lah, 2017).  

2. Shift from low-occupancy cars to more efficient, low-carbon modes such as public 
transport, ridesharing and active modes (Dalkmann and Brannigan, 2007; United 
Nations, 2016; Lah, 2017), and/or shifting to off-peak travel times (United Nations, 
2016). 

3. Improving environmental performance of transport – both the transport system 
overall and the vehicles (Tiwari, Cervero and Schipper, 2011; United Nations, 
2016). This can be done through technology, regulations, pricing, operations, 
and/or infrastructure improvements (Dalkmann and Brannigan, 2007; United 
Nations, 2016). This is however less effective for a more sustainable transport 
system, according to Lah (2017). 

Discussions regarding the environmental aspects of transport tend to focus mostly on the 
act of travelling itself, rather than on vehicles and infrastructure. From an environmental 
point of view, owning a car without using it would be better than driving it all the time. 
However, to understand a vehicle’s environmental impact, one should not only include the 
environmental impacts during use, but also a life cycle perspective of the vehicle itself 
(Albrecht, Nilsson and Åkerman, 2013; Florent and Enrico, 2015). A parked car still has an 
environmental impact in the form of the externalities from its production as well as the 
space used for parking, and the externalities from preparing that parking space.  

2.4.2. Mobility and Accessibility as a Service 
The concept of MaaS can be described as a “platform technology combined with a business 
model for delivering integrated access to transport services” (Pangbourne et al., 2018, p. 
34). In this concept, digital platform technologies connect users with providers of mobility 
services, and can offer combinations of such services (Jittrapirom et al., 2017), as well as 
function as a trip planner. The idea is that MaaS should provide flexible travelling, and 
disconnect mobility from vehicle ownership as well as from dependency of time schedules 
of public transport (Sochor et al., 2016; Sochor, Karlsson and Strömberg, 2016; 
Jittrapirom et al., 2017). It has also been suggested such a platform can use pricing and 
real-time data to reroute travellers in time and space to better utilize the transport system 
(Gullberg, 2015; Wong, Hensher and Mulley, 2020).  

The digital platform can be understood as a basic principle of the MaaS concept, but ideas 
of what mobility services it should provide differ. Public transport, taxi, car sharing, bicycle 
sharing, and rental cars are examples of mobility services included in the early MaaS trial 
project UbiGo (Karlsson, Sochor and Strömberg, 2016). Demand responsive services like 
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ride hailing services and collective on-demand services have been identified as important 
in MaaS, although finding the optimal route design for such services remains problematic 
(Jittrapirom et al., 2017). Both Rockström et al. (2017) and Hilty & Aebischer (2015) 
mention the possibility to reduce travel emissions with strengthened opportunities for 
online meetings and remote work. It has also been suggested that other urban logistics 
than simply travelling could be included in the MaaS concept, e.g. food purchases 
(Jittrapirom et al., 2018b; Pangbourne et al., 2018). In this thesis, I understand MaaS as 
an online platform that offers and integrates different transport modes and services, often 
from different service providers, and enables planning and paying for journeys (Paper 5). 
Furthermore, this platform could also offer non-travel alternatives for such journeys, by 
e.g. suggesting video meetings or other services (Paper 3, Paper 5). 

There are also different views on how large-scale change MaaS will bring. While  König et 
al. (2016) call MaaS a new transport paradigm that will completely change how we view 
travel, Smith and Hensher (2020) describe it as just a service models, which may or may 
not lead to changed travel behaviour. 

From a transport context, “accessibility” is often defined quantitatively to signify how easy 
or difficult it is to move from point A to point B. However, e.g. Waters (2016) understands 
accessibility as a singular phenomenon, describing it as “the ability of individuals to 
participate in necessary or desired activities” (p. 29). Kramers et al. (2018) use the concept 
of Accessibility as a Service to describe accessibility that does not require owning or 
travelling to a certain thing or activity, but is available where one is through e.g. digital 
technology. Digital access to meeting services could be seen as an example of accessibility 
as a service. 

2.4.3. Opportunities and risks of MaaS and AaaS 
A study by Karlsson, Sochor and Strömberg (2016) on the early MaaS trial project UbiGo 
showed a surprisingly large reduction in private car use among its participants. 64 % of the 
participants reported changes in travel behaviour, and overall the participants had 
purchased car use credits for approximately 30 % more car hours than they had utilized, 
meaning that they decreased their car travel even more than they had originally expected 
(Karlsson, Sochor and Strömberg, 2016). In a study by Matyas (2020) on attitudes towards 
multimodal travel, several respondents stated willingness to try new modes if they were 
included in a MaaS plan, included bike or car sharing. 

According to Pangbourne et al. (2019), MaaS – and “smart mobility” as a whole – often 
promise boundless, cheap mobility with low thresholds to travelling, which may lead to 
increased travelling. Research shows conflicting results regarding the effect of ride-
sourcing services, which are often included in MaaS concepts, on congestion and vehicle 
miles travelled (Rayle et al., 2016; Jin et al., 2018; Erhardt et al., 2019). In the business 
field, MaaS is often likened to streaming services like Netflix (Smartrak, no date; BMaaS, 
2018; Amalfi, 2019). That is not a reassuring picture with regards to transport demand, 
considering that video streaming services have been identified as major drivers of data 
demand and CO2-emissions from the ICT sector (Widdicks et al., 2019; Suski, Pohl and 
Frick, 2020).  
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3. Methodology 

The research presented in this thesis was conducted within the field of environmental 
strategic analysis. Here, focus lies on the production of “environmental strategies” – that 
is, to engage with real world sustainability problems and formulate ways to forward 
environmental aspects of sustainability. As such, it is a type of sustainability research, or 
“sustainability science” (Stock and Burton, 2011; Wu, 2012). Since sustainability issues are 
complex and multi-faceted, the research that looks to forward solutions for them tends to 
need a transdisciplinary approach (Stock and Burton, 2011), or “issue-driven 
interdisciplinarity” (Robinson, 2008). This means that they do not only combine various 
academic disciplines, but also combine academic knowledge with that of the larger world, 
often through collaboration with practitioners and stakeholders. 

Sustainability research can also be said to be normative, as it strives to achieve societal 
change in a sustainable direction. It therefore sometimes blurs the traditional lines 
between science and politics, “where science attends to matters of facts and truth, whereas 
politics is about values, interests and power” (van der Hel, 2018, p. 248). Furthermore, this 
thesis deals with technologies. Engineering has an essential quality in common with 
sustainability research: it, too, focuses on the application of knowledge in order to solve 
real-world problems (Shaw, 1990). My research seeks to combine the field of engineering 
with that of sustainability research. It examines technologies and seeks to steer them in a 
direction that serves sustainability. It does not only focuses on new technologies, but tries 
to understand them as used in, and part of, society, and recognises the complex co-
evolution of the social and the technical. As such, it deals with socio-technical transitions 
to sustainability (Geels, 2004, 2010; Walker and Shove, 2007). 

Epistemology can be described as the study of human knowledge, and is sometimes 
referred to as the theory of knowledge (Stroll and Martinich, 2020). In research, three 
common types of epistemology is the objectivist, subjectivist and constructivist (Crotty, 
1998). Objectivism holds that things hold an intrinsic meaning independently of 
consciousness and experience, and that we can discover this objective truth and meaning 
through careful research (ibid.). Subjectivism, on the other hand, holds that an object’s 
meaning is imposed on the meaning by the subject, rather than from interaction between 
subject and object (ibid.). Constructivism can be seen as a middle ground between these 
two epistemologies. According to constructivism, an object’s meaning is not discovered, 
but constructed when the subject’s consciousness engages with it. Different people may 
construct this meaning in different ways. For example, a tree will likely hold different 
meaning for a lumberjack than for a landscape painter (ibid.). 

Ontology is a philosophical field that seeks to categorise all entities of beings or on-goings 
in the world, and understand how these categories are related (Smith, 2012). Geels (2010) 
describes ontologies as “general theories” to understand the world in a field, and argues 
that positioning oneself strictly within one single ontology can be problematic for socio-
technical transitions. Instead, Geels draws on writings on paradigms within organisation 
and management theory to suggest that it is more fruitful to work with inter-ontology 
crossovers, and focus on interaction between ontologies (Gioia and Pitre, 1990; Lewis and 
Grimes, 1999; Geels, 2010). This position allows scholars to recognise and work with 
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pluralism, paradox, and tensions between ontologies (Poole & Van de Ven 1989, Geeles, 
2010). As interdisciplinary research bridges and combines a number of different 
disciplines, there will also exist a multitude of ontologies between them – and between the 
researchers and practitioners that work together. This is also the case for the research 
presented in this thesis. The smart city field has notably been informed by, and criticized 
for, a rationalism (Geels, 2010) that supposes that cities and their inhabitants should and 
would make technology-supported, logical, and rational decisions (Kitchin, 2014; 
Strengers, 2014). Although I sometimes draw on sources I perceive as rationalist, my 
understanding of humans’ interactions with their physical and virtual surroundings is that 
they are more often formed by the complexities of society and life than of rational decision 
– hence the phrasing of conditioned “potentials” of technologies in P1 and P3. The set-up 
and conclusions of P4 are also premised on human actions as informed by other decision 
than “rational” ones. My research bridges the technologies themselves, human usage of 
them, and policy, each needing different ontologies. Geels (2010) writes about evolution 
theory as dealing with long-term patterns of change, such as transformation and 
extinction. From a sustainability transitions point of view, evolution theory understands 
transitions as formed by interaction between changes in the variation side, e.g. price and 
performance of SSC technologies and the selection environment, e.g. stricter 
environmental regulations or changes in user preferences. It understands that technologies 
may have potentials, but that this is not sufficient in itself, and require larger changes for 
these potentials to be fulfilled (Geels, 2010). This, then, would motivate the work with 
formulating ways for policy and municipalities to act to formulate preconditions that 
further sustainability transitions. In a structuralist worldview, belief systems, ideologies 
and public opinion shape society and drive transitions (Geels, 2020). From a sustainability 
transitions point of view, this means that to achieve sustainability transition, the 
dominating discourse needs to move from neo-liberalism (based on e.g. competitiveness, 
economic growth, and privatization) to sustainable development (based on e.g. ecological 
modernisation, corporate social responsibility, and stronger government roles). However, 
the latter viewpoint has also been criticized by approaches that are more radical. These call 
for letting go of ecological modernisation, and shifting to “deep green” life styles of 
localism and decentralized renewable energy (ibid.). My research moves within the 
tensions of these different views on “sustainable development”, where I understand the 
current MaaS paradigm as largely informed by ecological, while I also investigate the 
potential uses of smart technologies for a deep green society. This is partially seen in P4 
and P5, and will be further discussed in chapter 7 of this thesis. 

3.1. Action research 

In action research, “the research process is explicitly and deliberately used as a tool for 
change” (Elfors and Svane, 2008, p. 2). The results of my research are intended to be 
useful for supporting sustainability transitions and working towards environmental goals. 
However, to what extent this was also the intention for the research processes themselves 
has varied, and none of the research projects I have worked within had that as a primary 
focus.  However, another characteristic of action research is the involvement of 
participants and stakeholders to not only be researched, but also do research themselves as 
co-researchers (Elfors and Svane, 2008; Reason and Bradbury, 2013). Paired with an 
interdisciplinary approach, co-researchers have been important for the research presented 
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in this thesis.  For example, the decision of which cities to investigate for Paper 1 was made 
together with research partners from industry and the public sector. The idea to use EU 
directives to understand how municipalities can work to use ICT for environmental goals 
(Paper 2) originally came from municipal partners, who expressed a need for 
understanding their environmental challenges in relation to the EU directives. Workshops 
and meetings with stakeholders were also important for formulating the living labs (Paper 
4, Paper 5). In these workshops, representatives from Stockholm and Botkyrka 
municipality participated together with representatives from the commercial sector, 
primarily the transport industry and the ICT industry. These were both subjects for our 
research, and important co-researchers when finding research areas to look deeper into, 
identifying possible interventions, and finding appropriate locations for the living labs. 
Furthermore, as described in section 3.2., some research partners were connected to one of 
the living labs by letting their employees be participants in it. Living labs that are based on 
interventions can be understood as a type of action research (Hesselgren, 2019). The 
Living lab method requires thinking in an action research way – that is, it requires that we 
understand and accept that we are not getting clinically correct results through 
observation, but provoke and contests these results (ibid.). This is further explained in 
section 3.2. 

3.2 Living labs 

The term “Living labs” has been used to describe a number of different approaches, which 
can vary significantly but have the common purpose of developing knowledge through 
practice (Cheyne, 2013). Commonly, living labs invite public and private stakeholders to 
work together, often with users, to generate solutions and innovations through 
experimenting, testing and piloting in real world contexts (Sjöman and Hesselgren, in 
press; Liedtke et al., 2012; Romero Herrera, 2016). In governance and urban planning 
contexts, the “Urban Living Lab” has emerged as an approach for experimental 
governance, where new technologies and lifestyles are tested in a geographical area and 
developed by urban stakeholders (Bulkeley and Castán Broto, 2013; Palgan, McCormick 
and Evans, 2018). In the case of the work described in Paper 4 and 5, the living labs were 
based on design-methodology, as “Designerly” Living Labs (DLLs) (Sjöman and 
Hesselgren, 2020). DLLs are characterised by  their focus on exploration of complex 
situations through interventions and reflections from participants, as well as from the 
experience of creating and running the living lab itself (Sjöman and Hesselgren, 2020). 
They can be seen as holistic, as they include both learnings from within the lab itself and 
from interactions with the surrounding society (ibid.). Co-creation with participants and 
stakeholders is important in the DLL, and as it invites and intervenes with their lives and 
activities, it can be referred to as a participatory action research approach that includes 
several actors in knowledge creation (Hesselgren, 2019). 

For paper 4 and 5 we used living labs to increase our understandings of daily travel, less 
established travel- and non-travel options, and platforms through which such options can 
be accessed and used. This was done using interventions: introducing new conditions in 
the lives of the participants and thereby get the chance to discuss such conditions with 
them, as well as trigger both experimentation with and reflections on their travel habits, 
needs, and desires. 
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3.2.1. Future playing rules for everyday travel 

The first living lab took its starting point in the idea that MaaS by itself might not be 
enough to change travel behaviours and decrease car use. There might also be a need to 
change the costs of travel modes compared to today. Therefore, we wanted to see how it 
would look with monetary differences as follows: By making the cost of the car 
transparent; by giving a monetary reward for bicycling, and by making it cheaper to travel 
by public transport off-peak. This living lab was named “Future playing-rules for everyday 
travel”. This thesis will refer to it as Future travel. 

Participants were recruited at random on the parking lots of grocery stores in different 
parts of southern Stockholm. After brief interviews, twenty possible participants were 
asked to record their travel habits with the mobile phone application TravelVU 
(https://en.trivector.se/it-systems/travelvu/) as described in section 3.4.4. After going 
through their personal and travel data, we chose nine people from seven households. The 
participants were selected to provide a range of different views of experiences. The 
participants had in common that they lived in southern Stockholm and had access to a car, 
but had differences in gender, type of household, travel habits, and living situations, as 
shown in table 1. 

Table 1 - Participants in Future Playing Rules of Everyday Travel 

Participant 
Gender, Age 
Bracket 

Housing 
type 

Type of area, 
Public 
transport 
accessibility 

Family Situation Normal mode of 
commuting 

P1  

M, 40s 

Apartment Inner city. Very 
close to rail bound 
PT. 

Single. Lives with 
two children 10 and 
12, every second 
week 

Bicycle or public 
transport 

P2  

M, 40s 

Apartment Inner suburb. 500 
m to rail bound 
PT 

Single. Car to work 

P3  

M, 40s 

Apartment Outer suburb, 2 
km to rail bound 
PT 

Girlfriend in 
different city. Two 
teenage sons. 

Car to work 

P4  

M, 50s 

Apartment Inner suburb. 
Very close to rail 
bound PT 

Girlfriend in 
another part of the 
city, son (16) living 
at home, one grown 

Walks to work 
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up child moved out 

P5  

M, 20s 

Detached 
house 

Inner suburb. 1 
km to rail bound 
PT 

Lives with parents. 
Can borrow the 
family car. 

Walk/bus + 
commuter train + 
walk/bus. Or bike, 12 
km. 

P6  

M, 50s 

Lives with wife and 
two sons 19 and 23 
(P5) 

Walk/bus + 
commuter train + 
walk/bus 

P7  

M, 40s 

Detached 
house 

Inner suburb. 2 
km to rail bound 
PT 

Married to P8. Pre-
school age daughter. 

Bicycle to work.  

P8  

F, 40s 

Married to P7. Pre-
school age daughter. 

Walks + public 
transport to 
work/university. 

P9  

F, 50s 

Apartment Inner suburb. 1,5 
km to rail bound 
PT 

Single, grown up 
children have 
moved out 

Car to work 

 

Future travel lasted for 6 months, June-November 2018, plus April as the month of initial 
data collection. 

3.2.1.1. Making the cost of the car transparent 

It has been known for decades that people in general tend to consciously or unconsciously 
repress parts of the cost of owning and operating a car, and therefore rarely have a full 
active understanding of the total cost of car ownership (Brög, 1982; Hagman, Ritzén and 
Stier, 2017). Many people only consider fuel costs when they think about the cost of the car 
(Beirão and Sarsfield Cabral, 2007). We wanted to understand more about how this could 
play into a MaaS solution where car costs were visible. To do so, we created a solution 
where the participants could see how much their cars cost, and where the amount of 
driving affected these costs. The total cost of car ownership consists of: (1) Fixed costs, 
such as tax and a rented parking spot; (2) Semi-fixed costs, such as insurance and 
devaluation; (3) Variable costs, such as fuel, service, and replacement of worn-out tires and 
brakes; (4) Unforeseen costs, such as parking fines or costs of car accidents (these costs 
were excluded from our intervention). These costs were calculated for each vehicle in the 
DLL by using historical yearly costs from the participants, and given a value by kilometre 
from based on how much the participants had been driving during a “normal” month, as 
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logged in TravelVU.  

3.2.1.2. Monetary rewards for bicycling 
The basic idea for this incentive was that since the benefits to society are so big for 
bicycling, in terms of reduced costs for both traffic and health, it could be within the 
interests of the public to incentivise bicycling through monetary rewards. The participants 
were given 1 SEK per bicycled kilometre as logged in TravelVU, up to 400 SEK/month. As 
MaaS is presented as a transport solution, the reward was only given for bicycle travel to a 
specified destination, as opposed to bicycling for recreation or exercise. 

3.2.1.3. Cheaper public transport off-peak hours 
The public transport system in Stockholm offers two main types of tickets: A monthly 
travel card with unlimited travel for a fixed price, or a prepaid card for paying per trip. The 
participants were offered monthly travel cards for half the original price, but instead had to 
pay an additional 20 SEK per ride when boarding during peak hours, up to the original 
monthly card price. This would allow the participants to save money by travelling off-peak. 
Peak hours were in this case defined as travel boarded 7.15-8.30, and 16.15-17.30. 

3.2.2. Work Closer and Travel Smarter 

The second living lab is still ongoing at the time of writing. This living lab was named 
“Work Closer and Travel Smarter”. This thesis will refer to it as “Work Closer”. Work 
Closer is run by a team of researchers and PhD students from KTH Royal Institute of 
Technology with the purpose of creating knowledge about travel and non-travel service 
options, when linked and offered together. The set-up of the living lab was created in 
workshop form together with representatives from municipalities (Stockholm and 
Botkyrka), Swedish Transport Administration and industry. Representatives from 
Botkyrka municipality recommended that the living lab should have its physical core in the 
centre of Tullinge in Botkyrka municipality. This part of the municipality was 
recommended due to its relatively high car-ownership and car dependence as well as its 
large amount of commuters. 

The participants were recruited with a focus on people living in or close to Tullinge while 
commuting out of the municipality for work. The participants also needed to be able to 
work out of office some days a week (why is explained in paragraph 3.6.2.2.). The methods 
for recruitment were as follows: 

1. Posting about the project in two Facebook groups for Tullinge residents 
2. Facebook advertising targeting the commuters in the region 
3. Reaching out to the project’s research partners with employees in the area. While 

this was effective when the research partners eventually engaged, the invitation did 
not reach the actual employees until several months after the project had already 
started, resulting in these participants joining about 4 months later than the other 
ones. 

There are around 60 people connected to Work Closer, but not all of them are active users 
of the resources. As the number of people was much larger for Work Closer than for Future 
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Travel, there was less focus on selecting a mix of people, and only those who did not fulfil 
the requirement of living within a 5 km radius and commuting for work were turned away. 
It should be mentioned that a few of the participants from the first group recruited through 
Facebook as described above were entrepreneurs, although most of them regularly worked 
from their clients’ offices, as well as from home.  

Work Closer was originally planned to go on for 12 months, from February 2019 to and 
including January 2020. However, as there were delays in both the recruitment and the 
interventions (save for the office space), the open period was extended to 18 months. At the 
time of writing (September 2020), the living lab is still ongoing. 

The following paragraphs describe the interventions included in the living lab. 

3.2.2.1. Platform for planning and booking travel and non-travel 
To simulate a platform for planning and booking travel and non-travel options, we used 
the service SpaceTime. SpaceTime was originally developed for companies as a tool to 
simplify administration around work trips. It was chosen because it has features for both 
planning and booking trips and booking other resources, like vehicles. The participants use 
this interface to book office resources (see 3.6.2.2.) as well as travel resources (3.4.2.3.).  
Functions for booking public transport tickets are built into the application. It should be 
mentioned that most of the participants only use it for booking desks and rooms at the 
work hub. 

3.2.2.2. Neighbourhood telecommuting centre 
The neighbourhood telecommuting centre (NTC) is a fully equipped office space to which 
participants of the research project have access. The office space has fourteen desks and is 
located in the centre of Tullinge, close to library, grocery stores, and commuter train 
station. On any given day of the week, the participant can choose to go to the NTC to carry 
out their work. To ensure that there is a desk available, the participant needs to book their 
desk through the Spacetime interface. Through the interface they can also book phone 
booths and the meeting room, which all belong to the NTC. 

3.2.2.3. E-bikes 
The participants are able to book electrically powered bicycles and freight bicycles, 
stationed at the NTC. At the time of writing, they are available without any additional 
costs. Work on adding additional e-bikes closer to the participants’ homes is currently 
undergoing. 

3.2.2.4. Additional/suggested features  
There have been discussions about adding coaching for e-meetings and bicycling, 
respectively. Several of the participants have expressed interest in being able to take their 
car to the NTC, and therefore to have better parking access. While car travel is not 
something that Work Closer want to promote, it is interesting from a research perspective, 
and one idea is to combine a parking space with an opportunity for ride sharing between 
participants. Plans were made for a pool car, but could not be realised due to contract 
issues. It is technically possible to use the app to coordinate ridesharing between users, but 
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the participants have not made use of this feature. 

3.3. Case studies 

A case should be “a complex functioning unit, /…/investigated in its natural context with a 
multitude of methods, and /…/ contemporary” (Johansson, 2007, p. 31). The research 
presented in this thesis does not use typical case studies, but it still holds elements of case 
study methodology, as follows. 

Paper 1 presents SSC investments of six different cities. My co-author and I selected cities 
to investigate in collaboration with an extended research team. This team included both 
researcher colleagues from KTH and stakeholders from our research partners. The 
selection of what cases to investigate is normally either information-based or random. In 
an information-based selection, cases are chosen “on the basis of expectations about their 
information content” (Flyvbjerg, 2006, p. 230). The original purpose of the study 
documented in Paper 1 was to find good SSC practices to learn from, and we assumed that 
we would learn more by looking closer at a few cities that were advanced in terms of 
digitalization usage, than to look into a larger number of cities that were less forward when 
it came to digitalisation. According to Flyvbjerg, this would be called looking into “extreme 
cases” – “unusual cases that [are] especially good” (Flyvbjerg, 2006, p. 230). We also 
wanted to understand the underlying strategies for how the cities in question worked with 
SSC. Therefore, the selection of cities could also be described as “paradigmatic” – “cases 
that highlight more general characteristics of the society in question” (Flyvbjerg, 2006, p. 
232). Criteria for the cities were as follow: To broaden our views and create some distance 
between the projects and us as Swedes, the cities should have some global distribution, and 
not be located in Sweden. As some of the more well-known smart city projects revolve 
around building new cities but the majority of cities are already built, the cities should be 
already built, rather than completely new building projects. To get some consistency and 
find relevant solutions for a Swedish context, the cities should be located in high-income 
countries. 

During the time of the selection, an EU project called Grow Smarter had just been 
approved. This project had three leading “lighthouse” cities: Barcelona, Cologne and 
Stockholm. Knowing that this would mean that these cities would initiate “smart city” 
projects in some form, we selected Barcelona and Cologne (Stockholm being excluded 
because of its location). We then held a number of workshops together with partners as 
described above, and selected cities together with them. Apart from Barcelona and 
Cologne, we investigated San Francisco and Amsterdam because of their well-known 
interest and investments in smart technology, Shanghai because of their focus on smart 
city development and because we thought it would be interesting to look at a city situated 
within a different political system, and Seoul, as it is well-known for a high level of digital 
connectivity, as well as a fast-pace urban development and a growing interest in 
environmental issues. However, for Cologne any more extensive information we could find 
on the city’s involvement in SSC project was available in German only. As neither I nor the 
other author had high proficiency in German, we eventually excluded it as a case. 

For paper 2, we used two EU directives to test and develop a method for identifying ICTs 
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for environmental goals. EU directives are not complex functioning units. We also did not 
investigate them with a multitude of methods. However, the research has an element of 
case study because we used two different directives to try the applicability of our methods, 
under the assumption, that if our methods are useful for these two directives, they should 
be for others. 

The choice of what EU directives to investigate was made in two steps. Together with 
representatives from our municipal partners, we identified four directives with a strong 
impact on the municipalities’ environmental work:  

1. Directive 2008/50/EC of the European Parliament and of the Council of 21 May 
2008 on ambient air quality and cleaner air for Europe  

2. Directive 2000/60/EC of the European Parliament and of the Council of 23 
October 2000 establishing a framework for Community action in the field of water 
policy 

3. Directive 2008/98/EC on waste 
4. Directive 2012/27/EU of the European Parliament and of the Council of 25 October 

2012 on energy efficiency  

Then we looked for what activities they contained that could be supported by digitalisation. 
This made us realise that the first two directives in the list above were similarly mainly 
concentrated on monitoring, while Directive 2008/98/EC on waste (WFD) and Directive 
2012/27/EU /…/ on energy efficiency (EED) contained a bigger span of different types of 
activities. Therefore, the latter two directives were chosen for further investigation. 

For paper 3, mobility and accessibility service types were used to test a set of indicators 
developed in Kramers et al (2018) to learn how, and to what extent, they could practically 
help us assess innovative mobility services, so that we could develop the indicators further. 
The services were selected to cover several different service categories. The selected service 
types were: 

 Access without travel (web conferencing) 
 Sharing spaces (co-working hubs) 
 Sharing cars (transportation network services) 
 Sharing bicycles (dockless bike-sharing system). 

We used these to try out the indicators and see what types of answers they would generate. 
This was done through applying the indicators on the selected services and then searching 
for information to the questions that the indicators posed. For some services, the answers 
to the indicators’ questions were deemed lacking (e.g. too vague), or we noticed that the 
indicators missed important aspects. After noting apparent flaws, we reformulated the 
indicators to cater to problems we had encountered.  

As for the living labs, these are not exactly case studies in themselves. However, when 
choosing the location for living lab 2, Tullinge stood out to us in a similar way as an 
“extreme” case of interest to MaaS and AaaS, with many commuters and a lot of car use.  
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3.4. Data collection 

3.4.1. Interviews 
For the research presented in this thesis, semi-structured interviews have been used for 
gathering qualitative information. For semi-structured interviews, the researcher has an 
interview guide with questions and topics to cover in the interview, but is flexible with how 
and when to ask these questions. Semi-structured interviews provide some structure for 
comparison between several interviewees, but support a more dialogue-like interview and 
gives the interviewee more freedom in how to respond (Edwards and Holland, 2013). 
When recruiting interviewees for qualitative interviews, capturing a range of meanings is 
generally prioritised over finding a representative sample of the general population, as in 
quantitative research (ibid.). This has also been the case for the research conducted in this 
thesis. This viewpoint also guided the selection of living lab participants, as described in 
section 3.2. 

For paper 1, we worked mainly with literature and secondary sources, as described in 3.4.4. 
By chance, KTH was visited by a delegation from the municipality of Shanghai. We 
therefore took the opportunity to complete our digital data collection with a personal 
interview with Yan Liu of the Department of Smart City Development Promotion at 
Shanghai Development Research Centre of Economy and Informatization. The exact 
content of this interview did not end up in the paper, but it did help provide a clearer 
picture of the Shanghai SC project. 

For Future Travel short phone interviews were made as part of the recruitment process as 
well as a check in about six week into the span of the living lab. We also made interviews in 
person with the participants of the living lab. In-depth interviews were conducted three 
times for each participant: once before the living lab started, once under the duration of 
the living lab, and once after it had finished. All the interview questions were semi-
structured. The questions concerned the participants travel practices as well as their needs, 
attitudes and perception of travelling, sometimes using hypothetical scenarios. We used 
the same interview guide for all participants with some adjustments because of different 
family situations etc. In addition to these interviews, the practical and administrative work 
with the living labs required a lot of contact with the participants. During these contacts, 
they often made comments and shared their opinions on travelling and the functions of the 
living labs. Such comments and conversation were also included as qualitative data in the 
material. 

In Work Closer, in order to better understand public organisations’ position in relation to 
new mobility and accessibility services we conducted semi-structured interviews with 
representatives from different public organisations: 

 Botkyrka Municipality, who are partners in the project and in which the 
participants of the living lab lived 

 Stockholm Municipality, who are partners in the project and had employees 
participating in the living lab 
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 Sveriges Kommuner och Regioner (Previously Sveriges Kommuner och Landsting) 
(Municipalities and Regions of Sweden), which is an umbrella organisation that 
assists municipalities and regions in their work. 

The questions were formulated to capture knowledge about possible responsibilities for 
services as well as for a digital platform to distribute them. This included thoughts about 
their own powers and interests as well as how they viewed other possible actors’ powers 
and interests. To better understand the relationship between urban sustainability and 
actor responsibility, we asked questions about how such mobility and accessibility services 
may influence and depend upon urban planning and land use. For partner organizations, 
we also asked about their interests in the research projects and what type of information 
they would be the most interested in. 

3.4.2. Literature review 

A literature should add value to its research field, rather than just collect and present an 
overview of literature (Wee and Banister, 2016) The purpose of the literature review in 
Paper 5 is to provide empirical insights (ibid.) about the connection between MaaS 
measures and ASI through a synthesis of what is already known in research. It is also 
intended to explore how the results could aid a real-world application (ibid.).  

MaaS has been frequently discussed in whitepapers and consultancy reports (Jittrapirom 
et al., 2017). However, my experience of doing research on effects of both smart city 
technologies and MaaS is that such reports tend to be very optimistic about the effects of 
MaaS. Therefore, I decided to focus on learning about MaaS, its effects and governance 
from peer-reviewed research. The literature search and selection went as follows: Scopus 
and ScienceDirect were selected for searching for research articles and book chapters 
written in English on MaaS measures and their relationship with ASI. I used the following 
search terms for keywords, abstract, and/or title: 

 “mobility as a service” AND governance 
 “mobility as a service” AND policy 
 “mobility as a service” AND avoid-shift-improve. 

I also searched for “mobility as a service” AND “co-working” as well as “mobility as a 
service” AND “non-travel”, but none of these searches generated relevant results.  

As the next step, I went through the abstracts of the search results, and excluded articles 
and book chapters that were outside the scope of the article. These exclusions left a first 
selection of 56 research articles and 13 book chapters. After that, I searched for MaaS and 
mobility as a service in the texts. Papers where these keywords only appeared once or twice 
in passing were sorted out, leaving 34 papers to be analysed. Additional papers were sorted 
out during the reading, if they turned out to mention MaaS and/or public authorities’ role 
in relation to them only in passing. The final literature review consisted of 28 articles and 
book chapters. 

The analysis of the literature was inspired by deductive thematic analysis as described by 
Braun and Clarke (2006). The first step was to formulate initial topics as follows: 
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 Non-travel service mentions in the literature 
 Environmental effects of MaaS 
 Current actions taken by public authorities with regards to MaaS 
 Conclusions and recommendations of actions from public authorities regarding 

MaaS, as expressed in the literature. 

I then collected all instances in the literature that had some relevance to any of the above 
stated topics. After that, these instances were divided into themes based on what they 
captured in relation to the question (Braun and Clarke, 2006). Tentative themes were 
formulated as we went, and any instance could hold several different themes. These 
themes guided structuring the text before looking at how the instances corresponded with 
ASI as presented in 2.3.1. 

3.4.3. TravelVU 

For Future Travel, we asked the participants to log their travelling with the mobile phone 
app TravelVU. The app uses GPS-tracking to try identifying 16 different modes of travel, as 
well as switches between trains and buses and time spent parking or waiting. The user is 
also requested to categorize or manually name the places/activities visited, see table 2. 

With the automatic logging, few if any trips were missed, and the app managed to measure 
travel distances fairly accurately. However, the identification was more difficult than 
expected. If the app misidentifies a travel mode, the user can change it. According to the 
developers, the app would rely more on the user’s manual corrections in the beginning and 
grow smarter through machine learning. In practice, this turned out to continue for a 
longer time. On a few occasions, a few days’ data was lost due to technical problems or user 
errors. For around 1% of the days, data was incomplete or lost. When possible, lost data 
was manually replaced by estimates. For one user, two full months of data were lost due to 
technical problems with the app, and this data was not replaced by estimates. 

Table 2 - Logged travel modes and default categories of activities in TravelVU 
(Paper 4, p. 7). 

Travel modes Activities/destinations 

Walk Wait/transfer 

Exercise and recreation Parking 

Bicycle Home 

Electric Bicycle Temporary overnight stay 

Bus Work 

Train School/Education 

Car Business 
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Car, as passenger Drop-off/pick-up 

Tram Shopping 

Metro Healthcare 

Moped Other service errand 

Motorcycle Visit friends and relatives 

Ferry/boat Sports/outdoor activities 

Airplane Restaurants/café 

Community transport Hobby 

Taxi Entertainment and culture 

Other mode (type in) Holiday 

 Other activity (type in) 

3.4.4. Secondary data 

The term “secondary data” refers to data that has originally been collected for a different 
purpose than the ongoing study, in contrast to the primary data collected by the researcher 
themselves (Hox and Boeije, 2005). Secondary data does not have to be originally intended 
for research, but can also be other documentations (ibid.). To investigate the results of 
ongoing SSC projects in six different cities (paper 1), it was more relevant to collect 
secondary data about the projects than to get involved in them to collect primary data. The 
cities we had chosen were all located outside of Sweden, which limited our ability to travel 
to the cities to collect primary data. One of the primary qualifications for the projects we 
wanted to investigate was that they should be connected to the municipality in some way. 
Because of this, we decided to use the municipalities themselves as starting points and see 
what information on SSC projects and strategies they had made available online. We also 
looked for relevant conference presentations, peer-reviewed journals, and academic, 
industrial or organizational reports.  

For paper 2, we also used secondary data in the form of strategic documents of the EU and 
regarding the EU directives we were investigating. We also read academic materials such 
as reports and articles about the issues raised by the directives on a more general level.  

When investigating possible effects of mobility and accessibility services (paper 3), we 
compiled a database with approximately 200 cases of ICT-based or ICT-supported services 
for accessibility and mobility in different parts of the world. For each case, we first 
collected basic data: name, description, year founded, and place. The main sources of data 
were peer-reviewed journal articles, and websites. The data collected was limited to 
innovations originating from the last two decades 1997-2018. 
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4. How can digital services be redirected to better support 
environmental goals? 

This chapter presents results regarding two aspects of the question of how digital services 
can be redirected to better support environmental goals. The first part presents identified 
strategies of city authorities, typically municipalities, when working to implement digital 
solutions for environmental goals, and synthesises recommendations on how to work with 
this from papers 1, 2, and 3. The second part briefly presents identified digital services and 
functions that can support environmental goals. 

4.1. Strategies for digitalisation to help environmental goals 
Often, municipalities’ work with SSC development is at least partially motivated with 
environmental sustainability (Paper 1). However, a review of six cities’ work with digital 
solutions for environmental benefits showed only one of them explicitly linking its 
environmental goals to digital solutions; San Francisco had a webpage where they went 
through several of their environmental goals and presented digital services to fulfil them 
(Paper 1). For example, an environmental goal about increased recycling was connected 
with an online guide for recycling and a search motor for finding nearby recycling stations. 
Several of the Smart City plans focused on becoming a more competitive city, while 
environmental benefits were more vaguely formulated. On the other hand, there were also 
instances of digital solutions being introduced as solutions to environmental problems 
without being presented as parts of a city’s SSC work or strategy (Paper 1). 

When collecting SSC technology implementations for Paper 1, for most of the projects it 
was hard to find any follow-up studies of their actual effects. In one case, a work centre in 
Amsterdam, it was hard to find further information overall. This despite the cities all 
having clearly set and communicated ambitions of SSC development, often with ambitious 
webpages to display it.  

Municipalities also showed differences in how they presented their SC strategies. Shanghai 
described a top-down approach of providing Internet access throughout the city, while 
Amsterdam presented a SC “platform” of collaboration between different actors. Seoul 
seemed to participate more actively in sharing projects, while San Francisco focused more 
on deregulating to allow for sharing economy solutions to grow (Paper 1). Political 
differences could play a part in this, but the different SC plans also have different foci. The 
Shanghai SC plan focused on setting up an infrastructure for robust Internet use, while 
Amsterdam reported more general aims, e.g. becoming more innovative. As for sharing 
economy solutions, Seoul reported a generally low level of trust and knowledge of sharing 
economy services among their inhabitants, while San Francisco already had sharing 
economy businesses established (Paper 1). 

To ensure environmental benefits, it is helpful to be explicit about what goals one wants 
the technology to solve, rather than investing in technology that risks quickly becoming 
obsolete or even having negative effects. Setting goals for what a certain service should 
support makes it easier to track and evaluate its performance (Paper 1, Paper 2, Paper 3). 
As shown in paper 3, it is generally difficult to quantify the full environmental effects of a 
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digital service. Especially second order effects are difficult to both predict and capture. 
However, to reiterate conclusions from papers 1, 2, and 3, it is important to define and 
evaluate the effects of an implementation. When a city decides to support and invest in SSC 
technology, it should ensure that those technologies serve more purposes than being good 
for city marketing. Policies should be directed towards supporting intended effects as well 
as counteracting negative effects. 

In paper 1, we propose three Lessons that we suggest cities need to consider for better 
implementation of SSC services: 

1. “Net effects should be defined and evaluated, i.e. including indirect effects” (p. 164) 
2. “When a city decides to work for becoming an SSC, they should ensure that the 

SSC services they support actually serve their purpose. Policies should be directed 
towards supporting intended effects AND counteracting negative effects” (p. 165) 

3. “Further research and projects are needed on the relations between digitalized life, 
city planning and sustainability implications” (p. 165). 

In paper 2, we propose a method for better use of digitalization to reach environmental 
objective from EU directive as follows: 

(1) Identify the objective (in our case the EU-directives). How are 
the objectives formulated in the directive? Here it can help to 
think in terms of Direct environmental improvement, 
Implementation of management principles or Monitoring, as 
described [in paper 2]. 

(2) Identify what activities these points will require or generate. 
What activities supporting the targets can be identified in 
academic literature and other relevant documents from public 
organizations? What activities are identified from other 
stakeholders? 

(3)  (a) From a municipal viewpoint: Based on the results of 1 and 2, 
formulate and structure ideas of how digitalization can support 
the targets and how those ideas can be implemented. Then 
approach providers with the resulting ideas. 

 (b) From a provider’s viewpoint: Investigate what digital 
solutions supporting 1 and 2 exist, or how existing services can 
be tweaked to support the targets and explore how new digital 
solutions supporting 1 and 2 can be developed. Then approach 
the municipality with the resulting ideas. (p. 1278) 

The list above was formulated specifically for environmental objectives as found in EU 
directives. A simplified and generalised version could look like this (“goals” used for 
consistency and generalizability): 

(1) Identify the environmental goal 
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(2) Identify activities that the environmental goal will require or 
generate 

(3) (a) Municipality: Formulate and support ideas of how 
digitalisation can support goals + how to implement them  
approach providers with the resulting ideas 
(b) Provider: Investigate digital solution supporting 1 and 2, or 
how existing services can be tweaked to support goals  
approach municipalities (Ringenson, 2018, p. 18) 

Paper 3 tested out and developed a set of indicators that were originally developed in 
Kramers et al. (2018) for investigating possible effects of various mobility services. Because 
of the difficulty of accurately giving quantitative indicators that consider both direct and 
indirect effects, the indicators were instead formulated to be qualitative.  

The environmental indicators for MaaS and AaaS (paper 3) are presented in full in Table 4 
in section 4.2. These indicators are formulated to apply especially to mobility and 
accessibility services. However, the basic questions they ask may still be useful also to 
other digital services. Table 3 presents a basic framework, which can be filled and used to 
evaluate environmental effects from any digital service. 

Table 3 - Basic framework for evaluating effects of digital services 

Category Indicator Values Direct effects, 
including 
conditions 

 Indirect effects, 
including 
conditions 

[Environ-
mental goal] 

[Indicator that 
the goal is being 
supported] 

[Activity or 
property of the 
indicator] 

[Direct effects of 
said activity 
/activities, 
including the 
conditions that 
these effects will 
occur] 

[Indirect effects of 
said activity 
/activities, 
including the 
conditions that 
these effects will 
occur] 

 

The purpose of making the indicators was originally to evaluate how promising different 
services were for creating change towards sustainability. However, as they were used, a 
second and perhaps equally important usage was revealed. When using the indicators, 
many of the answers turned out to be conditional. Thus, the indicators could also be used 
to see what conditions need to be fulfilled in order to reach the goals that the investor 
intended to reach. 

When comparing the lists of Papers 1 and 2 with the indication framework of Paper 3, it 
seems as if the lists of Papers 1 and 2 would be useful for different stages in a decision 
making process. This is because they have been developed in papers that have approached 
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the same issue from different directions. Paper 1 went through existing services and 
courses of actions and concluded that it would be better to start with a problem than with a 
solution, while Paper 2 took its starting point in goals and formulated ways to reach them. 
In essence, Paper 2 follows the advice from Paper 1 and starts at an earlier point, while the 
actions of Paper 1 would follow those of Paper 2. As for Paper 3, it presents a more concrete 
way to carry out the evaluation proposed by Paper 1. If the action lists of Papers 1 and 2 are 
combined with the evaluation indicators of Paper 3, it results in the following list, which 
sets out a recommended course of action for strategic SSC investments (please note that 
the choice of words differ slightly from that in Papers 1 and 2): 

1. Identify the goal 
2. Identify activities that the goal will require or generate  
3. A. Municipality: Formulate and support ideas of how digitalisation can support 

goals + how to implement them  approach providers with the resulting ideas 
B. Provider: Investigate digital solution supporting 1 and 2, or how existing services 
can be tweaked to support goals  approach municipalities 

4. Formulate and evaluate expected direct and indirect effects, conditions for these to 
occur, and how these can be investigated (measured if possible) 

5. Based on current and possible conditions to achieve positive results, decide on 
whether or not the idea is worth trying out and in that case, how to provide 
conditions for positive effects 

6. If yes: Test out idea (service + conditions) and collect data on effects 
7. Evaluate collected data on the effects 
8. Adjust service or conditions in accordance with evaluations. If needed, close it 

down and explore other options. 

4.2. Digital solutions for environmental goals 
This section presents existing or suggested digital technologies to serve environmental 
goals (Paper 1, Paper 2), sorted in accordance with the framework by Höjer et al (2015) as 
presented in section 2.3.1  

4.2.1. Replacing 
Digitalisation has been considered able to partially replace consumption of physical goods 
through dematerialisation (Michel, 2000; Höjer et al., 2015). This is in accordance with 
e.g. the Waste Framework Directive’s recommendation of changed consumption patterns 
to support waste reduction (Paper 2).  

Replacing some trips with digital communication can be a way to lower emissions from 
travelling and avoid straining a municipality’s transport infrastructure. This is mainly 

                                                        

 

1 This section (4.2.1.-4.2.4.) is a slightly rewritten and shortened version of Ringenson (2018, pp. 14-
16). Technologies specifically focused on mobility and accessibility are only briefly mentioned in this 
section, as they are more deeply covered by section 5 and 6. 
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discussed in section 5. 

4.2.2. Intensifying 
Digital platforms can facilitate sharing goods, which has the potential to reduce the 
amount of physical goods consumed (Höjer et al., 2015) and thereby the amount of waste 
generated, which is relevant in relation to the Waste Framework Directive objectives. 
Sharing goods can mean both that several users use or own the same objects, and that the 
ownership is passed between users (Schor, 2014). Digital platforms simplify peer-to-peer 
transactions of second hand goods, and can decrease waste generation by supporting a 
second hand economy that may lead to lessened material flows (Fremstad, 2017; the 
European Commission, 2012). 

The city of Seoul has organised activities to promote sharing. An example of this is 
sponsorship of a website that collects services for sharing things, from clothes to housing 
and parking spaces, with varying involvement from the governmental body of Seoul (Seoul 
Metropolitan Government, 2016). Digital applications for enabling sharing spaces are also 
supported by Amsterdam; the app is privately developed but promoted by the city on the 
Smart City Amsterdam webpage. In Sweden, a national programme to test and evaluate 
opportunities and risks of the sharing economy was announced in December 2017 (The 
International Institute for Industrial Environmental Economics, 2017). 

As intensified use of cars is a commonly mentioned part of MaaS, and this is further 
described in section 5. 

4.2.3. Streamlining 
To find the best approaches to energy efficiency-focused renovations in accordance with 
the Energy Efficiency Directive, building owners need to calculate energy savings and 
select the optimal retrofit solutions. This can be done using virtual retrofit models that 
create energy simulations and use multi-criteria decision support systems (Woo and 
Menassa, 2014). Smart metering can then be used to follow up the actual results (Paper 3). 

For automatic energy savings in residential buildings, Amsterdam has been testing out an 
automated energy grid. The grid is equipped with computer and sensor technology to 
control energy flows, and is designed in a way that enables involved households to feed 
solar panel energy into the grid, in case they have solar panels (Paper 1). For individual 
buildings, sensors and artificial intelligence can be used to collect data on the building and 
adjust its settings to save energy (Paper 3). Computer systems that monitor the building 
can also e.g. give notifications for malfunctions in the building. Seoul uses an Eco-Mileage 
System program to collect volunteer data from energy and gas providers, rewarding 
member households and organizations that have managed to cut back their energy and gas 
use a certain amount with e.g. public transportation card replenishment or gift-cards to be 
used in traditional markets (Paper 1).   

To ensure that the Waste Framework Directive’s objective that waste that is unsuitable for 
reuse or recycling should be used for energy recovery or safely disposed, it is also 
important to keep public trash cans in a good state. Sensors for measuring trash and using 
the data to create an optimized collection route via a monitoring software platform can be 



 

29 

 

used for both this and for lessening emissions from the trucks (Paper 1). 

Streamlining of transport systems are discussed in section 5. 

4.2.4. Informing 
The Energy Efficiency Directive recommends combining traditional building renovations 
for energy savings with alternative measures. According to Loviscach (2011), this can be 
achieved through information, persuasion and advice (often referred to as nudging) or 
automation. Information can be given in monitors, augmented reality, or using analogue 
objects (Kramers, 2013; Interactive Institute, 2012). 

Information can also be provided for helping users take care of, or even repair, their things, 
thereby avoiding generation of waste in accordance with the Waste Framework Directive. 
This can for example be done with online guides specific to a certain type of goods (Paper 1, 
Paper 3). The European Commission’s (2012) guidelines for how to support fulfilment of 
the Waste Framework directive also recommend establishing online repair networks for 
household goods. Municipalities can also use ICT for informing households of how to 
minimize their waste generation, either regarding waste in general or targeting certain 
waste fractions (Paper 3). Both San Francisco and Vienna have digital services targeting 
household waste, although these services focus on supporting recycling and composting, as 
well as information such as dates for waste collection (Paper 1).  

While the Energy Efficiency Directive focuses on saving energy, a municipality, region or 
nation may also focus on shifting to cleaner energy. As mentioned in section 4.2.1., 
Amsterdam is testing a smart grid with solar panel functionality; in San Francisco, 
inhabitants of the city are encouraged to install solar panels with the help of information in 
the form of maps and calculators that estimate potential gains from solar panel instalments 
(Paper 1). 

The Energy Efficiency Directive prescribes doing inventories of the public sector’s building 
stocks. To overview the data, visualisation can be used, and artificial intelligence can be 
used to combine the building data together with data of weather, users et cetera to estimate 
energy use (Paper 3). Virtual retrofit models can also be used to calculate energy savings 
and support decisions regarding the selection of the most optimal retrofit solutions, while 
sensors can be used to collect data for follow-up analysis of the results (Paper 3). 

5. What is required by AaaS and MaaS to support 
environmental goals for urban mobility, and what do they 
need to fulfil such requirements? 

As mentioned in section 2.4., mobility and accessibility services are often mentioned as an 
opportunity for more sustainable urban mobility. However, as with other digital 
technologies, if they are actually going to support sustainability, it is important that they 
are made and used in the right way, and have the right preconditions from the society they 
are part of. 

Section 5.1. explores what characteristics a MaaS/AaaS concept would need to support 
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better environmental performance of the mobility system – a “sustainable MaaS” concept 
(Paper 4). Section 5.2. presents findings regarding possibilities to create surrounding 
conditions that supports sustainable MaaS, such as urban planning measures. 

First, I present a set of indicators for evaluating and understanding the environmental 
performance of mobility or accessibility services (Paper 3). The first indicator is whether a 
mobility/accessibility service reduces travelling overall, first the number of trips and 
second the distance of trips. This would be the case of most accessibility services. These 
could either reduce the number of trips by enabling non-travel access, or reduce the 
distance of trips if they are located near the user (e.g. a NTC). Number and distance of trips 
could also be reduced through batching of household activities (Paper 3). As for the 
travelling that does take place, it is important to reduce the environmental impact per 
travelled kilometre (Paper 3). As mentioned in section 2.3, achieving this requires using 
cars less, in favour of other modes of transport, such as walking, bicycling, or public 
transport (Paper 3). If car is the only option, it needs to have a low emission per person 
kilometre, including all impacts from a life cycle perspective. This also means that cars 
need to be optimally used for their size, and optimally sized for their use (Paper 3). The 
indicators are presented in Table 4. 

Table 4 - Environmental indicators for mobility/accessibility services (Paper 3) 

Category Indicator Values 

1. Reduce 
travelling 
overall 

1.1. Number of 
trips 

1.1.a. AaaS -  Y, Na 
1.1.b. Encourages “batching” activities -  Y, N 

  1.2. Distance of 
trips 

1.2.a. Encourages neighborhood-based activities - Y, N 

2. If non-AaaS: 
Reduce 
environmental 
impact per 
kilometer 
travelled 

2.1. Better 
modes of 
transport 

2.1.a. Encourages shift to walking - Y, M/P, Na 
2.1.b. Encourages shift to biking - Y, M/P, N 
2.1.c. Encourages shift to public transport - Y, M/P, N 

  2.2. Vehicle 
emissions 

2.2.a. Number of users per vehicle when in use 
2.2.b. Number of users per vehicle overall 
2.2.c. Vehicle emissions during use phase 
2.2.d. Vehicle emissions during production phase 

 

Furthermore, these indicators connect to the concept of Avoid-Shift-Improve (ASI), as 
presented in section 2.3.1 and Paper 5. The number and distance of trips are factors related 
to avoiding unnecessary travel. Choosing better modes of transport is similar to shifting 
modes of transport. Focusing on decreasing vehicle emissions per travelled kilometre is 
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related to improving. 

The following section presents findings of primarily Papers 3-5, analysed in relation to ASI 
as described above.  

5.1. Shaping sustainable MaaS 
A literature review on MaaS research show that benefits of MaaS are so far unclear (Paper 
5; Alonso-González, Hoogendoorn-Lanser, van Oort, Cats, & Hoogendoorn, 2020; 
Audouin & Finger, 2019; Docherty et al., 2018; Haglund, Mladenović, Kujala, Weckström, 
& Saramäki, 2019; Henriksson, Witzell, & Isaksson, 2019; Hensher, 2018; Jittrapirom et 
al., 2018b; Karlsson et al., 2020; Noussan & Tagliapietra, 2020; Pangbourne, Mladenović, 
Stead, & Milakis, 2019; Sjöman, Ringenson, & Kramers, 2020; Smith, Sochor, & Karlsson, 
2018; and Spickermann et al., 2014). There are several reasons for this. Ride hailing 
services are sometimes mentioned as a likely part of MaaS concepts (Jittrapirom et al., 
2017), and interviewees in the study by Hirschhorn, Paulsson, Sørensen, & Veeneman 
(2019) mention the risk of congestion due to growth in ride hailing services. Pangbourne et 
al. (2019) warn that easier transactions for taxi- and ride hailing services may lead to 
increased car travel at the expense of public transport, which would mean a reverse shift 
effect. Docherty et al. (2018) suggest that the smart mobility rhetoric promises both a 
mobility system that can reduce demand, and one that creates new demand due to MaaS’ 
unboundedness and easy access, as well as the mobility service provider’s incentive to 
generate more mobility in order to earn larger profits. In that case, MaaS would have a 
reverse avoid effect. On the other hand, a pilot implementation in Gothenburg reported 
that the participants in the pilot ended up using car-based services less than they had 
assumed when signing up, and shifting more to other modes of transport (Sochor, 
Strömberg and Karlsson, 2015). However, Sochor et al (2015) also bring forward that this 
resulted in lower revenues than expected due to the low car use.  

Aguilera & Boutueil (2018) write about a possible MaaS-induced transformation of the 
transport system: “The explicit aim of this transformation of the mobility market is to steer 
travel practices toward more sustainable forms based on combinations of public transport 
and shared transport modes put together to meet individual needs, and to discourage car 
ownership.” (p. 156) Here, MaaS is understood as steered towards shifting and possibly 
improving transport by making the transport system more efficient. 

Jittrapirom, Marchau, van der Heijden, & Meurs (2018a) suggest that MaaS can improve 
the match between demand and supply of transport and thereby improve the transport 
system through increased efficiency. They also suggest it would shift journeys from 
privately owned cars to public transport, as “the hyper-convenient transport service in 
MaaS is likely to increase public transport patronage and attracting car drivers away from 
their personal motorised vehicle. Hence, MaaS would reduce the negative impacts of the 
transport system on the environment and decrease the demand for road and parking 
spaces” (p. 51).  Wong, Hensher, & Mulley (2020) suggest that MaaS can be priced to 
reflect the real costs of different trips, including external costs, and therefore “offers a ‘big 
bang’ approach in allowing an easily implementable digital system which can price 
[transport] according to time of day/../, geography /…/, and modal /…/ efficiency.” (p. 16). 
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This would make car users pay the real cost of the car, reward shift transport modes, and 
improve the transport system overall by managing the transport flow (Wong, Hensher and 
Mulley, 2020). However, Wong et al. (2020) also bring up the possibility of MaaS 
remaining a niche product. If so, economic interventions introduced via MaaS would be 
less effective in changing the transport system to the better. Hensher (2018) warns that a 
transport system based on shared vehicles may lead to car-based services overtaking public 
transport and resulting in increased traffic with lower efficiency – in other words, a 
negative effect for shift and improve measures. For more societal benefits from MaaS, a 
certain amount of traditional public transport, primarily rail-based, will likely be necessary 
to uphold (Hensher, 2018). This, Hensher (2018) suggests, could be done through 
government funding models, where a MaaS subscription price should include road user 
charges for car use.  

5.1.1. Non-mobility accessibility services 
Non-mobility accessibility services may reduce travel and support avoid effects under the 
right circumstances (Papers 1, 2, 3 and 5). One commonly mentioned type of accessibility 
service is telecommuting centres (Papers 1 and 3). Distance education, e-commerce, and 
remote control are other examples of non-mobility accessibility services (Paper 3). The 
idea of local telework spaces has been around for decades, but has gained increased 
interest with the rise of co-working spaces, where start-up companies and small companies 
co-locate and can variate their site of work (Paper 5). However, most of these are located in 
city centres, which usually requires commuting to get there (Paper 3). If such spaces are 
instead located in residential areas and target commuters as well as freelancers and small 
companies, they can serve the neighbourhood and reduce the distance of trips, and thereby 
avoid unnecessary travel (Paper 3, Paper 5). In the case of Work Closer, Vaddadi et al. 
(2020) have found that participants in the NTC2 lower the time spent on car travel on days 
when they work from the NTC compared to both when they work from home and when 
they work from the employer office, while the time spent on walking and bicycling 
remained the same. This suggests a possible shift effect from NTCs. Municipal interviewees 
expressed expectations that local NTC users would do a larger part of their shopping and 
eating locally. If these expectations are true, CW users can support and use services on 
walking and bicycling distance from their homes, which is in line with avoid principles 
(Tiwari, Cervero and Schipper, 2011; Paper 5).  

5.1.2. Addressing car ownership 
When asked about what could keep the participants in Future Travel from taking the car, 
the most common answer was that they stayed away from the car when using the car was 
more inconvenient than using other travel modes (Paper 4). In practice, this meant that 
they chose other transport modes when there was a lot of congestion and traffic and/or 

                                                        

 

2 The term used in Vaddadi et al (2020) is ”co-working hub”. However, later reviews for another 
paper on the same project called for a change of terminology, as co-working hubs often signify a 
different type of space. I here use the term Neighbourhood Telecommuting Centre, in line with 
Mokhtarian (1991).  
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there was reason to believe that it would be hard for them to find a parking spot at their 
destination. Less common, but still mentioned, reasons were toll fees, environmental 
concerns, and to be able to drink alcohol in e.g. a restaurant (Paper 4). One of the 
participants in Future travel  suggested that congestions for motorized transport modes 
like cars and buses were driving factors for increased bicycling (Paper 4). As traffic 
congestion is the main motivating factor to choose other travel modes than the car, it 
follows that decreased traffic congestion for other reasons than decreased overall car 
travelling may lead to an increased overall car use. If a decrease in car use, or at least 
avoiding an increase in car use, is a high priority, these results suggest that MaaS should 
not specifically target traffic congestion, despite this being a commonly mentioned possible 
goal of MaaS (Paper 4, paper 5). Here, we then see a possible conflict between efforts for 
shifting modes of transport, and improving transport, if those improvements focus making 
traffic flow more efficiently. 

One of the consumer benefits of not owning a car, and instead switching to mobility 
services, is that it would likely be cheaper. However, the participants of Future Travel 
stated that they did not know how much their car costed, nor did they want to know (Paper 
4). In addition, even when they did (get to) know how much their car costed, that 
knowledge did not motivate them to even in their imagination change to a different mode 
of transport, not even a rental car, even if it was cheaper. During interviews with car-
owners who were made aware of the costs of their cars, they were asked about their 
willingness to use a combination of car-sharing, taxi, rental cars et cetera under the 
conditions that it was the same cost as, or cheaper than, their current car ownership. Even 
if it was cheaper or the same cost as owning a car, and meant using a much newer car, and 
even if they imagined that it would be as easily available as an owned car, almost all still 
said it would not be worth it. Only two were open to seeing car services as a possible future 
solution for them, if it were geographically available to them (Paper 4). On the other hand, 
the one participant that was in his early twenties and had not yet left home said that local 
MaaS offers could possibly keep him from buying himself a car when he moved out (Paper 
4). This speaks for that it may be difficult to target car-owners and hope for them to 
exchange their car for MaaS. If so, it may be better for mobility and accessibility services to 
target the delay or erasure of the experience of needing to buy a car, for example by 
targeting younger people or people who move to a different neighbourhood.  

A public servant that was interviewed in connection to Work Closer described some recent 
dilemmas in local public transport developments (Paper 5). A new residential area has 
recently been established in one of the areas that Work Closer serve. A large proportion of 
the residents of this area work in a nearby larger business and service centrum area that 
belongs to a different municipality. Therefore, they want buses that go straight between the 
residential area to this larger centre. Currently, the area has a lack of public transport 
connections, and is heavily car dependent. While Botkyrka municipality want the regional 
public transport company to serve the residential area with better public transport, they 
also want it to improve the local commuter train station. To achieve this, it would be better 
if these residents instead go by bus to the local commuter train station and then go by 
commuter train the one stop it takes to get to the other centre area. This indicates that 
there can be a conflict between traditional public transport, specifically rail-bound services, 
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and point-to-point mobility services. 

In Future Travel, quantitative and qualitative data were used to identify which types of 
trips were most strongly connected to car. Three main types of mobility needs were 
identified as follows (Paper 4): 

First, there are large mobility flows consisting of commuting to and from work and school. 
For the participants of Future Travel, public transport was the most common mode for 
commuting trips. This is also the case for the Stockholm region as a whole 
(Trafikförvaltningen i Stockholms läns landsting, 2016). Few of the participants expressed 
a need to commute by car. Most of the participants described car commuting as 
impractical due to congestion and difficulties finding a place to park (Paper 4). Mobility 
services are likely of small use for these types of journeys. 

Second, there were trips of a small flow character. These trips led to unique or heavily 
personal destinations, such as the boat, the country house or visiting relatives with a lack 
of public transport connection. These journeys were typically made by car, and were often 
very long. For some of these journeys there could be opportunities for combined mobility, 
such as combining a train ride with car sharing services. However, many of the 
destinations require long standstill times for a car. Because of this, they can be difficult to 
replace with today’s car sharing services. Taking a taxi the last miles could sometimes be 
an alternative, but it is not always easy to find taxis willing to drive those types of routes, as 
the end destination is far from other pick up points. Ridesharing would be difficult for the 
same reason. Furthermore, as discussed in section 3.2.1., the cost of car trips is commonly 
understood as consisting only of fuel costs. This makes alternatives seem expensive in 
comparison (Paper 4). This may make it more difficult to gather interest in these types of 
journeys. 

Third, several participants brought up common and recurring trips to shopping districts, 
recycling centres and recreational areas. These flows can be characterized as “middle-sized” 
mobility flows. These journeys tend to be complicated and time-consuming when done by 
public transport, but are still common destinations for many households in an area. These 
could be served with new mobility services, such as public transport on demand or 
ridesharing services (Paper 4).  

5.1.3. Bicycles in MaaS 
The participants in Future Travel had different relationships with bicycling. Three of the 
participants regularly travelled by bicycle, while one used it when her car broke down. 
When asked about their reasons for bicycling, they were often emotionally described: 
“positive feelings” and “liking [bicycling]” were central, but they also mentioned that it 
saved time, was convenient, and provided some exercise. All participants, both those who 
regularly bicycled and those who did not, could also state reasons not to bicycle: weather 
conditions, trouble changing and drying clothes at work, not wanting to arrive sweaty to 
the destination, needing to carry heavy bags to and from work, bad condition of bicycle 
lanes, and in one case feeling unsafe when bicycling after dark. None of these conditions 
changed because of the bicycling reward, and none of the participants said that they were 
directly affected by the reward for bicycling. Some of the reasons given for not going by 
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bicycle could be helped by choosing an electric vehicle. Electric vehicles especially helps 
against the problems of arriving to places sweaty and needing to change at work, but 
potentially also partially for problems related to having to bring luggage. This motivates 
looking into if and how e-bicycles would be a viable part of a mobility service offer. 
Furthermore, drawing on Matyas (2020), a MaaS platform app could have an additional 
guidance service to help users find safe bicycle paths (Paper 5). 

5.1.4. Streamlining the transportation system 
As previously mentioned, one idea for MaaS is that it could be able to redistribute and even 
out the workload of the transportation network for more efficient transport flows 
(Gullberg, 2015; Wong, Hensher and Mulley, 2020). Future Travel tried to simulate a 
mobility concept where the MaaS platform charges for public transport differently 
depending on when the user travels (Paper 4). For the participants, they rarely changed the 
commuting routines in order to save money by travelling off-peak. They only did so when it 
required only small changes to what they would normally do. On the other hand, one of the 
participants who commuted by car and normally only used public transport during off 
peak hours (for example on weekend evenings out with friends), the single journey tickets 
normally seemed very expensive in comparison to the own car. In this case, making off-
peak travelling cheaper could maybe help public transport seem like a more attractive 
mode of transport overall, even for occasional users. 

5.2. Supporting sustainable MaaS 
As mentioned in section 5.1, MaaS may not necessarily lead to neither reduction of 
travelled miles, nor to a shift from cars to low-carbon mobility modes (Papers 3, 4, and 5). 
This calls for a more active role for public authorities to ensure that if MaaS is launched in 
large-scale, it supports a more sustainable mobility system (Paper 5). However, this might 
be difficult. The interviewees for Paper 5 had different understandings of what roles public 
authorities should and could have in MaaS. The interviewee from Sweden’s Municipalities 
and Regions stated that not a lot of municipalities contact the organisation for support in 
MaaS-related questions. According to the municipal interviewees, the municipal 
comprehensive plan can set as a goal to build public transport, and municipal climate 
strategies can state mobility as an important area to invest in during urban development. 
However, it is much easier for municipalities with high demand for builders to push for 
less parking spaces and more mobility solutions, for example (Paper 5). They also had 
different ideas for appropriate division of responsibility for possible NTCs. The Botkyrka 
interviewees saw it as inherently problematic from a justice perspective for the 
municipality to use tax money for managing a service that would mainly target white-collar 
workers. The Stockholm interviewees thought that NTCs were clearly within the range of 
the municipality’s responsibilities, as part of the municipality’s responsibility for 
connectivity.  

As discussed in the previous section, it is not enough to suggest bicycling as a cheap and 
healthy transport option in a MaaS platform. Encouraging bicycling also needs a 
functioning physical infrastructure, with proper lightning, safe routes, and clear systems of 
signs (Papers 4 and 5). Similarly, alternative mobility services can provide a complement to 
public transport when and where public transport is not a viable option, but if we are to 
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ensure that it does not exchange current public transport trips with car-based modes, it is 
still important that MaaS encourage public transport over car (Paper 3). Future Travel 
explored car users’ relationship with public transport. Out of the nine participants in 
Future Travel, six used public transport for their daily commute (Paper 4). Most reasons 
for doing so related to the daily commute trip: cheaper and faster than the car for those 
trips, or an alternative to bicycling when it rained. However, in their spare time, eight out 
of nine participants travelled mostly by car. Many of the participants had the perception 
that public transport had not kept up with the increasing population of Stockholm. There 
were also some views that public transport was okay when it worked, but had problems 
with reliability (especially buses and commuter trains) and being too crowded during rush 
hours (especially subways and buses) (Paper 4). While MaaS can be a tool to help more 
people choose public transport options, the results from Paper 4 speak for the importance 
of also investing in public transport infrastructure that lives up to more traditional 
expectations, such as punctuality and capacity. 

6. If MAAS and SSC are to support environmental goals, what 
are the most important knowledge gaps to explore? 

Smart cities, MaaS and AaaS are relatively new fields of research and business. There are 
still many uncertainties regarding their effects, as well as who should be responsible for 
them. Some of these uncertainties may be difficult to erase. There is both a need to 
understand effects before making large-scale investments (because the effects may be 
irreversible), and a lack of data because there has not been enough large-scale 
breakthroughs and investments to secure verified data on their effects. There may be both 
positive and negative indirect effects that are difficult to capture. Some services may have 
very different effects when scaled up, or depending on how they are utilized (Paper 1, Paper 
3). Many accessibility services could technically substitute travel, but can rarely fully 
materialize that potential due to both hindering factors and indirect effects (Paper 3, paper 
5). The environmental effects can differ depending on societal transformation factors. 
There is often a lack of data, either because there have been few instances of a certain 
technology or because not enough data has been collected on it, or because it is difficult to 
understand the correct scope for data to collect. 

This chapter lists and explains what areas of the effects of MaaS, AaaS and SSC 
technologies are most acutely in need of research to guide further investments to ensure 
that they support environmental goals. 

6.1. Types of knowledge gaps 
This thesis brings up three types of investigations that are needed regarding the effects of 
SSC, AaaS and MaaS. 

First, these services will have direct effects, which can be compared against each other as 
well as against other modes. Further investigation is needed of these effects. It could be 
good to make a review of results and data from different trials around the world (Paper 3).  
Efforts to do precisely this has shown that finding and comparing reliable secondary data 
can be difficult (Papers 1 and 3), which suggests that researchers may benefit from 
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international collaborations with similar trials in different parts of the world. 

Second, there will be indirect effects of various services (Paper 3). For MaaS, this would be 
things like changes in general travel behaviour, to see if the overall travelling increases or 
decreases. It could also include e.g. whether using different services has an effect on 
running errands or consumption patterns (Papers 1, 3, 4, and 5). Living labs may be good 
ways to investigate these types of questions. 

Third, work is already undergoing with investigating possible relationships between public 
stakeholders and governmental bodies, and mobility and accessibility operators as well as 
“smart” technology. These often investigate how public actors relate to the technologies 
and services specifically, in terms of e.g. investing, regulating, or deregulating to 
accommodate to them (Paper 5). However, further attention is needed to land use planning 
and urban form in relation to digital services, MaaS and AaaS, to learn what these systems 
would require of our neighbourhoods, and what they would enable (Paper 3, Paper 4, 
Paper 5). MaaS literature suggests that public authorities will need to be involved in MaaS 
to ensure that it has a positive environmental performance. However, little is known about 
exactly how this should be done. There has been research on how policy can enable MaaS, 
but it is also important to research how MaaS can be steered to support social and 
environmental goals (paper 5). If MaaS and AaaS cannot alone further environmental 
goals, but need to be combined with other measures – strengthened public transport on 
certain routes, road tolls, cheaper public transport during certain hours, or subsidies for 
electric bicycles, et cetera – we need to learn which such measures are the most effective. 

6.2. Subjects of knowledge gaps 
When studying SC plans for Paper 1, we did not see many initiatives to decrease the 
consumption of physical objects by replacing them with digital solutions. It can be difficult 
to tell from the outside what political discussions and decisions that have foregone SSC 
investments in a city. We speculate that the question of reduced consumption is politically 
complicated, especially since consumption of physical objects may be an important part of 
cities’ and countries’ economies (Paper 1). We also speculate that the fact that goods 
produced outside a city’s boundaries are not usually included in the city’s carbon emission 
calculations, even when consumed within the city boundaries (Paper 1), may lead to them 
being less interesting for municipal environmental goals. In addition, although there may 
be a “potential” for digitalisation to support a lowered consumption (Höjer et al., 2015; 
Paper 1), the links between digitalisation and consumption patterns are still uncertain, and 
could be further explored. 

During the investigations of various cities’ smart city plans for Paper 1, we could not find 
any plans for changed city structures because of decreased travelling due to teleworking or 
reduced living spaces because the inhabitants would need less when having exchanged 
their physical objects with digital ones. Ironically, efficient city planning (without any 
specific consideration of digitalisation) is often part of the type of smart city definitions 
that fall outside of the definition we used in Paper 1 (Paper 1). Interviewees in both Future 
Travel and Work Closer brought up the connections between physical space, travel, and 
MaaS: the importance of bicycling infrastructure (Paper 4, Paper 5), the assumed 
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connections between workplace location and shopping behaviour (Paper 5), and the 
dilemma of the fast track buses versus train station upgrades (Paper 5). Further research 
and projects are needed to understand the relation between digitalized life (including 
MaaS), city planning and urban form, and sustainability implications (Paper 1, paper 4, 
paper 5). 

As mentioned in the previous chapter, in the Stockholm city region and among the 
participants of Future Travel, travel outside of the commute are more often conducted by 
car. This includes both pure leisure trips, such as visiting friends or going on vacation in 
different parts of the country, and trips like running errands or grocery shopping. 
Combining different such activities was also common. Paper 4 identified many of these 
trips as possible to replace with mobility services. However, as previously mentioned, it is 
not much to be saved if all these trips are simply replaced with even cheaper and more 
convenient taxi-like services. Spare time car travel seems to need more research to match 
solutions and policy to category and travel needs. As it is so difficult to coerce car owners 
into changing their lifestyle, it may be better to focus on how to prevent people from ever 
buying a car, or at least convince them that they do not need to (Paper 4). Often, here is 
where mobility services could really have an impact. However, it is also important to figure 
out how this could be done in a way that does not make car-based MaaS services compete 
with public transport, walking, and bicycling as the main transport modes for groups that 
are currently using these modes. 

7. Discussion 

This section is divided into two parts. Part 7.1. discusses the methods used for the thesis. 
Part 7.2. discusses the results in themselves. 

7.1. Methodological reflection 

Part of the difficulties with doing research on other’s projects is collecting the right 
information. For Paper 1, I had originally hoped to be able to assess what types of projects 
and strategies that were more successful from an environmental point of view. However, it 
was often hard to access relevant information for such an assessment: if it existed, it was 
not available publicly and/or in a language that anyone in the research team could read. 
For example, it seems likely that smart city investments may be discussed within a city 
government and between public servants in ways that are not documented, or at least not 
made publicly available. 

Much of the work with this thesis has been done together with research partners of the 
project or organisation within which the research has been conducted. This has both 
benefits and backsides. As for benefits of this partner involvement, the research partners 
are also stakeholders in these areas, and can thereby provide unique insights into the needs 
and capabilities of their fields. I want my research to serve practical purposes, as my 
research is focused on the application of ICTs by public actors and the development of 
them by private actors. Involving agents who are capable, and likely, to work in the field 
helps both making my research more relevant and communicating it directly to possible 
agents. Furthermore, it is helpful to get insight not only in the objective conditions, but 
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also in the discourse around ICT for sustainability and smart mobility. A downside is that it 
may be difficult for stakeholders to think outside the framework of profit or outside a 
certain discourse. There is also a deeper discussion to be held about not only depending on 
research partners for funding, but also involving them in the research itself. Doing research 
together with people who represent companies funding that same research also requires 
continuous reflection about what it means to have integrity as a researcher. We want to 
invite these actors so we can deepen our knowledge and understanding, but must 
remember that their contributions may be influenced by economic interests. At that, we 
must accept that our results may not always be in favour of those interests. 

Another risk is that of falling outside established norms for academic research. As 
previously discussed, sustainability research is per definition normative, especially when 
performed within an engineering- and policy setting – it does not only seek to study what 
is, but to make suggestions for what could be. That sometimes makes it difficult to get 
results while staying within a clear, established research method. To understand complex, 
messy question, we might need complex, messy research. On the other hand – we also 
need stricter, quantitative research on the actual effects of using digital services, along with 
a qualitative understanding of the results. 

Designerly living labs (DLLs) have played an important role for the research in this thesis. 
Living labs can be used to explore the messy reality and learn more about the complexity of 
everyday life. The idea is to get a different type of result than one would get from a 
controlled experiment. However, this can sometimes be difficult to communicate. 
Furthermore, the holistic nature of the DLL with learning also from the experience of 
carrying it out also means that the researcher will likely spend a lot of time and energy 
dealing with the practicalities of the work. Furthermore, complications in the research 
setup itself can be a learning opportunity – but also an obstacle for carrying out the 
research one wants. For example, the digital tools for tracking travelling in Future Travel 
and booking mobility and accessibility services in Work Closer, respectively, were initially 
assessed as being good enough, but turned out to be sources of frustration for both 
participants and researchers. 

7.2. Concluding discussion of results 

In this part, I will discuss the results in relation to the research context and the aims of the 
thesis, as well as in a larger perspective. 

7.2.1. Redirecting digital services 
Technological change does not happen by itself. As presented in chapters 4 and 5, a lot of 
work is currently ongoing by both public and private actors to bring about MaaS and the 
SSC. The research in this thesis is centred around the necessity for public actors to use 
digitalisation strategically, rather than investing in digital services that sound good but not 
following up on their effects. However, as previously mentioned, this also creates a 
dilemma: There is a need to think about the consequences of investing in a service, where 
little reliable empirical data exists on its effects – and where such effects can be difficult to 
measure, and even more difficult to generalise. This creates a situation with no clear right 
course of action. Indicators can be useful, but it might be more useful to use them as 
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discussion points and as starting points for finding and sorting information, and for 
knowing what to keep track of in case investments are made, than for clear guidelines. 

A reoccurring theme in this thesis is responsibilities and power shared between different 
actors. Municipalities and other public authorities can want a city to use digital 
technologies for various types of benefits, and sometimes they will directly invest in them. 
However, the implementation of new technologies largely lies with private actors, as 
exemplified by the interviewees for Paper 5 when they talked about the role of builders in 
investing in mobility services. If digital services are to be redirected to serve environmental 
goals, it will need honest efforts and long-term thinking from both private and public 
actors. It will also likely require more work with follow-up studies and controlling of 
results. Although this thesis is built around the idea of environmental goals, the findings of 
chapter 4 speaks for using such goals as a starting point for investing or designing new 
services. ASI can continue to be useful as an internationally useful approach for mobility 
development, including mobility services. An alternative angle could be to look at how ICT 
solutions may help and support politically charged decisions and make them less 
controversial. For example, urban development that prioritises active modes over the 
private car may be made possible if there are other solutions in place that can support 
similar needs as the private car. Chapter 5 also presented results from Papers 4 and 5 that 
made it clear that digital investments will not be enough without also investing in physical 
infrastructure, such as punctual and reliable public transport and safe bicycling paths. 

7.2.2. Sustainable MaaS? 
There are also different views of what MaaS is: while some describe it simply as a new 
service for travelling, that may or may not move from being a niche product to a popular 
one, others describe it as a new paradigm of mobility that will radically change transport 
(Paper 5). However, as pointed out by Henriksson, Witzell and Isaksson (2019) and 
Pangbourne et al. (2019), in either case exactly what these possible changes will mean is 
unknown, and ideas about it are often contradictory. Most typically, there seems to be a 
vision of mobility that is at the same time abundant and unlimited, and more sustainable. 
In section 3, I brought up the concerns regarding the cornucopian paradigm as a driver for 
constantly growing infrastructure for data, especially for online video streaming. However, 
as demand tends to increase with accessibility, and as MaaS keeps getting likened to a 
streaming service, it is also worth asking what will happen if we see a similar cornucopian 
paradigm but for mobility. 

A problematic aspect of the MaaS concept is its focus on travelling as nothing more than a 
way to get from point to point as quickly and conveniently as possible. On one hand, cars 
are often perceived as faster and more convenient than other modes (save for rush hours). 
On the other hand, that specific aspect is only one of many reasons a driver may have to 
take a car. Others have more to do with safety, reliability, and emotion. As previously 
mentioned, the participants in Future Travel thought that the inconvenience of carpools 
would be too big even if they would have to pay significantly less than for their owned car. 
Yet again, if the strongest reason not to take the car is inconvenience, as brought up in 
chapter 5, that slight inconvenience could lead to lesser driving and thereby lower 
emissions. This could be understood as a dilemma for those who want to implement 
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mobility services for working towards sustainability goals. On one hand, MaaS need to be a 
real alternative to the car to gain users. On the other hand, making it too convenient could 
lead to increased travelling. To prevent this, MaaS should include an avoid perspective. 

8. Final words 

With the acuteness of the environmental crises and questions of environmental justice, it is 
important that reduced negative environmental impact and environmental justice are 
central in decisions for the future. 

The picture that arises is although it is important to look at digital solutions to problems 
we should also ask ourselves what kind of cities we really want to live in. Maybe 
digitalisation does not have to offer a cornucopian horn of consistently increasing data 
flows, but can enable a slower life closer to home, with more focus on well-being. As long 
as people experience that they really need the car, policy decisions that undercut it will 
continue to be controversial. Digital technologies can be powerful aids in a large-scale 
transition into a low-carbon society. However, much more will be needed. It is important 
to solve the problems of today’s cities, but also to think bigger about what types of cities 
and lives we want for the future. 

MaaS and digitalisation could be opportunities for rethinking the way urban areas are built 
and urban societies are lived, promoting lower tempo and shorter distances, less space for 
cars and more for other activities. Paper 4 mention “middle-distance trips” to shopping 
areas and similar as possible use for mobility services. While that is still worth exploring 
for the sake of enabling a life without car ownership, it is also worth questioning the 
creation of services that further facilitate over-consumption. 

There could be different ways to think about digitalisation and MaaS. One could be that 
they will consist of services that can solve particular problems and can come with changed 
behaviour in some way. Another is that they will be powerful forces, leading to paradigm 
shifts for urban lives and travelling. Such a paradigm shift can be focused on streamlined, 
seamless and instant access to things no matter where they are. It could also be focused on 
lifestyles with less focus on physical ownership and daily travelling, and more on positive 
experiences of sustainable modes of travel and of the local community. 
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