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This PhD thesis is the culmination of a three-year Industrial 
PhD research project with JAJA Architects and the research 
group Planning for Urban Sustainability (PLUS) at the Depart-
ment of Planning, Aalborg University (AAU). As an architect 
stumbling his way through the complexities of academia, I 
have relied on the support of a great many people without 
whom this project would have never been completed. The 
following is my small attempt to acknowledge their huge 
contributions.

First and foremost, I would like to thank JAJA Architects for 
giving me the opportunity to do this research and their gen-
erosity in funding this project. The last three years has been 
an incredible experience, and one that will forever shape my 
future career. In particular, I would like to thank my princi-
pal company supervisor and JAJA founding partner, Jakob 
Steen Christensen. His vision and always-questioning nature 
conceived the initial idea for this PhD, and he has consist-
ently challenged my position on it, and ultimately pushed 
the research in novel directions. I am also hugely grateful to 
JAJA’s two other founding partners, Jan Tanaka and Kathrin 
Susanna Gimmel, for their trust and encouragement through-
out this very foreign journey of academic enquiry.

Of equal importance is the contribution of my main academic 
supervisor, Malene Freudendal-Pedersen. Thank you for intro-
ducing me to the world of academia while reassuring me to 
stay true to my epistemological foundations and training as 
an architect. Your knowledge, support, and straight-talking 
have brought me to this position today. I would also like to 
thank my third-party supervisor, Boris Brorman Jensen, for his 
eagerness to engage with the project and for providing vital 
guidance at key moments throughout the process. I would 
like to pay special gratitude to the Head of the Department of 
Planning at AAU, Morten Elle, for his assistance in navigating 
the challenges of university administration as an Industrial 
PhD candidate. I must also mention Katrine Lotz, the Head 
of the Institute of Architecture, Urbanism, and Landscape 
at the Royal Danish Academy who helped JAJA navigate the 
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initial organisation of this Industrial PhD while also support-
ing me through the funding application process. A special 
mention must also be given to Professor Keller Easterling 
and the Yale School of Architecture for hosting my stay as a 
visiting researcher.

As an Industrial PhD candidate, I have been fortunate to have 
amazing colleagues in two different workplaces. At JAJA, I 
would like to particularly thank Stephen Dietz Hodgson for 
his constant encouragement and incredible support in the 
final production of many of the visualisations in this thesis. I 
would also like to thank the interns Emily Axtell Himber, Finn 
Buchanan, and Cole Bennette for their help in the design 
exploration and in the preparation of workshop material. 
Within the Department of Planning at AAU, I want to thank all 
my colleagues who have discussed, encouraged, and inspired 
my work. I would like to give special thanks to my fellow PhD 
students Ask Greve Johansen, Maëlle Nolwenn Caussarieu, 
and Trine Skovgaard Kirkfeldt with whom I shared an office 
and who always welcomed me warmly back to university 
life after extended periods at JAJA. I would also like to thank 
all the administrative staff who promptly and professionally 
answered all my queries, especially Helene Ulrich Pedersen 
and Kristian Østergaard Sørensen.

The Industrial PhD project was funded by the Innovation Fund 
Denmark and JAJA Architects. Additional funding was pro-
vided for the development of this research proposal by the 
Institute of Architecture, Urbanism, and Landscape at the 
Royal Danish Academy. Without the financial support of The 
Augustinus Fund and the Oticon Fund, I would not have been 
able to pursue my visiting researcher position at Yale School 
of Architecture. I would therefore like to thank all my bene-
factors for their financial support and interest in my research. 

Finally, I would like to thank my family for their unconditional 
support during this PhD project and journey in life. Thanks 
to my Mum (Jennifer), my Dad (Paul), and my sister (Ally) for 
understanding why I have not so far returned permanently 
to Australia after leaving for a six-week trip in 2013. To my 
partner, Lina Hill Petersen, thank you for your incredible love, 
kindness, and patience that has pulled me through the final 
months of this thesis. Thanks to our beagle, Utzon, for giving 
me constant excuses to step away from the computer screen 
and experience the world outside.

Robert Joseph Martin, Copenhagen, 2021
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The future of sustainable urban mobilities is a topic that is of 
increasing interest to researchers, politicians, planners, and 
the public around the world. Dominant discussions focus on 
what these future urban mobilities will constitute and whether 
they will achieve targets to successfully de-carbonise and to 
minimise the effects of climate change. Historically, trans-
portation in our societies has mainly been approached from 
a positivist worldview that has attempted to understand the 
future through predictive models based on historical trends 
and relational extrapolation. However, the ambiguity cre-
ated by the emergence of new transport innovations, such 
as self-driving cars, micromobility, battery-electric vehicles, 
and digital services, has created a high level of uncertainty 
about the future. These innovations are constantly changing 
in their adoption timelines, and doubts persist about whether 
they will replace or be adopted by existing transport regimes. 
Consequently, this confusion creates difficulty for planners 
and policymakers, as the tools that modern societies rely on to 
plan, such as forecasting and simulation, are dependent on a 
degree of certainty to qualify their projections. As the degree of 
uncertainty increases, the extent and accuracy of these tools to 
anticipate and plan for the future decreases. Therefore, in view 
of this ambiguity about the future of urban transport, planners 
require new methods of enquiry and knowledge production. 

This Industrial PhD thesis takes this challenge as a starting 
point to discuss how I, as an architect, may contribute to the 
sustainable urban mobilities agenda. First, the thesis rejects 
the dominance of positivistic transport-planning approaches 
within the urban mobility discourse. Second, it explores how 
I could deploy architectural modes of enquiry and tools of 
visualisation to develop novel methods for the development of 
sustainable mobilities for the future. The main research ques-
tion is thus How can an architectural approach to spatial 
knowledge and methods of visualisation help reconceptu-
alise visions for sustainable mobilities futures?

To answer this question, I have employed a ‘research-
through-design’ methodological framework that provides 

0.2 Abstract (English)
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an established epistemology to incorporate architectural spa-
tial knowledge and methods into mobilities research. This 
methodology is elaborated through a programmatic design 
research approach that provides a structured framework 
for knowledge generation and theory building through the 
development of design experiments that utilise mixed, trans-
disciplinary methods. The results of these design experiments 
are presented as four distinct yet interconnected academic 
articles that form the main body of this Industrial PhD thesis. 
Although the thesis is presented as a collection of articles, it 
is intended that the articles form a coherent storyline within 
the context of the design research.

As an Industrial PhD, this research contributes to both theory 
and practice. The thesis was motivated by a desire to inte-
grate architectural methods with sustainable urban mobilities 
and has therefore contributed significantly to the develop-
ment of theories that reconceptualise space as a critical 
component enabling transitions to sustainable urban trans-
portation systems. Moreover, as a transdisciplinary project, 
the work contributes to the development of applied mobilities 
research by bridging architecture, practice, and social science 
to create new planning processes through empirical evidence. 
Primarily, through the application of a research-through-de-
sign methodology, this project contributes to practice by 
formalising techniques for mobilities design within archi-
tectural practice.

This thesis is the result of a three-year, Industrial PhD pro-
ject conducted in collaboration with the Danish architecture 
studio, JAJA architects; the Aalborg University Department 
of Planning; and the Institute of Architecture, Urbanism, 
and Landscape at the Royal Danish Academy. The PhD pro-
ject followed the Industrial PhD programme and was partly 
funded by the Innovation Fund Denmark under File No. 
8053-00012B.
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Bæredygtig mobilitet i fremtidens by er et emne af stigende 
interesse for forskere, politikere, planlæggere og offent-
ligheden, nationalt såvel som internationalt. Diskussionerne 
fokuserer primært på hvilken type af mobilitet vi skal have 
i byen for at opnå en mindre CO2 udledning og minimere 
effekterne fra klimaforandringerne. Historisk set er transport 
i det moderne samfund hovedsageligt blevet planlagt fra et 
positivistisk udgangspunkt, med det formål at forudse trans-
portbehovet i fremtiden via forudsigelige modeller baseret på 
historiske tendenser og relationel ekstrapolering. Fremkom-
sten af innovationer på tranportområdet, såsom selvkørende 
biler, mikromobilitet, elektriske køretøjer og digitale tjenester 
har skabt et højt niveau af usikkerhed i forhold til skiftende 
tidshorisonter for implementering. Samtidig eksisterer der 
stadig tvivl om hvorvidt disse nye teknologier skal erstatte 
eller integreres i eksisterende transportløsninger. Det giver 
udfordringer for planlæggere og beslutningstagere, da 
værktøjer såsom prognoser og simulering af fremtider, er 
afhængige af en vis grad af forudsigelighed for at kvalificere 
fremskrivningerne. Når graden af usikkerhed øges, bliver 
disse værktøjers omfang og nøjagtighed til at foregribe og 
planlægge for fremtiden, utilstrækkelige. I lyset af dette er der 
brug for nye værktøjer og metoder til at kortlægge og skabe 
viden om fremtidens mobilitet i byer. 

Denne ErhvervsPhD-afhandling tager udgangspunkt i denne 
udfordring og diskuterer hvordan en arkitektfaglighed kan 
bidrage til en bæredygtige dagsorden for mobilitet i byen. 
Afhandlingen stiller spørgsmålstegn ved dominansen af 
positivistiske transportplanlægningsmetoder og udforsker 
hvordan arkitektoniske undersøgelsesmetoder og visualiser-
ingsværktøjer kan bruges til at udvikle fremtidens mobilitet. 
Afhandlingens forskningsspørgsmål er: Hvordan kan en 
arkitektfagligheds rumlige viden og visualiseringsmetoder 
hjælpe med til at rekonceptualisere visioner for bæredygtige 
mobilitets fremtider?

For at besvare dette spørgsmål har jeg anvendt den metodol-
ogisk ramme 'research-through-design', som er en etableret 

0.3 Resumé (Dansk)
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epistemologi der kan inkorporere arkitektonisk rumlig viden 
og metoder i mobilitetsforskningen. Denne metode er uddy-
bet gennem en programmatisk designforskningsmetode, 
der giver en struktureret ramme for vidensgenerering og 
teoribygning gennem udvikling af designeksperimenter, 
der anvender tværfaglige metoder. Resultaterne af disse 
designeksperimenter præsenteres gennem fire akademiske 
artikler i en sammenhængende historie inden for rammerne 
af designforskningen.

Som industriel ph.d. bidrager denne forskning både til teori og 
praksis. Afhandlingen er motiveret af et ønske om at anvende 
arkitektoniske metoder til at forstå bæredygtig mobilitet i 
byen og bidrager til udviklingen af teorier, der gentænker rum-
met som en kritisk komponent i overgangen til bæredygtige 
transportsystemer i byen. Desuden bidrager arbejdet til en 
tværfaglig tilgang hvor praktisk mobilitetsforskning bygger 
bro til arkitektur, praksis og samfundsvidenskab og skaber 
nye planlægningsprocesser med et empirisk udgangspunkt. 

Afhandling er et resultatet af et treårigt, industrielt ph.d.-pro-
jekt gennemført i samarbejde med det danske arkitektfirma, 
JAJA arkitekter; Institut for Planlægning på Aalborg Univer-
sitet; og Institut for Arkitektur, Urbanisme og Landskab ved 
Det Kongelige Danske Akademi. Ph.d.-projektet er delvist 
finansieret af Innovationsfonden under filnr. 8053-00012B.
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Figure 1.1: 
Point of exchange. 
Robert Martin, 2021
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The world is filled with speculation on the future of urban 
mobilities. Technologies that were once considered science 
fiction have (supposedly) arrived. Driverless cars, personal 
flying vehicles, and on-demand ride-hailing at the press of a 
button, controlled and managed by vast digital infrastructure 
networks, promise effortless and frictionless mobility while 
also offering solutions to the world’s most challenging prob-
lems. However, the discussion surrounding these emerging 
technologies appears to largely remain isolated to the com-
plex environments of the cities in which they are supposedly 
to be applied. Unlike the ever-expanding dominance of the 
automobile in the twentieth century, these new technologies 
will not be implemented and applied universally across the 
globe. Instead, they will need to be adapted to the existing 
social and spatial constellations of the built environments 
in which they are intended to be utilised. Traditionally, gov-
ernmental land-use and transport-planning authorities have 
been responsible for the implementation of new transpor-
tation systems. However, these institutions face significant 
challenges. These include confusion surrounding the tech-
nological readiness of new mobility technologies, growing 
concern about the accuracy of modern transport-planning 
tools, and lack of knowledge of how cities should transition 
towards new technologies and best utilise them to meet sus-
tainability targets.

This Industrial PhD thesis has emerged as a response to this 
situation. First, it rejects the dominance of positivistic trans-
port planning approaches within future sustainable mobility 
discourse. Second, it considers how an architect may recon-
ceptualise sustainable mobility futures through their unique 
spatial knowledge of scale, form, proportion, experience, 
atmosphere, context, and materiality (Kürtüncü et al., 2008).

This Industrial PhD project was inspired and conceived by 
the Danish architecture studio, JAJA architects, who for many 
years had felt frustrated by their lack of agency to drive the 
transition towards sustainable urban development. This frus-
tration was rooted in the recognition of the extent to which 

1.1 Points of 
Exchange
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road authorities and traffic engineering form the framework 
of public spaces and urban developments but do not nec-
essarily prioritise their spatial quality. One need only picture 
traffic arteries splintering urban centres, the expanse of car-
parks surrounding individual buildings, or the dormant cars 
lining neighbourhood streets to understand the frustration 
felt by these architects. However, JAJA saw an opportunity to 
join the discussion on the future of urban mobility with a posi-
tion that prioritises spatial and sustainable outcomes. This 
is based on the belief in an imminent paradigm shift in the 
way people move around cities that may disrupt traditional 
approaches and actor constellations within mobility planning 
and reshape society’s understanding of streets as places of 
dwelling. As a starting point, this Industrial PhD thesis seeks 
to address the divide between architects, with their interest 
in spatial, material, and formal qualities, and traffic engineers, 
who focus particularly on safety, capacity, and flow.

The title of this Industrial PhD thesis, Points of Exchange, 
refers to three emergent themes developed in the thesis. 
The first is the recognition that there will be no single point 
at which society exchanges our current unsustainable sys-
tem of transportation in favour of a new sustainable one. 
Rather, this process will proceed in incremental steps through 
multiple developments. Transitions literature posits that 
these exchanges are slow-moving and non-linear and that 
they co-evolve through the involvement of a vast array of 
actors and social groups. Therefore, ‘points of exchange’ 
in this sense refers to the multiple time horizons this thesis 
considers. The second interpretation emphasises that the 
transition to sustainable urban mobilities will vary signifi-
cantly according to each cities’ urban form and local context. 
Unlike transport systems built around private automobile 
use, emerging transportation technologies will be highly con-
text-dependent, reliant on things such as the level of digital 
infrastructure integration, levels of population density, cov-
erage of public transportation networks, and topography. 
Furthermore, in this future where a plurality of transport 
modes exist, places of interchange (or change between 
modes) – train stations, mobility hubs, carparks or urban 
streetscapes – become increasingly important in the transi-
tion to sustainable mobilities. In this interpretation, ‘points 
of exchange’ refers to the many sites in which this thesis 
investigates future mobilities. The final theme that the title 
refers to is the various moments throughout this Industrial 
PhD in which a re-framing of its research agenda has piv-
oted its focus and ideas. This research project has followed 
a designer-based methodology to scholarly research that has 
favoured a transdisciplinary approach over strict schools of 
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thought by engaging with a variety of theoretical positions 
and practitioners’ experiences. The result is a thesis that has 
evolved over time, as emerges in the progression of this text.

1.2 Motivation and Aim
This Industrial PhD research project is concerned with cre-
ating knowledge of emerging transportation technologies 
and how they may enable sustainable mobility systems in 
the development of future cities. With my background as an 
architect, my primary focus has been to understand the spa-
tial dimensions of sociotechnical transitions to sustainable 
urban mobilities. This focus on space has derived from my 
own perception that transportation planning lacks a spatial 
awareness when planning mobility infrastructures. One need 
only consider the streets of most cities to see how society 
treats these public spaces as the domain of automobiles 
rather than people. Furthermore, there is a growing body of 
literature suggesting that reliance on positivistic transport 
planning tools means that planners are ill-equipped for the 
necessary planning of future mobility projects (e.g. Flyvbjerg 
et al., 2006). I believe that by including a spatial perspective 
that prioritises public space and streets as places of living and 
dwelling instead of only movement, novel methodologies for 
the planning of future sustainable urban mobilities may arise.

The primary area investigated in this Industrial PhD thesis is 
the mainland area of the Greater Copenhagen Region. This 
area presents an interesting case to explore emerging trans-
portation trends, as the modal share in the city differs from 
that of many other western capitals. While other cities have a 
majority modal share of private car use, the Greater Copenha-
gen Region has an almost even split between car and bicycle 
use. This means that within the region, infrastructures for 
both sustainable and unsustainable modes of transport exist. 
However, uncertainty created by the emergence of new trans-
port technologies, their varying timelines of introduction, and 
whether they will replace or be adopted by existing system 
actors has created complexity for planners. Municipal and 
regional planning authorities have traditionally relied on tools 
such as forecasting to develop frameworks for the future. 
However, as the degree of uncertainty increases, the extent 
and accuracy of these tools to anticipate change decreases. 
The challenge of uncertainty for planners in the Capital Region 
is no different from that of others: they lack appropriate tools 
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to plan with emerging transport technologies. While there is 
an ambition to reduce carbon emissions through cleaner fuels 
for motor vehicles, intelligent traffic systems, and expanded 
bicycle infrastructure, these initiatives are only being imple-
mented incrementally and predominantly act to reinforce 
existing transport systems. There is a fundamental lack of 
knowledge at the municipal and regional levels of planning in 
Greater Copenhagen of the possibilities of emerging mobility 
technologies, and my research seeks to address this gap.

The project’s ambition has therefore been to develop a novel 
approach to the design and planning of future urban mobilities 
that can be utilised by planning authorities in Copenhagen to 
create alternative narratives and futures of sustainable mobil-
ity systems. My ambition is that this work also contributes 
to global discourses on sustainable urban development by 
engaging with the UN’s 17 Sustainable Development Goals 
(SDGs), which have been adopted by the national Danish 
government, the Copenhagen Municipality, and Aalborg 
University. As an architect, I am acutely aware of how the 
built environment, planning, and transport interact with every 
SDG. The process of global urbanisation is a major consumer 
of energy and contributor to natural-resource depletion. It 
displaces communities, creates spatial segregation, exac-
erbates inequalities, and reinforces unhealthy life practices 
that lead to non-communicable disease. While unable to 
address each of the SDGs within the scope of this project, 
the thesis addresses the following SDGs: 3 – Good Health 
and Well-being; 7 – Affordable and Clean Energy; 8 – Decent 
Work and Economic Growth; 9 – Industry, Innovation, and 
Infrastructure; 11 – Sustainable Cities and Communities; 12 – 
Responsible Consumption and Production; and 13 – Climate 
Action. By developing expert knowledge on the future of 
sustainable urban mobilities early, this project may create 
further opportunities to mitigate the impact of these chal-
lenges on the planet.
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1.3 Linking Spatial 
Thinking with 
Sustainability 
Transitions in 
Transport

To determine how emerging transport technologies may drive 
the transition towards sustainable urban mobility systems, 
it is important to first understand what was unsustainable 
about current mobility practices. Fundamentally, sustainability 
means that the current generation can meet its needs today 
without compromising the ability of future generations to meet 
theirs (World Commission on Environment and Development, 
1987, p. 8). Today, there are many ideas about sustainability 
that arose from environmental conservationism. However, the 
Our Common Future report shows that, even from its earliest 
conception, sustainability should include social, economic, 
and environmental considerations (ibid.). Public discourse on 
sustainability is often tied to discussion of climate change 
caused by global warming. While the cause of global warming 
is unverified, it is considered ‘extremely likely’ to be the result 
of an increase in greenhouse gas (GHG) concentrations in the 
atmosphere due to anthropogenic drivers (IPCC, 2018).

In Europe, urban transportation accounts for 25% of GHG 
emissions (Moradi & Vagnoni, 2018), of which road passenger 
transport accounts for 58% (European Environment Agency, 
2013). The European Union (EU) has committed to the Paris 
Agreement to reduce GHG emissions by at least 40% by 
2030 compared to 1990 and to be carbon neutral1.1 by 2050 
(European Commission, 2018). Despite significant efforts, 
the transport sector in the EU has been unable to achieve 
its decarbonising efforts and if current transport trends con-
tinue, the sector is expected to contribute 50% of all CO2 
emissions in the EU by 2050 (European Environment Agency, 
2018). To achieve GHG emissions targets, the EU needs to 
radically transition its current urban mobility systems to new, 
low-carbon systems (Dennis & Urry, 2009; F. W. Geels, 2012).

1.1  Carbon neutrality does not mean 
zero emissions, but that CO2 emis-
sions are reduced to a minimum and 
any remaining CO2 emissions are 
compensated with carbon offset.
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The automobile, powered by an internal combustion engine, 
is the dominant mode of urban transportation in Europe and 
represents 84.1% of passenger transport demand (European 
Environment Agency, 2019). There are a number of works 
that document how the car became such an integral part of 
the modern way of life (Davison, 2010; Dennis & Urry, 2009; 
Kulash, 1996; Norton, 2010). However, it has now become 
apparent that the original connotations of the car – providing 
a sense of freedom, luxury, and independence – have faded, 
leaving a dependence on the car for participation in economic 
and social society (Goodwin, 1995). This phenomenon has 
been labelled the ‘motor age’ (Lyons, 2015), as there has 
been a correlation between economic growth and passenger 
transport growth. Moreover, the automobile has become so 
engrained in society, that it is difficult to envision any sys-
tem that is fundamentally different (ibid.). A transition to a 
sustainable urban mobility system is therefore complicated, 
as it can only be realised through radical structural changes 
that also stimulate economic development while reducing 
carbon emissions.

The socio-technical approach to sustainability transitions 
provides an interdisciplinary framework to understand and 
respond to the complex socio-technical systems of transport, 
superseding the positivist epistemological frameworks of 
neoclassical economists and engineers (F. W. Geels, 2012). 
It conceptualises transport systems as a constellation of ele-
ments that includes technology, policy, markets, consumer 
practices, infrastructure, spatial structures, and cultural 
meaning (2012, p. 471), which has influenced how mobility 
transitions may be imagined and described in future sce-
narios (Sheller & Urry, 2016). The Multi-Level Perspective 
(MLP) is a framework within socio-technical transition the-
ory that describes transitions as ‘non-linear processes that 
result from the interplay of multiple developments at three 
analytical levels’ (F. W. Geels, 2012, p. 472), which apply to 
various constellations of increasingly hierarchical stability. 
The three analytical levels are:

• Socio-technical landscapes, which form the context 
that influences both niche and regime dynamics. They 
are, in a literal sense, something that can be moved 
through as well as including urban layouts, political 
ideologies, societal values, and macroeconomics

• Socio-technical regimes, which are existing tech-
nologies, regulations, and user patterns that form 
established practices and associated rules
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• Niches, which are radical innovations that deviate from 
existing regimes and are either incorporated into an 
existing regime or replace it 

The motor age, described by Lyons (2015), can be reconcep-
tualised as the automobility regime within the MLP (F. Geels 
et al., 2008; F. W. Geels et al., 2012) as they both present 
cars as a dominant socio-technical system that is reinforced 
and reproduced by various actor groups. There is a temporal 
dynamic between the different analytical levels, as the MLP 
analyses and describes multiple processes that may affect 
transitions rather than simple causality. Transitions can arise 
through the dynamic relationship between these levels: a niche 
innovation creates internal momentum or changes at the land-
scape level place pressure on regimes and form windows of 
opportunity for niche innovation (F. W. Geels, 2012,  p. 473). 
Emerging transport technologies can be re-conceptualised 
as niche innovations within the MLP framework. There are a 
number of emerging niche innovations that may aid the tran-
sition to sustainable mobility systems. They hold potential 
for transition change not only because they offer alternative 
transport choices, but also because they can unlock material 
preconditions in the built environment (Dennis & Urry, 2009).

To engage spatial thinking within transition theory, I utilise 
an understanding of space as a social construct. This per-
spective has its origins in the theories of Lefebvre, from the 
1970s, which argued for a contextual spatial understanding 
that studied space in relation to economic, political, and social 
processes (Cresswell, 2013). According to Lefebvre, ‘every 
society – and hence every mode of production with its sub-
variants (…) – produces a space, its own space’ (Lefebvre, 
1991, p. 31). To better describe space, and its role in society, 
Lefebvre identified a triad of interconnected spatial con-
cepts: physical space, mental space, and social space (1991, 
p. 33). Physical space, or perceived space, refers to physical 
form, or spaces that are measurable and mappable. Mental 
space, or conceived space, arises from thinking and ideas 
and is represented by drawings produced by architects and 
planners. Finally, social space, or lived space, is dominated 
by both physical and mental space but also has the capacity 
for change through imagination. The production of space, 
according to Lefebvre, is more than a physical act; it is the 
interplay between these spatial concepts that are (re)pro-
duced through social processes and practices (1991, p. 38). 

The ‘spatial practice’ of a society, which Lefebvre deems is 
revealed through the deciphering of its space (1991, p. 31), was 
surely an inspiring concept to the development of the new 
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mobilities paradigm (Sheller & Urry, 2006). Spatial practice 
embodies the daily routines of society within the urban real-
ity of routes and networks that constitute places for work, 
private life, and leisure. This is reflected in Sheller and Urry’s 
mobility cultures that are described as incorporating technol-
ogies, practices, infrastructures, networks, and assemblages 
(ibid). Furthermore, through the implications that Lefebvre 
demonstrates, it can be argued that (social) space is a (social) 
product (Lefebvre, 1991, p. 26). In addition, this implies that 
mobility culture produces its own spaces through differ-
ent modes of production, providing theoretical arguments 
that mobility has had (physical) spatial implications in the 
built environment and so will future mobilities. The interplay 
between Lefebvre’s spatial triad and spatial practice pro-
vides a new theoretical lens to understand the power that 
architects have in the production of space. Throughout this 
thesis, a Lefebvrean understanding of space is explored that 
investigates not only the effect of physical space, but also the 
effect of how it is conceived and represented.

A spatial perspective on sustainability transitions in trans-
portation is investigated through a framework that is based 
upon the ‘research-through-design’ methodology. This meth-
odology provides an established epistemology to include 
architectural spatial knowledge and methods in mobilities 
research. This methodology is elaborated through a program-
matic design research approach which provides a structured 
framework for knowledge generation and theory building 
through the development of design experiments that utilise 
mixed, transdisciplinary methods. To meet the require-
ments of the Industrial PhD programme, different forms of 
knowledge are produced through the qualitative analysis of 
these design experiments, which have been published as 
four academic journal articles and are collected in the the-
sis. Furthermore, an exemplar design project is presented to 
finalise this research project to contextualise the process and 
respond to the outside world.
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Figure 1.2: 
Theoretical framework diagram. 
Robert Martin, 2021
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1.4 Research Questions
The above motivations and theoretical basis led to the fol-
lowing main research question:

 How can an architectural approach to spatial 
knowledge and methods of visualisation help recon-
ceptualise visions for sustainable mobilities futures?

This main research is supported by the following supplemen-
tary research questions:

• What is the role of emerging transportation tech-
nologies in driving a transition to sustainable urban 
mobility systems?

• How can different spatial characteristics of the urban 
environment drive the transition to sustainable mobil-
ity systems?

• How do visualisations of future mobility systems affect 
stakeholder input and planning processes?

1.5 Overview of the 
Industrial PhD Thesis

Although this PhD thesis is presented as a collection of pub-
lished articles, it is intended that the articles form a coherent 
storyline within the context of the designerly research that 
I conducted in the past three years. Through a theoretical 
lens that reconceptualises the spatial dimensions of socio-
technical systems, the project attempts to connect future 
mobility technologies with spatial strategies to develop new 
competencies within sustainable mobilities design. This pro-
ject has been driven by a research programme outlining the 
development of a future sustainable urban mobilities system 
for Copenhagen, Denmark. Chapter 2, entitled ‘A Design-
erly Approach to Methodology’ provides a comprehensive 
overview of this designerly approach to research enquiry by 
elaborating on the work of Donald Schön (1983), Michael 
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Gibbons (1994), and Christopher Frayling (1993) before arriv-
ing at the project’s outline for the design experiments in the 
programmatic design research. 

In Chapter 3, ‘Research Programme: Copenhagen as a Case’, a 
research programme is presented that frames and contextu-
alises this project’s scope of work. In more established fields 
of academic research, this may be seen as the architect’s way 
of establishing a state of the art. Throughout the chapter, I 
establish an understanding of the spatial and sociotechni-
cal conditions in Copenhagen and their implications for the 
planning of sustainable urban mobilities. The chapter outlines 
these conditions in comparison to global transport innova-
tions while providing a basis to understand the connection 
between the four published articles.

Article 1 (Chapter 4), ‘Transformations of European Public 
Spaces with Autonomous Vehicle’ introduces design exper-
iments that highlight possible trajectories for the redesign 
of public spaces and streetscapes to illustrate connected 
and automated driving futures in a Copenhagen context. 
Connected and automated driving is one of several emerging 
mobility trends that will fundamentally impact the use and 
design of public spaces in the coming decades. To ensure 
that public spaces remain a common spatial infrastructure, 
urban planners need to rethink whose interests they place at 
the centre of future streetscapes and public spaces and which 
transport modes are given priority. This article investigates 
how design experiments can provide a vital tool in support of 
coordinated planning, decision-making, and the development 
of future sustainable urban mobility systems.

In Article 2 (Chapter 5), ‘AV Futures or Futures with AVs’, the 
visualisations of future mobility systems produced in Arti-
cle 1 are analysed against examples from an established car 
manufacturer using a framework incorporating automobility 
(Urry, 2005), transitions (F. W. Geels, 2012), and imaginar-
ies1.2 (Jasanoff, 2015). This article argues for a more complex 
approach to such visualisations, in which they are under-
stood as vessels for sociotechnical imaginaries that direct 
and de-limit what is possible in the future. This article is a 
methodological exploration of how policymakers, planners, 
and the general public can begin to interpret visualisations 
of future mobility systems. The article concludes with a dis-
cussion of the potential implications of these visualisations 
for future transportation systems.

While Article 1 questioned the spatial demands of emerging 
technologies, Article 3 (Chapter 6), ‘Reconceptualising Space 

1.2 The term 'imaginaries' is used 
throughout this thesis as “collec-
tively imagined forms of values, 
institutions, and symbols through 
which people imagine social life and 
order.” This term is elaborated in 
Chapter 5.
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in Sustainability Transitions’, asks the opposite: what spatial 
features do cities have and which technologies fit best? A 
theoretical basis that links theories on transitions (F. W. Geels, 
2012) with spatial thinking is applied to three case studies of 
European cities’ efforts to limit automobile-based transport 
within ‘car-free’ discourses. This article presents a case for 
the role of the built environment in influencing the transition 
to sustainable urban transportation systems. It also offers 
a roadmap of spatial criteria for planners and policymakers 
who wish to limit car use. 

The final article (Chapter 7), ‘Ontological Expansion Through 
the Visualisation of Space’, presents an exploration of how 
architects can contribute to the planning of sustainable urban 
mobilities through their own design methods and outlook. 
This article presents the insights from two visioning work-
shops, in which findings from the first three articles were 
used as a basis for the co-development of a vision for a car-
free Copenhagen. Central to these workshops was that this 
vision was expressed through images and drawings. These 
glimpses of the future became artefacts for the workshop 
participants to elaborate on new and existing policies for 
future sustainable urban mobilities.

The final three chapters are presented as a closure to this 
Industrial PhD thesis. In Chapter 8, ‘Copenhagen Car-
free(dom)’, the primary empirical output of this PhD project 
is showcased. Throughout the PhD project, a future scenario 
for a sustainable urban mobilities system in Copenhagen, 
Denmark, is designed and developed. In this chapter, the 
work is presented in its final iteration as a series of drawings, 
illustrations, diagrams, and visualisations. Its presentation 
may seem foreign in the context of a PhD thesis. However, 
as an architect, with an architectural studio as an industrial 
partner, I believe that it is within the tradition of our profes-
sion and supports our attempt to engage with the outside 
world. Chapter 9, ‘Conclusions’, in contrast, finalises this the-
sis within an academic tradition by reflecting on how this 
work has addressed the overall and subsequent research 
questions and its contribution to theory and practice. In the 
‘Afterword’ (Chapter 10), I leave with a final remark on the 
impact of this thesis.
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INTRODUCTION
In the midst of the current crisis in urban mobility, how can an 
architect’s spatial knowledge and methods of visualisation help 
reconceptualise visions for sustainable mobilities futures?

A DESIGNERLY APPROACH TO METHODOLOGY

RESEARCH PROGRAM: COPENHAGEN AS A CASE

TRANSFORMATION OF EUORPEAN PUBLIC SPACES WITH AVS
Through a series of design investigations on autonomous vehicles, this chapter 
investigates how can design experiments aid coordinated planning efforts for planners 
and policymakers in the development of future sustainable urban mobility systems?

AV FUTURES OR FUTURES WITH AVS
Through an analysis of visual material produced in the previous chapter, this study 
explores the power of images of the future to guide the planning of sustainable urban 
mobilities.

RECONCEPTUALISING SPACE IN SUSTAINABILITY TRANSITIONS
Through a reconceptualisation of physical space in sustainability transitions, this article 
uses empirical case studies of ‘car-free’ cities to showcase spatial strategies for 
sustainable urban mobility systems.

ONTOLOGICAL EXPANSION THROUGH VISUALISATIONS OF SPACE
This chapter unfolds the potential for architectural design methods to bring together 
stakeholder collaboration in transport planning through empirical data based on two visioning 
workshops.
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2.1 Introduction

This chapter describes the methodology used to frame the 
‘Points of Exchange’ PhD project. Initially, I discuss the gap 
between scholarly research and architectural design prac-
tice. Donald Schön’s work on ‘reflection in action’ is used 
as a framework to make tacit knowledge explicit through 
the interaction between a designer’s ways of knowing and 
reflective analysis. A distinction is then made between the 
various forms of knowledge required in the unique position 
of an Industrial PhD researcher who must navigate the space 
between different forms of knowledge. Through an explora-
tion of Christopher Frayling’s categorisation of practice-based 
research and the subsequent work of Scandinavian design 
scholars, a definition of a research-through-design methodol-
ogy is formed. Subsequently, a programmatic design research 
approach is utilised to provide a structured framework for 
knowledge generation and theory building through the dia-
lectic relationship between a research programme and design 
experiments. The chapter concludes with a description of the 
research methods used in the PhD project.
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At the beginning of my journey as a PhD student within the 
Industrial PhD Programme, I had no clear foundation; I had 
no exposure to research methods during my experience as 
a bachelor or graduate student in architecture. Architecture 
occupies a murky space in the university sector, as it is not 
considered entirely an artistic, technological, or scientific 
practice, but lies somewhere in between. As an architecture 
student, I learnt that to produce architecture, I must liter-
ally and metaphorically project a vision into the world. To 
arrive at that vision, I was taught not to copy, but to borrow, 
splice, collage, and reference across disciplines with almost 
complete freedom. This mode of working is grafted onto an 
engagement with theory, data, and public discourses and 
with professional life. The challenge of navigating this trans-
disciplinary landscape can become problematic within an 
academic environment, which requires rigorous scholarly 
requirements to be awarded a PhD. This illuminates the anxi-
ety I felt within the academic community about the legitimacy 
of the knowledge I produce as an architect.

When discussing the production of knowledge, my experi-
ence is that there exists an underlying feeling of insecurity 
in the field of architecture when talking about knowledge 
production: a gap remains between the practices of archi-
tectural design and engagement in academia. Depending on 
worldview, the validity of scientific knowledge depends on 
explicit results that are easily replicated by peers. Architec-
ture, however, produces a great deal of implicit knowledge 
that is internalised and embodied rather than understood 
and remembered intellectually (Pallasmaa, 2017). While this 
knowledge is vital to the practice of design, it is difficult to 
disseminate and validate because of its tacit nature. With this 
observation in mind, I now discuss the work of academics 
who have investigated and classified new epistemologies that 
incorporate design practice over the last 40 years.

In his book, The Reflective Practitioner (1983), the philosopher 
and urban planner, Donald Schön reinforces practitioners’ 
tacit knowledge through what he labels ‘knowing-in-action’. 

2.2 Epistemological 
Foundation



In a later text, Schön  describes knowing-in-action using the 
example ‘if you are riding a bicycle, and you begin to fall to 
the left’ (1990, p. 25). He states that people who know how 
to ride a bicycle do the right thing in situ and adjust their bal-
ance, but they would not be able to correctly articulate that 
response if asked to describe it in a classroom, outside of a 
bicycle-riding situation. According to Schön, this type of tacit 
knowledge is represented in that ‘practitioners usually know 
more than they can say’ (1983, p. 8). How does one extract 
this knowledge in a format that can be disseminated within a 
PhD thesis? Schön suggests that it can occur through a pro-
cess called ‘reflection-in-action’. Reflection-in-action is the 
epistemological evolution of knowing-in-action. By becoming 
aware of what they are doing, designers can uncover their 
tacit knowledge, making the implicit explicit. This internal 
dialogue creates knowledge through the analysis of the pro-
tocol. For instance, instead of problem solving, the designer 
aims for problem framing: each design decision becomes a 
local experiment that contributes to the re-framing of the 
problem. Designers, therefore, frame and re-frame the prob-
lem throughout a design process. Schön emphasises the 
importance of this process, in which designers ‘name the 
things to which we will attend and frame the context in which 
we will attend to them’ (1983, p. 40). A reflective practitioner, 
he claims, can become ‘a researcher’ through architectural 
practice, as the process is at once exploratory, problem-fram-
ing, and hypothesis-testing. 

The architectural theorist Ranulph Glanville builds on the 
idea of Schön’s reflective practitioner by making a distinction 
between researchers, who search for knowledge of existing 
phenomena, and designers, who seek knowledge for chang-
ing a phenomenon (Glanville, 2016). He makes the case that 
although there has been academic research in architecture 
for some time, such as historical research or research into 
building materials, this alone cannot aid architects in the 
medium of design practice. Glanville deplores the fact that 
‘science’ has become a word used to mean knowledge within 
academic circles. In the domain of architectural research, 
a broader understanding of knowledge is needed to help 
architects and designers perform their work. According to 
Nigel Cross (2006), this form of knowledge is unique to how 
designers think and work. He refers to this phenomenon as 
designerly ways of knowing. Some may refer to this form of 
knowing as intuition, which is shared among practitioners and 
researchers. However, I believe that due to varying epistemo-
logical foundations, there are different levels of acceptance 
between architects, who freely utilise it, and researchers who 
must review and verify it. 
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From this perspective, design research can be viewed as gen-
erative and critical as well as a means of creating knowledge. 
In areas that are new and yet to be explored, such as the 
future of mobility, qualitative approaches have the potential 
to answer and explain, rather than test hypotheses and make 
cause-and-effect predictions. These are key features of pos-
itivist paradigms in the dominant transport planning schools 
of thought. I have already outlined this PhD’s opposition to 
this dominant positivist and empiricist position in Chapter 
1. Having presented a fundamental argument in support 
of design research, I now analyse in more detail the kinds 
of knowledge that can be derived from the combination of 
research and design in the context of this industrial PhD.

2.2.1 Forms of Knowledge
To be awarded a PhD, one must contribute substantially 
to ‘knowledge’ in a scientific field. As an Industrial PhD 
researcher, there are two main differences between my pro-
gramme and a traditional PhD. The first, is that I am employed 
by a host company (JAJA architects) and am therefore con-
tractually obliged to deliver ‘knowledge’ that must ‘have 
direct or indirect short- or long-term commercial signifi-
cance and effect’ (Innovation Fund Denmark, 2021, p. 2). 
Second, I do not have any teaching obligations and must 
instead disseminate ‘knowledge’ within the host company, 
the wider business community, and to non-academic audi-
ences (Innovation Fund Denmark, 2021, p. 12). This double 
life of the Industrial PhD researcher has made balancing the 
knowledge objectives of academia and business one of the 
main challenges of this PhD thesis. Only through a dialectical 
process of knowledge production (Nielsen et al., 2017) have 
I been able to bridge the different communities of practice.

In his 1994 book The New Production of Knowledge, Michael 
Gibbons and his co-authors developed a new taxonomy for 
describing types of knowledge, referring to them as ‘Mode 
1 scientific discovery’ and ‘Mode 2 knowledge production’ 
(1994). Mode 1 refers to ‘the complex of ideas, methods, val-
ues and norms that has grown up to control the diffusion of 
the Newtonian model of science to more and more fields of 
enquiry and ensure its compliance with what is considered 
sound scientific practice’ (Gibbons et al., 1994, p. 2). Mode 
2, in contrast, is ‘knowledge production conducted in the 
context of application and marked by its transdisciplinary, 
heterogeneity, organisational hierarchy and transience; social 
accountability and reflexivity’ (Gibbons et al., 1994, p. 2). 



In simpler terms, Mode 1 refers to a conventional model of 
university knowledge production applied in positivist par-
adigms, while Mode 2 is knowledge generated within the 
context of its application and disseminated socially. In 2003, 
Gibbons, Nowotny, and Scott (2003) revisited the discussion 
in response to a vast amount of criticism of the simplicity of 
the distinction:

 Of course, like all theses that gain a certain popularity 
(and notoriety), this thesis was radically simplified, 
and collapsed into a single phrase – 'Mode 2'. The old 
paradigm of scientific discovery ('Mode 1 ') – charac-
terised by the hegemony of theoretical or, at any rate, 
experimental science; by an internally-driven taxon-
omy of disciplines; and by the autonomy of scientists 
and their host institutions, the universities – was being 
superseded by a new paradigm of knowledge pro-
duction ('Mode 2'), which was socially distributed, 
application-oriented, trans-disciplinary, and subject 
to multiple accountabilities. (2003, p. 179) 

This is an ongoing discussion within the production of knowl-
edge. I do not intend to pursue it further here but present it as 
a reflection of how an Industrial PhD researcher often occu-
pies the space between these two modes, bouncing between 
practitioner-orientated knowledge and scientific literature. 
Even if the department the PhD student works in has a strong 
tradition of mode 2 knowledge, academic publishing (which 
is a requirement to be awarded the PhD) is perceived as less 
relevant by the host company. They are more interested in 
applied insights they can use in their everyday practice.

One of the more significant aspects of the methodology for 
this PhD involves the use of the research-through-design 
method, through which it is possible to produce both Mode 1 
and Mode 2 knowledge. It has allowed me to conduct design 
work that is seen as valuable to the host company, within a 
reflexive framework that permits time for analysis, schol-
arship, and knowledge production from the design output. 
To satisfy the dissemination criteria, knowledge produced 
in this Industrial PhD project has been distributed through 
this thesis, peer-reviewed academic journals, book chapters, 
private and public lectures, interviews, workshops, and media 
contributions. In the following section, I outline the method-
ological considerations for this PhD thesis.
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2.3 Research x Design
The following section navigates the variety of research forms 
within creative practice, eventually arriving at this PhD pro-
ject’s initiation within a research-though-design framework. 
The development of academic research methodologies incor-
porating design practices has been occurring over the last two 
decades, most frequently within the context of architecture 
and design. Research design is an established aspect of sci-
entific enquiry, which directs the procedures of study through 
the intersection of philosophy, scope, and methods (Creswell, 
2014). However, design research encompasses both the study 
of design and the process of generating knowledge through it 
(Roggema, 2016). The design research paradigm originates in 
an influential paper written by Christopher Frayling, ‘Research 
in Art and Design’ (1993). He first introduced the term as a 
way to integrate research into creative practice and show 
how it differs from traditional scientific methods of enquiry. 
In the paper, Frayling proposes three ways of categorising 
research within the fields of art and design: research into art 
and design, research through art and design, and research 
for art and design (1993). 

For Frayling, research into art and design is the most straight-
forward and easy category. This research is conducted on 
a subject, such as history, aesthetics, or theory, to under-
stand what has been done. Here, the researcher observes 
the subject being investigated from an outside position. 
Frayling believes that this is the most straightforward cat-
egory because the empirical evidence already exists before 
the research is conducted in countless archives. Research 
through art and design is less straightforward as a category 
but still tangible, as it involves conducting experiments to 
produce new empirical evidence. The production of empir-
ical data in the design process is used to contextualise the 
results. The final category, research for art and design is con-
sidered the most difficult to conduct. In this area of study, 
the aim is to conduct research ‘where the end product is an 
artefact – where the thinking is, so to speak, embodied in 
the artefact, where the goal is not primarily communicable 
knowledge in the sense of verbal communication, but in the 
sense of visual or iconic or imagistic communication’ (1993, 
p. 5). The process of research for art and design could also 
be seen as traditional artistic practice, in which the artefact 
is the intended outcome of the research.



The differences between these categories may seem minute, 
but I believe that it is important to clarify that even from its 
earliest conceptions, the combination of research and design 
has been utilised in different formats. To the outsider, the 
substitution of the words into, through, and for may appear 
inconsequential. However, as shown by Frayling, their inter-
change can have epistemological consequences and major 
implications for the application of art and design to research. 
I make this point to emphasise my specific approach to the 
combination of these two fields.

One of the major components of my doctoral research has 
been the use of a research-through-design methodology. This 
methodology takes Frayling’s category of ‘research through 
art and design’ as a basis but has been further developed 
by design scholars over the past twenty years. Research-
through-design entails designing artefacts iteratively over 
time to investigate different possibilities of the future (Zim-
merman et al., 2010). An artefact need not be physical, but 
can be a product, system, space, or medium. However, this 
methodology calls for constant realignment of the creation 
of artefacts in response to complex design challenges, based 
on trial and error (Toeters et al., 2012). Importantly, research-
through-design allows for ‘designerly ways of knowing’ to 
emerge during the course of the project, which is essential for 
generating the required knowledge in various forms. Within 
the context of the ‘Points of Exchange’ PhD project, artefacts 
emerge as drawings, maps, illustrations, and diagrams as 
part of the development of a scenario for a sustainable urban 
mobilities system for Copenhagen, Denmark.

2.3.1 Programs and 
Experiments
An emerging group of Scandinavian researchers has placed 
design experiments at the core of research-through-design 
(Bang & Eriksen, 2014; Binder & Brandt, 2017; Brandt et al., 
2011). This has been further elaborated as a programmatic 
design research approach, in which design experiments are 
performed in the context of a framework: a research pro-
gramme (Redström, 2017). The group acknowledges that 
within the design research community, design experiments, 
such as prototypes, mock-ups, scenarios, and models, play a 
central role in the generation of knowledge in practice-based 
research. Furthermore, to this group of researchers, design 
experiments are not considered tests in a scientific sense, to 
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confirm a hypothesis, but as the developing of the research 
to challenge the research programme (Brandt et al., 2011). 

The programmatic design research approach provides a 
framework to structure empirical research as design exper-
iments in relation to the research objective. According to 
Redström (2017), the approach is structured around two core 
elements:

•  A programme that establishes a knowledge regime to 
frame and contextualise the research project.

•  A number of design experiments that challenge and 
re-frame the programme.

In this approach, the programme and design experiments are 
connected: they have a dialectic relationship, where knowl-
edge is generated from their interconnection (Brandt et al., 
2011). Thus, the programme serves as a framework and a 
foundation within which a design researcher can investigate a 
particular research topic through design experiments. As the 
design experiments are conducted, they act as an opportunity 
to re-frame the programme.

A design research programme outline establishes the basic 
conditions and limitations for the scope of the research. In 
more established fields of academic research, the programme 
may be seen as the architect’s way of establishing a state of 
the art. The programme should set the scene for the research 
project because ‘a program that allows anything to happen 
will not work’ (Redström, 2017, p. 88). In many ways, they may 
be seen as a typical design brief in architectural education 
and practice with more space for open experimentation and 
drifting. Brandt and her colleagues view the development of 
the programme as establishing a situated ‘provisional knowl-
edge regime’ (2011, p. 19). This makes the design experiments 
more than ‘undirected explorations’ while at the same time 
allowing for new insights and knowledge production from the 
experiments (2011, p. 22). In the context of this PhD project, 
the programme takes the form of a case study of the greater 
region of Copenhagen, Denmark, and a literature review of 
emerging transportation technologies. The programme is 
described in Chapter 3.

At the core of the programmatic design research are design 
experiments because they serve as a source of knowledge 
generation and theory building (Bang & Eriksen, 2014). This 
resonates with the research-through-design methodology, 
as the experiments produce artefacts which are used as 



empirical evidence to contextualise the research insights. 
Brandt and Binder (2017) state that design experiments are 
a way to explore and challenge the programme. As a result 
of this, they can appear in many different forms. Therefore, 
it is important to clarify that design experiments should not 
be limited to traditional interpretations of design, such as 
drawing and model-making, but rather also include a design-
er-based and exploratory approach to existing methods 
across disciplines. This mode of enquiry can also be under-
stood as pragmatic knowledge production in the tradition of 
the philosopher John Dewey and further elaborated by others 
(e.g. Kenneth Howe (1988)). Methodologically and philosophi-
cally, this looseness offers the design researcher a plurality of 
quantitative and qualitative methods, which is not limited to 
epistemological paradigms, to apply as design experiments 
within the notion of ‘what works’ (Howe, 1988)). This notion 
of epistemological looseness within design experiments 
supports the exploratory research process in the ‘Points of 
Exchange’ PhD project, which includes multiple methods 
within each design experiment. These methods are further 
described in sections 2.4.1–2.4.4.

As mentioned earlier, the main epistemological output occurs 
in the relationships between the research programme and 
design experiments. The combination of a research pro-
gramme and design experiments can create knowledge that 
neither could achieve independently, according to Redström 
(2017). Other design researchers have concurred, arguing 
that design experiments and research programmes should be 
as one entity when discussing the production of knowledge 
(Brandt et al., 2011). This dialectic relationship corresponds 
to Schön’s reflection-in-action, in which each subsequent 
experiment acts to drift the research programme or mature 
it or both or to finalise the research process (Bang & Eriksen, 
2014). Therefore, it is the combination of the design exper-
iments and research programme that addresses the core 
research question.

This dialectical process has been captured by Anne Bang 
(2010) in a diagram illustrating the relationship between the 
design experiment and the research programme (Figure 2.1). 
This diagram illustrates how research questions and design 
experiments ultimately become interconnected as research 
responds to the outside world (Markussen et al., 2012). Bang’s 
diagram is divided into five different elements: Challenge, 
Programme (T), Design Experiments (X), Research Ques-
tions (Q), and Exemplar, which is the finalised output of the 
research. In her own words, 
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‘the dotted beginning of the programme line sym-
bolises that the programme itself in the beginning is 
initial and only vaguely constructed. As the research 
progresses it is challenged and strengthened due to 
the dialectics between the programme and the design 
experiments. This is symbolised in the way the dot-
ted line is transformed into a thick and massive line, 
which finally point[s] to exemplars as an outcome of 
a research project like this’ (2012, p. 9).

Figure 2.1: 
Visualisation of a programmatic 
approach to design research.
Anne Bang, 2010.



2.4 Programmatic 
design experiments 
in Points of 
Exchange

For my research project, I am utilising a programmatic design 
research approach to frame the empirical research as design 
experiments relevant to a larger research problem. Therefore, 
I have adapted Bang’s (2010) diagram to create an overview 
of my PhD research through a programmatic approach (Fig-
ure 2.2). I, too, have five elements: Challenge (C), Research 
Programme (T), Design Experiments (X), Articles (A), and 
an Exemplar (E). This framework should help describe and 
explain the rationale for submitting an article-based PhD 
thesis.

The The introductory chapter explained the wider context 
and overall challenge (C) of this PhD project. The programme 
(P), outlined in chapter 3, responds to the overall challenge 
(C) by investigating the topic of sustainable urban mobilities 
in the city of Copenhagen, Denmark. As suggested earlier, 
some may interpret elements of the programme as state of 
the art. The design experiments (X) and articles (A) emerged 
and developed throughout the process of the PhD research. 
The overall research question and sub-questions are explored 
through the interaction between the programme, experi-
ments, and wider context. The experiments emerged freely 
during the research period. Finally, the outcome of the PhD, 
the design proposal, emerges as an exemplar (E), which acts 
as the finalisation of the research project.

This framework also makes it possible to distinguish between 
the production of Mode 1 and Mode 2 knowledge. As an 
Industrial PhD researcher, it has been critical to clearly define 
knowledge that can be translated for commercial use and 
academic knowledge to meet the requirements of the Indus-
trial PhD programme: comprehensible vs comprehensive. 
This has been achieved through the separation of design 
experiments and academic articles, where the former create 
the most value to JAJA and the latter place the empirical 
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evidence within the theoretical context to contribute to the 
scientific community. In the following subsections, I describe 
my selection of methods in each design experiment. 

Figure 2.2: 
The journey through the PhD has 
involved the exchange between design 
experiments and journal articles, 
which come together to emerge as an 
exemplar project.
Robert Martin, 2021



2.4.1 Design Experiment 1 (X1)
Design experiment #1 had been initiated prior to starting 
the PhD while I was still employed by JAJA as an architect 
but continued into the beginning of the PhD. It is included in 
this PhD thesis as the experience of conducting the exper-
iment and the insights obtained were crucial in the initial 
formulation of the research program. While this may seem 
counter-intuitive to conduct an experiment before the pro-
gram, Redström (2017) states that design experiments may 
precede the formulation of the program in order to articulate 
the overall challenge and objectives for the PhD project. The 
empirical from this experiment was also used as an outset 
for developing the scenarios described in Article #1 (Martin 
et al., 2021). 

The experiment attempted to investigate the question What 
is the spatial impact of emerging transportation technol-
ogies? It focused on using traditional architectural media 
and methods to explore the spatial impact of switching to a 
shared, autonomous vehicle fleet in different urban settings 
in Copenhagen, Denmark. Through an abductive process 
(Alvesson & Sköldberg, 2018), the practice of moving between 
the reading of data and theory, ‘designerly ways of knowing’, 
and sketching produced specific representations on screens 
and paper. By creating these representations, I could see what 
was practical and what was impractical before then revisiting 
the design. It is a process that alternates between theory and 
design, whereby both are successively reinterpreted in the 
light of the other (ibid). The final output of this experiment 
was a series of visualisations, maps, diagrams, and drawings 
illustrating the future scenario.

Before engaging the architectural tools of design, a general 
literature review (Onwuegbuzie & Frels, 2016) was performed 
on both academic and grey literature to further refine the 
objective of the general question. This was a wide and broad 
review of different literature to better understand the field 
that I was entering. By studying the results of this review, 
I discovered the wide field of different transportation tech-
nologies, the readiness of their underlying technology, and 
the many criticisms directed towards them. Furthermore, 
the analysis highlighted scepticism towards emerging trans-
portation technologies’ projected timelines of adoption and 
integration into existing transportation systems. These last 
two points were critical, as they introduced me to the schol-
arly work on the new mobilities paradigm (Sheller, 2014; 
Sheller & Urry, 2006) and transitions literature  (Geels, 2005; 
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Kemp, 1994). The introduction to this literature re-framed the 
research to look outside the narrow topics of spatial impact 
and transport to understand these phenomena through 
the lenses of sociotechnical systems and the movement of 
people, objects, and information. The research programme 
(Chapter 3) summarises this analysis, which is also present 
throughout the four published articles.Figure 2.3+2.4: 

A visualised street transformation in 
Copenhagen.
Robert Martin/JAJA, 2018



2.4.2 Design Experiment 2 (X2)
There was a wide range of responses from different stakehold-
ers (such as the project partners, public transport authorities, 
industry professionals, and the public) to the visual output of 
the first design experiment. The second design experiment 
was therefore conducted to provide an enhanced under-
standing of the power of images of future mobility systems 
in planning sustainable mobilities. While some social scien-
tists may approach this through structured interviews about 
the visual output to produce empirical material as text, as an 
architect (within a traditional that communicates through 
images), I chose visual empirical material. This idea is fur-
ther elaborated within the analytical framework explained in 
Chapter 5 (Martin, 2021), which describes how images can 
be viewed as vessels for sociotechnical imaginaries (Jasa-
noff, 2015) that direct and de-limit what an individual thinks 
is possible. To find an appropriate method to deconstruct 
images, I reviewed literature on media studies. Within the 
literature, I found that visual discourse analysis (Albers, 2013) 
is an established method to deconstruct meaning in visual 
material and has already been applied in architectural case 
studies (Raaphorst et al., 2017).

After committing to this method of enquiry, I decided to set 
up a comparative analysis between the visualisations pro-
duced in the first design experiment and visualisations of 
autonomous vehicles produced by the German automotive 
manufacturer, The Daimler Group. Daimler were selected 
because I was already aware that they were producing visual-
isations of future mobility systems from attending the launch 
workshop of the Cooperative, Connected, and Automated 
Mobility: EU and Australian Innovations (CCAMEU) Network, 
in which a representative from Daimler presented the com-
pany’s ‘Vision for Autonomous Mobility Services’. To collect 
visual material from Daimler, I used the search term ‘auton-
omous vehicles’ on their Global Media website. The search 
request returned 445 images results, but only three images 
were selected because they depicted an autonomous vehicle 
within a future urban environment. The rest were discarded 
because they depicted event pictures, renderings of concept 
designs, safety features, and infographics.

After gathering the material, I analysed each image accord-
ing to the visual discourse analysis (VDA) method. Both sets 
of images were analysed systematically using two different 
frames of reference: social modalities, which use semiology 
to understand the images’ social and political ideologies; and 
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compositional, which references the formal structures of 
the image and composition elements (Rose, 2010). A coding 
scheme was established during this process which resulted 
in the identification of different versions and ambitions for 
the future. Chapter 5 (Martin, 2021) describes this coding 
process and presents the results in more detail. The qualita-
tive coding of the images resulted in an important insight for 
the development of the research programme. I observed that 
although images from both sets of visual material presented 
the same transportation technologies (such as autonomous 
vehicles, bicycles, and public transport), the composition of 
the built environment varied greatly. To me, this indicated that 
there are multiple ambitions for the future of transportation, 
in which the built environment is as important for sustaina-
ble urban mobility systems as the emerging transportation 
technologies themselves. To investigate this hypothesis, a 
third design experiment was conceived.

Figure 2.5: 
An example of the coding system 
applied during visual discourse analysis.
Robert Martin, 2019



2.4.3 Design Experiment 3 (X3)
The third design experiment utilised a multiple case-study 
method to understand the role of physical space in sustain-
ability transitions. As emerging niche technologies do not 
yet exist at a scale to enable understanding of how spatial 
features shape their use, it was important to derive which 
spatial characteristics exist now that are contributing to sus-
tainable urban mobilities. Reflection on the first two design 
experiments showed that unsustainable urban mobility 
systems were supported by urban environments that were 
designed around car use. Therefore, I decided to investigate 
cities that were currently in the process of reducing car travel 
through ‘car-free’ discourses. To limit the number of cases, 
the search criteria focused on European cities, as they were 
deemed most appropriate for deriving insights to be applied 
to Copenhagen. The cities were selected from the Urban 
Access Regulations in Europe database (Sadler Consultants, 
2020). Five cities were initially chosen from the database 
because of their diverse geographical locations, climates, 
cultures, topography, size of car-free areas, and the available 
documentation in academic and grey literature. The cities 
were Oslo, Norway; Ghent, Belgium; Milan, Italy; and Barce-
lona and Madrid, Spain. 

The application of the case-study method involved gather-
ing academic and grey literature, municipal plans and policy 
reports, and news articles to determine how each city was 
utilising different strategies to reduce car use. Once the data 
was collected and analysed, the strategies were distilled into a 
catalogue of mobility strategies to limit car use. Each strategy 
was abstracted into a pictogram, as shown below (Figure 2.6)
These pictograms are further discussed in Chapter 3 (Section 
3.4.4). This catalogue was intended as a form of industrial dis-
semination that JAJA could easily integrate into their design 
practice.

Once the catalogue was finished, each city’s strategy was 
spatially mapped using geographic information system (GIS) 
data available through OpenStreetMap2.1. As this data was 
open source, this process should have been supported by 
fieldwork visits to each city to document how the car-free 
strategies had been executed, but this plan was cancelled 
due to COVID-19 safety and travel restrictions. Instead, I had 
to rely on the accuracy of the open-source data. The spatial 
information was retrieved using QGIS, a freely available desk-
top GIS application that supports the viewing and analysis of 
geospatial data, and the QGIS OpenStreetMap plugin. Each 
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city was queried through the software using search terms 
such as ‘buildings’, ‘land use’, ‘landscape features’, ‘trans-
port’, ‘traffic’, ‘roads’, and ‘railways’ to build a comprehensive 
spatial map of the elements required to illustrate the car-free 
strategies. 

As a tool for comparing, showcasing, and analysing this 
spatial data, a series of maps was produced. Mapping is an 
established medium through which architects communicate 
knowledge (Simpson et al., 2018), so it was relevant to pres-
ent the work in this way to engage JAJA and communicate 
to the academic community. To create each map, the spatial 
data was exported as a series of PDFs from QGIS before 
being re-compiled in Adobe’s Illustrator software. Once in 
Illustrator, the maps were developed using consistent colour 
schemes, adjusted line weights, and legends to make them 
easily readable. The cities of Oslo, Ghent, and Barcelona were 
eventually used for the empirical data in Chapter 6, which 
includes a selection of maps in section 6.4.1-6.4.3.

Figure 2.6: 
Four examples of the car-free strategy 
pictograms.
Robert Martin, 2020



2.4.4 Design Experiment 4 (X4)
The final design experiment is a study that aims to synthe-
sise the analytical research from the first three experiments 
with architectural design methods to create a scenario for 
a sustainable urban mobility system in Copenhagen, Den-
mark. The primary methodological component of this design 
experiment was two visioning workshops. These workshops 
are a development of the Future Workshop methodology 
(Andersen & Jæger, 2001; Jungk & Mullert, 1987) but deviate 
from this method by co-designing the proposed future with 
participants using architectural design tools and methods. 

Thirty participants from different fields related to transport 
and urban development in Copenhagen were identified and 
invited to participate in the two workshops. The participants 
were identified through desktop research and less traditional 
means, such as networking at industry events and through 
LinkedIn. A large proportion of my time as a PhD student was 
spent trying to engage with transport industry professionals 
across the public and private sectors as much as possible to 
develop contacts and relationships for participation in these 
two workshops. The participants at each workshop were 
chosen to have a broad range of representative disciplines. 
Participant backgrounds included politicians, municipal work-
ers, city developers, urban planners, researchers, public and 
private mobility operators, and representatives from various 
advocacy groups. Unfortunately, due to COVID-19 restric-
tions, only twelve participants were able to attend.

Prior to the start of the first workshop was a three-month 
design sprint to prepare the necessary inspirational material. 
A defining feature of the workshops was the application of 
architectural methods to visualise the spatial implications of 
urban transportation decisions. The visual material included 
photographs, maps, infographics, diagrams, collages, eye-
height visualisations, and drawings, such as plans, sections, 
and axonometric projections (Figures 2.7 & 2.8). The empirical 
basis for this design sprint was the analytical research from 
the first three experiments. The visual materials were collated 
into stimulus kits that were used to inspire the ideation pro-
cess and prompt discussion between workshop participants.

Within each workshop, participants were divided into three 
separate tables to obtain the widest possible spread of dis-
ciplinary backgrounds. There was a conscious decision to 
mix professional backgrounds so that worldview differences 
could be uncovered in smaller table discussions before being 
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considered in full workshop discussions. Each workshop was 
divided into three sessions. Each session included a ten-min-
ute presentation by me to introduce the topic, a 15-minute 
group exercise, and a 25-minute common discussion. Broad 
questions were posed to the workshop participants during 
each group exercise to prompt the participants’ ideation. 
Chapter 7 elaborates more on the details of this method in 
Section 7.3.

 

Figure 2.7: 
Group discussion using stimulus kit 
during workshop 1.
Robert Martin, 2020

Figure 2.8: 
Group discussion using stimulus kit 
during workshop 2.
Robert Martin, 2020
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2.4.5 Introducing the Four 
Articles
Four academic articles form the main body of this PhD thesis. 
Whereas the previous section described the methods applied 
in each of the design experiments, this section describes 
how the four articles connect and contribute to the shaping 
of this thesis. In the following figure, I visualise how the four 
articles link different bodies of literature to study sustainable 
urban mobilities and then outline how each article builds on 
the previous article to form the thesis.

The four articles connect as the findings from one article 
re-frame the research programme and contribute to the 
motivation behind the next design experiment. This is sub-
sequently used as empirical evidence for the next article 
(Figure 2.9).

Article 1 (A1) took the findings and insights from Experiment 
1 as a basis to investigate how this design experiment may 
support the coordinated planning efforts of planners and 
policymakers in the development of future sustainable urban 
mobility systems. Article 2 (A2) builds on these insights by 
analysing the images produced to understand the power of 
images of the future in guiding the planning of sustainable 
urban mobilities. The findings showed that the way in which 
space was constructed in each image was far more powerful 
than the depiction of emerging transport technologies. Ulti-
mately, these findings shifted the programme’s focus away 
from emerging technologies, such as autonomous vehicles, 
to understanding how space informs sustainable transport. 

To enhance the relevance of A2’s insights, Article 3 (A3) 
became a manifesto for the PhD thesis. By considering 
empirical spatial strategies from different European cities, 
the article argued for a re-consideration of the value of space 
when discussing sustainable urban mobilities as a way for 
architects to engage with discussions on transportation tran-
sitions. To put this manifesto into practice, Article 4 (A4) was 
a reflection on the process of visioning in the two workshops 
in Experiment 3. Ultimately, this article made the case for 
the architect’s involvement in the planning of future urban 
mobility systems. It explained theoretically the potential for 
architectural design methods to create stakeholder collab-
oration and new methods for transport planning through a 
process of ontological expansion.
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Figure 2.9: 
Article progression diagram. Each 
article expands on and builds on the 
previous.
Robert Martin, 2021
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2.4.6 The Exemplar
The exemplar (E) emerged as the natural completion of the 
programmatic design research approach. Rob Roggema 
describes this aspect as the post-design phase of research-
through-design, in which the processes of research and 
design are de-coupled (2016, p. 14). This is where the research 
exits the confines of the PhD to meet the outside world. This 
empirical outcome was a proposal for a future sustainable 
urban transportation system in Copenhagen, Denmark. These 
drawings, illustrations, and diagrams embodied all the knowl-
edge and insights from the past three years to become a form 
of comprehensible knowledge. To JAJA, this proposal is seen 
as the success of the PhD. They often label these drawings as 
‘The PhD’, disregarding the fact that they are only a small part 
of the knowledge that this three-year process has contributed 
to the scientific community. However, I find this appropri-
ate, as it serves as a testament that I have met the specific 
requirements of the Industrial PhD programme to produce 
knowledge that is relevant to the industry. The exemplar is 
described and presented in Chapter 8.

2.5 Chapter Summary
In summary, the methodological framework for the ‘Points 
of Exchange’ PhD project is centred on the research-
through-design methodology, which provides an established 
epistemology for designer-based modes of research enquiry. 
A programmatic design research approach provides a 
structured framework for knowledge-generation and the-
ory-building through the dialectic relationship between a 
research programme and design experiments. Different 
forms of knowledge were produced to meet the requirements 
of the Industrial PhD programme through the qualitative anal-
ysis of the design experiments, which were published in four 
academic journal articles. These design experiments utilised 
different mixed-methods approaches, which were described 
in detail. Finally, an exemplar design project emerged to final-
ise the research project to contextualise the process and 
respond to the outside world as a form of comprehensible 
dissemination. The following chapter presents the final iter-
ation of the research programme. 
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The following text presents a research programme that 
frames and contextualises the scope of research conducted 
within the ‘Points of Exchange’ PhD project. In the previ-
ous chapter, I described an approach for programmatic 
design research that was based on the research-though-de-
sign methodology. This methodology provides a structured 
framework for knowledge generation through the relationship 
between the research programme and design experiments. 
The design experiments were conducted, within the con-
text of this research programme, as ‘designerly’ explorations 
that challenged, tested, and shifted the programme. In this 
instance, the programme consisted of a case study of the 
greater region of Copenhagen, Denmark. The aim of this 
chapter is to develop a greater understanding of the spatial 
and sociotechnical conditions in Copenhagen and their impli-
cations for the planning of sustainable urban mobilities. In this 
Industrial PhD project, a special focus is placed on the role 
of the representation of space in sustainability transitions, 
which directs the programme to focus on certain systems. 
Over the course of this chapter, an overview of the plurality of 
mobility practices that exist within the city and its ambitions 
are explained. By outlining these in comparison to global 
transport innovations, this chapter provides a basis to under-
stand the connections between the four published articles.

3.2 Copenhagen
Copenhagen is the capital and largest city of Denmark. The 
metropolis of Copenhagen lies along the east coast of Den-
mark within the Øresund, a region in the Baltic Sea (Figure 
3.1). With a total area of 526km2, the Greater Copenhagen 
region, in which the city sits, consists of 16 municipalities 
(Figure 3.2). Residents of Copenhagen are referred to as 
‘Copenhageners’.

3.1 Introduction



Copenhagen city consists of four municipalities: Copenha-
gen, Frederiksberg, Tårnby, and Dragør. Together the city has 
a population of 799,033 (Statistics Denmark, 2021a). The 
Greater Copenhagen region has a population of 1,330,022 
(Statistics Denmark, 2021a). The population of the region 
is forecast to grow by 9% to 1,487,156 by 2045 (Statistics 
Denmark, 2020b). The population of Copenhagen was 17% 
foreign-born in 2021, representing many different nation-
alities and making Copenhagen one of Denmark’s most 
multicultural cities (Statistics Denmark, 2021b).

Although it is considered one of the most expensive cities in 
the world (The Economist Intelligence Unit, 2019), the Mon-
ocle Quality of Life Survey 2019 ranks Copenhagen fourth 
in the world in terms of quality of living, making it one of the 
most liveable cities. According to the survey, Copenhagen 
performs well because of its strong design industries, first-
rate educational facilities, cycling culture, and culinary scene. 
The city fell places in the survey because of inflation in the real 
estate market and lack of affordable housing (Monocle, 2019). 

Copenhagen has an advanced market economy with strengths 
in transport, communications, trade, and finance. Its gross 
regional product was €126.9 billion in 2019, the largest in 
Denmark and 26th in the EU (Eurostat, 2021). The region has 
a particular focus on encouraging the development of several 
key sectors, including IT, bio-technology, pharmaceuticals, 
clean technology, and smart city solutions (European Com-
mission, 2020). An analysis of cities by Deutsche Bank found 
that people living in Copenhagen earned the ninth highest 
monthly salaries in the world (2019).

Copenhagen is classified as having an oceanic climate with 
unstable weather conditions throughout the year because of 
low-pressure systems from the Atlantic Ocean. The rainfall 
varies moderately throughout the year, although there can 
be slightly higher precipitation from July to September. Due 
to the city’s latitude, the amount of daylight varies consider-
ably throughout the year. At its summer peak, the sun rises 
at 04:37 and sets at 21:57, while at the winter low it rises at 
08:38  and sets at 15:50: a difference of 10 hours and 8 min-
utes (Almanak, 2021).
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Figure 3.1: 
Copenhagen's position in Europe.
Robert Martin, 2021

Figure 3.2: 
The Greater Copenhagen Region 
combines 16 different municipalities.
Robert Martin, 2021



3.2.1 A Testcase for Sustainable 
Future Urban Mobilities
The following design experiments imagine a future Copen-
hagen, transformed through the introduction of sustainable 
urban mobility systems. The city is an exemplary context 
to investigate the future of sustainable urban mobilities for 
several reasons. First, the city is already a model of green 
mobility. Within the Municipality of Copenhagen, 29% of all 
journeys that either begin or end within its boundary occur 
by bicycle, 70% of households are car-free, and it has one 
of the most accessible public transport systems in Europe 
(City of Copenhagen, 2017; Scheurer, 2013). According to the 
public transport authority, Movia, roughly 89% of residents 
within the municipality of Copenhagen, and 64% of suburban 
residents have good access (2016) (Figure 3.7). 

Although the city's relatively sustainable transportation sys-
tem is impressive, it did not appear overnight.  A rich planning 
tradition has existed in Copenhagen since the 1947 Finger 
Plan, under which urban development systematically pro-
ceeded along a series of 'fingers' built beside commuter rail 
lines, stretching from the 'palm' of dense urban fabric within 
the city's urban core. (Figure 3.6). With the subsequent con-
struction of an underground metro system and establishment 
of a dense bicycle path network the Municipality of Copen-
hagen has become one of the world's lowest per capita car 
emission areas.  (City of Copenhagen, 2016).

Unfortunately, there are no fixed public transport lines that 
connect the fingers to each other. Instead, three ring roads 
extend from the edge of the Copenhagen Municipality. 
Motorways also run parallel to each of the commuter rail 
lines, including the Helsingørmotorvejen in the north, which 
was Denmark’s first motorway. Future transport infrastruc-
ture projects, such as the new Capital Region Lightrail and 
extensions to the metro network, are planned to fill the gaps 
in these extensive transportation networks (Figure 3.8). 
Furthermore, the Copenhagen Municipality is experiment-
ing with car-free (in reality car-light) urban developments 
(Københavns Kommune, 2019). However, as these only repre-
sent a small fraction of the total area within the municipality 
and do little to ameliorate traffic between the city centre and 
the surrounding municipalities.

Second, despite its high levels of cycling and sustainable 
transport and its ambition to be the first carbon-neutral 
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capital in the world by 2025 (The City of Copenhagen Tech-
nical and Environmental Administration, 2012), car use in 
Copenhagen is rising. Studies from the municipality show 
that from the turn of the millennium to 2014, Copenhagen 
gained 30% more cars (Københavns Kommune, 2016). This 
statistic cannot be explained by a general increase in popu-
lation, as the population only increased over the same period 
by 12.4%. Furthermore, the increase in cars is unevenly dis-
tributed over the city (Figure 3.4). This uneven distribution of 
car use could be related to the attraction of some districts for 
certain socio-economic groups. For example, Amager Vest, 
which has shown the largest increase of cars in Copenhagen, 
is a new urban development that was built specifically to 
house families with children.

After decades of policies aimed at attracting tax-reve-
nue-generating families back to the city, Copenhagen is 
being challenged by demographic and cultural changes that 
are leading to new mobility options, residential and job loca-
tion preferences, and recreational activity types. Whereas in 
1990, only 16% of Copenhagen households were married cou-
ples with children, by 2020 this share had increased to 25% 
(Statistics Denmark, 2020a). At the same time, the average 
disposable family income grew 275% (Statistics Denmark, 
2020c). There are now 30% more families in Copenhagen 
with considerably more disposable income ready to spend 
on luxuries, such as car ownership. Rather than dreaming 
of a free-standing home in the suburbs, the current gener-
ation of families increasingly prefers a more urban lifestyle 
in higher-density, mixed-use built environments. They also 
desire the ability to access their car easily to escape the city 
to their summer house or for recreational activities. This has 
significantly increased the demand for car-parking and street 
space in new urban developments around the city. Now, when 

Walk

Public transport

Bicycle

Car

MODAL SHARE: ALL TRIPS WITH START AND/OR 
STOP IN COPENHAGEN MUNICIPALITY

Figure 3.3: 
Modal share of trips in Copenhagen 
Municipality. Source: Copenhagen 
Muncipality, City of Cyclists, 2017
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its sustainable transport system is most at risk due to the 
desire for cars in the growing population, is the moment that 
Copenhagen needs to know how to curb this trend.

Finally, Copenhagen is a city that others look to from around 
the world. Only thirty years ago, the City of Copenhagen was 
bankrupt, was experiencing a net loss in migration, was losing 
industry, and had a substantial annual budget deficit. Today, 
the city has been transformed into one of the wealthiest in 
the world, consistently ranked top in terms of quality of living 
and urban development. This rapid transformation has not 
gone unnoticed, and leaders from around the world flock to 
the city to try to understand and replicate the Copenhagen 
model. In 2019, mayors from 96 of the world’s top cities con-
gregated in Copenhagen for the C40 conference to discuss 
strategies for bold climate action, taking the city’s approach 
to liveable sustainability as inspiration. With the spotlight 
on Copenhagen as a leader in sustainable mobility, it is now 
more important than ever for the city to continue to provide 
a model for other cities to follow.

Figure 3.4: 
Variation of increase in the number of 
cars and population growth within the 
districts of Copenhagen Municipality.
Source: Copenhagen Muncipality, 
Danmarks Statistik 2016.

Figure 3.5: 
Comparison in growth of disposable 
income, population, and number of 
cars.Source: Copenhagen Muncipality, 
Danmarks Statistik 2016.



Figure 3.6: 
Map. Copenhagen transportation 
network.
Robert Martin, 2021.
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Figure 3.7: 
Map. Copenhagen public 
transportation access.
Robert Martin, 2021.
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Figure 3.8: 
Map. Copenhagen future development 
projects.
Robert Martin, 2021.
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3.3 The True Cost of 
Transport

The impending threat of climate change has brought into 
focus the impact of transport on the environment. Globally, 
transport contributes to 16.2% of all GHG emissions (Ritche & 
Roser, 2021). This is primarily a result of the burning of fossil 
fuels in internal combustion engines and does not include 
the emissions from the manufacture of vehicles. Within the 
transport sector, road transport contributes 11.9% of global 
GHG emissions (ibid). Sixty percent of this arises from pas-
senger travel, which includes cars, motorcycles, and buses 
(The International Energy Agency, 2019). While flight shaming 
has become a social movement recently in an effort to reduce 
the environmental impact of transport, air travel pales in com-
parison to the impact on the planet of current systems of road 
passenger and freight movement. Theoretically, this means 
that if humankind could electrify our entire road transport 
sector through a fully decarbonised electricity mix, we could 
eliminate 11.9% of GHG emissions. However, commentators 
have rightly highlighted that the timeframe to transition the 
global population of internal combustion engine vehicles to 
electric would far exceed the necessary measures to keep 
global warming under the target of increasing 2.0°C (Bruce, 
2021). 

3.3.1 The Case against Car Use
There is no denying the economic and social benefits that 
derived from driving. However, when society considers the 
cost of driving, we need to consider more than just the price of 
petrol, insurance, and maintenance. There are several direct 
and indirect social and environmental costs that are rarely 
considered when a person jumps into a car to get from A to 
B. In a European context, car travel represents 80% of pas-
senger transport demand (European Environmental Agency, 
2016). It also represents 25% of GHG emissions (Moradi & 
Vagnoni, 2018), which is expected to grow to 50% by 2050 
if trends continue (European Environment Agency, 2018).

Emissions from cars are also one of the most substantial envi-
ronmental health risks (EEA, 2018). Road traffic emissions 
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are one of the largest sources of air pollution (Johansson et 
al., 2017): 40% of nitrogen oxides and 40% of particulate 
matter2.5 (PM2.5) derives from road transport (European Envi-
ronment Agency, 2017). Cities are particularly at risk of air 
pollution because of the mixture of urban activities, proximity 
to roads, and the difficulty of dispersing air pollutants away 
from highly urbanised areas. While many associate unhealthy 
cities with images of smoke billowing from flue-gas stacks, it 
is emission sectors with low emission heights, such as road 
traffic, which have greater health impacts in urban areas 
(European Environmental Agency, 2019). The problem is so 
bad that these emissions are responsible for almost 400,000 
premature deaths per year in the EU (ibid.).

Automobile use also has second-order implications for health. 
There is a correlation between developed countries that have 
high levels of car use and populations with sedentary life-
styles and low levels of activity. Globally, 71% of deaths from 
non-communicable diseases are associated with modifiable 
risk behaviours that could be prevented and treated by reg-
ular physical activity (World Health Organization, 2020). For 
example, mortality is 30% lower in cycle commuters com-
pared to those who use automobile transport (Sallis et al., 
2016). Furthermore, urban environments designed around 
car use inhibit physical activity. Walkability requires a density 
of shops, services, and public transport options with ready 
access to public parks and open spaces. Design of the urban 
environment to limit car use can contribute to 90 min/week of 
physical activity (60% of the WHO 150 min/week guideline).

There are endless other socio-economic costs that are asso-
ciated with private car use, such as time lost in congestion3.1 
and the financial burden for those living in lower income areas 
(Chatterton et al., 2018). However, the final cost that I would 
like to highlight is the physical space that an automobile con-
sumes. The amount of space automobile systems use is often 
underestimated. A car needs 90 times more space than a bus 
or tram to travel to and from work or home (Nieuwenhuijsen 
& Khreis, 2016). This is because the average car only has 
1.4 passengers, and all the associated infrastructure needs. 
For instance, a typical parking space is 2.4–3.0m wide and 
5.0–6.0m deep, totalling 13–19m2. If parking off the street, 
it would require 28–33m2, including access and landscaping. 
All this space adds up: the current amount of space dedicated 
to road infrastructure is 1,900,000m2 in the municipality of 
Copenhagen (Københavns Kommune, 2017), which is badly 
underutilised. Only 9% of Copenhagen residents use cars 
within the city, while 66% of Copenhagen street space is 

3.1 It is estimated that Copenhagen 
drivers waste 9.3 million hours sit-
ting in traffic congestion each year 
(Region Hovedstaden, 2017).



dedicated to cars (City of Copenhagen, 2018). Figure 3.9 
shows the amount of space compared to the municipal 
boundary.

3.4 The emergence 
of new transport 
technologies

Many rumours surround the future of mobility. Technolo-
gies that were once thought to be the domain of science 
fiction has now seemingly arrived. Despite this, much of 
the discussion surrounding these emerging technologies 
remains detached from the complex urban environments in 
which they are supposed to be immediately integrated. The 
following section will unpack several of these emerging tech-
nologies, including their relevance to the transition towards 
sustainable urban mobility systems.
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Figure 3.9: 
Comparison between the area of street 
space in Copenhagen (grey), new urban 
developments (red), and Copenhagen 
Municipal boundary.
Robert Martin, 2021
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3.4.1 Autonomous vehicles
Despite the fact that autonomous vehicles (AV) have been 
making headlines throughout the last decade, the idea dates 
back more than 75 years  (Kornhauser, 2013).  Technology 
has been the main barrier to implementation, but with recent 
advancements in wireless communication, sensor technol-
ogy, and exponential increases in computing power, the 
technical means to operate autonomous vehicles is drawing 
ever closer (Lamon et al., 2006).

Nomenclature surrounding AV technology is mixed. Com-
mon terms, including ‘driverless car’, ‘self-driving vehicle’, 
‘autonomous vehicle (AV)’, and ‘connected and autonomous 
vehicle’ are more prevalent in public forums. However, the 
term ‘automated vehicles’ seems to be more commonly used 
by engineers within technical discussions and conferences. 
Some terms appear to promote some discourses and disem-
power other discourses For instance, ‘driver-less’ takes a stab 
at humans as the main cause of traffic accidents, vindicating 
the vehicles. ‘Automated’, however, provides a more accurate 
description of the vehicle as operating according to a series of 
computer logics and commands rather than having personal 
agency. The author, Malcolm Gladwell, has commented that 
the term ‘autonomous’ vehicle is inaccurate when describing 
these vehicles, as they are bound by the rules and restrictions 
established by authorities and developers. Gladwell states 
that ‘the autonomous vehicle is the one we already have’, 
implying that the freedoms afforded by automobiles through-
out the twentieth century are at risk through the introduction 
of automation (Horwitz, 2019). 

Figure 3.10: 
Autonomous vehicles axonometric.
Robert Martin, 2021



The vehicle's ability to exchange information with other vehi-
cles and infrastructure is known as its connectivity. This 
ability to connect can be achieved through vehicle-to-vehicle 
(V2V) and vehicle-to-infrastructure (V2I) communication This 
capacity can be realised through vehicle-to-vehicle (V2V) and 
vehicle-to-infrastructure (V2I) communication. When com-
bined, these are referred to as vehicle-to-everything (V2X). 

The Society for Automotive Engineers (SAE) levels of driving 
automation (Figure 3.11) is a taxonomy offered by the SAE 
with which to compare vehicle automation systems (SAE 
International, 2018a). It is the most widely used method for 
understanding the limitations of AV technology. The taxon-
omy consists of a six-rung ladder, which ranges from Level 
Zero (no automation) to Level Five (full, unconditional auto-
mation). It was introduced to enable engineers to describe, 
compare, and categorise the technical differences between 
systems. Each level focuses on the role played by the human 
in performing safety critical operations. Levels 0–2 clearly 
state that the human is driving at all times and that the driving 
automation features merely support the human driver. Level 
3 is the first step in which the human is considered a pas-
senger and not a driver, although the human must be ready 
to take over driving responsibilities if the vehicle requests it. 
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Levels 4 and 5 are vehicles that are considered to have full 
self-driving capability. The difference between these two 
levels is the environment in which the vehicle is expected to 
operate. While Level 4 vehicles have limitations on the envi-
ronment and will only operate if certain conditions are met 
inside Operational Design Domains(ODD), a Level 5 system is 
expected to perform ‘anywhere that a typically skilled human 
driver can reasonably operate a conventional vehicle’ (SAE 
International, 2018a, p. 33).

Some authors believe the SAE levels are misleading and place 
too much emphasis on technological development instead 
of societal benefit and circumstances (Stayton & Stilgoe, 
2020). However, I believe that the levels offer an unintended 
gift to society that is often overlooked. In 2018, the CEO of 
Waymo, John Krafcik, admitted that Level 5 autonomous 
vehicles were impossible:

“I'm not sure that we're ever… going to achieve a Level 
5 level of automation… I think it's sort of silly that we 
think about it. And it's important I think for all of us 
to be really clear on the language around self-driving 
because it does end up confusing people… autonomy I 
think is always going to have some constraint on it.”3.2

By framing self-driving technology as having an unattainable 
end state of full autonomy, the SAE framework has forced AV 
developers to consider the technology outside of the system 
of automobility. In a way consistent with one of the hallmarks 
of modernity, the system of automobility worked within total 
designs that ignored contextual factors. On the one hand, a 
human-controlled automobile has no problems operating 
within the grid-like structures of suburbia; the outskirts of 
rural environments; the complex, medieval street-layouts 
of cities in Europe; or hyper-bustling metropolises of Asia. 
AVs’ operability, on the other hand, is limited by the spatial 
complexities of their deployment (Soteropoulos et al., 2020). 
When John Krafcik announced that humankind would never 
have the same level of operability with AVs as with cars, soci-
ety made its first step towards understanding AVs beyond 
the lens of cars.

By accepting these limitations, and only operating at Level 4 
within ODDs, AV companies are having to think about where 
they are deploying AVs and why. Understanding that the tech-
nology may never reach a level sufficient to safely navigate 
complex urban environments, full of pedestrians and cyclists, 
is a positive outcome. Rather than forcing the technology into 
these places, spaces that are not suited to AVs can be left 

3.2 Quoted during an interview with 
the Wall Street Journal (2018).



free, and transportation systems can develop as a plurality 
of modes that operate at different scales and efficiencies. 

3.4.2 Mobility as a Service
Mobility as a Service (MaaS) describes the trend of mov-
ing away from personally owned modes of transportation to 
those provided by shared services. The term refers to not only 
modes of transportation but also the heterogeneous physical 
and digital infrastructures that are connected to assist users 
in reaching their destinations efficiently(Expósito-Izquierdo 
et al., 2017, p. 432). Through a range of on-demand mobil-
ity alternatives, MaaS aims to offer a similar level of service 
as privately owned vehicles that can be selected based 
on journey type (ibid.)(Figure 3.10). In this way, users can 
avoid commitments to pre-specified transportation modes. 
Instead, the transportation mode can be best suited to the 
journey type in terms of economy, time, and environmental 
impact. 

Users access MaaS systems through a smartphone applica-
tion or the web. A user may then order transport between two 
locations or for an amount of time using an integrated pay-
ment system and receive travel choices based on transport 
schedules, modes, rapidity, cost, and comfort (Kamargianni et 
al., 2016). Transport solutions can consist of public transpor-
tation, cars, bicycles, or scooters, among others, depending 
on what fits the customer and their journey. MaaS has the 
potential to increase the modal share of more sustainable 
modes of transport as users’ individual journeys become 
less reliant on a car to fulfil all transport needs. A study in 
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Figure 3.12: 
Mobility as a Service diagram. The 
smart phone unlocks a new way to 
access mobility.
Robert Martin, 2021
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the city of Helsinki, Finland, found that MaaS users were far 
more likely to take public transportation in combination with 
a shared bicycle or taxi than typical Helsinki residents (Har-
tikainen et al., 2019). Ultimately, users receive the benefits 
of private car ownership without the problems of parking, 
maintenance, insurance, and so on.

Even though the concept of MaaS is relatively simple, there 
are competing ideas of how it should be implemented. The 
original concept focused on providing a single platform com-
bining all transport services in an integrated solution3.3. This 
platform would host a number of different mobility providers 
offering different mobility services. The platform operates as 
a dispatcher, matching users with the mobility provider or 
combing several providers to meet the journey criteria. The 
dispatcher may then control the number of mobility provid-
ers operating in each area, decide where services should be 
located, have greater access to transport data, and provide 
a uniform payment platform. This form of MaaS is called a 
horizontally integrated framework.

A

1/

2/

B

3/

Figure 3.13: 
Multimodal system diagram.
1/ Current monomodal transport
2/ Multimodal system to reach same 
destination as car.
3/ Multimodal system that preferences 
sustainable modes over cars.
Robert Martin, 2021

3.3 See for instance, the Finnish MaaS 
company, Whim.



However, several mobility providers have realised the oppor-
tunity to provide multiple services within their own platform. 
For example, Uber, the American ride-hailing company, 
acquired the bicycle-share and e-scooter company, Jump, 
and expanded their public transport ticketing offerings in 
an effort to increase their share of the mobility market. By 
integrating a number of services vertically, companies can 
offer a more comprehensive service to their customers and 
ensure that more transactions are kept within their platform 
(and bottom line). However, there are criticisms of this form of 
MaaS. Some suggest that it will lead to only a few companies 
dominating, which would prevent competition from smaller 
companies entering the market, limit mobility options, and 
reduce the economic benefits of MaaS (Larco, 2018). 

The emergence of MaaS was stimulated by the rise of mobil-
ity operators seeking to disrupt the taxi and automotive 
industries (Steckler et al., 2020). This industry evolved from 
the traditional hiring of cars from fleet operators to include 
peer-to-peer-based car rental, which connects landlords to 
tenants with application-based solutions, and on-demand 
ride-sourcing that connects drivers directly to passengers 
(Østli et al., 2017). In the following subsections, I describe 
the three most common forms of this mobility offering, in 
which cars are no longer seen as a product but as a service.

3.4.2.1 Ride-hailing

The term ride-hailing refers to booking and paying for a 
ride with a transportation network company (TNC), such as 
Uber, Lyft, or DiDi. Users access rides through a smartphone 
application that matches journey demand to available driv-
ers. Transportation network companies do not hire drivers; 
instead, they connect users to drivers through their platform, 
which has led to scandals regarding proper licensing and 
insurance (Marin et al., 2020). The global market for ride-hail-
ing is estimated to be 250 million users, with a total market 
value of $113 billion (Mordor Intelligence, 2021). 

The introduction of ride-hailing companies into cities has 
caused significant debate about the way in which this ser-
vice should be regulated. While some studies suggest that 
ride-hailing reduces car ownership, there is more evidence 
suggesting that it attracts users away from public transporta-
tion and onto already congestion transport corridors. Studies 
have shown that up to 61% of ride-hailing journeys would 
not otherwise have been made or would have been made by 
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walking, bicycle, or transit (Clewlow & Mishra, 2017). This 
correlates with research showing that TNCs are increasing 
vehicle kilometres travelled (VKT) in cars (Erhardt et al., 2019; 
Steckler et al., 2020). However, increased adoption of jour-
neys by a TNC is reducing parking demand in urban cores 
(ibid.). In turn, this is placing greater demand on curb-space 
for pick-up and drop-off of food, goods, and people (Crist & 
Martinez, 2018).

3.4.2.2 Car-pooling

Car-pooling is an old concept. The original idea involved 
decreasing the number of vehicles on the road by individuals 
sharing a vehicle with others on a similar commute. An early 
policy to promote this concept was introducing car-pool-
ing lanes which provided express times when journeys were 
shared. This was generally known as casual carpooling, in 
which no money was exchanged for the journey (SAE Inter-
national, 2018b).

Transportation network companies have adopted the concept 
of car-pooling in response to concerns that they produce 
more congestion in cities. In 2014, Uber and Lyft announced 
car-pooling services that utilised their large user base and 
algorithms to match passengers along similar routes to share 
rides and save money. Uber’s UberPool and Lyft’s Line are 
in-application features that encourage users to share rides. In 
exchange for a cheaper fare, users share their ride with others 
with similar destinations. This is known as real-time carpool-
ing (SAE International, 2018b). While car-pooling can help 
in reducing traffic and emissions, the benefits only appear 
if there is a sufficiently high density of individuals (Alon-
so-González et al., 2020). Estimates indicate that between 
20–50% of all ride-hailing journeys must be pooled to see 
tangible environmental improvements (Fagnant & Kockel-
man, 2018). 

3.4.2.3 Car-sharing

Car-sharing is an evolution of traditional car-rental services 
that is tailored towards the residents of an area rather than 
tourists or business travellers. Although versions of the 
concept have existed since the 1950s (Ferrero et al., 2018), 
car-sharing came to prominence with the emergence of 
Zipcar, a US company, in the 1990s. In Zipcar’s service, indi-
viduals joined a member-based programme in which access 



to the shared cars is gained as needed. High level of vehicles 
are available in dense urban areas which may be borrowed 
on a per hour basis. The service differs from traditional car 
rental in many ways, such as the following:

• Vehicles are more flexible in their rental periods that 
can be by the minute, hour, or day. 

• Reservation, pick up and drop off are all self-service. 

• Fuel costs and insurance are included in the rate.

Since the success of Zipcar, there have been several new 
business models for car-sharing platforms. The three most 
prominent are as follows:

• Station-based. Users collect and return the vehicles 
in the same place (Nourinejad & Roorda, 2015). Often, 
the car-sharing company has arranged a permanent 
parking space with the municipality for the vehicle to 
use. In Copenhagen, the main station-based operator 
is LetsGo.

• Free-floating. A shared-vehicle can be collected or 
returned anywhere within the service zone (Firnkorn & 
Müller, 2011). In Copenhagen, there are two competing 
free-floating operators, ShareNow and Green Mobiliet.

• Peer-to-peer. This model operates similarly to sta-
tion-based and free-floating. However, rather than 
renting from a fleet owner, users rent directly from 
a private vehicle owner (Østli et al., 2017). The main 
peer-to-peer operator in Copenhagen is GoMore, which 
also allows car owners to offer car-pooling on shared 
journeys and a leasing service for users who wish to 
own a car yet offer it to other users.

While the verdict is still pending on ride-hailing and car-pool-
ing, the benefits of car-sharing are well documented, and it 
is a viable alternative to private car ownership (Urban Cre-
ators, 2021). Studies have shown in pilots across cities that 
a single shared car can replace up to 16 privately owned 
vehicles, thereby reducing parking demand in dense urban 
cores (Schreier et al., 2018). Moreover, it has been found that 
car-sharing users make fewer journeys by car and more jour-
neys using active and sustainable modes, thereby reducing 
their transport-related energy use and GHG emissions (Chen 
& Kockelman, 2016). However, the integration of car-sharing 
systems requires support from policymakers and planners, 
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as their need for dedicated parking places can create con-
flicts over the right to public space (Kent & Dowling, 2016). 
Furthermore, the shift from private to shared ownership of 
cars requires a cultural change in society’s expectations and 
relationship to automobiles (Kent, 2014; Sheller, 2004).

3.4.3 Micromobility
Micromobility has emerged as an obvious solution to the chal-
lenge of moving around densifying cities. While the implicit 
definition may appear obvious, the term describes far more 
than bicycles and skateboards. The man credited with the 
name, Horace Dediu, describes the inspiration of the term as 
not necessarily coming from ‘micro’ meaning ‘small’, but from 
his belief that micromobility will do for transportation what 
microprocessing did for computing3.4. From Dediu’s point of 
view (Dediu, 2019), the standard definition of micromobility 
is a personal mobility device (PMD) that is under 500kg. Sec-
ondary traits include electrification (micromobility wishes to 
distinguish itself from the bicycle), and utility (these mobility 
devices are not toys but are used to commute to and from 
work and school). Within this broad definition lies a number 
of different transportation options that may be used for dif-
ferent journey types. These PMDs may be privately owned 
or shared through a mobility provider. Micromobility devices 
are categorised based on the inclusion of the following char-
acteristics: deck, handlebars, seat, and cover (Figure 3.14).

The growth of micromobility has been exponential over the 
past two years. Demand for e-bicycles exceeds demand for 

3.4 This is only one definition as it has 
been rapidly adopted by popular 
media and scholarly literature. There 
is no clear singular definition of the 
term.

Figure 3.14: 
Diagram showcasing the different 
categories of micrmobility: deck, 
handlebars, seat, and cover.
Robert Martin, 2021



electric cars by a factor of 10:1 in Europe and 20:1 in China 
(Bruce, 2019). Shared e-scooters were only launched in 2018 
but were used for over 38.5 million rides globally by the end 
of that year (National Association of City Transportation Offi-
cials, 2019). While these figures are incredible, they are not at 
all surprising. It costs less (in terms of fuel, space, and money) 
to transport a 100kg passenger using a 20kg vehicle with an 
efficient electric motor than it does to complete the same 
task using a 2,000kg car with an energy-inefficient internal 
combustion engine. Moreover, 50% of all vehicle journeys in 
the Copenhagen region are under 10km, journeys that are far 
more suited to small, more active, and less polluting modes 
(Christiansen & Baescu, 2020). Micromobility also has the 
potential to service longer journeys when included within a 
multi-modal system as a first or last mile connection. Studies 
suggest that shared bicycles and e-scooters increase accessi-
bility when located near public transportation nodes (Milakis 
et al., 2020).

Larger style micromobility devices, such as electric cargo 
bicycles, offer alternatives to car ownership in urban areas 
(City Changer Cargo Bike, 2019). Although traditional cargo 
bicycles have been in use for over a century, the additional 
of a pedal-assist motor has made the vehicle far more useful 
for both personal and commercial uses, as it is capable of 
carrying up to 350kg in cargo. Use cases include food deliv-
ery, logistics, and the everyday needs of families, such as 
carrying children, groceries, dogs, and so on. While electric 
cargo bicycles are a common sight on the streets of Danish 
and Dutch cities, their use is being adopted globally as a 
green alternative for last-mile deliveries. Studies have found 
that the adoption of electric cargo bicycles for e-commerce 
delivery can reduce operational costs by 25% while decreas-
ing GHG emissions by 73%, with limited effect on the logistic 
company’s network efficiency (Browne et al., 2011; Melo & 
Baptista, 2017). 

However, as concluded in a number of academic studies, 
there is not yet a conclusive argument that micromobility is a 
sustainable mobility solution (Milakis et al., 2020). This does 
not mean these new technologies do not hold potential to be 
sustainable, but that there are a number of implications that 
must be considered in terms of accessibility, physical activity, 
pollution, and safety. For instance, a lifecycle assessment of 
the carbon footprint of shared e-scooters versus cars found 
that a journey using a shared scooter produces half as much 
GHG emissions as the same journey by car (Hollingsworth et 
al., 2019). While this is good, a vehicle that weighs 1/100 of a 
car should produce far less than half the GHG. Furthermore, 
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e-scooters were found to produce more GHG per mile than 
buses. These disappointing results come from inefficient 
systems for spatial relocation and recharging and the short 
lifespans of the vehicles (ibid.). However, many shared scooter 
operators are focused on solving these problems, increasing 
operational lifespans by over two years and introducing new 
recharging pilots that use swappable batteries to reduce jour-
neys by heavy delivery vans. 

There is also documented evidence that micromobility 
replaces journeys that would have otherwise been taken by 
more sustainable modes while reducing physical activity 
(Hyvönen et al., 2016). A study in New Zealand found that 57% 
of e-scooter journeys replaced journeys that would have been 
undertaken by active mobility: foot, bicycle, or skateboard 
(Fitt & Curl, 2019). Moreover, e-bicycle users perceive that 
their physical activity increases once switching to an e-bi-
cycle, but the physical benefits of e-bicycles remain unclear 
(Jones et al., 2016). Active mobility is seen as a key element 
in people’s social wellbeing (Singleton, 2019), and therefore 
efforts must be made in local policy to prevent the replace-
ment of active-mode journeys by micromobility. 

While shared micromobility modes have been found to 
improve accessibility, this is dependent on the number of 
vehicles provided in each area (Stuart et al., 2018). The avail-
ability of shared micromobility has been found to be driven 
by demand and not equally distributed across pilot cities, 
often excluding lower-income areas if access is dependent on 
having a credit card and smartphone (Mooney et al., 2019). 
Furthermore, shared, dockless modes have been found to 
litter city streets, creating obstacles for pedestrians and those 
with disabilities and decreasing their mobility accessibility. 
This leads to questions regarding whom micromobility is 
improving accessibility for and the role of public authorities 
to direct micromobility adoption in the right direction.

3.4.4 The Rise of Car-free(dom)
The incoming trend of car-free living is not an emerging tech-
nology but an innovation in transport and urban planning 
policy intended to drive the transition towards sustainable 
urban mobility systems. Despite its name, the term ‘car-free’ 
does not mean life with no cars but an imagined life in which 
limited or no car use is required for participation in everyday 
life (Topp & Pharoah, 1994). Therefore, I try to work with the 
idea of car-freedom, which I believe signals a liberation from 
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perceived dependencies on private car ownership. However, 
I also recognise that many perceive car ownership as an 
integral part of everyday life (Freudendal-Pedersen, 2020). 
There are a number of socio-economic groups who may be 
disadvantaged by limiting car use. Therefore, there are sev-
eral strategies and policies within the discourse of ‘car-free’ 
to balance this sensitive issue. In the following paragraphs, 
I summarise several of these approaches, which have been 
further considered in Chapter 6, Section 3.1.

The first attempts at car-free strategies found within Euro-
pean cities focused on the pedestrianisation of shopping 
streets to increase the attractiveness and economic prosper-
ity of shopping districts (Topp & Pharoah, 1994). Successful 
examples include the shopping street, Støget in Copenha-
gen, Denmark; zona a traffic limitato in Bologna, Italy; and 
autowrije Binnenstad in Amsterdam, the Netherlands. Traffic 
was limited to only what was considered necessary, while 
still allowing access for residents to their apartments, the 
delivery of goods to stores, and access for tradespeople and 
building construction.

More contemporary car-free initiatives have expanded their 
scope beyond shopping districts to include business districts, 
residential areas, and new mixed-use developments, and they 
utilise various digital and physical infrastructures (Ricci et al., 
2017). In Europe, rather than use the term ‘car-free’, policies 
to limit motorised vehicles fall under the category of Urban 
Access Regulations (UAR). While some may feel there has been 
limited action to reduce GHG emissions from transport, there 
are actually over 350 cities in the EU that have implemented 
some form of UAR (Sadler Consultants, 2020). According to 
the EU, there are primarily three forms of UAR schemes:

• Urban Toll-roads (or toll-rings), in which drivers are 
charged a fee to enter certain areas of the city at 
certain times. Successful examples are London and 
Stockholm. After London introduced a toll-ring in 
2003, congestion decreased by 10–25%. With more 
commuters shifting from car to public transport, the 
city also saw bus delay times decline and ridership 
increase (United States Department of Transporta-
tion, 2011). During Stockholm’s pilot of a toll-ring from 
2006–2007, the city was able to remove 100,000 cars 
from its urban core (City of Stockholm Traffic Admin-
istration, 2009). After a referendum, which saw the 
residents of Stockholm vote in favour of keeping the toll 
but the residents in neighbouring municipalities vote 
against it, the toll-ring was implemented permanently.
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• Low Emission Zones (LEZs) are areas where polluting 
vehicles are regulated or banned. These zones were 
originally intended to remove heavily polluting vehicles, 
such as trucks and vans, from cities but are now being 
extended to other vehicles. For example, the Danish 
term for a LEZ is a miljøzone (environmental zone), 
and these are found in four main cities. These zones 
are controlled by automatic camera-checking of num-
ber plates to exclude heavy, diesel-powered vehicles. 
In Copenhagen, the impact of the LEZ has meant a 
decrease of 60% in the emission of harmful particles 
from traffic (Jensen et al., 2011). 

• Key Access Regulation Schemes (Key-ARS) are where 
vehicle access to urban areas is regulated by other 
means than by payment or emissions. Generally, 
access to areas is determined by specific criteria, 
such as vehicle type, time of day, or residential sta-
tus. However, there is no set definition of this form 
of UAR, and cities across Europe have utilised vari-
ous strategies within this group. The following icons 
(Figure 3.15) describe some of these strategies, which 
were analysed in Design Experiment 3 and explained 
in Chapter 6.
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3.5 Chapter summary
In summary, this chapter has described the research pro-
gramme element of the programmatic design research 
approach within the research-through-design methodology. 
This research programme should be seen as a frame to direct 
the design experiments conducted in this PhD project. During 
the previous three years, this research programme has also 
evolved and shifted in scope due to the findings and insights 
from each design experiment. The research programme 
has taken the form of a case study of the greater region of 
Copenhagen, Denmark, which has outlined the current spatial 
and sociotechnical conditions for transport in the city. By 
exploring these in comparison to global trends in transport 
innovation, an overview of the plurality of mobility practices 
that may form sustainable urban mobilities has been clarified.

The following four chapters present the submitted journal 
articles that respond to this research programme. These arti-
cles form the main body of work of this PhD thesis and may 
be read in chronological order or as individual explorations.

Figure 3.15: 
Icons showcasing the wide range of car-
free strategies that cities throughout 
Europe are using to limit car use.
Robert Martin, 2021
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Connected and automated driving is one of several emerg-
ing mobility trends that will fundamentally impact the use 
and design of public spaces in the coming decades. Urban 
planners need to rethink whose interests they place at the 
center of future streetscapes and public spaces and which 
transport modes are given priority. To ensure that pub-
lic spaces remain a common spatial infrastructure, design 
visions provide a vital tool in support of coordinated planning, 
decision-making, and development. In this light, this article 
introduces design experiments that highlight possible tra-
jectories for the redesign of public spaces and illustrate new 
mobility futures in a European context. Set in three varying 
urban areas within Copenhagen, Denmark, the designs build 
upon the specificities of local neighbourhood structures and 
mobility requirements. Through plans and three-dimensional 
images, the possibilities of integrating AVs into a sustainable 
transportation system are showcased.

4.0 Abstract

100
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Connected and automated driving is one of several emerging 
mobility trends that will fundamentally impact the use and 
design of public spaces in the coming decades.  The uptake of 
transportation network companies (TNCs), such as Uber, has 
shown that a greater use of shared modes adds more vehicles 
to the road and shifts pick-up and drop-off locations onto the 
street, i.e., increasing activity at the curb (Larco 2018: 50; 
Erhardt et al. 2019). Similar effects were caused by recent 
waves of dockless micromobility options, such as free-float-
ing bikes or e-scooters, which temporarily led to congested 
sidewalks and increased spatial demands in public space 
(Polis 2019). In effect, cities are challenged to rethink the 
exclusive rights given to cars within their mobility network. 
Ongoing mobility innovations and expected developments in 
automated mobility require a reallocation of public space and 
render existing categories of traffic division and regulatory 
frameworks outdated (Polis 2019: 12–13).

This article highlights possible trajectories for redesigning 
public spaces in a European context in order to illustrate 
urban futures in light of new mobility developments, such 
as automated mobility and a greater mix of traffic modes. To 
this end, this article views public space holistically, encom-
passing traffic infrastructure, public open spaces, as well as 
adjacent buildings. Considered as such, public spaces may 
comprise a variety of qualities, functions, and interests that 
differ, even diverge at times, depending on urban structure 
and street typology (Bendiks/Degros 2019, Marsden et al. 
2020, Karndacharuk et al. 2014). With automated mobility on 
the horizon, urban planners need to rethink whose interests 
they place at the centre of their designs and what transport 
modes are given priority. While industry and policy repre-
sentatives emphasise traffic advantages, such as safety and 
efficiency gains, spatial and social implications of automated 
use cases remain highly uncertain. 

While a number of design studies have been made that envi-
sion how public spaces could be transformed with automated 
vehicles, the majority of them refer to North American cities 

4.1 Introduction
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or no specific urban context at all (e.g., NACTO 2019; Schloss-
berg et al. 2018; Luo 2019; Sasaki 2018; Meyboom 2019). 
As a result, there is a lack of contextual design studies that 
highlight the specificity of urban form, mobility culture, and 
planning rationale. Just as “total designs” of the modern and 
postmodern era denied incremental growth of cities and plu-
ralist decision-making (Venturi et al. 1977: 149), design visions 
for the ongoing mobility revolution need to take contextual 
factors into account in order to elucidate local implications—
opportunities and risks—of new mobility technologies. 

In contrast to most North American cities, many cities in 
Europe have high-density urban structures and compact his-
toric cores. Many of those cities have urban transit networks 
that are well integrated into their urban fabric, providing 
the backbone of urban mobility. Beyond that, cities such 
as Amsterdam or Copenhagen are known for having high 
percentages of cyclists and pedestrians. While this applies 
to inner-city districts, it is less the case in urban extension 
areas developed since the 1950s and ’60s or low-density 
suburban developments where public transport is often diffi-
cult to reach and basic services are less accessible by bicycle 
or foot (van Essen et al. 2009: 13; Alessandrini et al. 2015: 
146; Gavanas 2019: 4). Finally, while North American cities 
are known for expansive off-street parking lots that enclose 
suburban shopping malls or carve voids into inner-city urban 
fabrics, European cities are faced with spatial constraints 
within their inner-city historical districts, where the existing 
intensity and diversity of uses put pressure on already limited 
public space (Marsden et al. 2020).

As the early euphoria around automated vehicles’ (AVs’) 
near-term market introduction wore off due to technological 
setbacks, it became more apparent that a longer-term period 
of mixed traffic conditions lies ahead in which automated 
vehicles share roads with conventional vehicles and rely sig-
nificantly on connected services (Mitteregger et al. 2020; 
Backhaus et al. 2019). During this transition period, AVs will 
not be operating on the entire road network, but rather on 
designated streets or confined (geofenced) areas at limited 
speeds, i.e., special operational design domains that define 
the functional boundary of level-4 AVs (SAE International 
2018). As of yet, few urban design studies have been made for 
European cities (e.g., Dijkstra & Ionescu 2019; ARUP 2018); 
they largely show visions of level-5 AVs that assume AVs 
would operate within the entire traffic network and do not 
consider mixed traffic scenarios. It is, however, critical that 
urban planners and designers take into account a possibly 
long-term transitional period where there will likely be a need 
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for strategies to manage the reallocation of curb space, a 
reclassification of street typologies and mode distribution, 
and the creation of transition zones where vehicles shift from 
automated to manual modes (Backhaus et al. 2019: 17). 

To that end, design visions are a vital tool to support coor-
dinated planning, decision-making, and development and 
ensure that public spaces remain a common spatial infra-
structure contributing to quality of life in cities. This article 
introduces design experiments on possible public spaces 
with AVs, conducted by the Danish architectural firm JAJA 
Architects. Set in three varying urban areas within Copen-
hagen, Denmark, the designs build upon the specificities of 
local neighbourhood structures and mobility requirements. 
Through plans and three-dimensional images, possibilities of 
integrating AVs into a sustainable transportation system are 
explored. By doing so, varying urban futures unfold.  

4.2 Copenhagen Design 
Experiments on 
the Sustainable 
Deployment of AVs

The following design experiments take place within the north-
ern European capital city of Copenhagen, Denmark. The city 
is an exemplary context in which to investigate how AVs may 
impact urban form as part of a sustainable transportation 
system because Copenhagen is already a model of green 
mobility. Within the Municipality of Copenhagen, 29% of 
all trips that either begin or end within its boundary occur 
by bicycle, 70% of households are car-free, and it has one 
of the most accessible public transport systems in Europe 
(City of Copenhagen 2017a; Scheurer 2013). While the city’s 
comparatively sustainable transportation system is envia-
ble, it did not happen overnight. Copenhagen has benefited 
from a rich planning tradition starting with the Finger Plan 
from 1947, where urban development proceeded parallel to 
five “fingers” centred on commuter rail lines, which extend 
from a “palm” of dense urban fabric within the Copenhagen 



104

municipal boundary (Figure 4.1). Subsequent investments in 
an underground metro system, as well as an extensive bicycle 
path network in the city centre, have led to the Municipal-
ity of Copenhagen having one of the lowest per capita car 
emissions in the world (City of Copenhagen 2016). However, 
despite this, its current transportation system is far from 
secure. Political tensions in Copenhagen over the space allo-
cated for cycling, cars, and public transport create continual 
backlashes and conflicts over street space, and the introduc-
tion of new mobility modes means that modal distribution is 
in constant flux (Henderson / Gulsrud 2019). How the intro-
duction of AVs into this debate will affect modal share will be 
a result of social acceptance, policy, and spatial intervention.

As one moves along the fingers outside the municipal bound-
ary, one finds a significantly different urban environment. 
Whereas only 7% of the residential building stock in the 
Copenhagen Municipality are single-family dwellings, this 
figure rises to 44% in the surrounding metropolitan region 
(Statistics Denmark 2019a). This dramatic change in spatial 
typology reflects a higher rate of car ownership (Statistics 
Denmark 2019a), sparser population density (Statistics Den-
mark 2020), and double the amount of space dedicated to 
road infrastructure per capita (Statistics Denmark 2016). 

Figure 4.1: 
Copenhagen metropolitan plan with 
project locations. Municipality of 
Copenhagen highlightedin grey with 
commuter rails (dashed) and metro 
(dotted). 
Robert Martin/ JAJA Architects, 2018
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While the primary consideration of AV introduction in the 
inner-city will regard preserving and promoting active forms 
of transport, the real spatial transformative potential of AVs 
lies in the surrounding suburbs.

To understand how urban form may be affected throughout 
the Copenhagen metropolitan region by the introduction of 
AVs, the authors have chosen a future scenario that is radi-
cally different from how transport is today. In this scenario, 
privately owned automobile use has been virtually nonexist-
ent in the dense inner city since the Copenhagen Municipality 
banned private car use. Instead, residents and commuters 
move through a combination of public transport, fixed-route 
AV shuttles that run along arterial roads, and micromobility 
devices that range in size from kick scooters to electric cargo 
bicycles. Residents living in less dense suburbs outside of the 
inner city still have the option to own a car. However, most 
have chosen to adopt a tailor-made Mobility-as-a-Service 
(MaaS) package that includes, among other offerings, an 
on-demand, free-floating AV shuttle that provides a last-mile 
connection to nearby public transport nodes. The techno-
logical development of AVs has reached a bottleneck and, 
therefore, they have only been deployed with Level 4 capa-
bilities (SAE International 2018). This technical barrier means 
that AVs may only operate within geofenced areas where the 
density allows for the commercial viability of creating and 
maintaining the high-definition 3D maps required for AVs 
to function safely. Therefore, motorised/conventional cars 
remain necessary for edge-case situations where AVs can-
not operate, and traffic may be a mix of AVs and traditional 
automobiles.

To visualise what effect this scenario may have on existing 
public spaces and streetscapes in Copenhagen, the authors 
offer three design studies in different urban contexts within 
the city. The first takes place in the suburb of Lyngby, approx-
imately 10 km north of the city centre, and investigates how 
a shift to a shared AV system may offer spatial opportuni-
ties to dissolve spatially segregated boundaries and provide 
communal amenities in an otherwise highly privatised mono-
functional area. The second design study explores how the 
existing commuter rail station in Lyngby could be adapted 
to integrate an AV shuttle system with adequate space for 
pick-up and drop-off that supports an efficient multi-modal 
transport system. The final design study investigates a modal 
space reallocation in an inner-city street where an increase in 
micromobility traffic places pressure on the spatial demands 
of a traffic artery used for a fixed-route AV shuttle.
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4.2.1 Rethinking the Suburb
While inner Copenhagen enjoys low car use, this dramati-
cally changes as one moves into the surrounding suburbs 
where population density falls as single-family dwellings 
replace apartment buildings. The site of this exploration, 
the northern suburb of Lyngby, is a typical example. Despite 
enjoying excellent commuter rail connections and a decent 
bus service, this suburb still has over double the inner city’s 
car ownership rate at 549 cars per 1,000 residents (Statistics 
Denmark 2019b). Compared to the inner city, which hosts an 
array of public and semi-public amenities on its streets, the 
suburbanisation of Lyngby has created an urban condition 
wherein all functions occur within the boundary of the block, 
hidden behind high hedges or fences. This clear separation 
between public and private arenas has left the public realm 
somewhat vacant. Whereas in historical contexts, suburban 
streets would be full of playing children, now due to safety 
concerns the road lays empty, with only the occasional pass-
ing car, idling service van, or visitor’s parked car (Figure 4.2 
and 4.4). The division between private property and the public 
realm has become so stark that the only interface between 
the two is the driveway. A resident may, therefore, never actu-
ally physically touch the public domain, entering their vehicle 
within the boundary of their property before driving away to 
their destination.

Figure 4.2: 
Existing residential street. High hedges 
and narrow sidewalks represent a 
public space that is designed only for 
automobile use. 
Robert Martin/ JAJA Architects, 2018
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JAJA’s proposed adaptation to the street attempts to dissolve 
the suburban rationality of separation by spatially repurpos-
ing the abundant space given to automobiles in the road for 
new public amenities (Figure 4.3). The primary motivation 
behind this redistribution of space comes from both a radical 
decrease in traffic demand as residents shift from privately 
owned vehicles to shared AV shuttles and the technological 
ability of AVs to safely navigate intricate driving lines, always 
obey speed limits, and give way to pedestrians and children. 
Instead of providing a lane in each direction with enough 
room to overtake a parked car adjacent to the curb, the road 
width is limited to that of a conventional single-vehicle lane 
for both traditional and autonomous vehicles. 

The road then undergoes a series of manipulations to ensure 
that there a right of access to all existing driveways remains 
so that residents still have the option to own a private car, and 
that there is space for vehicles travelling in opposite direc-
tions to give way or pass each other (Figure 4.5). The residual 
space provides opportunities to install fixed amenities that 
both foster community, such as vegetable gardens, outdoor 
dining areas, community houses, or sport facilities, and sup-
port the new multi-modal transport system, such as a covered 
waiting area for AV shuttle services and parking space for 
shared micromobility devices. The boundary of these new 
facilities is not limited to a demarcated area. Instead, through 
safely negotiated and temporal use, the facilities can spill 
out into the road area, better utilising the space for active 
functions that can stop when a vehicle passes.

Figure 4.3: 
Proposed residential street. Life 
returns to the street as redundant road 
area is transformed into communal 
amenities. Fenced boundaries are 
dissolved as properties reconnect 
with the street’s activities rather than 
blocking them out. 
Robert Martin /JAJA Architects, 2018
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Figure 4.4: 
Existing street axonometric. The 
majority of the streetscape is dedicated 
to car use. 
Robert Martin/ JAJA Architects, 2018

Figure 4.5: 
Expansion of public space. By reducing 
the street profile to one way, but still 
providing spaces to overtake and 
connect to driveways, new pockets of 
space can be designate for communal 
amenities. 
Robert Martin/ JAJA Architects, 2018

Figure 4.6: 
Programming. New ancillary dwellings 
are placed adjacent to communal 
activity areas to dissolve the boundary 
between public and private along the 
street.
Robert Martin/ JAJA Architects, 2018
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Through an increase in public amenities, an opportunity arises 
to renegotiate the threshold between public and private. With 
more functions becoming shared, the abundance of open 
space behind individual boundaries, especially adjacent to 
the street, are re-zoned to create new ancillary dwellings 
(Figure 4.6 and 4.7). These new dwellings vary in ownership 
models and typology, with many of the functions outsourced 
to the communal facilities to attract a diverse range of new 
residents not suited to the homogenous rows of single-family 
dwellings otherwise found in the area. The increase in pop-
ulation would drive demand for AV shuttles, reducing the 
operating costs of the system while increasing the efficiency 
and desirability of the system.

Figure 4.7: 
Proposed site plan. Newly inserted 
buildings and functions operation at 
different scales disrupt the suburban 
grib and creates a gradient of zones 
with different levels of privacy.
Robert Martin/ JAJA Architects, 2018



4.2.2 From Train Station to 
Mobility Hub
Multi-modal transport routes are often proclaimed to be the 
sustainable alternative to car trips, where commuters shift 
between higher and lower-capacity modes to reach their des-
tination. However, this system is reliant on the proximity to 
transport nodes and available connecting routes only found 
in higher-density urban fabrics. The challenge of transport-
ing commuters to network nodes in lower-density suburbs 
is referred to as the first/last-mile gap. Shared AV shuttle 
systems, as used in the previous design example, are often 
discussed as one solution to this common problem. Concep-
tually, this system operates similarly to already established 
car-pooling services such as Uber, Lyft, and Via, where users’ 
ride requests are bundled and assigned into trips with similar 
pick-up and drop-off points. However, the success of these 
services is highly dependent on population density, the con-
centration of users, and the similarity of users’ departure and 
arrival points and times. By focusing the departure or arrival 
point around public transport nodes, the shared AV shut-
tle system’s efficiency is improved by accumulating similar 
trips. Nevertheless, points of friction are likely to occur at 
the interchange between modes as existing transport infra-
structure has not been designed to enable AVs. The following 
design explores how adaptations to the existing train station 
at Lyngby can spatially support this new technology as users 
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Figure 4.8: 
Existing street view at Lyngby station. 
Commuters are separated from the 
station entrance by a series of roads 
that must be crossed in sections. 
Robert Martin/ JAJA Architects, 2018
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seamlessly transfer between AV shuttle and high-capacity 
train.

The existing Lyngby station is a train station on the Hillerød 
radial of the Finger Plan. It is centrally located within the sub-
urb but is spatially segregated from the suburb’s high street 
and mass of urban functions by a large bus terminal, two lanes 
of traffic, parking lots, and an elevated highway to the east. 
The station’s entrance is located underneath the highway, 
where it is also connected to a shopping centre with 15 retail 
stores, including two supermarkets (Figure 4.8 and 4.10).

The primary design challenge for this proposal was to create 
adequate space for the pick-up and drop off areas for com-
muters arriving by AV shuttles. While many advocates for 
AVs suggest that excess parking space will be released from 
sharing these vehicles, studies have shown that the spatial 
requirements for pick-up and drop-off areas will be high as 
they should be designed to accommodate maximum inflow 
at peak times (Sinner et al. 2018). Therefore, the main deci-
sion made in the design is to consolidate the seven lanes of 
traffic that run in both directions adjacent to the station into 
one 150m long designated area for transfers (Figure 4.11). 
This area follows design principles found at airport kiss-and-
ride locations where one lane is used for parking (coloured 
light orange), one is used to wait for a free space (coloured 
orange), and the final one is used to pass by when finished 
(coloured red). Due to a dramatic decrease in traffic demand 
from sharing and AV platooning, as well as increased safety 

Figure 4.9: 
Proposed street view at Lyngby station. 
A permeable station edge allows 
commuters to enter the stations from 
multiple points while an information-
rich digital screen provides wayfinding 
connections to standing by AV shuttles. 
Robert Martin/ JAJA Architects, 2018
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Figure 4.10: 
The existing station axonometric 
highlights the many obstacles to enter 
the station.
Robert Martin/  JAJA Architects, 2018

Figure 4.11: 
Redistribution of infrastructure. 
Pick-up/drop-off areas are condensed 
into two areas: the first area lies 
adjacent to the station entrance while 
the second is located on the elevated 
highway.
Robert Martin/ JAJA Architects, 2018

Figure 4.12: 
Urban infill and densification. New 
mixed-use development is situated in 
the publicly owned former bus terminal. 
The new development not only adds 
spatial qualities and increases density, 
but the revenues from the development 
can be utilised by the municipality to 
fund public programs.
Robert Martin/ JAJA Architects, 2018
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from connected vehicles, this principle is replicated on the 
elevated highway, which runs directly above the train station 
entrance. Cuts in the structure create vertical movement 
between the highway and the station, allowing more acces-
sible routes to the station for residents who have to access 
it from the west.

The spatial benefit of this consolidation is the release of over 
7,000 m² of publicly owned land directly adjacent to the train 
station. In this proposal, that space is utilised by constructing 
a mixed-use development of residential apartments, com-
mercial space, public amenities, as well as parking facilities 
for micromobility devices adjacent to new separated bicycle 
paths (Figure 4.12). The proposed development takes its form 
by closing the urban block to the east, creating a series of pub-
lic and semi-public courtyards of varying scales that respect 
the existing pathways between the station and the high street 
(Figure 4.13). The final move is to relocate the shopping centre 
from underneath the highway to the new mixed-use develop-
ment. The now-vacant space is transformed into a permeable 
covered thoroughfare that gives access to the station plat-
forms directly from the pick-up/drop-off area. There are also 
seated waiting areas and digital wayfinding screens that help 
commuters find their designated shuttle.

Figure 4.13: 
Proposed site plan. A new mixed-use 
development completes the urban 
block, utilising the former bus terminal. 
AV shuttle pick-up and drop-off 
areas have been consolidated to be 
directly adjacent to the station and the 
reduced-capacity highway.
Robert Martin/ JAJA Architects, 2018
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4.2.3 A New Dynamic 
Streetscape
Unlike the suburbs of Copenhagen, where road space is abun-
dant due to car-centric planning principles since World War 
II, the inner city has to negotiate modal allowance within a 
narrow spatial context designed centuries before the inven-
tion of the car. Subsequent additions of transport modes have 
constrained pedestrian sidewalks and cycle paths to minimal 
widths. At the same time, two-way roads, car parking, and 
bus stops occupy the majority of space between buildings. 
Within inner Copenhagen, only 7% of citywide road space 
is taken up by cycle paths. In contrast, road space for cars 
amounts to 66% (City of Copenhagen 2017b), even though 
modal trips are split almost evenly between bicycles and cars. 
Overcrowding on cycle paths is already a severe problem in 
Copenhagen and a significant impediment for increasing 
the city’s incredibly high levels of cycling (Danish Parliament 
2016). Unfortunately, it is not merely an option to widen cycle 
paths on artery roads as the constrained context is filled by 
the spatial provision of on-street car parking. AVs promise to 
release this space through the logic of never having to park 
(Duarte and Ratti 2018). However, this logic ignores the new 
spatial demands of AVs. We expect that AVs will increase 
door-to-door mobility and will, therefore, require equal space 
to embark or alight from the vehicle. 

Figure 4.14: 
Existing street view at Lyngby station. 
Commuters are separated from the 
station entrance by a series of roads 
that must be crossed in sections.
Robert Martin/ JAJA Architects, 2018
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The conflict between AVs and cycle paths has given rise to 
significant design considerations in JAJA’s urban scenario 
below, where a projected substantial increase in modal share 
by micromobility devices has resulted from the banning of 
privately owned vehicles in the city centre. The street under 
investigation is Gammel Kongevej (Figure 4.14), which is 
one of the principal shopping streets in Copenhagen and 
dates back to the beginning of the 17th century. The street 
extends for 1.8 km from the western edge of the city centre 
and provides a direct connection to the western suburbs. 
The street is only 18 m wide from one building façade to the 
other, so it currently utilises a three-lane system to accom-
modate all the spatial demands from different modes. One 
lane each is dedicated to vehicle traffic in either direction; a 
third lane is located in an alternating manner on either side to 
allow for curbside parking and for buses to stop (Figure 4.16). 
While this system provides space for vehicle modes, it is an 
underutilisation of space (Figure 4.17), and the spatial impli-
cation of these fixed infrastructures means that cycle lanes 
along the street are below the legal minimum width at only 
1.5 m (City of Copenhagen 2013). How then could pick-up/
drop-off areas be integrated into this already crowded street 
while allowing an extension in the width of cycle lanes to meet 
increased travel demand by micromobility services?

This design proposal utilises advancements in the Internet of 
Things (IoT), where embedded sensors, lights, and transmit-
ters allow vehicles to communicate with road infrastructure. 
Rather than having fixed street infrastructure that designates 

Figure 4.15: 
Proposed street view along Gammel 
Kongevej. A man safely departs his AV 
shuttle onto the dynamic street surface, 
knowing that the coming cyclist will 
pass outside the boundary of the 
designated area.
Robert Martin/ JAJA Architects, 2018 
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Figure 4.16: 
Existing street design. Existing zone 
plan of the street highlighting the 
spatial preference toward automobiles 
over bicycles regardless of their equal 
modal share.
Robert Martin/ JAJA Architects, 2018

Figure 4.17: 
Functional requirements. Analysis 
of function demand. Fixed spatial 
infrastructures underutilize the space. 
Robert Martin/ JAJA Architects, 2018

Figure 4.18: 
Dynamic street design. Rather than 
have a fixed shuttle stop, dynamic 
hop-on/hop-off areas can pop up along 
the street as user, vehicle, and road 
surfaces are connected through the IoT. 
Robert Martin/ JAJA Architects, 2018
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where certain functions should occur, the streetscape is 
enhanced with a grid of LEDs that can reallocate space in 
accordance with changing traffic volumes. Fixed on-street 
parking and bus stops are removed, allowing the third lane 
of the street to no longer be needed, and that space is redis-
tributed to widen the cycle lanes to 3.5 m in both directions 
(Figure 4.19). AV shuttles do not have fixed stopping points 
but are free to stop anywhere along the road (Figure 4.18). 
When a user makes a request to be picked up or dropped off, 
GPS coordinates of the location are communicated between 
the mobile device, AV shuttle, and the road in preparation 
for the stop. As the AV shuttle approaches the destination, 
the road surface changes at the threshold between the road 
and cycle path to indicate a buffered area where passengers 
will alight and gives safe notice to incoming micromobility 
devices to avoid the buffered area. Modes using the cycle 
path will continue to have the right of way, although half of 
their expanded lane will now be demarcated as a buffered 
passenger zone. Enforcement of this buffered zone is ena-
bled through sensors in the road that track infringements 
through in-vehicle unique identifiers (UID). These road sen-
sors monitor the user’s duration in the buffered zone, and 
the road surface only returns to normal once the user has left 

Figure 4.19: 
Proposed street plan. The removal 
of one lane of traffic has allowed the 
bicycle lane to be doubled in width. The 
new road surface is embedded with 
IoT-connected LEDs that can create 
temporary buffered zones to allow users 
to safely enter and exit AV shuttles that 
still allow bicycles to pass by. 
Robert Martin/ JAJA Architects, 2018
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the area. It is important to note that in this design, priority is 
given to modes using the cycle path, so this form of traffic 
is not halted due to AV service. Modes using the cycle path 
will have the right of way, while AV shuttles will stand on the 
road rather than adjacent to the curb, knowing that other 
connected AV shuttles will anticipate the stop and wait or 
re-route if necessary.

4.3 Conclusion
This article presents design experiments on possible public 
spaces with AVs, i.e., how AVs may contribute to changes 
in urban form if integrated as part of a sustainable trans-
portation system. The design experiments were set in three 
different areas within Copenhagen, Denmark, and focused on:

1) How a shift to a shared AV system could present an 
opportunity to dissolve spatially segregated bounda-
ries and provide communal amenities in an otherwise 
highly privatised monofunctional area in the suburb of 
Lyngby

2) How an existing commuter rail station in Lyngby could 
be adapted to integrate an AV shuttle system with 
adequate pick-up and drop-off areas that support an 
efficient multi-modal transport system

3) How the reallocation of space toward active travel 
modes could take shape in an inner-city street of 
Copenhagen, where increasing micromobility traffic 
aggravates the pressure of spatial requirements on a 
traffic artery used for a fixed-route AV shuttle.

These design experiments highlight that changes in urban 
design and infrastructure development related to the intro-
duction of automated mobility services may vary significantly 
according to urban form and street typology. The functional 
requirements of a street design vary within a city and are 
determined by factors such as adjacent land use types, posi-
tion within the urban street network, diversity of travel modes 
and users, as well as designated speed limits.

Due to the expectation that automated vehicles could gen-
erate greater demand, the pressure on street designs to 
facilitate higher numbers of vehicles per hour could increase 
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(Larco/Tierney 2020). Thus, competing demands for street 
space might be aggravated in the future. The urban design 
challenge will rest even more than today in finding a suita-
ble balance between catering to demands for more efficient 
movement and demands for attractive spaces. This is espe-
cially the case on inner-city streets where competing spatial 
demands are already high and heterogeneous. Dynamic 
solutions, e.g., demand-based hop-on/hop-off areas, as 
presented in the design experiment for an inner-city street 
in Copenhagen, could pose a design-based measure that 
complements mobility management policies. 

However, determining factors for adequate design inter-
ventions are highly contextual, both in material and political 
terms, and therefore require well-attuned solutions. To this 
end, local design experiments are critical in envisaging how 
to reallocate potentially freed-up space—due to a reduction 
in on-street parking—and tap into urban development poten-
tials. As cities need to reevaluate the prioritisation of modes 
and find solutions to safe mode interaction, design visions can 
elucidate the benefits of street design changes for the urban 
environment and surrounding land use. This also includes the 
question of how to spatially integrate modes and enhance a 
multi-modal transport system, as shown in the design exper-
iment on the transformation of the Lyngby train station into 
a mobility hub. Visualising potential changes can serve as 
a critical tool that supports negotiation and collaboration 
between affected stakeholders or contrasting interests.

In addition, considering the long-term transition period lead-
ing toward automation, it is critical to reflect upon which 
changes could be implemented irrespective of vehicle 
automation and which changes need further investigation. 
Short-term issues that cities should address include strate-
gies for curb management, prioritising pick-up and drop-off 
zones over on-street parking, increased cycling and micro-
mobility lanes, as well as enhancing the integration between 
shared mobility and transit networks. While the influx of new 
mobility options is at a peak and the prospect of automated 
mobility does not appear to be fading, uncertainties regard-
ing any trend’s durability prevail. As a means of acting in 
uncertainty, cities are increasingly adopting pilot projects. 
Not merely to test AVs (see chapter 6), but also in order to 
test nighttime pick-up and drop-off zones (Washington, D.C.), 
clearing curbs from commercial loading during designated 
times of day (New York City), or geofencing streets with high 
levels of active mobility interaction so as to avoid conflict 
with ride-sourcing services (San Francisco) (Schaller 2019).
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What is lacking are more comprehensive programs that 
would usher in the transition from public spaces character-
ised by parked cars and travel lanes to those that can be 
used flexibly and cater to shared modes. However, in order to 
develop guidelines on spatial requirements of new mobility 
options such as shared automated vehicles, further research 
and more comprehensive studies are necessary. Questions 
regarding the spatial demand for pick-up and drop-off activi-
ties or short-term parking need more thorough investigation 
through simulation and modelling. However, these should be 
developed in collaboration with design methodologies and 
visualisations that are better able to integrate the context of 
local development goals and neighbourhood characteristics.  
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Chapter 5:
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technical Imaginaries 
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Current depictions of autonomous vehicle (AV) futures are 
produced primarily by automobile manufacturers that largely 
reflect and reinforce existing sociotechnical systems in a 
‘business as usual’ model that frames this technology within 
a narrative of crisis and technological salvation. This article 
argues for a more complex analysis of AV futures in which 
images are understood as vessels for sociotechnical imag-
inaries that direct and delimit what we think is possible in 
the future. Through an analytical framework incorporating 
automobility, transitions, and imaginaries, I explore how 
depictions of AVs frame the technology as responding to 
various system pressures over time through a comparative 
analysis of two actors. The analysis suggests that regime 
actors deploy visual discursive material as a tool of regime 
stability or change to benefit their own agendas. The inten-
tion of the article is not to anticipate current trajectories but 
is a methodological exploration of how policymakers and 
planners can interpret AV visualisations. Therefore, the paper 
concludes with a discussion of the implications of these imag-
inaries for future transportation systems. It further suggests 
that policymakers and planners need to take a more active 
role in the development of AV futures by paying much more 
attention to the latent meanings behind AV visualisations 
and working collaboratively with those who produce them.

5.0 Abstract
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Up to the present, academic discourses surrounding AVs have 
focused on safety, privacy, and accountability (Bonnefon 
et al., 2020), travel behaviour and land use (Soteropoulos, 
Berger and Ciari, 2019), as well as road capacity, fuel effi-
ciency, and emission reduction (Milakis, Van Arem and Van 
Wee, 2017). However, these discussions take place within 
the silo of academia, leaving AV imaginaries to be produced 
primarily by incumbent regime actors, such as car manufac-
turers. These often take the form of visual depictions that 
frame AVs within the same paradigm as automobiles, leading 
them to become a simple substitution of existing transporta-
tion systems, rather than a radical transformation. Therefore, 
this paper is a methodological exploration to understand how 
these types of imaginaries can either aid or prevent transi-
tions to new transportation systems.

New technologies such as AVs do not appear ‘out of 
nowhere’—their development is entangled within complex 
sociotechnical systems (Fraedrich, Beiker and Lenz, 2015). 
This new technology will be implemented after being formed 
from the imaginaries of a variety of system actors. Alterna-
tive AV imaginaries also exist, utilising discrete innovation 
pathways to conceive of AVs not as part of existing transpor-
tation systems but as components within new sustainable 
constellations. Therefore, society should avoid deterministic 
assumptions as to whether or how AVs will shape future cities, 
and instead focus on the plurality of imaginaries that currently 
exist to unpack why and how we want this technology to be 
a part of our lives. 

Although AVs are a transportation technology that has domi-
nated news headlines throughout the past decade, the idea is 
almost 75 years old (Kornhauser, 2013). From an engineering 
perspective, the vision of AVs is an arrangement of tech-
nologies whose aim is to replace some or all of a driver’s 
actions and responsibilities (Lamon, Kolski and Siegwart, 
2006). Early visions of the technology required to achieve 
this task involved the integration of equally smart cars and 
highway systems (Wetmore, 2003). However, with the advent 

5.1 Introduction
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of machine learning, AVs are now seen as independent arte-
facts, able to navigate environments through a multitude of 
sensors, and computer processing power. AVs “see” the world 
through different data points that include GPS coordinates, 
radio waves, light detection, and sound to build up compre-
hensive representations of the vehicle and its surroundings. 
Developers of AV technology claim that their detection sys-
tems “can ‘see’ a vehicle’s environment even better than 
human eyesight” (Burke, 2019). However, others have pointed 
out that there will always be an ontological gap between the 
world as it is, and the world as modelled by a computer vision 
system (Cheney-Lippold, 2019). 

From a socio-technical perspective, visions of AVs typically lie 
outside of the artefact, critiquing existing forms of transport, 
addressing social needs, and solving many of the issues asso-
ciated with traditional cars (Blyth et al., 2016). These visions 
of AVs have become a magic bullet for issues such as traffic 
deaths and injuries, pollution, congestion, and even climate 
change (Taiebat et al., 2018). So alluring has the promise of 
AVs become, that their role is not only imagined in relation 
to transport, but also in terms of national economic devel-
opment, security and global leadership (Mladenović et al., 
2020). However, these promises assume that AV technology 
is advanced and well-integrated and ignore the transition 
period until that point and ignore possible unintended con-
sequences such as intensifying traffic volume, urban sprawl, 
and increasing inequality between the haves and have-nots 
(Cohen and Cavoli, 2019).

Nomenclature surrounding the technology is mixed. Common 
terms, including driverless car, self-driving vehicle, autono-
mous vehicle, and connected and autonomous vehicle are 
more prevalent in public forums (Cavoli et al., 2017). The term 
"automated vehicles" appears more in technical documents, 
such as the SAE Levels of Driving Automation (SAE Inter-
national, 2018), which is the benchmark for AV technology 
categorisation. Each term appears to serve some visions of 
autonomy and disempowers others. For example, many AV 
developers utilise the SAE taxonomy to describe their sys-
tem’s limitations legally, while at the same time advertising 
the vehicle as “fully self-driving” instead of “automated” to 
boost the public’s and policy regulators’ perception of its 
capabilities (Stilgoe, 2017). 

The development of the SAE Levels represents a vision of 
autonomy in which driving tasks are delegated between human 
and machine by engineering standards. They range from zero 
assistance (Level 0) to full and unconditional automation (Level 
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5). The SAE Levels have contributed to a public narrative in 
which automation increases linearly, gradually removing 
human involvement and responsibility (Stayton and Stilgoe, 
2020). However, Ganesh (2020) has found that rather than 
replacing human involvement, automation merely displaces 
it. Within autonomy, humans are designated micro-jobs to 
observe the machine and take responsibility. This can take the 
form of the passenger having to take control at a moment’s 
notice or remote workers in developing countries teleoperating 
the machine from afar. This handover between machine and 
human creates murky legal responsibilities where the user is 
held accountable if there is an accident (Pattinson, Chen and 
Basu, 2020), and questions the very premise that this tech-
nology can ever truly be autonomous.

Within the SAE taxonomy, Levels 4 and 5 are the only vehicles 
to be considered to have full self-driving capability. The differ-
ence between these two levels is the environment in which the 
vehicle is expected to operate. While Level 4 has limitations 
on the environment and will only operate if certain conditions 
are met, a Level 5 system is expected to perform "under all 
conditions”. Although Level 5 may be the future of AVs that the 
public mostly anticipates, it remains an unattainable end goal 
(Stayton and Stilgoe, 2020). The underlying technology of 
autonomy, machine learning, requires the tight identification 
of tasks and problem definitions in order for it to be ‘solvable’ 
(Stilgoe, 2018). All AV systems will need to operate within 
some form of constraint. By accepting this limitation, and 
only operating at Level 4 within Operational Design Domains 
(ODDs)5.1, AV companies are having to rethink about where 
they are deploying AVs and why. However, there is a marked 
difference in the approach that different companies take. On 
the one hand, companies such as Waymo are acknowledg-
ing AVs’ limitations in dealing with spatial complexity and 
choosing to deploy their autonomous service in contextually 
suitable Phoenix, Arizona, because the city’s easily navigable 
grid-like structure and temperate climate. While on the other, 
companies such as Volvo and Tesla, problematise the outside 
world as something to be forged in a way that is best suited 
to autonomous driving (Sage, 2016; Stilgoe, 2017).

The idea for this paper came from a reflection on the results 
of a year-long research project that I completed while work-
ing as an architect for the Danish architecture studio JAJA 
Architects. The project investigated how AV integration may 
enable the transition towards sustainable transportation 
systems within the Copenhagen region. The output of the 
project was three scenarios depicting different AV futures, 
each illustrated through a series of diagrams, drawings, and 

5.1 Operational Design Domains are 
“conditions under which a given 
driving automation system or feature 
thereof is specifically designed to 
function, including, but limited to, 
environmental, geographical, and 
time-of-day restrictions, and/or 
the requisite presence f absence of 
certain traffic or roadway characteris-
tics.”(SAE International, 2018, p. 14)
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visualisations of moments. The project was presented to 
a range of audiences, including academics, policymakers, 
and the general public, in various formats. Of the different 
mediums, the visualisations became the focal point of most 
discussions. Hajer and Versteeg (2019) describe this phenom-
enon as a discourse of experiencing the alternative, in which 
‘far from my bed’-type issues such as climate change can be 
addressed by presenting an alternative rather than through 
cognitive persuasion. In other words, the visualisations pro-
vided a way for the audience to discuss a vision of AVs that 
was embedded with concrete materialities with which they 
could connect to their everyday life.

Based on these experiences, the purpose of this paper is to 
discuss different AVs visualisations, considering their embed-
dedness within a sociotechnical system, to understand their 
consequences for the future of transport systems and mobil-
ity. By providing an understanding of AV visualisations based 
on imaginaries, aspects that enable or constrain transitions 
to sustainable transportation systems in the future can be 
identified. The paper begins by outlining my analytical frame-
work, which synthesises concepts of a system of automobility, 
elaborated through a multi-level perspective (MLP) of trans-
portation transitions, and sociotechnical imaginaries into an 
automobility–imaginaries–transitions triad. In this context, I 
explore how depictions of AV systems frame the technology 
within competing sociotechnical imaginaries that respond to 
various system pressures through a comparative analysis of 
AV futures from the German automobile company The Daim-
ler Group and the Danish architecture studio JAJA Architects. 
Based on these considerations, I discuss these depictions and 
their implications for future sustainable transportation sys-
tems and then provide conclusions and an outlook regarding 
the need for and lines of future inquiry in the field. 

5.2  Analytical Framework
5.2.1  The System of 

Automobility
To develop my analytical framework, I first establish my 
understanding of AVs as an emergent technological phe-
nomenon within the system of automobility. The system 
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of automobility is a concept used to understand the roots 
of the twentieth-century car system and how the social, 
economic, and commuting practices afforded by the car 
established and exerted self-expanding domination across 
the globe (Urry, 2005). Established at the end of the nine-
teenth century, the system immediately offered great social 
and economic opportunities. The effectiveness of the system 
did not merely come from the replacement of existing modes 
such as horse-drawn carriages, bicycles, or public transport, 
but through new forms of movement (Adams, 1999; Vigar, 
2013). Car journeys became a new type of mobility, where 
flexibility and speed vastly expanded physical proximity and 
thereby encouraging latent travel demand (Stradling, Mead-
ows and Beatty, 2000).

However, these opportunities were limited by the infrastruc-
ture available for cars. Governments reacted by extending 
administrative powers and expanding car infrastructure, spa-
tially and temporally splintering urban territories into districts 
of home, work, and leisure in the pursuit of further economic 
gain (Freudendal-Pedersen, Hannam and Kesselring, 2016). 
The ensuing mass production of the car made freedom and 
independence available to the many, and as more and more 
sought to take advantage, the car became cherished as a 
prized possession that embodied status and cultural signif-
icance (Sheller, 2004; Mom, 2014). 

Throughout the twentieth century, the system of automobil-
ity took hold, and those ambitions of independence turned 
into dependence (Goodwin, 1995). Car use was no longer 
seen as a comfort but as a necessity for economic and social 
participation (Lyons, 2015). Society became forced to tol-
erate the consequences of mass car ownership and car use 
in the form of parked cars dominating the streets of urban 
centres, congestion and traffic jams, health-threatening pol-
lution, and the financial burden of car maintenance (ibid.). 
Despite these negative consequences, the dominance of the 
system has been continually supported and reinforced by 
a perceived correlation between economic growth and car 
use (Mackinnon, Pririe and Gather, 2008). Global economies 
became tied to not only the movement of people but also 
the car’s greater ecosystem of resource extraction, supply 
chains, manufacturing, sales, and infrastructure construc-
tion. To foster economic growth, policymakers ignored the 
negative externalities and physically and socially recon-
structed cities in favour of the car (Norton, 2010). In spatial 
terms, the system of automobility became, quite literally, 
cemented into our cities’ structures through a vast array of 
material infrastructures including street profiles, highways, 
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parking garages, petrol stations, and urban layouts (Zijlstra 
and Avelino, 2012).

To summarise, a central premise of my understanding of 
AVs is that the technology is an emerging phenomenon 
within a sociotechnical system in which our global econo-
mies, planning policies, cityscapes, and everyday livelihoods 
are entangled, all around a practice of privately-owned car 
use. Furthermore, the system of automobility has become so 
ingrained in our societies that it dominates our present and 
future understanding of the urban (Hajer and Versteeg, 2019). 
One must only look at any recent blockbuster film set in a 
future utopian or dystopian landscape to see the prevalence 
of the car, in some form or another, in our understanding of 
what is to come. Depictions of AV futures cannot escape 
this: Any discussion of AV imaginaries takes place within the 
framework of cars, set as either a reaction or compliment to 
them. Therefore, the system of automobility is used as one 
of the lenses for the interpretation of AV imaginaries because 
its legacy implies that a transition will require systems-level 
rethinking, rather than focus on the AV as an individual object.

5.2.2  A Multi-level Perspective 
of the System of 
Automobility
While the system of automobility may appear irreplaceable, 
discussions surrounding climate change, urbanisation, and 
road safety have highlighted the need for a transition to a new 
transportation system (Köhler et al., 2019). Geels (2012) intro-
duced the MLP as a framework to understand transitions in 
complex sociotechnical systems that offers analytical insight 
into how AVs may enable such a transition. The MLP differs 
from other cause-and-effect–type processes by describing 
transitions not as a result of one single driver, but as the 
‘result of the interplay of multiple developments at three 
analytical levels’ (Geels, 2012, p. 472). The three analytical 
levels, which refer to diverse constellations of increasingly 
hierarchical stability, are sociotechnical landscapes (the 
uppermost level and the context that frames both niche and 
regime dynamics), sociotechnical regimes (established prac-
tices and rules that enable and constrain various incumbent 
actors, that reproduce existing systems, and that are barriers 
to change), and niche innovations (radical innovations that 
deviate from existing regimes that may be either adopted 
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Figure 5.1: 
An exemplary representation of the 
system of automobility using the MLP.
Robert Martin, 2020



by the regime or replace it). Figure 5.1 shows an exemplary 
representation of the levels, visually showcasing analytical 
elements of the system of automobility without displaying the 
dynamic processes between them (see Moradi and Vagnoni, 
2018, for a more comprehensive analysis of the system of 
automobility using the MLP).

An MLP on the system of automobility displays an entangled 
sociotechnical system arranged around a dominant auto-
mobility regime (Geels, 2012). The regime is currently facing 
destabilising forces from landscape pressures such as cli-
mate change debates, urbanisation, road traffic deaths, and 
pollution, as well as emerging niche innovations such as AVs, 
micromobility devices, the sharing economy enabled through 
the diffusion of information and communications technology 
(ICT), and ‘car-free’ traffic planning. The regime is resisting 
these forces through instrumental, discursive, and institutional 
forms of power (Geels, 2014). These include governmental 
strategies to support automobile industries, exploitation of 
the cultural associations of the car with freedom, and induced 
demand for mobility. Some authors have also suggested that 
the automobility regime faces pressures from competing sub-
altern regimes such as rail, bus, and cycling (Hodson, Geels 
and Mcmeekin, 2015; Turnheim et al., 2015). 

The analytical framework of the MLP is a particularly helpful 
approach when focusing on how new technologies, such as 
AVs, enter sociotechnical systems through the ‘niche’ level. 
They do so through a long-term view on the co-evolution of 
technology and society involving multiple dimensions (indus-
try lobby groups, consumer preferences, governmental policy, 
infrastructure and spatial arrangements, and cultural values) 
as well as considering the interactions among different groups 
of stakeholders. It demonstrates how new technologies, such 
as AVs, never enter sociotechnical systems alone, but rather 
are formed by the complex interactions among social groups, 
various actors, and landscape pressures. Importantly, the 
MLP covers, on the one hand, how the automobility regime 
may exploit AVs to stabilise its own position in the system 
through lock-in measures and resistance to change, and how 
other system actors deploy them to replace the regime, on 
the other hand. 
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5.2.3  Sociotechnical Imaginaries 
as Drivers of Transitions
Having grounded my analytical perspective in the under-
standing of AVs as an emerging niche innovation within an 
entangled sociotechnical system arranged around a dominant 
automobility regime, I turn to how sociotechnical imaginaries 
work as drivers of transitions. Transitions may occur through 
interactions between the different levels of the MLP. The 
nature of these interactions can be described as transition 
pathways (Geels and Schot, 2010). Transition pathways detail 
how niche innovations are developed over time by various 
social actors and how they contribute to replacing current 
regimes or stabilising incumbents. Generally, the dynamics 
that create transitions are that niche innovations build up 
internal momentum, changes at the landscape level gen-
erate pressure on the regime, and the destabilisation of the 
regime makes a window of opportunity for niche technolo-
gies to emerge (ibid.). However, the nature of the transition, 
and whether it moves towards a more sustainable system, 
depends on the timing and nature of the interaction among 
the different levels and the actors that drive the interaction. 

Different entry points exist to understand this interrelation. 
Sociotechnical imaginaries (Jasanoff, 2015) offer one such 
explanation by illustrating ‘the myriad of ways in which 
scientific and technological visions enter into the assem-
blages of materiality, meaning, and morality that constitute 
robust forms of social life’ (Jasanoff, 2015, p. 4). Bridging the 
imaginary and the material, the concept of sociotechnical 
imaginaries is crucial in understanding how AVs are made 
and why. Sociotechnical imaginaries also allow us to under-
stand technology in terms of storytelling, visualisation, and 
imagining, as these are the mediums in which new technol-
ogies are developed, stabilised, and propagated by different 
social groups and actors (McNeil et al., 2017). For example, 
Sadowski and Bendor (2018) have argued that large ICT com-
panies utilise sociotechnical imaginaries to create a vision 
that presents the ‘Smart City’ within a narrative of crisis and 
technological salvation from the services that it offers. The 
authors have further claimed that these companies use this 
tool for ‘directing and delimiting what we can imagine as pos-
sible’ (2018, p. 5) to suit their corporate agenda and crowd out 
alternative visions for the future. Often, multiple imaginaries 
co-exist simultaneously, with actors competing for the dom-
inant sociotechnical imaginary and, therefore, the basis on 
how the technology will eventually be used (Jasanoff, 2015). 
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Combining the above concepts into an automobility–imag-
inaries–transitions triad enables a deeper understanding of 
how depictions of AV futures are framed, developed, and 
deployed. By synthesising these concepts into a single ana-
lytical framework, I am better able to analyse the discursive 
meanings found in AV depictions by setting them alongside 
the broader context of automobility, landscape pressures, 
parallel niche innovations. Furthermore, this framework 
provides both a temporal and spatial overview of how these 
imaginaries change over time. Therefore, the AV depiction 
is not understood as a future, but as a figurative Band-Aid 
deployed to preserve existing regime constellations. 

The next section explains the empirical evidence that I use 
within this framework to understand the consequences of 
AV imaginaries for the future of the transport system and 
mobility.

5.3 Methodology:  
A Visual Discourse 
Analysis of Two 
Competing 
Sociotechnical 
Imaginaries

This analysis is based on two data sets of visualisations from 
competing system actors regarding the role of AVs within a 
future transportation system. The first set of data is visual 
material from the German multinational automotive corpora-
tion Daimler. The material was collected from Daimler’s Global 
Media website using the search term ‘autonomous vehicle’ 
within the date range 2015–2019 to see how the company’s 
sociotechnical imaginary has evolved over time. Although 
the company had previously advertised vehicles with auton-
omous features to assist driving, this period marks when 
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Daimler advertised fully autonomous vehicles. The search 
request returned 445 images associated with Daimler’s press 
releases. Three images were selected based on their depic-
tion of AVs within a future urban environment. The rest were 
discarded because they represented event pictures, exterior 
and interior design, safety features, and charts.

The second set of data is visual material collected from a 
six-month research project conducted in 2017–2018 called 
Copenhagen 2050 (CPH2050), which looked into the spa-
tial implications of AVs via scenario planning methods. The 
project was funded by the Danish Arts Foundation and was 
a collaboration between JAJA Architects and the engineering 
consultancy firm NIRAS. The visual material used for the data 
was produced at JAJA, where I was working as an architect 
at that time. The visualisations were based on inputs from 
transport planners, employees from local municipalities, 
representatives of public transport authorities, architects, 
landscape architects, and users. In total, nine visualisations 
were produced throughout the project. The data used in this 
article is a selection of three visualisations, which were chosen 
because AVs were depicted in part of the image.

After gathering the material, I analysed each image using 
visual discourse analysis (VDA; (Albers, 2013). Visual dis-
course analysis can unfold how images are used as a medium 
to construct and disseminate sociotechnical imaginaries. 
The method is based on semiotics (Hodge and Kress, 1988), 
discourse analysis (Gee, 2006), and the grammar of visual 
design (Kress and van Leeuwen, 2006) and is concerned 
with studying the structures and conventions within visual 
texts to identify how certain social norms are created in their 
production. Sociotechnical imaginaries ‘reside in the reservoir 
of norms and discourses, metaphors and cultural meanings’ 
(Jasanoff and Kim, 2009, p. 123), and VDA was therefore used 
to trace how individual images work within broader systems 
of meaning to uncover the underlying approach to AV devel-
opment of each company. Within VDA, three modalities can 
contribute to a critical understanding of an image: (1) techno-
logical, which involves the various physical apparatuses used 
to create and view the image; (2) compositional, which refer-
ences the formal structures of the image and compositional 
elements that denote visual content; and (3) social, which 
connotates social and political ideologies (Rose, 2010). As 
this study was not concerned with the apparatus employed 
to produce the image, the research only focused on the com-
positional and social modalities of the image through the use 
of semiology (Jewitt and Oyama, 2011) and compositional 
interpretation (Rose, 2010, p. 35).
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Visualisation First-order Sign (Denotation) Second-order Sign (Connotation)

Mercedes-Benz F015 Luxury in Motion:  
Shared space in tomorrow's world. 2015  
(Figure 2)

Vehicle Luxury, futuristic, smart

Darkened windows Privacy, autonomy

Missing rear-view mirrors Autonomy

Sensor/laser Safety, trust

Pedestrian Safety, trust

Digital sidewalk Safety, trust

Contemporary architecture Futuristic, high-density, less space

Trees/grass on buildings Environmental awareness, less space

Futuremobility: Bosch and Daimler join forces  
to work on fully automated, driverless system. 
2017 (Figure 3)

Robotaxis Sustainability, accessibility, mobility, future

Single-occupancy AV Privacy, future, mobility

AV shuttle Sustainability, accessibility, mobility, future

Parked AVs Service, availability, future

Metro Sustainability, multimodality

Cyclists Sustainability, multimodality, micromobility

Pedestrians Sustainability, accessibility, liveability

Delivery van Logistics, integrated systems

E-scooter Sustainability, multimodality, micromobility

Urban life Liveability

Pedestrian crossing Safety

Traffic lights Safety

Bicycle lanes Safety, sustainability, micromobility

Bosch and Daimler: Metropolis in Califenoria  
to become a pilot city for automated driving.  
2018 (Figure 4)

American flag Nationalism

Subway sign Localism, sustainability, multimodality

Doughnut sign Cultural

Larger vehicles Success, luxury, privacy

Taxis become private cars Success, luxury, privacy

Missing cyclists Sustainability, accessibility, multimodality

Palm trees Localism, culture

People of colour Multiculturalism, localism

JAJA -CPH2050: Reconnecting the city. 
2018(Figure 5)

Bicycle Sustainability, multimodality

Pedestrian crossing Safety

Pedestrian Safety, trust

AV shuttle Sustainability, future, technology, safety

Retail space Commercial activity, liveability

Yacht Recreation, wealth, liveability

Children Safety, inclusion

Contemporary architecture Future, wealth, gentrification

Traffic signs Safety, law enforcement

JAJA - CPH2050: Suburban Transformation.  
2018 (Figure 6)

AV shuttle Sustainability, future, technology, safety

Children Safety, inclusion

Residential architecture Family, wealth, aspiration

Solar panels Sustainability, self-reliance

Runners Active lifestyle, diverse demongraphics

Communal dining tables Community

Father with child Family, lifestyle, socioeconomic status

Greenhouse Sustainability, community, self-reliance

Play equipment Community, family
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JAJA - CPH2050: Fram train station to 
mobility-hub. 2018 (Figure 7)

Smart phone Connected, technology, future

Bicycle Sustainability, multimodality

Bicycle lane Safety, multimodality

Pedestrian crossing Safety

Pedestrian Safety, trust

AV shuttle Sustainability, future, technology

Traveller Accessibility, efficiency

Commuter Accessibility, efficiency, reliability

Train Sustainability, multimodality

Trees Environmental awareness, liveability

Real-time information screens Connected, technology, efficiency, future

By interpreting images through both a semiotic and compo-
sitional lens, I am able to explore how system actors attempt 
to engage with system pressures within their presentation 
of AVs as well as their perceived hierarchy of system ele-
ments that may reinforce or destabilise an existing regime. 
Through semiotic analysis, a coding scheme was established 
that identified the individual elements within each image as 
‘first-order signs’, or what was being depicted in a denotative 
sense. A second coding scheme was produced by relating the 
‘second-order signifiers, or what values the signs express, 
to themes identified in the niche and landscape levels of the 
MLP. Alternatively, compositional interpretation ignores sym-
bolic representation and mostly examines the composition of 
the physical world itself. Compositional analysis scrutinises 
images’ content, colour, spatial organisation, and focalisers 
to understand the significance of the images. 

Tables 5.1 and 5.2 display a limited selection of results from 
the semiotic and compositional analysis. Both methods pro-
duced far more results, but for clarity and efficiency, only 
results that were used further in the discussion are included. 
Together, these tables provide a temporal and spatial over-
view of the landscape of automobility, system pressures, and 
parallel niche innovations, as well as how actors construct 
their imaginaries through them. 

Table 5.1: 
Results of semiotic analysis.
Robert Martin, 2020



140

Visualisation  Colour Image Volume

Mercedes-Benz F015 Luxury in Motion:  
Shared space in tomorrow's world. 2015  
(Figure 2)

• Stark difference in saturation levels  
between what is old and new.

• High colour value for AV and futuristic 
buildings.

• Low colour value for pedestrian, trees,  
and older buildings.

• Road space occupies the most volume  
of the image.

• AV is the central figure (focaliser).

Futuremobility: Bosch and Daimler join forces  
to work on fully automated, driverless system. 
2017 (Figure 3)

• Uniform colour saturation. Not trying  
to create a single focus, but displaying  
the messiness of urban life. 

• Bicycle lanes highlighted in red.

• The street is the focaliser, rather than  
a single object.

Bosch and Daimler: Metropolis in Califenoria  
to become a pilot city for automated driving.  
2018 (Figure 4)

• Same as above except that bicycle  
lanes are coloured green.

• Same as above

JAJA -CPH2050: Reconnecting the city. 
2018(Figure 5)

• Colour saturation from near to far.
• High colour value for close objects,  

which decreases with distance from  
the viewer.

• Warm colours used throughout.
• Small amounts of green overtones  

throughout the middle of image.

• The image is split into three vertical  
parts to create a one-point perspective.

• Pedestrian access is the focaliser of the 
image.

JAJA - CPH2050: Suburban Transformation. 
2018 (Figure 6)

• Colour saturation is uniform.
• High colour value for all objects.
• Mix of warm and dark colours  

throughout image.
• Abundance of green throughout  

image.

• The bulk of the image is in the  
foreground of children playing football.

• Communal activities are staged in the 
mid-ground.

• AV is placed in the background.

JAJA - CPH2050: From train station to  
mobility hub. 2018 (Figure 7)

• No saturation difference between old  
and new. Mostly dark tones of red, grey, 
and yellow. Suggests late afternoon.

• High colour value for AV and futuristic 
buildings.

• The image is split into three horizontal 
parts.

• The perspective is split with the train 
station sign as the centre point.

• Transport is bundled on the left,  
pedestrians on the right.

Table 5.2: 
Results of compositional analysis.
Robert Martin, 2020
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Images Lines Viewing Position Light

• Pedestrian is connected to the AV  
through sensor beams.

• Pedestrian is walking out of the image.
• Perspective draws away from historic  

buildings towards futuristic architecture. 

• Eye-height, placing the viewer within  
the scene.

• Relation of intimacy between the viewer 
and the AV.

• Daylight is used to highlight the AV.

• The linearity of the image creates focus 
along the road.

• Viewer is placed above the scene.
• No relation between the viewer and the 

scene. The viewer is seeing 'another  
place', a vision for the future.

• Daylight is cast over the entire image.

• Same as above. • Same as above. • Same as above.

• Two main lines concentrate along  
the pedestrian crossing.

• Horizontal line of road crosses the  
image.

• Building perspective leads to  
harbourfront.

• Eye-height, placing the viewer within  
the scene.

• Separation of viewer from other objects 
indicates they are not part of the activity.

• Daylight creates a strong contrast in the 
image. The AV is cast in shadow, barely 
visible. Urban life is the focus in the image.

• One-point perspective along street line.
• Objects create horizontal stripes of  

activity along the image.

• Eye-height, placing the viewer within  
the scene.

• Separation of viewer from other objects 
indicates they are not part of the activity.

• Daylight illuminates the image evenly.  
It is not used to highlight any one part  
of the scene.

• Two main lines of the image.
• Line to the left bundles transport: cycle 

lane, AV drop off, highway, and train line.
• Line to the right connects pedestrians to 

the s-tog station.

• Eye-height, placing the viewer within  
the scene.

• Relation of intimacy between the viewer 
and the woman holding the phone. 

• Daylight is used to highlight pedestrians 
and train service. AVs are placed within 
relative shadow.
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5.4 Competing Visions 
for Future Transport 
Systems

In analysing the visualisations produced by Daimler and JAJA, 
I identified that they are not only instances of marketing 
material or research outputs: They also present frameworks 
for the future that the companies want to create. Both com-
panies offer a narrative about the salvation of cities through 
AVs that aligns itself with ongoing landscape discourses. 
Although there are strong similarities between the stories 
presented by the two companies, I found clear differences 
in the preferential treatment of certain systems over others, 
how signs relating to different sociotechnical elements are 
deployed, and the way in which each company’s depictions 
present either regime stabilisation or replacement. These 
narratives, their relationship to landscape pressures, and their 
different utilisation of AVs are described below, as are their 
consequences for future transport systems and mobility.

5.4.1  AV Futures from the 
Incumbent, Daimler

5.4.1.1 Responding to Landscape 
Discourses

Publicly, the general stated motivation to pursue AVs is 
to improve road safety. This coincides with the landscape 
pressure and cultural reaction to the physical harm that the 
system of automobility imposes on societies around the 
world. Globally, road traffic accidents cause approximately 
1.35 million deaths each year and are the leading cause of 
death among young people (World Health Organization, 
2018). Similarly to ‘jaywalking’ campaigns of the 1930s, in 
which coalitions of automobility regime actors exercised their 
collective power to remove pedestrians from the streets in 
the name of road safety (Norton, 2007), incumbent regime 
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actors are currently casting blame on the human driver as a 
means to accelerate AV development in an effort to vindicate 
the system of automobility itself. 

While each image analysed includes signifiers connotating 
safety, Daimler’s first presentation of an AV future (Figure 
5.2) presents them in a way that prioritises vehicle use. Com-
positionally, the image applies a traditional way in which 
cars are advertised: The focaliser of the image is the vehicle, 
which is both the central figure in the image and highlighted 
through a stark contrast in colour between it and the rest 
of the scene. Furthermore, the AV sits both physically and 
metaphorically separated from the rest of its environment. 
Traditional safety elements that would connect a human 
driver to the outside world, such as rear-view mirrors and 
transparent windows, are noticeably absent in this vehicle. 
Instead, the notion of safety is implied through a system of 
computer vision, machine learning, and sensors that have 
instructed the vehicle to stop and that project an illuminated 
pedestrian crossing that allows the man dressed in business 
attire to cross the road safely. In this depiction, the passen-
ger, if there is one, is cleared of all responsibility of safely 
manoeuvring, with complete control being outsourced to the 
AV system. By removing what incumbent regime actors see 

Figure 5.2: 
Mercedes-Benz F 015 Luxury in 
Motion: A virtual zebra crossing 
indicating to pedestrians on the side of 
the road that it is safe to cross.
Source: The Daimler Group, 2015.
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as the weakest link in the system of automobility, the human 
element, this sociotechnical imaginary presents a future of 
continued automobile use devoid of road traffic accidents 
through the application of AV technology.

The landscape development of urbanisation also presents 
particular challenges to the automobility regime in Figure 
5.2. Throughout the twentieth century, automobile-enabled 
suburbanisation was seen as a way to reduce urban problems 
(Geels, 2005), which became the signature characteristic of 
the system of automobility. The continued increase in car 
use required an ever-increasing suburban periphery, which 
reinforced itself by only being accessible by car. This trend is 
expected to be reversed in the twenty-first-century, with pro-
jections anticipating that 68% of the global population will live 
in dense urban centres by 2050 (United Nations Department of 
Economic and Social Affairs, 2019). Density is the nemesis of 
the car, and society is already experiencing the consequence of 
this tension through traffic congestion, high parking fees, and 
even road closures. Figure 2 presents a paradoxical solution to 
this problem. The image embeds the landscape development 
of urbanisation through the inclusion of futuristic high-rise 
architecture, implying that space is at such a premium that city 
residents are forced to live in smaller and smaller apartments 
and nature is confined to the facades of buildings. However, 
in this densified future, road space has actually increased. 
Physical road features such as pedestrian crossings, sidewalks, 
and road markings are removed, expanding the domain of AVs 
while also granting them complete control over when other 
modes can use the space. For example, the crossing pedestrian 
depicted in this future may only safely cross the road when the 
AV allows it, demonstrating that the sociotechnical imaginary 
presented here by Daimler is one ruled by AVs.

5.4.1.2 Emerging Niches Used to 
Mask Regime Stabilisation

The AV sociotechnical imaginaries presented by Daimler 
in this collected study are neither fixed nor static. Instead, 
they demonstrate a co-evolution in line with emerging niche 
innovations and landscape developments to absorb these 
destabilising forces into their own narrative of AVs. In the 
period between 2015 and 2017, corresponding to the time 
between the release of Daimler’s first and second AV depic-
tion, several transport technologies such as micromobility 
devices, Mobility as a Service, and urban multimodality have 
emerged and are seen by some as disrupting traditional 
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transportation systems. These emerging technologies differ 
from the incumbent automobility regime, as they suggest a 
plurality of transport modes existing harmoniously, rather 
than the presence of a single dominant mode. 

Demonstrating an alignment with this emerging discourse, 
Figure 3 presents a sharp departure from the traditional auto-
mobile advertisement shown in Figure 5.2. Rather than selling 
an object, Figure 5.3 presents a total system of mobility that 
is forged around Daimler’s AV system. Compositionally, this 
depiction is viewed from a bird-eye position, showcasing the 
entire system within a dense urban environment of apartment 
dwellings, alfresco cafes, and cultural institutions with no set 
focal point. Instead, an array of elements are spread through-
out the image that engage and contain many emerging niche 
innovations mixed in with traditional automobiles, implying 
the plurality of the system. 

While the image showcases a wide range of vehicle types that 
include more sustainable modes such as bicycles, e-scooters, 
shuttle buses, and mass transit, which may indicate an envi-
ronmentally sustainable transport system, it also showcases 
a clear hierarchy of modal preference in the way the image is 
constructed. For example, the bicycle lanes, which are high-
lighted in red, clearly preference AVs and automobiles in their 
design. Rather than continuing across intersections, bicycle 
lanes are discontinuous, always giving the right of way to 
AVs. Bicycle lanes are further de-prioritised in the way that 
they are subservient to other modes: The delivery van, with 

Figure 5.3: 
Bosch and Daimler join forces to work 
on fully automated, driverless system 
Source: The Daimler Group, 2017.
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no designated parking area is standing in the cycle lane; the 
AV shuttlebus is standing in one as passengers embark or 
disembark; and parking spaces are located adjacent to the 
sidewalk, rather the road, causing points of conflicts between 
passing cyclists and AVs. These examples showcase Daim-
ler’s ignorance of apathy towards other modes of transit.

Although signs of safety, multimodality, and sustainability 
appear in this depiction, a compositional analysis of the image 
demonstrates a preference for safety, convenience, availabil-
ity, and efficiency for Daimler’s AV users. Destabilising niche 
innovation elements are merely included in the image to mask 
an otherwise typical depiction of a streetscape within the 
system of automobility. If one were to remove these signifiers 
relating to emerging niche innovations, the core of this socio-
technical imaginary is a ‘business as usual’ approach, in which 
roads and parking spaces dominant the urban environment.

5.4.2.3 Translated Sociotechnical 
Imaginaries

The final AV depiction by Daimler (Figure 5.4) presents a 
translation of its sociotechnical imaginary across regional 
contexts. The depiction, which is arguably identical to that in 
Figure 5.3, simply swaps signs relating to a German context 
with those of a U.S. one. While the identities of both countries 
are intertwined with automobile production, their automo-
bile practices and cultures have evolved along two divergent 
paths (Kaiserfeld, 2007). Rather than understand and depict 
a future that is representative of local conditions, Daimler 
simply superimposes a series of cultural signs relating to Cali-
fornia on a generic futuristic landscape originally intended for 
a German audience. Palm trees, people of colour, a doughnut 
shop sign, and a U.S. flag are all simply added in an attempt 
to make its system palatable to a U.S. context. Furthermore, 
many of the changes dilute several of the environmental and 
health benefits in the original vision. Several cyclists are simply 
removed, shared robotaxis are relabelled as privately-owned 
vehicles, and the size of the cars is increased.

Kim (2018) has suggested that when sociotechnical imagi-
naries are simply transplanted from one context to another, 
gaps between the imaginary and practice can occur through 
the loss of the original meaning of the former. For example, 
the plurality of transport modes embedded in the narrative of 
both the original and transplanted sociotechnical imaginary 
presupposes a backbone of public transport infrastructure, 
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which varies in each context. While European cities often 
have existing urban transit networks integrated into their 
urban fabric, this is rare in a U.S. context, as the country, 
despite outlier cities such as New York and Washington D.C., 
has historically had a complicated social, cultural, and polit-
ical relationship to public transport (Conley, 2009). Daimler 
formally imitates a European streetscape as a benchmark 
of multimodality because this legitimises its own product 
as a measure of sustainability. This reflects the emphasis of 
the landscape pressures that automobile manufacturers are 
attempting to mitigate within their depictions of AVs. How-
ever, if this sociotechnical imaginary were to be established, 
the system would change in practice. To suggest that in this 
transplanted sociotechnical imaginary Daimler’s AV system 
would accompany such large-scale public transit investments 
is well beyond its scope or desired outcome.

While some may perceive this as a car company only under-
mining discussions on sustainability to sell more cars, this 
would discard any thought regarding the coerciveness of 
the system of automobility. Daimler is not discussing mul-
timodal systems because they only want to sell more cars; 
they’re engaging with them because they see the zeitgeist 
shift and want to stay in business. As an incumbent regime 
actor, Daimler must remain fluid in order to react to landscape 
pressures. However, as the inconsistency in Daimler’s pres-
entation of the future indicates, the dominance of the system 
of automobility over their perception of the future means 
that they are unable to see one that doesn’t involve the car.

Figure 5.4: 
Bosch and Daimler: Metropolis in 
California to become a pilot for 
automated driving.
Source: The Daimler Group, 2018.
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5.4.2 Futures with AVs by JAJA 
Architects

5.4.2.1 Sociotechnical Imaginaries 
Shaped by Liveability 
Discourses

Unlike Daimler, whose visions primarily depict a future of 
regime stabilisation, the visualisations from JAJA’s CPH2050 
project reflect the expectations of a broad set of interests 
located outside the regime. These expectations represent 
discourses relating to the improvement of public transport, 
sustainability agendas, the improvement of citizens’ welfare, 
and urban development. As a result, there is no single ‘prod-
uct’ sold; rather, the product is a lifestyle contained within a 
particular form of urbanism. One can see overlapping simi-
larities between this form of urbanism and wider landscape 
developments surrounding the metric of ‘sustainable livea-
bility’, which has exploded over the past two decades through 
a series of city-ranking indices. Often, these indices tend to 
preference access to cultural amenities, cafes, bars, and res-
taurants, but they have also recently included less superficial 
metrics, such as housing affordability, well-functioning public 
transport, and access to clean water. While these rankings 
may seem innocent and objective, some criticise them for 
framing a particular expectation of what life and living in 
a city should be (Jacobs, 2014). Nonetheless, cities shape 
urban policy, strategy, and planning projects in pursuit of 
these rankings that draw in investment from around the world 
(McArthur and Robin, 2019).

Since the establishment of these indices, Copenhagen has 
consistently ranked as a top-tier global city, which has encour-
aged the city’s politicians to continually chase this accolade 
so that it can market itself as the world’s most ‘liveable’ city 
(Simpson et al., 2018). By engaging with liveability’s discursive 
power, JAJA mobilises a counter-sociotechnical imaginary 
that rejects the system of automobility, reconnecting trans-
port policy with everyday urban life. For example, instead 
of depicting a system of mobility, Figure 5.5 illustrates a 
mobility lifestyle associated with economic prosperity. Com-
positionally, the image guides the viewer through a one-point 
perspective of signs relating to liveability: commercial retail 
outlets, citizens swimming in the harbour, shaded places to 
sit, coffee stands, a yacht, and bicycles—all signs of a ‘good 
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life’. The image literally casts a shadow on the single AV shown, 
utilising these denotations of wealth to propose the spatial, 
economic, and social benefits of deprioritising vehicles in 
urban contexts.

The idea of sustainability is communicated subtly in the 
image through the inclusion of trees, grass, a cyclist, and a 
clean harbour fit for swimming. Furthermore, a single AV is 
represented as a shared shuttle waiting for pedestrians to 
cross. This action is enabled by the only other symbol of tech-
nology present in the image, traffic lights. Safety, therefore, 
is not communicated through technological systems as in 
Daimler’s depictions, but rather through fixed spatial infra-
structure and children safely crossing the street. Herein lies 
a continuing theme throughout each of JAJA’s visualisations: 
The transformation of space will drive the transition towards 
future transportation systems.

5.4.2.2 Transforming the 
Landscape of the 
Automobility Regime

As stated previously, suburbanisation is the physical mani-
festation of the system of automobility, which has locked car 
dependence into the landscape of transportation. Interest-
ingly, none of Daimler’s depictions of AVs engage with the 
environment, instead only presenting their use within dense 

Figure 5.5: 
CPH2050: Reconnecting the city. 
Robert Martin/ JAJA Architects, 2018.
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inner-city contexts. Whether this is an oversight or a gen-
eral acceptance that AVs will not change mobility practices 
in these areas cannot be deduced; however, as suburban 
areas have been so pivotal in staging our mobility practices, 
understanding actors’ approaches in these areas is crucial to 
understanding their ambitions for future AV use.

JAJA’s portrayal of a suburban environment (Figure 5.6) pro-
vides many insights into how it views the role of AVs. First, this 
depiction relies on the absence of transport to communicate 
its vision for the future of transportation. Landscape develop-
ments throughout the twentieth century saw streets become 
increasingly defined as transport arteries, rather than as spaces 
for social activity (Geels, 2005), which JAJA’s visualisation 
counteracts. Apart from one lone AV in the far background, 
vehicles are not shown in this streetscape. Instead, the focal 
point of the image is road infrastructure that has been re-ap-
propriated to provide temporary play space for neighbourhood 
children and a track for active people to jog on. 

This denotes a response to two other ongoing landscape 
pressures to the current automobility regime: The suburban 
environment that is often associated with sedentary lifestyles 
enabled through car use is replaced with a more active and 
healthier environment, and the safety of streets for pedestri-
ans to use. Although relying on the technological application 
of sensors on the AV to detect and safely stop for pedestrians, 
the typical straight suburban street has also been manipu-
lated to slow incoming traffic.

Figure 5.6: 
CPH2050: Reconnecting the city.
Robert Martin/ JAJA Architects, 2018.
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Similar to all other examples in this analysis, this image also 
engages with the landscape pressure of climate change 
through the application of signs relating to sustainability. 
However, instead of only including sustainable modes of 
transport, this image utilises signs such as solar panels on 
the houses, a community greenhouse, and an abundance of 
trees to depict a sustainable lifestyle. 

Finally, the vision also speaks to a group not often involved 
with the discourse on AVs—the family unit. While a quick 
google search of the term “autonomous vehicle”5.2 returns 
images of business suit-clad elites and inner-city profession-
als giving PowerPoint presentations in the cabins of cars, this 
image presents a picture of idealised family life. Instead of 
generic cityscapes, the image showcases residential architec-
ture, a man carrying his young daughter, and children playing 
in the street, which all create a vision of a community that 
extends beyond the boundary of the owned plot.

5.4.2.3 Promotion of Subaltern 
Regimes

The final image analysed does not portray a particular life-
style, but rather a clear hierarchy of modes within JAJA’s 
imaginary (Figure 5.7). This vision does not depict a new 
system, but a reconfiguration that promotes existing sub-
altern regimes such as trains, buses, and cycling, through 

Figure 5.7: 
CPH2050: From train station to 
mobility hub. 
Robert Martin/ JAJA Architects, 2018.

5.2 Term searched on 22nd September 
2020 through WWW.google.com
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subservient AV shuttle services. Unlike previous depictions 
from both companies, public transit infrastructure forms 
the largest volume of this image. AVs are presented in the 
image, but are placed in the mid-ground, behind the cyclist 
and train station, indicating that they are a subservient feeder 
to the transport system, rather than the dominant mode. 
Road space, as a percentage of the total image, is small, with 
a pedestrian crossing appearing much more prominent than 
the small amount of space available to AVs. Public transport 
is further made prominent through the vanishing point of 
the image, which is directed towards the arriving train in the 
background, highlighted by a stream of pedestrians. 

Finally, the image embeds numerous elements relating to 
emerging niche technologies: the woman navigating using a 
smartphone; real-time information screens indicating depar-
ture times and connections; and AVs, both on the ground 
and mirrored in the screen. However, these technologies do 
not dominate the image and are all overlaid over existing 
infrastructure. These signs are arranged carefully to indicate 
that physical infrastructure, not technological advancements, 
will be what leads this sociotechnical transition and indicate 
which transport modes are preferred.

5.4.3 Implications for Future 
Transportation Systems
This chapter has analysed two distinct approaches to con-
ceiving AV futures. The goal has not been to compare Daimler 
to JAJA but to exemplify how actors from different system 
positions utilise depictions of AVs to frame the technology 
within competing sociotechnical imaginaries. Furthermore, 
the analysis shows that in the case of Daimler, these depic-
tions are not fixed, but co-evolve along with other system 
pressures. However, while the content within the image 
changes, the sociotechnical imaginary of a car-based society 
fundamentally remains the same. For Daimler, engaging with 
landscape pressures and emerging niches merely becomes 
an exercise in maintaining its own position within the system.
 
The analysis also shows that these companies’ imaginar-
ies would lead to different transition pathways and regime 
constellations, and therefore, the shaping of AV technology 
and society in the future. Thus, at the core of disseminating 
these depictions is the understanding that visualisations such 
as these are not neutral, and that the development of AV 
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systems is not technologically determined, but the product 
of different actors’ values. This is an important consideration, 
as Louise Reardon has already identified, is that discussions 
surrounding AVs have already been discursively depoliticised 
(Reardon, 2018). The entire idea of AVs is extremely politically 
optimistic with impatient politicians eagerly anticipating AVs 
as a package that can solve many of these most pressing 
challenges (ibid.). 

This is most obvious in both companies’ futures having a 
strong relationship to climate change and road safety dis-
courses, although with large differences in approaches. 
As a legacy carmaker, Daimler present a future where CO2 

emissions and traffic safety accidents can simply be solved 
through the application of new technologies to the exist-
ing form of the car. The findings clearly demonstrate how 
Daimler frame AVs to stabilise their own position as a regime 
actor through a ‘business as usual’ approach that suppresses 
other uses of AV technology. Daimler is first and foremost a 
vehicle manufacturer, and unlike other AV developers with 
backgrounds in tech, such as Apple and Google, who may be 
motivated through an increased market share of the atten-
tion economy (de Berker, 2017), Daimler’s business model 
relies on it selling and leasing vehicles. There are too many 
inconsistencies in Daimler’s presentations of the future, such 
as increasing amounts of road space, poorly designed bicy-
cle infrastructure, and formal imitations of European public 
transport systems, to interpret their future literally. The com-
pany are locked into the system of automobility and their 
responses to ongoing landscapes pressures are still framed 
around the car. 

On the other JAJA’s future is dominated by regime destabili-
sation. In an increasingly urbanised society, social, political, 
economic, technological, and digital systems are encroaching 
on each other’s physical domains, and tensions are beginning 
to arise as space limitations force discussions on how that 
space should be allocated and used. JAJA’s sociotechnical 
imaginary is based on the idea that shared AV use will lead 
to substantial urban renewal through the transformation 
of redundant road infrastructure (Duarte and Ratti, 2018). 
Instead of AVs becoming the dominant transportation mode, 
they will work as a supportive component in a broader system 
of multimodal transport. Through efficiency and appropri-
ately sized vehicles, a total reduction in vehicle numbers could 
lead to previously used road space being transformed into 
new urban development, densification of suburban areas, 
and greater utilisation of public transport infrastructure. Just 
as Daimler try to protect their business model through their 
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framing of AVs, JAJA are expanding their business through 
their own. 

The findings indicate the different approaches towards AVs 
from different system actors. It also demonstrates that if 
these visions become embedded in the dominant sociotech-
nical imaginary, they will play a major role in the shaping of 
assumptions of the role of AVs in the future. Moreover, the 
final constellation of regime actors and their ambitions will 
have implications for future sustainable transportation sys-
tems. However, the battle for the dominant sociotechnical 
imaginary should not be considered a negative process. Com-
petition amongst actors from different system positions can 
increase the number of alternatives. By supporting pluralism, 
rather than focusing on minimising system deployment, AV 
developers and public authorities can open up new path-
ways for reconceptualising AV technology (Mladenović, 2019; 
Mladenović et al., 2020)

5.5 Conclusions
This paper aimed to analyse and discuss different imaginar-
ies of AVs to understand their consequences for the future 
of transport systems and mobility. The paper particularly 
focused on how different system actors frame the role of AVs 
depending on their position within sociotechnical systems 
and their own business models. This was elaborated through 
a comparative analysis of AV futures visualisations from an 
incumbent regime actor, The Daimler Group, and an external 
system actor, JAJA Architects. 

The concepts of a system of automobility, the MLP, and 
sociotechnical imaginaries shaped the theoretical back-
ground of the analytical framework. Combining them into 
a single framework enabled a deeper understanding of how 
depictions of AV futures are being framed, developed, and 
deployed, as well as their implications for future transition 
pathways and policy considerations. Although, there have 
been historical criticisms of transition theory for a lack of 
explicit attention for the politics of technology that underpin 
the development and implement of specific policies (Smith, 
Stirling and Berkhout, 2005; Meadowcroft, 2011), more con-
temporary applications of the framework have expanded the 
MLP to include power and politics (Geels, 2014; Köhler et 
al., 2019). Transitions are deep-rooted political processes, 
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in that different actors and groups will disagree about desir-
able outcomes and suitable ways in which to steer such a 
process. Furthermore, this process may lead to winners and 
losers: not only incumbent industries or new actors, but other 
user groups whose mobility access and opportunities may be 
reduced in alternative socio-technical configurations such 
as the elderly, cyclists, or lower socio-economic communi-
ties. Thus, this specific contribution to the politics of AVs 
debate has been to conceptualise, identify and translate 
visual discursive material as instruments of regime stability 
or disruption over time. 

When applying the analytical framework to the studied images, 
the analysis revealed that subsequent battles between niches 
and regimes take place on multiple landscape dimensions 
(e.g. sustainability, safety, and infrastructure). Geels (2010) 
proposes that these struggles are not enacted by singu-
lar entities, but by numerous actors that “fight, negotiate, 
search, learn and build coalitions as they navigate transitions”. 
This raises several different political-economy questions. 
Firstly, researchers and planners need to understand how 
collective actors may support different sociotechnical imagi-
naries. For example, an underlying challenge for advocates for 
shared AVs is the incumbent alliance between car manufac-
turers and governments. These alliances are built from mutual 
dependencies that see governmental revenue from car sales 
and fuel excises in exchange for favourable market conditions. 
Despite the impending challenge of climate change, without 
finding additional methods of raising revenue, governments 
may limit actions to transition towards more sustainable 
forms of AV use (Fishman, 2018), preferring to incorporate 
AV futures that replicate existing car system and revenue 
streams. JAJA’s visualisations (Figure 5.4.) outline possible 
trajectories to counteract this mutual dependency. By engag-
ing with liveability discourses, which centre around urban 
re-development, gentrification, and economic prosperity, 
JAJA offer a counterproposal to governments fixated on auto-
mobility tax revenues. 

Additionally, planners and policymakers should move beyond 
trying to anticipate AV futures towards actively asking what 
they want to achieve with them (Marsden, 2018). While they 
focus on the implications of possible trajectories, companies 
such as Daimler and JAJA are creating sociotechnical imag-
inaries of futures they are trying to create. I acknowledge 
that planners face a raft of challenges in determining their 
role in the development of AVs (Reardon, 2018), but I believe 
they also bring a valuable spatial perspective that can focus 
the deployment of AVs to solve existing challenges (Harris, 
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2018). Furthermore, when considering the long-term transi-
tion towards AVs, it is critical to reflect on which challenges 
could be implemented irrespective of automation and which 
challenges need further investigation. Possible methodolo-
gies could involve collaborative design experiments between 
governments and companies that utilise the same visualis-
ation techniques outlined within this paper but are integrated 
within the context of local development goals (Martin, Bruck 
and Soteropoulos, 2021).

In summary, the paper contributes to the literature by pro-
viding a critical examination of AV imaginaries in praxis. 
The findings also suggest that a more nuanced approach to 
reading AV visualisations requires moving beyond denotative 
readings to unpack the latent meanings alongside the broader 
context of automobility, landscape pressures, and parallel 
niche innovations. The work enriches the ability of academ-
ics and policymakers to understand the latent implications 
behind visual depictions of AVs over time through visual dis-
course analysis tools. However, the study is limited to data 
that was sourced between the years 2015-2018. In the follow-
ing years, there have been a wide number of landscape shifts 
and new technologies. Therefore, an important subject for 
future research would include an analysis of AV futures since 
the beginning of the COVID-19 pandemic. An assumption 
could be that signifiers relating to sharing, and sustainability 
are replaced by ones communicating sterility, and private 
ownership. It would be important to identify this early, so 
that policymakers do not unravel important steps towards 
the development of sustainable transportation systems in an 
effort to contain the SARS-COV-2 virus. Finally, although the 
study mainly focused on the visual analysis of imaginaries, 
further research could focus on the effect of sociotechnical 
imaginaries in praxis (e.g., whether they affect policymakers’ 
decision-making processes or if the image’s author is aware 
of the system it is depicting). This could involve investigating 
the site where sociotechnical imaginaries are disseminated 
to show how power relations give a greater advantage to 
certain actors in the marketplace of AV visions of the future.
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Despite the amount of interdisciplinary research into sus-
tainability transitions, there has been limited engagement 
with the role of physical space in transitions. This article 
contributes to this gap in transitions scholarship through a 
reconceptualization of the spatial dimensions of sociotech-
nical landscapes as a critical component enabling transitions 
to sustainable urban transportation systems. A theoretical 
outset links the multi-level perspective on transitions with 
spatial thinking to develop the idea of a sociotechnical-spatial 
landscape. Stemming from this, the theoretical framework 
was applied to case studies of European cities’ efforts to 
limit automobile-based transport within ‘car-free’ discourses. 
The analysis highlighted a number of spatial elements within 
the existing sociotechnical-spatial landscape that offered 
opportunities for the development of car-free niches. Over-
all, the paper expands on the role of the built environment in 
influencing sustainability transitions while also revealing the 
need for future research in the area.

6.0 Abstract
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The effects of climate change have sparked a wave of interdis-
ciplinary research into sustainable transitions in the transport 
sector. However, there has been a limited exploration of the 
role of the physical spatial dimensions of these transitions 
(Levin-Keitel et al., 2018; Munro, 2019; Nielsen & Farrelly, 
2019). Although the literature about transitions has made a 
significant contribution to understanding the complex and 
multi-dimensional shifts considered necessary for sustain-
able systems, it often neglects where transitions occur and 
the physical spatial configurations of the networks within 
which they evolve (Coenen et al., 2012). While sustainable 
transitions are needed globally, each transition is nested in 
a specific spatial context with transport initiatives and ambi-
tions that vary across regions through different pre-existing 
infrastructures (Kuokkanen & Yazar, 2018; Marx et al., 2014).

Attempts to address the need for greater sensitivity towards 
spatial perspectives have been included in the updated 
research agenda for the Sustainability Transitions Research 
Network (STRN) that includes a section on the ‘geography 
of sustainability transitions’ (GOST). The agenda presents 
the GOST as being ‘primarily concerned with understanding 
how and why transitions are similar or different across loca-
tions’ (Köhler et al., 2019, p. 14). While the GOST is framed 
within the subtitles of ‘spaces, scales, and places’, little is 
suggested regarding the physical attributes of space. Instead, 
space is presented as a context, appearing as either ‘urban’ 
or of a ‘developing country’. Critics of GOST suggest that the 
agenda denotes a narrow representation of space and offers 
theories within human geography as an avenue of research 
development (Binz et al., 2020). However, when applied to 
a transitions context, human geography has not expanded 
space beyond spatial units such as ‘nations’, ‘cities’, ‘regions’, 
and ‘clusters’, or conditions like ‘agglomeration and proxim-
ity’ and ‘centres and peripheries’ (Coenen & Morgan, 2020). 
While these are relevant terms, they lack sufficient acknowl-
edgement of the spatial characteristics that vary between 
spatial units within the same category. For instance, while 
Oslo, Ghent, and Barcelona all fall under the spatial unit of 

6.1 Introduction
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‘city’, they vary greatly in terms of density, topography, urban 
layout, and material infrastructures, which I elaborate further 
on later in the article.

Cities have been identified as particularly important 
places of transitions, not only because of their impact on 
the environment (e.g., high energy consumption, high CO2 
emissions, or population growth) but also because of the 
number of initiatives to counteract unsustainable behav-
iour that originate within them (Fuenfschilling et al., 2019). 
Despite this, some scholars still doubt the role that cities 
play in sustainability transitions (Nielsen & Farrelly, 2019) 
and question if they merely provide the contextual condi-
tions for transitions and do not exert any influence (Truffer 
et al., 2015). To better engage with the role of physical space 
in cities, I utilise the understanding of the city as an object 
of transition as proposed by Nielsen and Farrelly (2019). 
Rather than only positioning the city as a context where a 
transition occurs, this conceptualisation of the city as an 
object opens avenues to understand how the city is malle-
able to change while simultaneously exerting influence on 
niche and regime actors. This conceptualisation also probes 
questions about what kind of spatial criteria researchers find 
in urban environments that influences transitions, and how 
such criteria differ amongst cities.

Arguably, one of the most discussed examples of a sus-
tainability transition concerns the decarbonisation of urban 
transportation systems. Inroads to this research agenda 
have emerged through ‘car-free’ discourses, which imagine 
life in cities with little and limited car-use (Topp & Pharoah, 
1994). Although early understandings of the term ‘car-free’ 
were synonymous with being ‘car-less’, and therefore, mobili-
ty-constrained, being car-free is now promoted as an example 
of sustainable consumption, signalling liberation from car 
ownership dependence (Brown, 2017). The discourse of 
‘car-free’ has become part of a larger movement promoting 
pedestrian zones, more public recreational space, and live-
able cities (Ornetzeder et al., 2008). However, while such 
discourses paint an optimistic view of cities and car-free life-
styles, they fail to recognise that for many, owning and using 
a car is an integrated part of everyday life, and it is perceived 
as necessary for economic and social participation in soci-
ety (Freudendal-Pedersen, 2020). For others, not owning a 
car is considered a burden, rather than a chosen freedom 
(Conley, 2009). Despite the negative social, economic, and 
environmental impact that cars have on society, they are still 
favoured by consumers and policymakers because of their 
perceived characteristics in terms of autonomy, flexibility, 
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and comfort. Therefore, those working towards sustainable 
transportation systems cannot simply discuss car-freeness 
merely as a transportation issue; it is also a socio-cultural and 
politico-economic challenge that requires a process of trans-
formation and a fundamentally different system, structure, 
and practice. This transformation process is referred to as a 
sociotechnical transition (F. W. Geels, 2005).

This paper explores the role of physical space in sustainability 
transitions to uncover what kind of spatial features are found 
in urban environments that may influence transitions. First, 
the paper examines transition literature and links it to spatial 
thinking through a description of the system of automobility. 
It then highlights current efforts by cities to limit non-mo-
torised transport within car-free discourses through case 
studies of cities within Europe. Finally, the paper identifies 
physical spatial aspects within the landscape layer of the 
multilevel perspective that provide a foundation for further 
conceptual and empirical work.

6.2 The Sociotechnical-
spatial Landscape of 
Transitions

6.2.1 Sociotechnical Transitions
According to Geels (2012), sociotechnical transitions are 
large-scale, non-linear changes in societal systems from one 
system equilibrium state to another. In relation to the trans-
port system, a sociotechnical transition is a co-evolutionary 
process represented by the transformation of transportation 
modes, travel patterns, energy use, and governance through 
the development of technology, policy, markets, consumer 
practices, infrastructure, and cultural meaning (ibid.) Socio-
technical approaches have drawn heavily on innovation, and 
science and technology studies.  Grand societal challenges 
such as climate change, road traffic safety, and urbanisa-
tion have highlighted the need to transition towards new 



166

low-carbon transportation systems. This shift has been more 
broadly labelled as ‘sustainability transitions’ (Loorbach et al., 
2017). Within sustainability transitions, there are four dom-
inant concepts: 

1. The multilevel perspective (MLP), an analytical frame-
work that explains transitions as the ‘result of the 
interplay of multiple developments at different ana-
lytical levels’ (F. W. Geels, 2012, p. 472);

2. Transition management, a descriptive lens to under-
stand the impact of governance processes on 
transitions (Frantzeskaki et al., 2017);

3. Technological innovation systems, which understand 
technological transitions as a systemic process that 
co-evolves with emerging markets, governance, and 
user preferences but ignores the incumbent context 
(Loorbach et al., 2017); 

4. Strategic niche management, which builds on the idea 
that technology innovations facilitate transitions devel-
oping in government-protected incubation spaces 
(Hoogma et al., 2002). 

In focusing on how to integrate an understanding of space 
into transition studies, the analytical framework of the MLP 
is particularly useful. A MLP distinguishes itself from other 
cause-and-effect processes by describing transitions not 
pursuant to one single factor but as determined by the inter-
action between macro, meso, and micro levels. Three levels of 
analytical analysis are distinguished by expanding constella-
tions of increasingly hierarchical stability (F. W. Geels, 2012). 
First, there are sociotechnical landscapes, which represent 
the highest level and are the basis for both niche and regime 
dynamics. Second, we have sociotechnical regimes, which 
pertain to practices and rules imposed by incumbent actors, 
which also enable and constrain system dynamics, reproduce 
existing systems, and impede their transition. Finally, niche 
innovations are deviations from existing regimes that can 
either be adopted by or replace the existing regime.

Using the lens of the sociotechnical landscape level offers a 
better understanding of the role of space. As stated previ-
ously, the sociotechnical landscape is the wider context which 
influences and frames niche and regime dynamics. According 
to critics of the MLP,  the sociotechnical landscape is merely 
a residual analytical category for whatever does not fit into 
the niche or regime, such as demographic trends, political 
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ideologies, societal values, and macro-economic patterns (F. 
W. Geels, 2011). However, these criticisms emerge from studies 
that heavily focus on the metaphorical understanding of the 
sociotechnical landscape, including trends that destabilise 
existing regimes such as peak oil or climate change, rather 
than the literal understanding of sociotechnical landscape that 
stabilises existing regimes. Furthermore, these metaphorical 
understandings of the sociotechnical landscape ignore the 
power that regime actors have to change the sociotechnical 
landscape slowly over time (F. Geels & Schot, 2010, p. 26). 
Such as the way in which our urban environments have been 
shaped throughout the 20th century, so that they have become 
increasingly difficult to navigate without the ownership of a car.

The original definition of a sociotechnical landscape is ‘a land-
scape in the literal sense, something around us that we can 
travel through; and in a metaphorical sense, something that 
we are part of, that sustains us’ (Rip & Kemp, 1998, p. 334), and 
this definition includes a spatial element. Furthermore, when 
Geels (2012) first introduced the MLP into transport studies, 
the landscape was defined as ‘spatial structures (e.g., urban 
layouts), political ideologies, societal values, beliefs, concerns, 
the media landscape and macro-economic trends’ (F. W. Geels, 
2012, p. 473). Although it is not the explicit intention of the work, 
Geels’ (2005) study on the transition of horse-drawn carriages 
to automobiles indirectly identifies space as creating niche 
opportunities for the development of electric trams. He states 
that the first market for electric trams, which pre-empted the 
automobile, was in Richmond, Virginia where horses had trou-
ble drawing trams up the hilly topography (F. W. Geels, 2005, p. 
457). This example offers evidence to support that the spatial 
context drove the transition from one technology to the next. 
The expansion of the electric-tram infrastructure supported 
the early introduction of suburbanisation, creating a spatial 
organisation that would later connect with automobile use. In 
other words, the topography drove electric tram use, and spa-
tial elements of the sociotechnical landscape of electric trams 
were a contributing factor to the transition to automobiles. 
However, later definitions of sociotechnical landscapes, such 
as ‘slow-changing developments (e.g., demographics, cultural 
repertoires, societal concerns, geo-politics, macro-economic 
trends) and external shocks (e.g., wars, financial crises, acci-
dents, oil price shocks)’ (F. Geels, 2019, p. 190) have dropped 
the spatial elements. Whether this was a conscious decision or 
not remains unclear. There is a dominant understanding that 
cities are designed around cars (Freudendal-Pedersen, 2020), 
and in this sense, urban layout, topography, and other spatial 
characteristics have become less relevant as our perception of 
the way cities look is so ingrained. Therefore, it may be a case 
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that of resignation that urban planning centres on infrastruc-
ture systems based on the logic of the automobile.

6.2.2 The Sociotechnical-spatial 
Landscape of Automobility
To clarify the intentions of this article, I must differentiate 
between current understandings of sociotechnical landscapes, 
which appear to have dropped the spatial element, and my 
own attempt to reconceptualise space, which I will refer to 
as a sociotechnical-spatial landscape. To illustrate my con-
ceptualisation of a sociotechnical-spatial landscape, I further 
elaborate on the concept of autologic through the system of 
automobility, which is a term used to understand the roots 
of the twentieth-century automotive system and how social 
and economic benefits offered by the car established a global 
self-replicating practice (Urry, 2005). Although the system’s 
benefits were immediate, they were limited to pre-existing 
street infrastructure available for the car to use. To facilitate 
even greater economic opportunity, governments created new 
public authorities to expand street infrastructure and to invent 
traffic systems, which splintered urban territories, both spa-
tially and temporally, into districts of home, work, and leisure 
(Freudendal-Pedersen et al., 2016). As the mass production 
of the car extended social and economic benefits to many 
people, the car became a prized possession that embodied 
cultural significance and status (Mom, 2014; Sheller, 2004).

However, as the system of automobility became a dominant 
feature of the landscape throughout the twentieth century, 
the initial sense of independence transformed into depend-
ence (Goodwin, 1995). Car use was no longer a luxury; rather, 
it was considered an integral part of everyday life (Lyons, 
2015). Urban populations began to experience the negative 
externalities of excessive car-use in the form of parked cars 
dominating city streets, harmful pollution, congestion, and 
the financial cost of automotive maintenance, insurance, 
licensing, and increasing fuel prices (ibid.). Despite these 
challenges, the system of automobility has been reinforced 
and supported by governments because of a supposed rela-
tionship between car use and economic growth (Mackinnon 
et al., 2008). Economies worldwide became intertwined not 
just with the ability of their populations to commute by car, 
but also with the automotive industry's larger ecosystem of 
resource extraction, supply chains, manufacturing, dealer-
ships, and large infrastructure construction. A major problem 
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with continued economic growth has been governments' dis-
regard of the negative externalities and a physical and social 
redevelopment of cities in favour of the car  (Norton, 2010). As 
a result, the automobile has become an integral part of cities' 
fabric through a variety of material infrastructures, including 
street profiles, parking garages, highways, petrol stations, 
traffic signals, and urban layouts that serve to accommodate 
cars through an autologic (Zijlstra & Avelino, 2012).

A ‘traditional’ sustainability transitions’ perspective using 
the MLP would understand the replacement of the incum-
bent horse-carriage transportation system by the adoption of 
the automobile in terms of a de-alignment and re-alignment 
path (F. W. Geels & Schot, 2007). Geels (2005) outlines this 
transition through a multi-level analysis that highlights the 
many social, cultural, technological, and market-driven forces 
that contributed to replacing horse-carriages with cars. To 
briefly summarise his findings, landscape developments 
such as industrial growth, increased immigration, a burgeon-
ing middle class, and the increased awareness of hygiene 
placed increasing pressure on the horse-based regime that 
was already facing problems due to technical and economic 
dimensions. These pressures created windows of opportunity 
for the breakthrough of niche technologies such as electric 
trams, bicycles, and automobiles. Ultimately, automobiles 
would form the dominant regime because of their speed, sup-
port from policymakers, and ability to fulfil a latent demand 
for social alternatives to urban living, amongst others. 

Whilst Geels’ analysis illustrates how the adoption of the 
automobile occurred through the alignment and interaction 
of dynamics at three levels, a spatial understanding of the 
landscape further reveals the dynamics of this transforma-
tion. To give an example, while horse-carriages were still the 
dominant regime in the US, public administrations undertook 
a significant change in road pavement since dirt and macadam 
pavements were unsuited to horse-carriages, because their 
wheels tore them apart. To support the incumbent regime, a 
wave of street improvements throughout the 1890s upgraded 
the street surfaces using concrete and asphalt. This process 
of a regime influencing the landscape to stabilise its position 
became one of the spatial conditions for the demise of the 
carriage. Without this new typology of streets, the adoption of 
automobiles may not have occurred. Another example is the 
development of suburbia, which was a response to a growing 
middle class wanting to escape the pollution of urban centres. 
The diffusion of the electric tram enabled the middle class to 
leave the city centre and live in the suburbs. The introduc-
tion of the automobile was linked to this spatial condition and 
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reinforced the process of change. The landscape development 
of suburbanisation, which is a spatial condition, allowed the 
automobile to overcome the tram. Cars then became the pre-
ferred mode of transportation to commute between home in 
the suburbs and work in the city. As the car diffused, it had 
wider spatial impacts. As explained through the concept of 
the system of automobility, the car has become ingrained in 
cities through multiple spatial infrastructures.

Although we may describe automobility as unreplaceable, a 
transition towards a new sustainable transportation system 
may now be possible as a result of discussions concerning 
climate change, urbanisation, and road safety (Köhler et al., 
2019). However, in order to support this transition, discus-
sions must also focus on efforts to limit car-use and ‘go back’ 
to mobility systems where the urban topography is once again 
essential. Possible starting points for this discussion have 
appeared through ‘car-free’ discourses emerging in many 
cities across Europe. The next section further elaborates on 
these car-free discussions and introduces three case stud-
ies to investigate the possible influence and dynamics that 
physical space has played within the transition.

6.3 Methodology: Case 
Studies of Car-free 
European Cities

6.3.1 Discourses on Car-free
Despite its name, the term ‘car-free’ does not necessarily 
mean the absence of cars. Since cars are an essential mobil-
ity mode for many people, such as the elderly, the disabled, 
and certain professionals, banning cars completely would 
disadvantage the many individuals who rely on them every 
day. To accommodate the needs of these people and the 
wider integration of car-use within society, several schemes 
and policies fall under the broader discussion of ‘car-free’.
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Early attempts at car-free strategies have focused on the 
medieval centres of European cities where motor traffic 
would be limited to only what is considered necessary (Topp & 
Pharoah, 1994). Often, these strategies have only focused on 
pedestrianizing small areas in shopping districts to increase 
their attractiveness and economic vitality (see Strøget in 
Copenhagen, zona a traffico limitato in Bologna, and autow-
rije Binnenstad in Amsterdam). While measures have been 
implemented to severely limit the number of vehicles in these 
areas, streets have been designed to accommodate both 
pedestrians and cars so that residents may access their apart-
ments, shops may receive deliveries, and tradespeople may 
bring the necessary tools for their work.

Contemporary car-free initiatives are more complex and 
utilise various physical and digital infrastructures to limit 
car-use. In contrast to the slowly moving response to cli-
mate action taken by national governments, European 
cities are using their own agency to progressively limit CO2 

emissions within their own administrative boundaries. Over 
350 cities and towns throughout the EU have some form of 
urban access regulation (UAR) to limit vehicle use (Sadler 
Consultants, 2020). These schemes are utilised by cities to 
improve issues of air quality and congestion as well as how 
their residents and visitors experience the city. There are 
predominantly three forms of UAR schemes. 

The first UAR is urban toll roads or toll rings, which involve 
charging drivers a fee to enter certain areas of cities during 
specific times. Successful examples of this scheme have 
been implemented in London and Stockholm. After Lon-
don introduced a toll ring in 2003, congestion decreased by 
10%–25% as more travellers chose public transport over cost 
concerns. With more commuters shifting from using a car to 
public transport, London also saw bus delay times decline as 
there was more road capacity for them to move freely (United 
States Department of Transportation, 2011). During Stock-
holm’s pilot of a toll ring from 2006 to 2007, the city removed 
100,000 cars from its urban core (City of Stockholm Traffic 
Administration, 2009). Through a referendum the residents 
of Stockholm voted in favour of keeping the toll, and the toll 
ring was implemented permanently; however, the residents 
in neighbouring municipalities voted against it.

The second UAR form is low emission zones (LEZs), which are 
areas where polluting vehicles are regulated or banned. These 
zones were originally intended to remove heavily polluting 
vehicles such as trucks and vans from cities, but the regula-
tion is now being extended to other vehicles. The Danish term 
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for a LEZ is a miljøzone (environmental zone), and these areas 
are located in each of the four main cities. These zones are 
controlled by automatic cameras that check license plates, 
and they exclude heavy diesel-powered vehicles. In Copen-
hagen, the LEZ has contributed to a decrease of 60% of the 
emission of harmful particles attributed to traffic (Jensen et 
al., 2011). The success of the LEZ to reduce emissions has fos-
tered a discussion within the political parties about whether 
they can extend the zone to passenger cars. The policy would 
first begin in 2025 with diesel cars registered before January 
2012, and then going forward every year after that.

The final form of UAR is key access schemes. Rather than regu-
late by payment or emissions, this form permits access to areas 
based on specific criteria such as a time limit, vehicle type, or 
resident status. While UARs are intended to enforce the num-
ber of cars that should be in a city, cities may also employ other 
spatial strategies to limit cars. Parking, for instance, is another 
strategy to decrease car usage. If more parking becomes avail-
able in a city, it is an invitation for more car ownership as cars 
become easier to use. Parking removal, increased parking 
pricing, and no parking minimums in new housing areas are 
all proven car limitation policies (Shoup, 2005). Less parking 
availability entails that less cars are on the road, which means 
greater efficiency for public transportation systems, and more 
efficient public transportation systems mean people are more 
encouraged to use them (rather than cars).

In relation to the multiple examples of discourses of ‘car-free’, 
the next section explains the empirical data in this study. To 
better understand the role that physical space plays in tran-
sitions, this paper investigates the European cities of Oslo, 
Ghent, and Barcelona, which all currently utilise different 
strategies to reduce car-use.

6.3.2 Case Study Selection
A case study method was chosen to understand the role of 
physical space in transitions in different contexts. I selected a 
multiple case study approach as this offers increased external 
validity (Yin, 2003). The aim of this method is to be explan-
atory, exploratory, and descriptive, while using transition 
theory to create analytical and not statistical generalisations.

The case selection consisted of selecting three cities from 
Europe that are currently working with car-free strategies. 
The cities were chosen from the Urban Access Regulations 
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in Europe database, which provides an overview of all cities 
within the European Union that have urban traffic restrictions. 
Oslo, Ghent, and Barcelona were chosen from the hundreds 
of European cities because of their diverse geographical loca-
tions, climates, cultures, topography, and sizes of car-free 
areas as well as their status of being documented success 
stories through news media outlets.

The empirical research consisted of gathering academic 
papers, municipal plans and policy reports, and news arti-
cles on the three cities and their car-free strategies. Once the 
data was collected, each city’s strategy was spatially mapped 
using geographic information system (GIS) data available 
through Open Streets Maps. This process was supposed to 
be supported by fieldwork visits to each city to document 
how these strategies have been implemented, but this plan 
was delayed and eventually cancelled because of the COVID-
19 pandemic. Instead, this study relies on the accuracy of 
open-source data. The spatial information was accessed 
using QGIS, an open-source desktop GIS application that 
supports the viewing and analysis of geospatial data, and 
the QGIS OpenStreetMap plugin. Oslo, Ghent, and Barce-
lona were queried through the software using search terms 
such as ‘buildings’, ‘land use’, ‘landscape features’, ‘transport’, 
‘traffic’, ‘roads’, and ‘railways’ to build a comprehensive spa-
tial map of the elements required to illustrate the car-free 
strategies. A series of maps were then produced to compare 
the different cities and their strategies.

6.4 Three Cities 
Transitioning to 
Car-free

6.4.1 Oslo
In October 2015, the Norwegian capital, Oslo, announced it 
would ban all private cars from its central business district 
(CBD) within four years (Reuters, 2015). In its plans, the city 
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proposed establishing a car-free zone within the city's inner-
ring road that would allow for 60 km of new bicycle lanes, a 
new public transport system, and pedestrianisation of its 
main shopping streets (The Municipality of Oslo, 2019). The 
plan was complemented by policy to introduce rush-hour 
congestion charging and a reduction of on-street parking 
spaces. Although politicians promoted the plan as a ban on 
cars, exceptions were made for those carrying people with a 
disability and vehicles transporting goods.

The narrative surrounding Oslo’s plans for car reduction is 
based on reducing greenhouse gas (GHG) emissions. This 
strategy was part of a wider climate and energy strategy for 
Oslo to reduce GHG emissions by 50% by 2030 and to zero 
by 2050. In 2012, the transportation sector was responsible 
for 63% of GHG emissions with private cars being the main 
source (The Municipality of Oslo, 2015a). The city is the most 
populous in Norway with 689,242 municipal residents (Sta-
tistics Norway, 2020a), which is forecast to grow by up to 
200,000 by 2050 (Statistics Norway, 2020b). For Oslo to 
meet its targets for GHG reduction, the city had to decouple 
private car-use from its forecasted population growth.

Oslo’s car-free zone includes 1.9 km² inside the city’s inner-
most ring road, Ring 1, which diverts traffic around the city 
centre in combination with the Bjørvika Tunnel (Figure 6.1). 
The area contains Oslo’s main commercial streets and 
shopping malls and approximately 90,000 jobs and 1,063 
residents (Rydningen et al., 2017). As evident from these 
numbers, most visitors to the city centre every day are com-
muters. As the city’s CBD, it is also well covered by public 
transport containing the city’s main train station, a metro line, 
and six tram lines (Figure 6.3). With such a dense coverage 
of public transport, measures to transition away from private 
car-use have focused on increased cycling and walkability 
(The Municipality of Oslo, 2015b). 

Parking policy has been one of the main tools to implement 
Oslo’s car-free strategy. Within the car-free zone, there were 
924 on-street parking places and 6,600 spaces in parking 
garages in 2015 (Rydningen et al., 2017). These parking 
garages had been developed on the periphery of the Ring 1. By 
2018, 760 of the on-street parking places had been removed, 
and 2,400 places had been added in nearby parking houses 
along Ring 1 (The Municipality of Oslo, 2019) to discourage 
car traffic in the CBD (Figure 6.4). The released road space 
from the removal of street parking has primarily been used 
for bicycle lane development to make it easier and safer for 
cycling in the city centre as well as to accommodate parked 
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bicycles (Figure 6.0). Release road space has also been used 
to plant more trees, install benches, and create parklets to 
increase the attractiveness and vibrancy of the urban envi-
ronment (The Municipality of Oslo, 2015b). 

The pedestrianisation of three main shopping streets (i.e., 
Aker Brygge, Karl Johans gate, and Torggata) has forbidden 
private cars from driving through the city centre from east 
to west or north to south (Figure 6.2). Studies observed from 
2016 to 2019 have found a considerable decrease in the num-
ber of passenger vehicles (Sweco, 2020). From 2016 to 2018 
there was a reduction of 11%, and between 2018 and 2019 
the decline was 19%. The greatest reduction has been from 
2019 to 2020 in the western part of the city where a decrease 
of 36% of passenger vehicles was observed. The effect that 
this has had on GHG emissions has not yet been calculated.

In terms of the MLP, the main interaction has been that cli-
mate change awareness and a growing urban population at 
the landscape level have created pressure on the automobile 
regime which has opened up space for the development of 
the car-free niche. A sociotechnical-spatial reading of the 
landscape shows that Ring 1 and Bjørvika Tunnel, which were 
originally built to support the automobile regime, are now uti-
lised to stop cars from entering the urban centre. This strategy 
was reinforced by utilising and expanding existent parking 
garages along Ring 1, as on-street parking was removed. 
This transfer of parking from on- to off-street corresponded 
with the development of bicycle lanes, which benefited from 
excess road width that was originally intended for parking 

Figure 6.0: 
Oslo street transformation (before and 
after) of on-street parking into public 
amenities.
Robert Martin, 2021.



Figure 6.1: 
Map. Oslo car-free area.
Robert Martin, 2021.
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Figure 6.2: 
Map. Car-free strategies.
Robert Martin, 2021.
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Figure 6.3: 
Map. Oslo transportation network.
Robert Martin, 2021.
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Figure 6.4: 
Map. Parking strategy.
Robert Martin, 2021.
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bays. Finally, the concentration of commercial outlets along 
two main streets gave the opportunity to pedestrianize them, 
which created roadblocks for cars going north-south and 
east.

6.4.2 Ghent
Ghent is a city in the Flemish region of Belgium. With a 
population of approximately 260,000, the city is the sec-
ond-largest municipality in Belgium after Antwerp. The city 
dates back to the Middle Ages as a port city connected to 
the North Sea by the Ghent-Terneuzen Canal and comprises 
a medieval core of narrow streets, alleyways, canals and small 
bridges. The wider municipality includes the medieval centre 
and surrounding suburbs covering an area of 156 km² with an 
urban density of 1,700/km².

Ghent contains a number of transportation infrastructures. 
First, the city is surrounded by two ring roads. As well as 
connecting Ghent's suburbs with each other and with the sur-
rounding towns, the R4 intersects with the inner ring road, the 
R40, which links the medieval city's downtown districts. The 
city’s public transport network includes 56 bus and five tram 
lines as well as an intercity railway station, Gent Dampoort 
(Figure 6.8). Ghent also has one of Europe’s largest cycling 
networks with over 400 km of cycle paths (URBACT, 2020), 
which utilise the flat topography of the area.

Ghent’s plans for car reduction stem from a policy that was 
introduced in 1987 to reduce inner-city congestion. The plan 
involved preventing car traffic from driving through the his-
toric city centre by diverting traffic through several inner-city 
streets. Although the plan achieved its objective of reducing 
car traffic in the historic centre, it was unpopular with the 
local residents, because it had not provided alternative meas-
ures for mobility such as increasing public transport services 
in the area (Korver et al., 2012). The plan was withdrawn after 
only six months. 

Ten years after Ghent’s failure to reduce car traffic, the city 
introduced a traffic plan that was nearly identical to the 1987 
version. However, the revised plan was accompanied by sev-
eral measures that helped facilitate alternative modes of 
mobility. These included increased public transport frequency 
and coverage, the construction of underground car parks with 
dedicated parking guidance streets, an expansion of the bicy-
cle path network, and the pedestrianisation of 35 hectares of 



185

public streets in the city’s historic core. Despite not being a 
comprehensive mobility plan for the whole municipality, the 
traffic plan coincided with a slight decrease in car traffic, an 
increase in the number of bicycle trips, and an increased level 
of liveability in the city (Gent Municipality, 2018).

Building on the initial success of the 1997 plan, Ghent intro-
duced its new Mobility Plan 2030 in 2015 to combat a trend 
of increasing car ownership and pollution in the city (Gent 
Municipality, 2018). Fundamental to this policy was the 
creation of a LEZ of 12 km² (Figure 6.6) that would utilise a 
circulation plan to re-direct traffic around the city and provide 
increased accessibility for cyclists, buses, trams, and pedes-
trians (Amaral et al., 2018). To prevent motorists from driving 
through the historic centre of the city unnecessarily, the city 
was divided into six sectors (Figure 6.7). The basic concept of 
the plan was that cars would only be allowed to move from one 
sector to another by the inner-city ring road (R40), thereby 
discouraging drivers to use the city as a thoroughfare and for 
short trips within the city (Figure 6.5). Emergency services, 
waste collection vehicles, public transportation, and bicycles 
may still use all streets to travel between sectors. To enforce 
these new measures, the city changed the travel direction in 
80 streets, extended the pedestrianised area by 150%, and 
made through-traffic by car impossible in 14 locations. Other 
measures in the Mobility Plan 2030 include the increase of 
parking restrictions and fees which limit access to parking 
houses to those who are not business owners or residents as 
well as the inclusion of park-and-ride infrastructure outside 
of the LEZ (Figure 6.9).

The success of Ghent’s Mobility Plan 2030 has become an 
inspiration for other cities around the world, such as Bir-
mingham, UK (Reid, 2020). From 2017 to 2018 there were 
significant impacts from the circulation plan with a 25% 
increase in bicycle users, 8% increase in public transport 
ridership, 12% decrease in car-use during rush hour and 58% 
less cars on residential streets (Cadence, 2018). Although the 
aim of the plan was to reach a cycling modal share of 25% 
by 2030, the city achieved this target by 2019 and is now 
re-evaluating further plans (Watteeuw, 2020).

In terms of a MLP, the main landscape pressure driving a 
transition away from the automobile regime was the growing 
cultural concern of inner-city pollution from excess car-use. A 
sociotechnical-spatial understanding of the landscape reveals 
that the congestion and pollution aligned with a dense urban 
fabric that was not suited to cars. This urban fabric devel-
oped from the city’s medieval history when a horse regime 

Figure 6.5: 
Ghent circulation plan. 
Robert Martin, 2021.



Figure 6.6: 
Map. Ghent car-free area.
Robert Martin, 2021.
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Figure 6.7: 
Map. Ghent traffic islands.
Robert Martin, 2021.
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Figure 6.8: 
Map. Ghent transportation network.
Robert Martin, 2021.
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Figure 6.9: 
Map. Ghent parking strategy.
Robert Martin, 2021.
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was dominant, and close proximity was a spatial condition of 
the landscape. Although, this pressure opened the opportu-
nity for a car-free niche in 1987, the niche was not supported 
spatially and could not succeed. Only after bicycle lanes and 
public transport coverage had been increased in 1997 were 
car-free discourses able to gain momentum and apply pres-
sure on the car-regime from below—which ultimately led to 
the removal of cars from the historic centre.

The momentum from Ghent’s 1997 plan increased with the 
introduction of the city’s Mobility Plan 2030 in 2015. Like 
the one in Oslo, Ghent’s LEZ was demarcated and spatially 
supported by a ring-road (R40) that had been originally built 
to stabilise the car-regime. Ghent’s history as a port city also 
had spatial implications—the Ghent-Terneuzen Canal had 
splintered the city with waterways to give greater acces-
sibility to boats. This spatial forming of the landscape was 
exploited by the Mobility Plan through the establishment of 
traffic islands. Rather than having to build physical barriers 
between the traffic islands, the waterways formed a natu-
ral border with only a few bollards needed on the bridges 
that crossed the canals. The historic sociotechnical-spatial 
landscape informed and facilitated the shift away from the 
automobile regime.

6.4.3 Barcelona
The final case study analysed in this paper is the Spanish city 
of Barcelona. Unlike Oslo and Ghent which have less than 1 
million residents, Barcelona is the sixth largest city in the EU 
with an urban population of 1.6 million residents and with the 
wider metropolitan region being home to more than 5 million 
inhabitants. While Barcelona is celebrated as a global city of 
cultural and economic importance, the city suffers from the 
highest rates of air and noise pollution in Spain, which even 
surpass recommendations from the World Health Organiza-
tion (Mueller et al., 2017).

The narrative surrounding Barcelona’s plans for car reduction 
comes from both a reaction to climate change and a desire to 
restructure the city's fabric (Zografos et al., 2020). According 
to recent studies, the city is particularly vulnerable to climate 
change related threats, including sea-level rise, increasing 
temperatures including urban heat islands, the loss of biodi-
versity, and more frequent and intense drought periods (City 
of Barcelona, 2017). The heat island effect is so significant 
that temperatures in the city centre may be up to 8°C higher 
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than the surrounding less urbanised areas (Moreno-garcia, 
1994). Black asphalt and car emissions bear the majority of 
responsibility for the heat islands in Barcelona (Rueda, 2016), 
with 60% of public land being devoted to automobiles (City of 
Barcelona, 2015), causing a lack of green space in the urban 
environment (WHO Regional Office for Europe, 2016). Bar-
celona’s response to the climate crisis has been to establish 
a goal of reducing CO2 emissions in 2030 by 40% compared 
to the 2005 levels as well as increasing urban green space by 
1.6 km² (City of Barcelona, 2015).

A key aspect of Barcelona’s climate policy has been the city’s 
2013–2018 Urban Mobility Plan in which the Superblock pro-
gram has been a key element. The Superblock program is a 
spatial intervention that aims to transform multiple dimen-
sions of the urban environment through increased greenery, 
sustainable mobility, and increased public space (Zografos et 
al., 2020). The strategy responds to two urban conditions in 
the city. The first appears in the Eixample neighbourhoods, 
an extension of the city first conceived in 1859 which cov-
ers most of the modern city in an orthogonal grid pattern 
(Figure 6.12). The grid of the Eixample was designed by 
architect and urban planner Ildefons Cerdà who envisioned 
the streets as a stream of trams for distributing people and 
goods. Within this grid, a Superblock is a traffic-regulated cell 
of approximately 400 m2, consisting of nine smaller blocks 
in a three-by-three block grid where approximately 5,000–
6,000 residents live (Rueda, 2016). In the outer streets of the 
grid, bus and car traffic circulates, while the interior streets 
are mainly reserved for residents, pedestrians, and cyclists 
(Figures 6.10). Within these interior streets, the number of 
cars is reduced by inhibiting their movement between blocks. 
The space once occupied by cars is then given back to the 
residents in the form of new urban amenities (Figure 6.11). In 
other parts of city, such as the historic core or developments 
on hilly topography, the Superblock deviates to a less rigid 
design of pacified streets.

While only six superblocks have been built to date, Barcelona’s 
ambition is to cover the entire city with a total of 503 super-
blocks over time, transforming 70% of the space currently 
used by cars into new bus lanes and bicycle paths as well as 
increasing the amount of pedestrian space by 270% (López 
et al., 2020). Forecasting from the city expects that the imple-
mentation of the superblocks would reduce car mode share 
by 19.2% with trips being shifted to public transport, cycling, 
and walking (City of Barcelona, 2014). As a result, CO2 emis-
sions would be reduced by 40% per capita, and NO2 pollution 
would be reduced by 24% (López et al., 2020), which would 
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reduce premature deaths by approximately 667 cases each 
year and save EUR 1.7 billion in associated costs (Mueller et 
al., 2019).

In terms of an MLP, there were interactions between the 
landscape and automobile regime, particularly regarding 
the threat of climate change and the heat island effect 
felt by Barcelona’s residents. For the city’s politicians and 
residents, the transition away from the automobile regime 
has as much to do with increasing green space in the city 
as reducing CO2 emissions. For instance, the heat island 
effect, when understood through the lens of a sociotechni-
cal-spatial landscape, is an example of the car-regime actor 
optimising the landscape for itself until it finally reached an 
inflexion point where it destabilises its own position in the 
system. The continual asphalting of roads for car-use in a 
dense urban environment has created the heat island effect 
along with the eventual backlash against cars and has opened 
a window of opportunity for other mobility niches to develop. 
Unlike Oslo and Ghent, which formed a LEZ by a ring-road, 
Barcelona created superblocks formed through the Eixample 
grid. Although initially designed to facilitate the horse-drawn 
tram regime, the landscape of wide streets and chamfered 
corners were particularly accommodating for the transition 
to the automobile and its parking requirements. However, the 
same grid that facilitated the transition to the automobile is 
now facilitating the transition away from it.

Figure 6.10: 
Barcelona Superblock principle 
diagram.
Robert Martin, 2021.
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Figure 6.11: 
Barcelona before and after superblock 
axonometric.
Robert Martin, 2021.



Figure 6.12: 
Map. Barcelona Superblocks
Robert Martin, 2021.
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Figure 6.13: 
Map. Barcelona transportation 
network.
Robert Martin, 2021.
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6.5 Discussion
When applying the analytical framework to the three case 
studies, the analysis revealed that a sociotechnical-spatial 
landscape contributed to the transition away from a car-dom-
inant regime. In each of the three cities, a landscape that 
was created from previous regimes exerted pressure on the 
incumbent regime, opening opportunities for the develop-
ment and support of car-free niches. For example, the narrow 
streets and tight urban fabric of Ghent lead to congestion 
and air-pollution when there became an abundance of cars. 
The analysis also revealed that the unique spatial strategy 
employed by each city was highly dependent on contextual 
factors found within their existing landscape. This relation-
ship is important to note, because as an increasing number 
of cities plan to become car-free, they will look to each other 
for successful references and ideas. Without the necessary 
urban fabric or landscape features, cities may find it hard to 
replicate the strategies of their peers. Cities should, therefore, 
avoid cookie-cutter models in their pursuit to limit car-use. 
Instead, cities should pursue contextual approaches derived 
from the spatial conditions present within their administra-
tive boundaries. Within the framework of the MLP, there are 
several spatial elements across the three case studies that 
can be conceptualised as elements of the landscape level 
that create opportunities for car-free niches. 

In the case of Oslo, a landscape built around car-use ultimately 
contributed to the city’s transition towards car-freeness. The 
combination of a ring road and tunnel built to service the car 
regime was fundamental to the city’s ability to demarcate a 
zone that would be free of cars. Additionally, the presence 
of parking houses along the zone, which were built to allow 
greater car access (Shoup, 2005), in turn helped to facilitate 
the interchange between the car and other modes. Freeing 
the city centre from cars also freed road space that needed 
to be filled with alternative uses. Excess road width that was 
formally used for on-street parking was transformed into new 
infrastructure that supported the transition to more bicy-
cle lanes, bicycle parking, and priority public transit routes. 
Without such shaping of the landscape to facilitate car-use 
through on-street parking, there would not have been the 
available width to accommodate new transport infrastruc-
tures within the street. Thus, spatial elements of the car 
regime created spaces for the development of car-free niches.
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Similarly, the city of Ghent also utilised the landscape ele-
ment of an existing ring road to demarcate a low emission 
zone. However, the city also benefited from a sociotechni-
cal-spatial landscape that was developed through previous 
regimes throughout the city’s history. Although relatively little 
is known about the planning processes involved in design-
ing cities in the Middle Ages, their urban fabric is often a 
mixture of organic growth and irregular arrangements built 
around narrow streets and in proximity to the city’s safety 
fortifications (Lilley, 2001). As a former medieval city, Ghent’s 
historical core's dense urban environment was not suitable for 
car-use, which caused the negative externalities of conges-
tion and air pollution and eventually lead the city’s politicians 
to ban cars in the city’s centre. Further ambitions to limit 
car access in the city were enabled and supported by the 
spatial legacy of Ghent’s period as a port city. As a result, a 
series of canals run throughout the urban environment, lim-
iting passage across them through only a few bridges. The 
city’s planners took advantage of this spatial condition of a 
splintered urban form to create seven traffic islands within 
the R40 ring road whereby cars could not travel between 
the zones. Therefore, Ghent exemplifies how a sociotechni-
cal-spatial landscape that has been formed by horse-, water-, 
and car-based transportation systems throughout the city’s 
history has led to Ghent’s car-free strategy.

Unlike the other case studies, Barcelona has followed a 
decentralised superblocks strategy to limit car-use rather 
than to implement a single car-free zone. One could argue 
that without a spatial landmark, such as a ring road, the city 
could not introduce such an area like that in Oslo and Ghent. 
Instead, the city has unlocked a hidden spatial potential in 
the Eixample city plan that was implemented in the mid-nine-
teenth century to aid horse-based transportation modes. 
By creating smaller, three-by-three block grids, miniature 
car-free zones have emerged over time in a literal interpre-
tation of a niche as a protective space (Rip & Kemp, 1998). 
Within the protective space of a superblock, ‘niche actors 
can nurture the path-breaking innovation so it becomes more 
robust through performance improvements and expansions 
in supportive sociotechnical networks’ (Smith & Raven, 2012, 
p. 1025). This process has already been observed in the four 
superblocks that have been built independently from 2015 
to 2018 that have involved different forms of civil opposition 
and support as well as various forms of citizenship engage-
ment processes (López et al., 2020; Zografos et al., 2020). 
Furthermore, the transformation of each superblock has cor-
responded with the landscape pressure of heat island effects 
caused by excess road asphalt and offers a solution to more 



204

than one societal problem. The spatial strategy of replacing 
roads with green infrastructure demonstrates an immediate 
effect that is recognised and felt by the local population, 
rather than the abstract success of meeting a CO2 reduction 
target. As a result, spatial elements of the sociotechnical-spa-
tial landscape, from the scale of a ring road to a single parking 
space, have been identified to contribute to the transition to 
car-free cities.

While the discussion so far has focused on the unique spatial 
conditions found within each city, the analysis also revealed 
many overlapping spatial qualities, which have been summa-
rised in Table 6.1. This index deviates from the structure of 
the MLP, but it offers tangible inroads for planners and poli-
cymakers who are beginning to work with car-free strategies 
in their own cities. Although the index is not comprehensive 
and needs to be further developed into an applicable tool, it 
still offers certain benefits. By laying out the individual char-
acteristics of cities that have had success limiting car traffic, 
the index offers a roadmap of spatial criteria to planners and 
policymakers who wish to limit car-use in their own cities. For 
example, high levels of population density and coverage of 
public transport and bicycle lane infrastructure are all present 
in the three case study cities. If a city wishing to reduce car-
use does not meet any of those criteria, public authorities may 
wish to consider land-use zoning policies to increase density 
and the construction of bicycle lanes and public transport 
routes before pursing more intense car-free strategies. In 
this way, becoming ‘car-free’ can move beyond black and 
white understandings of car-use and towards a more nuanced 
understanding of a sociotechnical system in transition and 
the localised and spatial contexts in which they occur.

6.6 Conclusion
This paper argues for the role of physical space in sustain-
ability transitions. It responds to knowledge gaps set out 
in Sustainability Transition Research Network’s agenda 
(Köhler et al., 2019) regarding the geography of transitions, 
specifically by moving beyond spatial units towards spatial 
characteristics such as density, topography, urban layout, 
and material infrastructures. The paper particularly focuses 
on an understanding of the city as an object rather than 
a context of urban transportation and its ability to shape 
and be shaped by transition actors and forces. With this 
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framework, a theoretical outset was established that links the 
multi-level perspective on transitions with spatial thinking to 
develop a greater understanding of the sociotechnical-spatial 
landscape. 

To answer the research question of what kind of spatial 
features are found in urban environments that influence 
transitions, the theoretical framework was applied to mul-
tiple case studies of three European cities’ efforts to limit 
automobile-based transport within ‘car-free’ discourses. 
The case studies demonstrate that a number of elements of 
the sociotechnical-spatial landscape that were formed from 
the current car-regime have offered opportunities for the 
development of ‘car-free’ niches. For Ghent and Barcelona, a 
sociotechnical-spatial landscape that included elements from 
previous dominant regimes such as horse-drawn carriages 
and water-based transportation also contributed to creating 
opportunities for car-free niches. Although each city had a 
unique spatial approach to their car-free strategy, several 
similarities were present; the summary of these attributes, 
presented in the discussion, may be useful to planners and 
policymakers working in the field.

In conclusion, the paper contributes to the sustainability 
transitions literature through a reconceptualization of the 
spatial dimensions of sociotechnical landscapes as critical 
components that enable transitions to sustainable urban 
transportation systems. Considering the levels of planetary 
urbanisation, this work is timely as it enriches the ability of 

Characteristic Oslo Ghent Barcelona
Car-free area (sq.km) 12 1.3 60.94

Population 1,063 26,783 973,125
Urban density 
(persons/sq.km)

559 2,308 56,896

Number of buildings 934 24,333 56,596

Buildings within 100m of a bicycle lane 71.52% 75.58% 43.34%

Buildings within 600m of public transit node 100% 90% 99%

Ring road Yes Yes No

Park and ride facilities Yes Yes Yes

Roadblocks Yes Yes No

Access requirements Yes Yes Yes
On-street parking
removal

Yes Yes Yes

Dedicated route to off-street parking Yes Yes No

Urban structure Grid Medieval Grid

30km Zones No No Yes

Central station Yes Yes Yes

Neighbourhood zones No Yes Yes

Pedestrianised shopping streets Yes Yes Yes

Table 6.1: 
Spatial characteristics of the case-
study cities.
Robert Martin, 2021
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transitions scholars and policymakers to collaborate with 
urban professionals, such as architects, landscape architects, 
and urban designers, to support sustainability transitions 
through the analysis and shaping of the built environ-
ment. However, the study is limited to understanding how 
a sociotechnical-spatial landscape exerted pressure on a 
car-dominant regime, allowing opportunities for existing 
sub-regimes such as public transport, cycling, and car-
free strategy niches to emerge. Further research should be 
directed to the study of emerging niche technologies such as 
e-scooters, connected and automated vehicles, and mobility 
as a service to understand their spatial demands and whether 
those spatial demands may be met within the existing land-
scape or adaptations to the built environment need to occur. 
This research may give a different understanding of the soci-
otechnical-spatial landscape and provide more insights into 
approaches towards the transition to sustainable transpor-
tation systems.
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Chapter 7:

Ontological 
Expansion 
Through the 
Visualisation of 
Space

An Architect’s 
Contribution to the 
Sustainable Urban 
Mobilities Agenda.
Martin, R. (2021). (Under rerview)  
In: Applied Mobilities



A growing uncertainty about the future has driven transport 
planners and mobilities researchers to develop new meth-
odologies and ontologies for planning sustainable urban 
mobilities. This article explores how architects can contrib-
ute to this agenda with their own visualisation methods and 
outlooks towards the future. The article presents data gath-
ered during two visioning workshops for a car-free area in 
Copenhagen, Denmark where the visualisation of the spatial 
implication of transport choices was a key catalyst for the 
participants’ discussion. The findings from the two work-
shops reveals that these visualisations helped the participants 
overcome different forms of resistance through a process 
of ontological expansion that inspired the participants to 
imagine possibilities beyond their existing worldviews. Over-
coming this resistance within each workshop was integral to 
generating the different forms of knowledge necessary for the 
transition to sustainable transportation systems. The paper 
concludes with recommendations for future application of 
the methodology as well as an outlook for further research.

7.0 Abstract
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The future of urban mobilities is a topic that is growing in 
interest for researchers, politicians, planners, and the public 
around the world. Dominant discussions focus on what these 
future urban mobilities will look like and whether they will 
achieve targets to successfully de-carbonise and minimise 
the effects of climate change. Historically, transportation in 
our societies has mainly been approached from a positivist 
and empiricist position that has attempted to understand 
the future through predictions models based on historical 
trends and relational extrapolation (Cresswell, 2011). How-
ever, the ambiguity posed by the emergence of new transport 
innovations such as self-driving cars, micromobility, and bat-
tery-electric vehicles; their constantly changing timelines of 
adoption, and doubts about whether they will replace or be 
adopted by existing transport regimes has created a high level 
of uncertainty about the future (Lyons & Davidson, 2016). 
Consequently, this ambiguity creates difficulty for planners 
and policymakers as the tools that modern societies rely on 
to plan, such as forecasting and simulation, are dependent 
on a degree of certainty to qualify their own projections. As 
the degree of uncertainty increases, the extent and accuracy 
of these tools to anticipate and plan for the future decreases 
(Flyvbjerg et al., 2006). Therefore, given such ambiguity 
about the future of urban transport, planners require new 
methods of inquiry and knowledge production. 

In the face of this uncertainty, a growing body of disciplines 
are interested in developing new methodologies and ontolo-
gies for planning future mobilities. This article explores how 
architects can contribute to the mobilities agenda with their 
own methods and outlooks towards the future. Historically, 
architects have had a fascination for new transportation 
technologies which has been conceptualised in new forms 
of urban living (e.g., Le Corbusier’s Ville Radieuse in 1930 
and Frank Lloyd Wright’s Broadacre City in 1932). However, 
this engagement with transportation subsided during the 
twentieth century as automobiles became the dominant 
transport mode through a ‘system of automobility’ (Urry, 
2005) that lead many to take designing cities around cars 

7.1 Introduction
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for granted. Nevertheless, the emergence of discourses 
surrounding autonomous vehicles has reignited architects’ 
imaginations by defining new opportunities for architectural 
intervention in the urban realm (Duarte & Ratti, 2018; Martin 
et al., 2021). Furthermore, the boundary of possibility for 
architects’ visions has expanded beyond the plot of private 
property and has begun to reimagine the transformation of 
automobile infrastructure into new forms of building such as 
collective housing, intermodal mobility hubs, climate resilient 
infrastructures, and typologies of urban living (Sevtsuk & 
Shieh, 2019). 

These architectural visions of the future offer alternative 
methods for approaching the planning of urban mobilities. 
Rather than trying to predict the future, the approach is con-
cerned with consciously shaping a vision that represents a 
better future. I suggest that this process moves transport 
planning away from ‘predict and provide’ ontologies, which 
have left cities with splintered territories and continual high-
way expansion with never-ending congestion, to ‘decide and 
provide’ explorations, which offer pathways to achieve the 
required spatial, social, and technical transformations of soci-
ety to meet our climate goals. In this paper, I present how 
architectural visions have been used to introduce, inspire, and 
invert participant conversations within two visioning work-
shops that aimed to develop strategies and policies towards 
the transition to a car-free urban environment in Copenhagen, 
Denmark. Through my findings, I demonstrate how visual-
isations have been applied to overcome different forms of 
resistance, to illustrate emerging trends in urban mobilities 
futures, and to uncover a variety of futures that might not 
have been envisaged otherwise. The final section offers con-
cluding remarks and a reflection for further research outlooks 
in the future.

7.2 Project Background
The scope of this paper covers four months of an Industrial 
PhD project funded by the Innovation Fund Denmark and 
JAJA Architects. The overall purpose of the PhD project is to 
articulate how to synthesise analytical research and archi-
tectural design methods to create a scenario for a car-free 
area of Copenhagen, Denmark. The city was chosen as a site 
of exploration for several reasons. First, Copenhagen is the 
home of JAJA Architects, therefore, the city’s transportation 
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systems are considered as embodied mobilities by the pro-
ject’s stakeholders. Second, since Copenhagen is already a 
model for green mobility, it is an excellent case study con-
text to study how a city can become car-free. Within the 
Municipality of Copenhagen, 29% of all trips that either 
begin or end within its boundary occur by bicycle, 70% of 
households are car-free, it has one of the most accessible 
public transport systems in Europe (City of Copenhagen, 
2017; Scheurer, 2013), and the municipality aspires to be the 
first carbon-neutral capital in the world by 2025 (The City 
of Copenhagen Technical and Environmental Administra-
tion, 2012). Third, despite being a leader in green mobility, 
Copenhagen's transportation system is anything but secure 
due to economic, social, and political tensions (Henderson & 
Gulsrud, 2019). After decades of policies aimed at attracting 
tax revenue-generating families back to the city, Copenhagen 
risks becoming a more car-oriented city. Although Copenha-
gen has made significant investments into public transport, 
these have been paid for by new urban developments that 
enable families to own a car within the city boundary, which 
has increased the number of cars in the city by 30% since 
2000 (Københavns Kommune, 2016). While Copenhagen 
has announced an unprecedented target of having 75% of all 
trips completed by either walking, bicycle, or public transport 
(Københavns Kommune, 2019), it has not seriously outlined 
how it will restrict car use. Strategies so far have focused 
on small-step initiatives relating to cycling infrastructure 
and electric vehicles, which are not radical enough to bring 
forward a vision of carbon neutrality (Freudendal-Pedersen 
et al., 2020). Calculations show that even if full phasing-in 
of smaller CO2-emitting cars is accelerated, it cannot make 
transport in Copenhagen CO2 neutral by 2025. Even if all new 
cars are electric vehicles, transport in Copenhagen will still 
emit approximately 300,000 tons of CO2 in 2025 (Via Trafik 
Rådgivning A/S, 2020). In the background of this discussion, 
the transportation sector’s share of Copenhagen’s total CO2 
increased by 11% from 2010 to 2015 (City of Copenhagen, 
2016), and congestion in and out of the city is estimated to 
grow by 150% by 2030 (Transport Construction and Housing 
Ministry, 2018).

Furthermore, despite its political ambition, the Copenha-
gen Municipality still lacks the planning tools to transition 
towards a decarbonised transportation system. The devel-
opment of these tools may emerge from a creative practice 
that emphasises dynamic approaches that span across tradi-
tional organisational boundaries (Freudendal-Pedersen et al., 
2020). The following section outlines how two visioning work-
shops were used to understand how architectural methods 
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can be utilised to develop new ways of thinking about and 
planning for sustainable urban mobilities.

7.3 Two Visioning 
Workshops for 
Future Mobilities in 
Copenhagen

The primary methodological component of the PhD project 
was two visioning workshops held at Aalborg University’s 
Copenhagen campus. These workshops were developed 
based on the ‘Future Workshop’ methodology (Andersen & 
Jæger, 2001; Jungk & Mullert, 1987), but instead of asking 
the user groups to propose their own futures, I co-designed 
possible future developments with the participants through 
architectural design tools and visualisations. The aim of the 
workshops was to acquire knowledge and form a consensus 
between the different participants and derive planning path-
ways that can inform planning thinking for future mobilities. 
The two workshops were staged with a two-month break in 
between. Although they were held as two separate events, 
they were part of a reflexive methodology where the findings 
from the first workshop were used to develop the second. 
Central to both workshops was the co-development of a pro-
posal for a car-free Copenhagen that was expressed through 
images and drawings. These images, or glimpses of the future, 
became a medium for the participants to elaborate on new 
and existing policies for future sustainable urban mobilities.
 
To facilitate a holistic and comprehensive process, 30 par-
ticipants from different fields were identified and invited 
to participate in the two workshops. The participants were 
chosen based on their professional background and relation-
ship to urban development and mobility in Copenhagen. The 
group of participants included politicians, municipal work-
ers, city developers, urban planners, researchers, public and 
private mobility operators, and representatives from both 
automobile and cycling advocacy groups. Due to COVID 
restrictions, a total of 12 participants were able to attend. 
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Within each workshop, the participants were organised into 
three separate groups to obtain the widest possible spread of 
disciplinary backgrounds. It was assumed that mixing profes-
sionals from different backgrounds would uncover ontological 
differences through smaller, informal discussions before 
sharing these differences with the entire workshop during 
common discussions. These ontological differences were 
important to uncover as they provided pathways to avoiding 
business-as-usual planning approaches to transport.

Each workshop was divided into three sessions with the goal 
to build common ground between the participants (Freuden-
dal-Pedersen & Kesselring, 2015). Each session lasted one 
hour and involved a short ten-minute presentation to intro-
duce the session topic, a 15-minute small group exercise, and 
a 25-minute common discussion amongst all the workshop 
participants. Following these three sessions, 20 minutes was 
put aside for concluding remarks. The first workshop ses-
sions centred on the following core questions: What does 
car-free mean? What is everyday mobility without cars? and 
What does the car-free city look like? The aim was for the 
participants to move closer to a collective idea of a car-free 
Copenhagen and a more material and concrete vision of it 
in each subsequent session. In the second workshop, the 
collective vision of a car-free Copenhagen was presented 
through the three sessions using a series of design proposals. 
In the second workshop, the discussions focused on the core 
questions of What is missing from this vision? and How can 
we make this happen?

The constant reminder of the urban implications of transport 
were central to the application of architectural methods in 
the visioning workshops. These reminders took the form of 
visual materials such as photographs, maps, graphs, dia-
grams, collages, visualisations, and architectural drawings 
such as plans, sections, and axonometric perspectives. These 
visual reminders were intended to embed the ideas that the 
participants were discussing within concrete materialities 
so that they could connect it to their everyday lives. The 
workshop participants were exposed to the visual materi-
als through two different formats. The first was through the 
introduction presentation as the participants were shown 
up to 20 images to initiate the ideation process. The second 
format was during the small group exercises when images 
of a test site within Copenhagen were shown to the partici-
pants as part of a stimulus kit to inspire creativity amongst 
the group. Each session involved a new stimulus kit that was 
related to the session topic. For example, one kit included a 
map of Copenhagen, icons related to different strategies to 
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limit car-use, a smart phone with Google Maps to navigate 
available mobility options in unknown areas, and eye height 
images of streets where the road surface had been removed 
using photograph editing software (Figures 7.1 and 7.2). Par-
ticipants in the workshop used these kits as prompts for the 
common discussion following the small group exercise. The 
discussion at the end of each session and review of the kit 
material was captured by notes, drawings, photographs, and 
voice recordings.

The findings from the first workshop were then analysed 
and used as prompts for a two-month design sprint that was 
then used as material for the second workshop. In this design 
sprint, I incorporated elements of the desktop research with 
the findings from the first workshop to inform a design pro-
cess that was based on my experience as an architect and 
urban planner. The output of this sprint was a series of design 
proposals for a car-free zone that represented the collective 
vision of the participants. These proposals took the form of a 
series of images representing critical moments in the future. 
While the first workshop’s aim was to build a collective vision 
amongst the participants, the second workshop was intended 
to test that vision. The workshop participants were presented 
the design proposals in the same manner as the first work-
shop. There were three goals in this process: to evaluate the 
feasibility of the design proposals from a wide range of dis-
ciplines, to determine whether the design proposals could 
prompt further design ideas, and to elaborate more potential 
pathways. Both workshops prompted a variety of inputs to the 
discussion of the transition towards a car-free Copenhagen. 
While the first workshop tended to focus on broad challenges 
and political processes, the collective design process of the 
second workshop created a space for elaborating on concrete 
ideas for car-free initiatives within the urban configuration of 
Copenhagen. The following sections present a summary of 
the key findings from the workshops from the perspectives 
of their relevance to Copenhagen and of the wider theoretical 
contributions to planning.
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Figure 7.1: 
Map of Copenhagen with car-free 
strategy icons sued during workshop 1.
Robert Martin, 2020.

Figure 7.2: 
Map of neighbourhood block with 
street view images highlighting parking 
space used during workshop 1.
Robert Martin, 2020.
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7.4 Different Forms 
of Resistance 
Throughout the 
Visioning Workshops

Throughout the two workshops, I experienced various forms 
of resistance at different stages of participant interaction. 
These forms changed between the two workshops; partic-
ipants during the first workshop were sceptical of whether 
creating a car-free city was possible while the participants in 
the second workshop challenged me to remove more cars. 
This section describes the different types of resistance that 
were encountered and highlights how they changed because 
of the visioning workshop methodology.

7.4.1 Workshop 1: You Cannot 
Be Too Radical! 
Throughout the first workshop, I encountered different forms 
of resistance that questioned whether the notion of ‘car-
free’ was realistic. An example of these was the expectation 
from all the participants that changes to limit car access in 
Copenhagen could not occur without strong political backing. 
Although all the participants recognised the need to address 
the rising car-use in Copenhagen, they did not believe that 
within their own professions they could accomplish the nec-
essary impact. This response persisted after the participants 
were shown numerous examples of other European cities 
that had successfully implemented car-free strategies. This 
sentiment was captured towards the end of the workshop by 
one participant who noted that

 we do not have a political goal saying that we want 
to have fewer cars. Of course, we could achieve 
that reduction through regulation and restriction if 
there was political backing there to do it, but cars 
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are something the politicians do not dare to touch. It 
makes it very difficult and complicated for us.

The idea that cars are something that politicians ‘do not 
dare to touch’ is an example of a ‘structural story’ (Freu-
dendal-Pedersen, 2009), which is a popular narrative that 
contradicts the actual situation. As mentioned earlier, 70% of 
Copenhagen’s households do not own a car (City of Copenha-
gen, 2017). While this fact does not equate to political support 
for removing car access, the 30% of households that do own 
a car in the municipality certainly do not represent a major-
ity. To suggest that removing cars would be political suicide 
is simply a form of resistance to change that is directed by 
global normativity.

Another example of resistance was the understanding that 
the transition to being car-free was not only a function of 
technological change but that it also required socio-cultural 
and structural change. Although not intended by the partic-
ipants, this form of resistance became important for their 
discussions as it prompted discussions about alternative 
forms of living that challenged mainstream techno-optimist 
solutions. For example, one of the participants expressed the 
following concern after being asked about mobility choices 
in the car-free city:

 We must remember that the new generation has grown 
up with the on-demand economy. Everything they do 
is on demand: they want it now, they want it in front of 
their door, they want to decide where they want to go, 
and they do not want to be dependent on other people. 
If I do not come up with a product that suits them, some 
American company will come in and do it.

Others in the group responded by challenging whether 
society should take the on-demand economy for granted 
in the future. The workshop participants then considered 
the challenges of family life and how hard it is for them to 
coordinate within the complexity of everyday life. Stemming 
from this conversation, proposals of future transportation 
systems emerged as the participants acknowledged that 
a society where there is an expectation to have all needs 
fulfilled instantaneously will always be unsustainable. From 
this point of resistance, the participants were able to imagine 
future urban mobilities beyond the scope of pedestrian, bicy-
cle, car, and public transport.

Another form of resistance that I encountered during the 
first workshop was the participants’ general inability to 
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conceive of a future without cars. Although each participant 
was directly or indirectly working against private automobile 
use, no one could give a clear vision of life unfolding without 
a car. While everyone could speak generally about limiting car 
use at a macro scale when discussing a map at a city of neigh-
bourhood scale, this completely changed when they were 
asked to consider a street level image and describe what it 
could look like without the associated car infrastructure. This 
understanding is best summarised by a participant who said,

 So, at a macro scale it seems very smart to limit car 
use. But the closer to the street you get, the more baf-
fled we became on what it would look it. We did not 
come up with any amazing ideas. Maybe you could 
grow some vegetables? I think our brains are blocked 
because the more concrete  it gets [sic], the more it 
looks unrealistic. Why is this hard for us? It would be 
great to have more data to help us.

The final sentence in the quote offers significant insight into 
the challenge faced by planners and policymakers—data has 
become a crutch for the unimaginative to lean on and justify 
decisions. Even within the safe space that the future work-
shop created, the participants were unable to trust their own 
insights and intuition. This demonstrates that the transition to 
sustainable urban mobilities will not come from data, because 
only small and predictable solutions come from data. Instead, 
the radical transformation needed for sustainability transi-
tions will come from something that data cannot see, because 
the future has not happened yet. The next section outlines 
how architectural methods were used to inspire imaginative 
alternative futures for the workshop participants.

7.4.2 Workshop 2: You Have Not 
Been Radical Enough!
As mentioned previously, the resistance experienced in the 
second workshop took another form than that of the first. 
While the resistance in the first workshop was character-
ised by scepticism of the idea of a car-free Copenhagen, the 
resistance in the second was predominantly about the visions 
of the future not being radical enough. This altered form of 
resistance likely came from the participants in the second 
workshop reviewing the visual input proposed by those from 
the first workshop. For example, in the first workshop par-
ticipants were hesitant to remove any on-street parking, but 
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after showing them a visualisation of a street where 70% of 
on-street parking had been removed, they remarked that this 
still privileged the car too much. This sentiment was best 
summarised by a participant who noted that:

 it needs to be a radical change, you cannot go halfway, 
you cannot even go 80% or 90%, you need 100% of 
cars gone. If you allow just one car in, it is going to 
destroy it and you are not going to get the life that 
you want in there. Of course, you will have some prob-
lems, but they can be solved by bicycles and public 
transport. If you really think radically, then you could 
finally have areas where parents are not afraid to let 
their children play on the street.

This form of resistance was by far the most unexpected that 
I encountered. This phenomenon may be best described 
by what Marteen Hajer calls ‘ontological expansion’ (2016). 
Hajer describes this process as the transformative poten-
tial of material such as visualisations to help people imagine 
beyond their existing worldviews. The visualisations gave 
the workshop participants a glimpse of an alternative future 
that inspired them to think beyond what they thought was 
possible.

Furthermore, other forms of experienced resistance helped 
the participants collectively rally around the challenge of 
transitioning to a car-free Copenhagen. For example, several 
participants questioned the possibility of the design propos-
als based on financial costs. While this could have stalled 
the imaginative process in the collective discussions, it led 
the group to generate rich insights. As the discussion pro-
gressed, participants proposed methods to finance such a 
grand scheme, such as one participant who said:

 I am coming to this discussion with a very pragmatic 
approach, but this is only because such a project that 
you are proposing is extremely costly and it is impor-
tant to take that into reality. There is an enormous 
amount of infrastructure underneath when you are 
re-arranging streetscapes, so it becomes very expen-
sive. But I am not scared of big numbers – all large 
infrastructure projects have big numbers; it is just a 
matter of financing. We are a rich society, so we can 
always find the money. It is just a matter of taking 
the right choices and making the right plan to do it. 
For instance, I am very pro-congestion charging. That 
could create they money to realise this project.
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Other participants suggested that existing programmes 
funded by the municipality could be a means to finance the 
proposed car-free design:

 How do we move this project? Well in the municipality 
we are planning to build thousands of little recycling 
stations, and it is already financed. So that is a huge 
infrastructure project that we could combine with 
your project.  We’ve already discussed the effect of 
internet trading; well, these recycling stations could 
act as little hubs to create a community spaces that 
handle many different daily functions including trash 
and delivery. That could create a lot of excitement, it 
is going to be rolled out all over the city.

7.5 Knowledge needed 
for sustainability 
transitions

Despite the different forms of resistance experienced, the 
two visioning workshops demonstrated a viable method of 
producing knowledge on the transition towards a car-free 
Copenhagen. To achieve such a transition, scholars speculate 
that three kinds of knowledge need to be produced: systems 
knowledge, target knowledge, and transformational knowl-
edge (Pohl & Hirsch Hadorn, 2007). Systems knowledge 
entails an understanding of the current state of systems and 
actors. The aim of target knowledge is to develop alternatives 
to those systems,, and transformational knowledge regards 
building pathways from a currently unsustainable present 
towards a desirable future. According to Pohl and Hirsch 
Hadorn (2007), traditional forms of scientific study have 
been successful in producing systems knowledge; however, 
these forms are not sufficient for the generation of target and 
transformational knowledge. According to Gaziulusoy and 
Ryan (2017, p. 1917), visioning workshops have been shown 
to generate both target and transformational knowledge as 
they enable the articulation of not only alignment but also 
contradictory perspectives to demonstrate the viability of 
alternative futures.
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The process of producing systems knowledge began before 
the two visioning workshops. This involved starting with desk-
top research to review theories of sustainability transitions 
(Köhler et al., 2019), the new mobilities paradigm (Sheller 
& Urry, 2006), urban planning, the landscape of emerging 
transportation technologies, and data on Copenhagen and 
its urban development policies. This early phase also involved 
identifying and engaging relevant stakeholders and project 
partners to develop an understanding of the diverse array of 
perspectives important to transition to car-free urban envi-
ronments in Copenhagen. This process revealed insights on 
the challenges and opportunities perceived by the stakehold-
ers and particular domains that they found relevant to their 
own organisations that went beyond generic problems, such 
as congestion and pollution, associated with transport in 
most cities. The most pertinent observation from the stake-
holders was the growing trend of the Copenhagen ‘weekend 
car’. This unique phenomenon entails that cars, which are 
not purchased as a primary commuter mode, sit dormant 
on the street during weekdays and are only used by Copen-
hagen residents to escape the city on the weekend, to visit 
their holiday home, or to partake in recreational activities 
where public transport and cycling are not appropriate. At 
the individual level this trend may not seem like a problem, 
but as the phenomenon becomes more common, increasing 
pressure is placed on the stock of on-street parking where 
inefficient demand has outgrown supply. A 2016 study of 
two representative areas of Copenhagen found that one in 
four cars parked on the street did not move from Monday to 
Friday (Københavns Kommune, 2017); however, the stake-
holders who were interviewed anticipated that the situation 
had worsened. This phenomenon of the ‘weekend car’ has 
led to a system where the limited public space within urban 
streets is used to store cars that may be used only once or 
twice during the week. 

The insights derived from the production of systems knowl-
edge became the outset for the co-development of a design 
proposal of a ‘car-free’ Copenhagen within the two visioning 
workshops. This design proposal became the main tool to 
produce target knowledge. Through both workshops, the 
participants established that the collective target of a ‘car-
free’ Copenhagen should make residents less dependent on 
the car in the dense inner city as well as in the wider metro-
politan area so that transportation challenges are not simply 
relocated to other areas in the region. Furthermore, ‘car-free’ 
should not be equated to a blanket ban on cars, but rather 
it should describe a transportation system that preferences 
walking, cycling, and public transit over car-use to create an 
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urban environment full of life and with less noise, smog, and 
carbon dioxide. Through design iterations, the participants 
imagined how new typologies of streets could create arteries 
of not only public transport and bicycles but also new forms 
of city nature and unprogrammed public spaces (Figure 7.3). 
These discussions with the participants developed into the 
idea of a ‘super-boulevard’ (Figure 7.4) that not only creates 
priority streets for bicycles and public transport but also acts 
as boundary lines for new traffic islands within the city.

Participants also suggested that while more restrictive 
measures could be used to limit car-use within the Copen-
hagen municipal boundary, strategies such as mobility 
hubs adjacent to public transportation nodes may work in 
the outer suburbs (Figure 7.5). These mobility hubs were 
imagined as an evolution of traditional parking houses, but 
rather than only being available for privately owned automo-
biles, they could also house shared cars, electric charging 
points, different forms of micromobility, and ground floor 
amenities such as supermarkets, information booths, and 
waiting areas to encourage the interchange between car 
and more sustainable modes. The idea of a mobility hub 
also evolved throughout the workshops as participants 
suggested that these could also become a form of street 

Figure 7.3: 
Participants drawing over the top of 
supplied stimulus material.
Robert Martin, 2020.
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Figure 7.4: 
Visualiastion of superboulevard.
Robert Martin, 2020.

Figure 7.5: 
Copenhagen map showing car-free 
zone (highted red), train lines (red line), 
and mobility hub locations.
Robert Martin, 2021.
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furniture that combines micromobility parking, delivery, 
and trash collection (Figure 7.6).

The establishment of transformational knowledge was syn-
thesised through the intertwining of systems and target 
knowledge to build possible pathways between Copenhagen’s 
current and future ‘car-free’ mobility systems. The pathways 
that were derived from the participants’ responses varied in 
time and scale as well as in their approach to planning man-
agement. While some focused on traditional governmental 
policy approaches such as increasing parking prices and tax-
ation on vehicles, others created innovative pathways that 
broke through siloed conceptualisations of transport. These 
ideas centred less on transport technologies and focused 
more on socio-spatial pathways. They included strategies 
such as using climate resilience infrastructure budgets to 
fund street transformation, socio-political strategies that 
utilise visualisations of the future as well as pilot projects to 
shift conversations from what car owners must give up to 
what society will gain. Furthermore, participants suggested 
the workshops provided pedagogical approaches that could 
develop into mobility awareness educational programs 
for school children to connect the implication of transport 
choices with lifestyle and quality of life at an early age. 

Figure 7.6: 
Visualiastion of micro-mobility hubs.
Robert Martin, 2020.
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7.6 Conclusion
This paper presents a new methodology for the planning 
of future urban mobilities which incorporates architectural 
methods and outlooks towards the future. The methodology 
was created in the context of an Industrial PhD project that 
aims to synthesise analytical research with a design pro-
posal of a car-free area of Copenhagen, Denmark, through 
two visioning workshops. The two workshops were staged 
to co-create future possible urban developments, and vis-
ualisations were developed to evidence the urban spatial 
implications of the themes that the participants had dis-
cussed. These visualisations of urban implications offered 
an alternative method for approaching the planning of urban 
mobilities as it moved transport planning away from ‘pre-
dict and provide’ ontologies to planning that consciously 
shapes pathways towards a better future. This work is perti-
nent to the field of planning as increasing uncertainty about 
the future has left planners searching for new methods of 
knowledge production. 

The findings brought forward throughout the workshop are 
important to both planners and policymakers working in 
Copenhagen as well as to other academics hoping to uti-
lise visioning workshop in the future. From a methodological 
standpoint, the workshops demonstrate how visualisations 
and other architectural methods foster participants to think 
outside their disciplinary boundaries through a process of 
ontological expansion. This aspect was most evident through 
the changing nature of the resistance encountered as partici-
pants transitioned from doubting the possibilities of reducing 
car-use in the first workshop to demanding radical restric-
tions for cars during the second. I suspect that the visualised 
ideas of the participants became vessels for socio-technical 
imaginary that could bridge the intangible idea with the mate-
rial solution (Jasanoff, 2015). Previously, I have explored how 
socio-technical imaginaries are able to direct and de-limit 
what individuals think is possible in the future (Martin, 2021). 
However, the production of such visualisations requires seri-
ous training, time, and resources. Therefore, I recommend 
that teams hoping to use this methodology either have design 
capabilities or the ability to hire outsourced help. 

In terms of the findings directly applicable to Copenhagen, 
the two visioning workshops demonstrated a possible method 
of producing the three types of knowledge mentioned by Pohl 
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and Hirsch-Hadorn (2007) needed to transition to car-free 
urban environments—systems, target, and transformational 
knowledge. While systems knowledge was produced in the 
preparation of the two workshops to identify participants, set 
agendas, and prepare toolkits, target and transformational 
knowledge emerged throughout the two workshops. In one 
sense, target knowledge, which was expressed and discussed 
through the visualisations, is considered the most relevant 
aspect of the project as it becomes a physical artefact of 
the process and something that everyone can see and dis-
cuss. However, its main purpose was to stimulate stakeholder 
imagination to produce transformational knowledge. I do not 
wish to reduce the crucial role that target knowledge pro-
vided in the process but to highlight that the visualisations 
were only representational and did not provide pathways to 
a better future. The transformational knowledge produced 
through the workshops was more valuable as it gave hints to 
novel pathways such as educational programs, funding for 
waste removal, and linkages to climate resilience strategies. 
Therefore, my recommendation is to ensure that workshop 
facilitators strive to inspire participants to consider pathways 
to target knowledge and not stop at the visualisation stage.

In summary, this paper contributes to both mobilities and 
transitions literature by outlining a new methodology for 
visioning workshops focused on transitioning to sustainable 
futures. Although the workshops solely focused on urban 
transportation, this method may be helpful for other prob-
lems where society should look outside of conventional 
assumptions and approaches to transform socio-techni-
cal systems. While producing knowledge that is specific to 
Copenhagen, this work also enriches the ability of academics 
to co-create sustainable futures by collaborating with design 
professionals such as architects, landscape architects, and 
urban designers in other contexts around the world. Further-
more, the number of workshop participants was limited due 
to pandemic restrictions, and therefore, this study could not 
include non-transport professional residents of Copenhagen. 
To accommodate smaller numbers, professionals were also 
considered users as they also live, work, and move within the 
Copenhagen region. In some ways, this framed the work-
shop discussions around macro issues that the professionals 
could easily understand and engage with, but further research 
should involve more users outside of planning and transport 
professionals. If the SARS-COV 2 virus continues to prevent 
large numbers of people gathering into the future, online tools 
such as teleconferencing, surveys, and social media platforms 
may become useful to reach new user groups. Moreover, this 
research may give a different understanding of the collective 
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ambitions of the residents of Copenhagen and provide more 
insights into transformational knowledge towards the tran-
sition to sustainable urban mobilities.
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Chapter 8:

The Exemplar

Copenhagen 
Car-free(dom)
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The exemplar, Copenhagen Car-free(dom) has emerged 
as the completion of the programmatic design research 
approach. Throughout this PhD project, a future scenario 
for a sustainable urban mobilities system in Copenhagen, 
Denmark has been designed and development with a wide 
range of stakeholders through interviews, presentations, and 
two workshops. The following drawings, visualisations, and 
diagrams are a selection of the total body of work which rep-
resent knowledge and insights from the past three years. The 
following chapter may seem foreign in the context of a PhD 
thesis, as it is ‘text light’ and communicates mainly through 
images. However, as an architect, with an architectural studio 
as an industrial partner, I believe that it is within the tradition 
of our profession and supports our attempt to engage the 
outside world with this research.

8.0 Abstract
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Across the globe, car-free cities are becoming a major dis-
cussion in urban planning. In Europe, municipal elections 
are being won across the political spectrum on promises to 
limit car use, reduce CO2 emissions, and give back space 
to the public. Copenhagen is amongst these cities, with an 
ambitious target to being CO2 neutral by 2025. However, CO2 
emissions from the transport sector remain a challenge for 
the municipality’s planners, and policymakers who prefer to 
encourage cycling and public transport modes, over discour-
aging car use. From 2010-2015 the transport sector’s share of 
the city’s total CO2 emissions increased from 24% in 2010 to 
34% in 2015 (The City of Copenhagen 2016a). If Copenhagen 
is to achieve its ambitious targets, it is necessary to reduce 
CO2 producing traffic considerably and look towards car-free 
strategies seriously.

But where the term ‘car-free city’ suggests an either-or sce-
nario, where cars are banned in the urban environment, the 
concept of ‘car-free(dom)’ suggests a choice. This choice 
includes all people and modes of transport, where cars are a 
part of a multimodal mix, but introduces a clear prioritisation 
where less impactful modes become the easiest and pre-
ferred mode of transport. In this scenario, we can transform 
excessive road infrastructure into better housing quality and a 
richer city life, while also reducing noise, harmful air pollution, 
and overall CO2 emissions in Copenhagen.

I imagine this new mobility system like a food diet: everything 
allowed in moderation, with more focus on green and sustain-
able. This way our cities can be happy, healthy, and active. 
Rather than congested, and fat.

8.1 Introduction
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Figure 8.1: 
The Mobility Pyramid.
Robert Martin, 2021.
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The vision of Copenhagen Car-free(dom) is based on the 
city’s unique spatial context combined with insights derived 
from European cities such as Barcelona, Ghent, and Oslo, 
which in recent years are working ambitiously with the plan-
ning and development of future car-free cities.

Inspired by and based on Copenhagen's Finger Plan from 1947, 
the project introduces a range of spatial strategies across all 
scales to shift away from traditional mobility planning.

However, it is my belief that in order to succeed, this project 
must ultimately make a difference in the everyday life of the 
residents of Copenhagen: outside their front door, on their 
way to work, and how they interact with the street.

Therefore, when reading the material on the following pages, 
it is important to keep in mind that the project’s greatest 
ambition is to improve the human scale, so that it can improve 
the quality of life in Copenhagen as the basis for future sus-
tainable urban development. Its aim is to showcase what a 
city’s streets and neighbourhoods could look like if we gave 
much higher priority to sustainable and shared modes of 
transport, rather than private car ownership.

8.2 Vision
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Figure 8.2: 
A living street transformation in 
Copenhagen.
Robert Martin/JAJA architects, 2018.
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Unlike bureaucratic decision-making processes, mobility can-
not be controlled within municipal boundaries as commuters 
travel from home to work and residents use their free time 
to explore their surroundings. However, policies to regulate 
traffic, for example through low-emission zones and traffic 
islands, will always be defined by internal and external bound-
aries. In an attempt to discuss car-freedom in the Greater 
Copenhagen area, this project ignores municipal boundaries 
to promote collaboration between public authorities, so that 
strategies to reduce car use in one area, does not simply shift 
the problem to a neighbouring area.

The scope of this design project lays within the urban core of 
the city. However, the project’s strategies have been devel-
oped with a view to incorporate across the entire region 
(Figure 8.3). It builds on the principles of the Finger Plan, 
where ‘fingers’ of train lines extend out from the ‘palm’ of the 
inner city to the neighbouring municipalities. Several strate-
gically placed mobility hubs are proposed along these train 
lines as well as at the intersection with major roads, and the 
incoming light rail system.

This mobility hub strategy allows the easy interchange for 
motorists to interchange with sustainable transportation 
alternatives as close to their departure point as possible, 
rather than simply having to stop at the car-free boundary. 
They are also imagined as sites to introduce sustainable 
modes in local areas through new public transportation 
routes, and the location of shared cars and micromobility.

8.3 Boundary
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Figure 8.3: 
Copenhagen map showing car-free 
zone (highted red), train lines (red line), 
and mobility hub locations.
Robert Martin, 2021.
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The design project takes two on-going developments in 
Copenhagen as a starting point. The first is the planned con-
struction of an eastern ring road tunnel around the city, Østlig 
Ringvej, and the second is the implementation of a ‘car-free’ 
zone in the medieval city centre (Via Trafik Rådgivning A/S, 
Schønherr A/S, and ICP A/S 2019).

Østlig Ringvej is a controversial project, having to rely on 
funding from the sale of a proposed artificial island built for 
high-socioeconomic demographics, as well as its projected 
induced traffic demand (Vejdirektoratet 2020). However, the 
tunnel’s construction, together with the motoring 2 and E20 
highway, establish a complete ring road around Copenhagen 
(Figure 8.4). Insights from chapter 7 demonstrate that a ring 
road is a valuable tool for establishing car-free zones.

The car-free medieval city will undoubtably create an 
increased quality of urban life in the city. However, according 
to the municipality’s own studies, the transport sector’s CO2 
emissions will only be reduced by 0.7% (Via Trafik Rådgivning 
A/S, Schønherr A/S, and ICP A/S 2019).

Nevertheless, it is the relationship between the two projects 
where this design proposal starts. With the newly established 
ring road, it no longer makes sense to direct traffic through 
the city. The ring road will also require that several of Copen-
hagen's main traffic routes be redesigned. Many of the major 
roads run along the medieval city, and this project therefore 
imagines using this planned car-free zone as a natural block-
ade for through traffic, with the exception of public transport, 
shared transport, and micromobility (Figure 8.5).

8.4 From Vision to 
Reality
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Figure 8.4: 
Copenhagen map highlighting the 
intersection between the proposed 
Østlig Ringvej with the motoring 2 and 
E20 highway
Robert Martin, 2021.

Figure 8.5: 
Copenhagen map highlighting the 
main traffic arteries stopping at the 
proposed car-free medieval city.
Robert Martin, 2021.
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The next step in the design proposes that the city's major 
roads are divided into groups. Every second main road 
remains an accessway (Section 8.7) road for cars into the 
city. However, the capacity of the road is reduced as you move 
towards the medieval centre, ending blindly where the road 
meets the car-free zone (Figure 8.6).

The remaining main roads are designed as a continuous, 
green super boulevards (Figure 8.7), which offer fast and 
attractive connections across the city based on green modes 
of transport. The Super Boulevards are therefore equipped 
with wide superbike trails and roadways that exclusively serve 
public and shared modes of transport (Section 8.6).
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Figure 8.6: 
Copenhagen map highlighting the 
accessway roads stopping at the 
proposed car-free medieval city.
Robert Martin, 2021.

Figure 8.7: 
Copenhagen map highlighting the 
proposed super boulevards.
Robert Martin, 2021.
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Based on the transformation of Copenhagen's main traffic 
arteries, I propose that the area within the ring road be divided 
into eight traffic islands in a radial structure around the medi-
eval city (Figure 8.8).

These traffic islands are bounded by the super boulevards 
and ring road. Motorists can access and commute between 
the traffic islands via the ring road and the access roads, 
which will act as the traffic lanes' backbone. Pedestrians, 
cyclists, public transport and other priority groups and modes 
of transport can move freely between the traffic islands. The 
super boulevards act as a physical boundary to stop car traffic 
travel between the zones.

In this way, the project’s mobility strategy does not prevent 
car access within Copenhagen. It merely makes it the slowest 
and least convenient mode, while prioritising pedestrians, 
cyclists, and public transport over cars. In the following sec-
tion, I present the individual sub-elements in the project to 
illustrate the positive spatial and environmental effects of 
this proposal.

8.5 Traffic Islands
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Figure 8.8: 
Copenhagen map illustrating the super 
boulevards form each traffic island.
Robert Martin, 2021.
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The mobility plan for this proposal consists of four types of 
roads and streets: Super Boulevards, Accessways, Collectors, 
and Living Streets. The streets each have a distinct function 
and character and operate with a clear, inherent hierarchy.

The diagrams on the opposite page describe the relationship 
between each street. The super boulevards (green) are the 
boundaries for each traffic islands. They also provide prior-
itised road for public transport and micromobility as well as 
streets full of green space and trees. Accessways (red) are 
the main road in which motorists can access each traffic 
islands and operate as a spine to distribute cars through-
out the islands. Each accessway feeds into a collector road 
(orange). Collectors are the streets in which cars can navi-
gate through the islands and form superblocks8.1. Motorists 
can only access a living street (yellow) from a collector road. 
Living streets are most streets in Copenhagen and have been 
blocked to through traffic. Two thirds of parking have been 
removed from these streets, while the remaining has been 
given priority to shared cars. The remaining space is trans-
formed into urban nature and amenities to support city life.

The map on the following page illustrates these principles 
applied to Copenhagen.

8.6 Street Principles

8.1 As in Barcelona. See section 6.4.3.
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Figure 8.9: 
Principal diagram explaining the role of 
each road typology.
Robert Martin, 2021.

SUPER BOULEVARD

COLLECTORS

ACCESSWAY

LIVING STREETS



Figure 8.10: 
Copenhagen map with new street 
typologies applied.
Robert Martin, 2021.
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8.6.1 Intersections
As described in the previous section, the project’s mobility 
plan relies on the blocking of several roads to limit areas in 
which cars can access. Where super boulevards and access-
ways intersect with living streets, existing roads are blocked 
and transformed into new urban amenities (Figure 8.11).
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Figure 8.11: 
Before and after axonometric of 
intersection principle.
Robert Martin, 2021.
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8.6.2 Flex zones
On-street parking along super boulevards, accessways, and 
collectors is removed. The space gained from the removal of 
intersections and flex zones is then used to support future 
mobility modes and new urban life (Figure 8.13). Uses include 
parking and charging for micromobility, outdoor furniture for 
cafes, protected transit stops, drop off and pick-up zones for 
taxis, and space for more green areas and city trees (Figure 
8.12).

FLEX ZONE
+

INTERSECTIONS

CITY TREES

CARGO BIKE
PARKING

BICYCLE PARKING

STREET VENDORS

ALFRESCO
DINING

OUTDOOR FURNITURE

SHARED CARS

DROP OFF

CHARGING

BUS STOP

Figure 8.12: 
Diagram describing different purposes 
of the flex zone and intersection space.
Robert Martin, 2021.
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Figure 8.13: 
Before and after axonometric of flex 
zone principle.
Robert Martin, 2021.
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Super boulevards have two important functions: they frame 
the traffic islands while offering an attractive, high-capacity 
connection through the city designed for bicycles, micromo-
bility, shared, and public transport. At off-peak hours, they 
may also be utilised by logistic companies to quickly move 
goods around the city. The two sections on the opposite page 
illustrate the transformation of a main traffic artery into a 
super boulevard (Figure 8.15). The drawing shows how seven 
lanes of traffic are converted into two transitways (yellow), 
two lanes for shared vehicles (yellow hatch), and two bicycle 
highways (blue). 

The drawing also shows how excess road capacity is trans-
formed into a green terrace that acts as a physical boundary, 
which prevents car traffic from travelling across traffic 
islands. The super boulevard therefore has far fewer inter-
sections, which both saves space and provides a basis for 
an efficient green connection through the city (Figure 8.14).

8.7 Super Boulevards

Figure 8.14: 
Super boulevard principal diagram.
Robert Martin, 2021.
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Figure 8.15: 
Before and after section drawing of 
super boulevard transformation.
Robert Martin, 2020.
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8.7.1 H.C. Andersens Boulevard
H. C. Andersens Boulevard is one of Copenhagen's busiest 
traffic arteries. It was inspired by the wide boulevards of Paris 
and was not designed for through traffic. Instead, it was con-
structed as a green promenade lined with trees. Following 
World War II, most of the trees were removed and six lanes 
of traffic were installed.

As the road borders the medieval city, it is imagined as a super 
boulevard. The opposite page illustrates the transformation of 
the road, where the green promenade of trees is reintroduced 
as well as the public transportation corridor (Figure 8.16). The 
following pages shows the before and after transformation 
of the road as an eye-height visualisation.
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Figure 8.16: 
Before and after axonometric of the 
super boulevard principles applied to 
H.C. Andersens Boulevard.
Robert Martin, 2020.
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Figure 8.17: 
Eye-height visualisation of the current 
situation on H.C. Andersens Boulevard.
Robert Martin, 2020.
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Figure 8.18: 
Eye-height visualisation of the 
proposed super boulevard on H.C. 
Andersens Boulevard.
Robert Martin, 2020.
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Accessways function as a backbone in each traffic island and 
serve as a distribution street for car access. Accessways are 
connected to the zone’s ring road and are therefore the only 
connection in and out of each traffic island (Figure 8.20). 
Like super boulevards, the intersection between accessways 
and living streets are blocked. Motorists are able leave the 
accessway at the intersection between the road and a col-
lector (Figure 8.19).

8.8 Accessways

Figure 8.19: 
Accessway principal diagram.
Robert Martin, 2021.
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Figure 8.20: 
Siteplan of a proposed traffic island 
with street typologies highlighted.
Robert Martin, 2020.
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8.8.1 Accessway Examples
Each accessway starts at the ring road and ends at the meet-
ing the medieval city. This means that the closer one travels 
towards the medieval city, the fewer cars need the service 
of the accessway. Therefore, rather than having a continu-
ous traffic artery that cuts through the city, the accessway 
gradually scales down in capacity before meeting a dead end 
at the intersection with the centre, which forms a new plaza 
(Figure 8.22).

The idea of a gradual downscaling of the accessway is exem-
plified here along the roads Bispeengbuen, and Åboulevard 
which extend from each other. Here I show three sites within 
the accessway, where the road changes from 4-lanes to 
2-lanes before ending in a new public plaza at Jarmers Plads 
(Figure 8.21).

This particular road has been chosen because there is an 
on-going discussion within the Copenhagen Municipality of 
reopening a dormant river that lies underground. In fact, the 
Å in Åboulevard means river in Danish, which refers to the 
historical form of the road. To achieve this goal, the city is 
investigating building a four-lane tunnel to bypass the exist-
ing road and redevelop the river (The City of Copenhagen 
2016b). Within the project, Copenhagen Car-free(dom), I wish 
to illustrate how the same goal can be achieved without the 
economic, environment, and social impact that building a 
tunnel would bring.
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BISPEENGBUEN

ÅBOULEVARDEN

JARMERS PLADS

Figure 8.21: 
Situation plan highlighting the location 
of the three accessway examples.
Robert Martin, 2021.

Figure 8.22: 
Principal diagram of the accessway 
downscaling as it meets the medieval 
city.
Robert Martin, 2020.
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8.8.1.1 Bispeengbuen

Bispeengbuen is the first site of investigation. It is an elevated 
6-lane motorway on columns that cuts through a residential 
area, creating a barrier between the neighbouring housing 
plots. The bridge was built in 1972 but has been controver-
sial since its inauguration. There have been discussions to 
dismantle it since 2011.

There is no doubt that the municipality’s proposed tunnel 
is preferable to the current elevated motorway. However, 
the tunnel proposal still requires the establishment of long 
descent ramps in the middle of the city, which will splinter 
the urban environment and will allow tens of thousands of 
cars to pass through the city.

This project suggests that Bispeengbuen still be taken down, 
but that the road be placed on the ground instead. Reports 
from feasibility studies show that four lanes are enough to 
take up capacity over Bispeengbuen (Åbn Åen 2021). A reduc-
tion in the number of lanes from the existing six to four makes 
room for both road and reopening of the river, as well as new 
urban nature and amenities and greater cycling infrastructure 
(Figure 8.24).

Figure 8.23: 
Principal diagram of Bispeengbuen's 
location on the accessway.
Robert Martin, 2020.
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Figure 8.24: 
Before and after axonometric of 
the accessway principles applied to 
Bispeengbuen.
Robert Martin, 2021.
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8.8.1.2  Åboulevard

Åboulevard, which is an extension of Bispeengbuen, is 
designed according to the principle of downscaling to only 
two lanes for vehicle traffic. The illustrations on the opposite 
page (Figure 8.26) show how the street and the reopened river 
together create a vibrant and attractive recreational space 
through central parts of the city. The illustration also shows 
where the accessway intersects with a collector road and is 
blocked to the adjoining living street.

The following page showcases a before and after visualisation 
of the Åboulevard transformation.

Figure 8.25: 
Principal diagram of Åboulevard's 
location on the accessway.
Robert Martin, 2020.
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Figure 8.26: 
Before and after axonometric of 
the accessway principles applied to 
Åboulevard.
Robert Martin, 2021.
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Figure 8.27: 
Eye-height visualisation of the current 
situation on Åboulevard.
Robert Martin, 2021.
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Figure 8.28: 
Eye-height visualisation of the 
proposed accessway and rejuvenated 
river on Åboulevard.
Robert Martin, 2021.
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8.8.1.3 Jarmers Plads

The final site of investigation is where the accessway ends at 
the intersection of Jarmers Plads. As this is the final point at 
which cars can depart the accessway, motorists must either 
turn left or right. Pedestrians and cyclists may still continue 
through to the medieval city. The large amount of space 
released through the blockage of the accessway creates a 
new public plaza where the re-established river ends in a 
new public fountain.

The following pages present a before and after site plan of 
the proposed changes. 

Figure 8.29: 
Principal diagram of Jarmers Plads' 
location on the accessway.
Robert Martin, 2020.
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Figure 8.30: 
Before and after axonometric of 
the accessway principles applied to 
Jarmers Plads.
Robert Martin, 2021.
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Figure 8.31: 
Existing siteplan of Jarmers Plads.
Robert Martin, 2021.
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Figure 8.32: 
Existing siteplan of Jarmers Plads 
illustrating the new public plaza and 
end of accessway.
Robert Martin, 2021.
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8.8.1.4 A New Rampart

As illustrated with the example of Jarmers Plads, all access-
ways, finish as a dead end at the intersection with the 
medieval city.

This strategy not only adds a number of new, public squares 
and urban spaces to the city, but also offers the opportunity 
to re-establish Copenhagen's original ramparts as a green, 
continuous park that surrounds the medieval city. Several 
fragmented city parks can be re-established as a whole, 
where historic layers, transport planning, and urban nature 
are united in a single move.

Figure 8.33: 
Principal diagram illustrating the 
establishment of a new green rampart.
Robert Martin, 2021.
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Figure 8.34: 
Bird-eye overview of proposed green 
rampart surrounding the medieval city.
Robert Martin, 2021.
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The accessways branch out into the collector streets that 
surround small residential neighbourhoods. In principle, 
this proposal works in the same way as we know it from the 
Super Blocks project from Barcelona, where through traffic 
is prevented from travelling within neighbourhood streets 
(Figure 8.35). Residents may only access their own living 
street through a collector road.

The two sections on the opposite page illustrate the transfor-
mation of a road into a collector (Figure 8.36). The drawing 
shows how traffic is limited to one lane in each direction. The 
excess road and parking space is converted expanded cycle 
lanes and flex zones for new urban amenities.

8.9 Collectors

Figure 8.35: 
Collector superblock principal diagram.
Robert Martin, 2021.
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Figure 8.36: 
Before and after section drawing of a 
collector transformation.
Robert Martin, 2020.
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8.9.1  Tagensvej
Tagensvej is a major thoroughfare in the NW part of the 
city. Although the street is located within a residential area, 
there can be up to 400m between pedestrian crossing, and 
therefore, residents must dangerously run across the road 
amongst traffic to get from one side to the other.

The two axonometric drawings on the right (Figure 8.38) illus-
trate how the street is transformed from a main thoroughfare 
for cars into a collector for all road users with an flex zone 
that includes new covered bus stops, and timed standing 
zones for pick-up and drop off. At the intersection between 
living streets and collectors, motorists may only enter or exit 
a living street with a right-hand turn (Figure 8.37). This cre-
ates a simpler and safer traffic flow, where new pedestrian 
crossings can also be implemented.

The following page visualises a before and after scenario of 
the street, where the introduction of a new raised pedestrian 
crossing re-orientates the street to give greater and safer 
connection for residents moving between living streets. 

Figure 8.37: 
Collector traffic wayfinding diagram.
Robert Martin, 2021.
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Figure 8.38: 
Before and after axonometric of the 
collector typology principles applied to 
Tagensvej.
Robert Martin, 2020.
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Figure 8.39: 
Eye-height visualisation of the current 
situation on Tagensvej.
Robert Martin, 2021.
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Figure 8.40: 
Eye-height visualisation of the 
proposed collector and new pedestrian 
crossing on Tagensvej.
Robert Martin, 2021.
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Within the superblock formed by the collectors are the living 
streets that ensure access to the homes and are primarily 
intended for the area's residents. The living streets are only 
one-direction and have an enforced slow speed limit through 
changes in the road profile, which provides safety and an 
experience of peace in the residential areas. 

This principle is illustrated in the diagram below (Figure 8.41) 
and applied to a neighbourhood in the district of Nørrebro in 
the site plan opposite (Figure 8.42). The residential streets 
have a natural, low speed limit, which creates security and 
provides an experience of peace and quiet in the residential 
areas. To further support this spatial experience, schools, 
and cultural facilities can work with decidedly closed streets 
to car traffic.

8.10 Living Streets

Figure 8.41: 
Diagram describing traffic principles in 
living street neighbourhood.
Robert Martin, 2021.
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Figure 8.42: 
Proposed siteplan of living street 
principles applied to a Nørrebro 
neighbourhood.
Robert Martin, 2021.
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By re-thinking our approach to residential streets, living 
streets provide an increased amount of green space to local 
areas and new communal areas which can provide climatic 
protection to extreme rainfall events. The street also provides 
new infrastructure to support sustainable mobility such as 
dedicated parking spaces for shared-cars, secure on-street 
parking for bicycles and cargo-bikes, electric vehicle charging 
stations.
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Figure 8.43: 
Before and after axonometric of the 
living street principles applied to 
generic street in Copenhagen.
Robert Martin, 2020.
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Elsewhere, the utilisation of one-way living streets allows the 
opportunity to create spaces rather than intersections where 
streets meet. These special places can advantageously be 
arranged as micro-mobility hubs in the neighbourhood which, 
for example, can handle parcel post, waste sorting, rental of 
cargo bikes and other shared mobility, etc.

The following pages illustrate several micro-mobility hubs 
and their integration into a living street.
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Figure 8.44: 
Before and after axonometric of the 
living street principles applied to 
generic street crossing in Copenhagen.
Robert Martin, 2020.
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Figure 8.45: 
Eye-height visualisation of a current 
street intersection situation on 
Struenseegade, Nørrebro.
Robert Martin, 2021.



293

Figure 8.46: 
Eye-height visualisation of several 
proposed micro-mobility hubs on 
a former street intersection on 
Struenseegade, Nørrebro.
Robert Martin, 2021.
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8.10.1 Living Street Catalogue
No two streets in Copenhagen are alike: ranging for exam-
ple in length, width, and adjacent building heights. While 
this applies to super boulevards, accessways, and collectors, 
these pale in comparison to the variety and number of living 
streets. Therefore, this project has prepared a catalogue of 
different approaches to apply to living streets based on their 
spatial characteristics. On the opposite page, three examples 
of the catalogue are presented. The image shows how even if 
the same principles are applied to a street, the outcome will 
vary based on the street’s dimensions.

In the following pages, two examples of the application of 
the living street catalogue to neighbourhoods in Copenhagen 
are presented.
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Figure 8.47: 
Three examples for the Living Street 
Catalogue.
Robert Martin, 2021.
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Figure 8.48: 
A proposed siteplan of living street 
principles applied to residential streets 
in Copenhagen.
Robert Martin, 2021.
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Figure 8.49: 
A proposed siteplan of living street 
principles applied to residential streets 
with an intersection in Copenhagen.
Robert Martin, 2021.
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In summary, this chapter has presented the output of the 
programmatic design research approach as an exemplar pro-
ject, Copenhagen Car-free(dom). Through a series of short 
explanatory texts, illustrations, drawings, and diagrams the 
chapter finalises the research project by contextualising the 
work as a form of comprehensible dissemination, so that the 
research can interact with the outside world. The chapter 
began by outlining an approach to sustainable urban mobil-
ities through the analogy of a mobility diet that preferences 
smaller, shared, and sustainable modes in the urban envi-
ronment, while still allowing car access. It then outlined a 
series of large-scale strategic moves to limit car use, while 
connecting these strategies to the human-scale through 
eye-height visualisations to illustrate the spatial, social, and 
environmental benefits of such a proposal. 

8.11 Chapter Summary
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Chapter 9:

Conclusions
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The point of departure for the ‘Points of Exchange’ PhD pro-
ject was rejection of the dominance of positivistic transport 
planning approaches to the development of future sustainable 
urban mobilities. It was inspired and conceived by a company 
of architects and urban planners who felt a lack of agency to 
drive the transition towards sustainable urban development 
in their practice. This thesis took this sentiment as a basis 
to explore how architects may contribute to the sustainable 
urban mobilities agenda through their methods of visualis-
ation and unique understanding of space. A significant aspect 
of this Industrial PhD research is the reconceptualisation 
of space as an integral aspect of sustainability transitions, 
facilitated by a research-through-design methodology. This 
chapter draws on the vast amount of academic and industrial 
work of the past three years to answer the guiding research 
questions. To conclude, I propose implications for theory and 
practice that have derived from this PhD project and provide 
an afterword to close the work.

9.2 Answering the 
Supplementary 
Research Questions

As described in the programmatic design experiment 
approach to research-through-design, the relationship 
between the programme, design experiments, and four 
papers contributed to answering the different research ques-
tions. In the following sub-sections, I start by answering each 
of the supplementary research questions before using these 
insights to discuss the overall research question of this PhD 
thesis.

9.1 Introduction
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9.2.1 What Is the Role of 
Emerging Transportation 
Technologies in Driving 
a Transition Towards 
Sustainable Urban 
Mobility Systems? 
This PhD project was conceived of at the peak of inflated 
expectations9.1 of AVs. At that time, it appeared that the 
world was on the verge of a paradigm shift in the way peo-
ple move around cities. Each day, a new press release would 
emerge announcing a pilot city, an advancement in the tech-
nology, or the acquisition of a new AV start-up, complete 
with glossy images of the AV ‘in the field’. These fictitious (in 
hindsight), yet capital-attracting depictions were reinforced 
by trend-analysis reports by the Big Four consulting firms, 
which announced the imminent arrival of the technology in 
the next few years, complete with multi-billion-dollar revenue 
projects. Therefore, the first emerging transport technology 
that was analysed in this investigation was the AV.

The basis for A1 (Chapter 4), ‘Transformations of European 
Public Spaces with AVs’ was a series of design experiments 
that imagined autonomous driving futures in a Copenhagen 
context. While studies exist that imagine AV futures, they 
primarily present conditional scenarios that will be rare in 
practice. Current thought experiments may depict AVs as 
a simple substitution for existing monomodal patterns of 
automobile use, which exacerbates the already destructive 
implications of congestion, resource consumption, and urban 
sprawl. Alternatively, they imagine that AVs lead to a utopic 
future in which shared ownership reduces the negative con-
sequences of automobiles and supports sustainable mobility. 
These two alternatives simplify the way that AVs will emerge 
in the world and substantially ignore the possibility of long-
term transitional periods and the fact that local social, spatial, 
and political conditions will affect their use.

What became apparent throughout the design experiments 
was that AVs alone cannot drive a transition towards sustaina-
ble urban mobility systems. This point was further established 
in A2 (Chapter 5), in which an analysis of AV futures from an 
incumbent automotive manufacturer showcased a replication 

9.1 The Peak of Inflated Expectations 
is one of four stages of the Gartner 
Hype Cycle of the maturity and 
adoption of technology. It describes 
the early enthusiasm for new tech-
nologies where a few success stories 
often shadow many failures. Over 
time, a new technology will then 
enter the Trough of Disillusionment, 
followed by a Slope of Enlighten-
ment, and eventual maturity within 
the Plateau of Productivity.
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of existing transport systems within a ‘system of automobil-
ity’ (Urry, 2005). Instead, to transition towards sustainable 
urban mobility systems, the development of AVs should be 
seen in conjunction with other technological developments 
that integrate the use of AVs with solutions based on shared 
mobility, micromobility, and active modes. Mobility as a Ser-
vice offers one such opportunity to integrate different modes 
of transport through the exponential uptake of smartphone 
devices. Accessing a MaaS platform using a smartphone, a 
user can order transport between two locations, and receive 
possible travel choices based on different types of transport 
within an integrated payment system. Transport solutions 
can consist of public transport, car-sharing, bicycles, or 
micromobility, depending on what fits the customer and their 
journey. This allows users to ‘match’ the vehicle type to their 
journey type. Therefore, MaaS has the potential to increase 
modal share to more sustainable modes of transport as users’ 
individual journeys become less reliant on a car to fulfil all 
transport needs and more tailored to the specific journey’s 
needs. However, as shown through the design experiment 
‘From Train Station to Mobility Hub’, considerable adaptation 
to existing transportation infrastructure will be required to 
facilitate such a mobility system.

Although not directly related to emerging transport tech-
nology, insights from the two visioning workshops (outlined 
in Chapter 7) highlighted that low-hanging fruits should not 
be ignored in the discussion of sustainable urban mobili-
ties. These can include existing transport modes, such as 
cycling and car-sharing, that do not require huge infrastruc-
ture upgrades or investment in technology to reach many 
of the same ambitions in sustainable urban mobility. In this 
light, the emergence of new transportation technologies may 
actually hinder the transition to sustainable urban mobility 
systems, as they distract investors, companies, planners, and 
policymakers from tangible solutions that are available today. 
For instance, a recent publication by the World Economic 
Forum on the future on urban logistics concluded that the 
most promising technology to de-carbonise last-mile delivery 
was autonomous delivery bots (2020). Not once are bots 
compared to cargo bicycles, despite the current adoption 
and promotion of this vehicle by international logistic com-
panies attempting to reduce their carbon footprint. This point 
illustrates that society needs to look beyond the hype of new 
technologies and evaluate them objectively. 

A final insight revealed by the first design experiments was 
that the introduction of emerging transportation technologies 
varies significantly according to urban forms and is highly 
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contextual. This was demonstrated in the different applica-
tions of AVs in each of the three scenarios in Chapter 4. For 
example, in a suburban environment, AVs were imagined as 
similar to taxi services, with a fundamental aim of re-con-
necting spatially splintered residential plots to improve social 
cohesion. However, on dense, inner-city streets, their appli-
cation resembled bus services, envisioned to create more 
space for more efficient movement through micromobility. 
Therefore, I conclude that the role of emerging transporta-
tion technologies in the transition towards sustainable urban 
mobility systems is to shift focus from the monomodal auto-
mobile systems that have dominated the twentieth century. 
Instead, the focus moves towards multimodal systems that 
best apply new technologies where they can achieve the 
greatest impact. Furthermore, I suggest that these insights 
may re-frame the first supplementary research question for 
future research from ‘What is the role of emerging transporta-
tion technologies in driving the transition towards sustainable 
urban mobility systems?’ to ‘Where is the role of emerging 
transportation technologies in driving the transition towards 
sustainable urban mobility systems?’.

9.2.2 How Can Different Spatial 
Characteristics of the 
Urban Environment Drive 
the Transition Towards 
Sustainable Mobility 
Systems? 
The second sub-research question emerged from a re-framing 
of the research programme after the first design experiment 
(described in Chapter 4) and analysis of different visualis-
ations of future mobility systems (presented in Chapter 5). 
In those chapters, it was established that emerging transport 
innovations will not alone drive the transition towards sus-
tainable urban mobility systems; they need to be conceived 
in connection with changes to the built environment. This 
became obvious in the examples presented by the automotive 
manufacturer, Daimler, in Chapter 5, in which sustainable 
mobility modes were not presented with adequate infra-
structure to suggest a sustainable urban mobility system. 
Therefore, the second research question focused on which 
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spatial characteristics were necessary to transition to sus-
tainable mobility systems.

Current iterations of sustainability transitions theory do not 
adequately allow for the inclusion of physical space when dis-
cussing sustainability transitions. Therefore, a considerable 
effort was made to reconceptualise the spatial dimensions of 
sociotechnical landscapes as an essential element enabling 
transitions to sustainable urban transportation systems. As 
emerging niche technologies do not yet exist at scale, it was 
deemed important to determine which spatial characteristics 
exist that are contributing to limiting car use now within car-
free discourses. This effort was documented extensively in 
Chapter 6 with the formulation of the idea of a sociotechni-
cal-spatial landscape. The findings clearly showed that spatial 
context was crucial in the transition to sustainable transpor-
tation systems and in guiding individual strategic responses 
by cities. For example, Barcelona’s Eixample city grid plan 
inspired a considerably different response to promoting sus-
tainable transport than the medieval urban fabric of Ghent. 
This is important to stress, as both cities are currently used 
as defining examples by other cities that are determining how 
to limit car use. Therefore, a clear conclusion is that city plan-
ners and policymakers should avoid standardised responses 
to restricting car use and instead consider the unique spatial 
characteristics of their built environment.

Interestingly, spatial infrastructures built to facilitate auto-
mobile transportation systems may also contribute to the 
transition towards sustainable urban mobility systems. For 
instance, analysis of the third design experiment showed that 
ring roads had been used successfully by multiple cities to 
demarcate car-light areas. Moreover, multistorey carparks 
located adjacent to ring roads may be converted into inter-
change points between cars and other, more active, modes 
of transport. Multistorey carparks also served to consolidate 
parking in designated areas, providing the option for public 
authorities to transform on-street parking into other public 
amenities. Furthermore, the design proposal in Chapter 8 
expands on these two typologies by showcasing how excess 
capacity on main thoroughfare roads can be repurposed to 
form dedicated public transport lines and to widen cycle 
paths. These points are not intended to encourage cities to 
continue building infrastructure for automobiles, anticipat-
ing later transformation. Instead, they illustrate that cities 
can approach the transition to sustainable transportation 
through the adaptation of existing infrastructure, rather than 
by building new.
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While the discussion so far has focused on unique spatial 
characteristics found in urban environments, the research 
also highlighted several overlapping spatial factors found 
in the case-study cities of Barcelona, Ghent, and Oslo that 
benefited sustainable transportation. The three most conclu-
sive characteristics were a high population density, a dense 
network of bicycle lanes, and a highly accessible public trans-
portation system. While these findings may seem banal, I 
want to reiterate the point that cities considering the transi-
tion to sustainable transportation systems must look beyond 
the hype of new technologies, such as autonomous vehicles 
and flying drones. Instead, they should consider more proven 
strategies, such as land-use zoning policies, the construction 
of bicycle lanes, and investment in public transport. However, 
I concede that these strategies may be more applicable to 
wealthy cities in the global north. For cities without the means 
to invest in such infrastructure projects, there may be other 
means to achieve sustainable transport beyond the scope of 
this PhD research.

9.2.3 How Do Visualisations of 
Future Mobility Systems 
Affect Stakeholder Input 
and Planning Processes?
The third sub-research question surfaced from reflecting on 
the responses I received when presenting the three design 
scenarios from the first design experiment. The scenarios 
were presented to a wide range of audiences, including aca-
demics, planners, policymakers, members of the transport 
industry, and the general public, as a form of dissemination 
to show the work that JAJA and I were doing. While the sce-
narios were depicted through a range of mediums, such as 
diagrams, drawings, and visualisations, my experience was 
that the visualisations usually became the focal point of dis-
cussions. I concluded that the visualisations were successful 
as a catalyst for discussion because they provided a way for 
the audience to connect a future mobility system with their 
everyday lives. Too often, the discussion of future mobilities 
occurs at an abstract and superficial level, whereby spoken 
or textual debates are far removed from the context in which 
the changes discussed are supposed to occur. Visualisations, 
however, take abstract debates and embed the ideas within 
concrete materialities, so individuals can imagine life within 
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the ideas presented. With this realisation as a basis, I wanted 
to test how my own visualisations of future mobility systems 
might affect planning processes in Copenhagen.

My primary method for investigating this question was 
two visioning workshops that brought together a range of 
transportation stakeholders in Copenhagen from the public 
and private sectors (the method is described in Chapter 7). 
While the aim proposed to the workshops participants was to 
co-design a possible scenario for sustainable urban mobilities 
in Copenhagen, I was also interested in observing how partic-
ipants interacted with the visualisations that I would produce 
during the process. From the literature, it appeared that vis-
ualisations of future mobility systems may move transport 
planning processes away from ‘predict and provide’ ontolo-
gies towards a ‘decide and provide’ approach that consciously 
shapes transition pathways towards better outcomes (Gazi-
ulusoy & Ryan, 2017; Lyons, 2015). However, I observed that 
the visualisations allowed the workshop participants to think 
beyond their disciplinary silos through a process of ontolog-
ical expansion (Hajer, 2016). This was most evident through 
the changing nature of resistance I experienced between the 
two workshops, when visualisations of the ideas discussed in 
the first workshop were presented in the second. For exam-
ple, while many participants from the first workshop doubted 
the possibility of restricting car use as a pathway towards 
sustainability mobilities, when showed visualisations of a 
car-light solution, participants from the second workshops 
demanded that cars be completely banned. Furthermore, 
the discussions prompted by the visualisations led to novel 
and imaginative forms of transformational knowledge (Pohl 
& Hirsch Hadorn, 2007) and possible pathways towards sus-
tainable urban mobility systems. Therefore, I conclude that 
visualisations of future mobility systems can aid planning 
processes. They allow stakeholders to imagine beyond exist-
ing, path-dependent knowledge regimes and act as catalysts, 
linking and encouraging discussion between different disci-
plinary backgrounds.

While the scope of the PhD research only included two 
visioning workshops, the production of the final exemplar 
design proposal allowed me to repeatedly engage with the 
outside world. As outlined in Chapter 2, Section 2.1, I contin-
ually attempted to disseminate the knowledge from this PhD 
project through public lectures and workshops with organisa-
tions. This caught the attention of local politicians and media 
outlets, who wished to discuss the design proposal with me. 
It takes approximately 45 minutes to explain the design pro-
posal in its entirety. I spend around 30 minutes explaining 
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the background research and transport strategy at a macro 
scale through maps, figures, and diagrams. It is only in the 
last 15 minutes that I begin to explain how such a strategy 
may positively affect the residents of Copenhagen through 
the visualisations of streetscapes. I repeatedly experience 
that the project only makes sense to my audience when they 
see these visualisations, and they start to become excited 
about the project’s prospects. Previously, I noted that the 
visualisations predominantly become the focus of discus-
sions. However, I want to reiterate and develop this point by 
proposing that they also allow those without a background 
knowledge of transport to engage with the complexity and 
politics of mobility planning. Therefore, I also suggest that 
visualisations of future mobility systems may allow planning 
processes to consult significantly more effectively with the 
public and those not traditionally involved. 

9.3 Answering the Main 
Research Question

During this PhD research, the following main research 
question emerged through the continual re-framing of the 
research programme:

How can an architectural approach to spatial 
knowledge and methods of visualisation help recon-
ceptualise visions for sustainable mobilities futures?

As posited in the introductory chapter, I believe that archi-
tects possess a unique spatial knowledge that stems from 
our experiences with form, proportion, atmosphere, con-
text, and materiality (Kürtüncü et al., 2008). It has been 
my proposition that by including this spatial perspective, 
which prioritises public space and streets as places of liv-
ing and not only movement, novel methodologies for the 
planning of future sustainable urban mobilities may arise. 
In this chapter, three important supplementary research 
questions were outlined. These arose from a Lefebvrean 
(1991) position that understands space through the inter-
connecting of physical space, representations of space, and 
imaginations of space, which are entry points to answering 
the main research question. 
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The first half of this question explores how architects’ qual-
itative epistemological foundations may be applied to the 
field of transport planning, which is otherwise dominated by 
a tradition of positivistic methods and principles. Drawing 
on the findings from the four papers, I propose that archi-
tects’ spatial knowledge is particularly helpful in the early 
conceptions of new mobility systems. This is particularly 
because of its ability to link spatial form, the materialities 
of mobility practices, and context in the imagining of new 
mobility systems. This point was established in A1 and A2, in 
which the design experiments outlined possible trajectories 
to counteract dependency on automobiles by engaging with 
liveability. It also highlighted how architectural thinking may 
conceive of new mobility infrastructures that support emerg-
ing technologies. The findings also support the suggestion 
that architects’ spatial knowledge is particularly helpful in 
the transformation of existing transportation infrastructure. I 
would like to identify this as the architects’ ability to uncover 
the latent potential of space. All the design experiments were 
considered within the context of existing cities, rather than 
imagining new technologies in abstract or generic sites, and 
identified spatial infrastructures that may contribute to the 
transition towards sustainable urban mobilities. In particular, 
Design Experiment 3 identified bypass roads and multistorey 
carparks as boundaries for car-free areas and excess road 
capacity as sites for new amenities to support urban life. This 
point is crucial, as the sunk-cost fallacy for transport infra-
structure is often used as an argument against sustainability 
transitions. Therefore, I encourage planners and policymak-
ers to include architects (either internally or as outsourced 
assistance) in multidisciplinary teams when considering new 
transport projects dealing with emerging technologies.

The second half of the question investigates how the archi-
tectural method of visualisation can be employed as a tool for 
future sustainable urban mobilities. Based on the empirical 
and theoretical evidence present in this thesis, it is the posi-
tion of this Industrial PhD that the process of architectural 
visualisation is a valid form of knowledge production within 
the field of mobilities. First, the production of these images 
involves an abductive process, whereby the architect moves 
between the reading of data and theory, ‘designerly’ ways 
of knowing, and sketching representations on screens and 
paper. This process allows the architect to see what is and is 
not practical before revisiting and reinterpreting the design 
within a hermeneutic process. Furthermore, these visualis-
ations can enable others to see space as the architect sees 
it. Throughout the two workshops, visualisations played a 
key role as a constant reminder of the urban implications of 
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transportation decisions and their effect on space and quality 
of life. They also allowed the ideas discussed by workshop 
participants to be embedded within the concrete materialities 
of cities to connect them to their everyday life. Finally, and 
most importantly to the research question, visualisations of 
future urban mobility systems are a key element of mobility 
planning processes. They act as mediators between differ-
ent stakeholders and help them overcome various forms of 
resistance through a process of ontological expansion that 
helps them to imagine novel visions for sustainable mobilities 
in the future.

9.4 Contributions to 
Theory and Practice

As As an Industrial PhD, the aim of this research project was 
to contribute to both theory and practice, as stated in my 
employment contract. In the following sections, I outline 
these contributions.

9.4.1 Contributions to Theory
This thesis was motivated by a desire to reconceptualise 
space as an integral aspect of sustainable urban mobili-
ties and challenge prevailing positivistic transport planning 
approaches. As I am an architect with little to no theoretical 
foundation, the project initially took a wide scope of theo-
retical positions before finally arriving at three theoretical 
perspectives that I present within the published articles. Syn-
thesising the insights from this PhD project, I believe that I 
have contributed to expanding theoretical perspectives in 
three key areas.

The first contribution is the theoretical linking between the 
MLP on sustainability transitions and sociotechnical imag-
inaries, which was outlined in the second article (Chapter 
5). I believe that by connecting sociotechnical imaginaries 
with transitions, I have created a framework in which visual 
representations of space can be understood as enablers or 
constraints on transitions. This is crucial, as it allows the 
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spatial impact of mobility decisions to be considered before 
they are realised as physical space. Furthermore, I believe that 
this contribution enriches the ability of transition scholars to 
unpack the latent meaning of visual, discursive material by 
placing it alongside the broader context of sociotechnical 
systems and the individual layers of the MLP.

The second area in which I believe this PhD research con-
tributes significantly to theory is in the reconceptualisation 
of space as a critical component enabling transitions to sus-
tainable urban transportation systems. While there have been 
several recent attempts to address the need for greater spatial 
sensitivity in transition literature, it often presents a narrow 
understanding of space as units, such as ‘nations’, ‘cities’, 
‘regions’, and ‘clusters’. While these terms begin to expand 
the lexicon of transitions scholars, they do not sufficiently 
acknowledge the spatial characteristics that vary between 
spatial units within each category. Through my empirical 
work (outlined in Chapter 6), I supported the reconceptualis-
ation of the landscape layer of the multi-level perspective as 
a sociotechnical-spatial landscape. I believe this has widened 
the lens of transitions researchers and enriched their ability 
to collaborate across disciplines to include spatial thinkers, 
such as architects and urban planners. 

The final theoretical development that I believe this PhD 
project has contributed is the empirical evidence that visual-
isations aid urban mobilities planning processes (outlined in 
Chapter 7). There is a growing concern about the accuracy of 
modern-day transport planning tools, such as modelling and 
simulation, that rely on high levels of certainty to qualify their 
own projects. As the degree of uncertainty increases, so too 
does the inaccuracy of these tools to predict the future (Flyvb-
jerg et al., 2006). The literature suggests that this is due to the 
ambiguity of the emergence of new transport technologies 
and the dynamics of socio-economic and cultural-political 
change (Lyons & Davidson, 2016). Consequently, there is a 
growing body of scholars that is interested in developing new 
methodologies and ontologies. The findings from Chapter 
7 clearly support a new methodological framework. In this 
framework, architectural visualisations of future mobility sys-
tems foster new forms of collaboration between workshop 
participants from various disciplinary backgrounds, inspiring 
them to think of innovative mobilities possibilities beyond 
their existing worldview. Therefore, this work contributes to 
the development of applied mobilities research by bridging 
architecture, practice, and social science to create new plan-
ning processes.
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9.4.2 Contributions to Practice
The starting point for this PhD research project was an inves-
tigation of how architects may contribute to the sustainable 
urban mobilities agenda. It was conceived by JAJA architects 
in an effort to expand beyond the traditional boundaries of 
the architectural profession. It is not uncommon for the most 
successful architecture firms to venture out into the world 
and widen the scope of the services that they offer (Klooster, 
2013). In the architectural field, technological innovation, 
cross-disciplinary partnerships, and research collaborations 
are increasingly consistent with the delivery of successful 
projects within the built environment. At the commence-
ment of the development of the proposal for this project in 
2017, planning future sustainable urban mobilities design 
was not yet an established field. Therefore, it seemed only 
necessary that actors from the architecture and planning pro-
fessions engaged in its formation to balance the dominance 
of the existing transport planning industry. In the following, I 
describe the two primary ways in which I believe this research 
project has contributed to the practice of sustainable urban 
mobilities design.

Although I have positioned this PhD research in opposition to 
the dominance of positivistic transport planning approaches, 
I still acknowledge their role in the design and planning of 
sustainable urban mobilities. A common question I am posed 
when presenting the exemplar design project is But have 
you calculated the effects of your project yet? With a fun-
damentally different epistemological outset and training as 
an architect, there is no way that I can answer this question 
alone. Therefore, I believe that collaboration between archi-
tects and engineers will be necessary within multi-disciplinary 
teams working on sustainable urban mobility projects in the 
future. However, my experience from attending transporta-
tion planning conferences is that there is an ontological divide 
between architects, with their interest in spatial, material, 
and formal qualities, and transport engineers, who appear 
to focus particularly on safety, capacity, and flow. Thus, I 
believe that the first contribution to practice is that this PhD 
thesis is relevant to both architects and transport planners. It 
provides a new platform, tools, and vocabulary for these two 
professions to understand and collaborate with each other. 
Moreover, I hope that this thesis engages those outside the 
realm of architecture and engineering to break down the walls 
of the disciplinary silos occupied by different stakeholders in 
transport planning.
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The second contribution that I believe this PhD thesis makes 
is the formalisation of techniques for mobilities design within 
architectural practice. As mentioned previously, the planning 
of future sustainable mobilities was still an emerging field 
at the commencement of this PhD project. Throughout this 
thesis, I have researched, developed, and outlined a number 
of different methods that I believe other architects can utilise 
in their engagement with mobilities projects. They include 
proposing scenario planning tools; engaging with spatial data 
applications, such as GIS software; and facilitating visioning 
workshops that utilise architectural methods of drawing, data 
synthesisation, and visualisation. Furthermore, I hope that 
the description and deployment of a programmatic design 
research approach within the research-through-design meth-
odology may inspire other architects who feel anxious about 
academic traditions to approach scholarly research with our 
unique worldview and architectural methods.
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An Industrial PhD is a unique form of education. While meet-
ing the academic requirements of the Danish Executive Order 
on PhD Programmes, the research project must also be indus-
trially focused with direct short- or long-term commercial 
potential. It is also unique in that the PhD student is employed 
by a company, rather than a university, and therefore often 
spends much of their time within that commercial workplace, 
instead of at an academic institution. The aim of these two 
conditions is to produce what the Innovation Fund Denmark 
refers to as impact on the host company, which is seen as 
one of the main purposes of the Industrial PhD programme. 
However, little space has been allocated in this PhD thesis to 
discuss how this work has impacted JAJA architects. There-
fore, I would like to use this afterword to dwell on how I feel 
this project has had an impact.

First, I believe that this PhD research project has positioned 
JAJA at the forefront of the discussion on future sustainable 
urban mobilities in Denmark. I only take some credit for this, 
as the project was conceived before I joined the company, 
and the work has been a collaborative effort with the founding 
partners and architects at JAJA. When I joined the company, 
we were all engrossed in the promise of AV technology. It 
was only through a joint re-framing of the project to focus 
on tangible sustainability practices, mostly through ideas 
surrounding car-freeness and urban planning principles, that I 
believe JAJA has become a leading voice in the mobility world. 
Throughout the past year, I have witnessed several other 
architectural firms in Denmark join the debate on mobilities. 
However, they approach the conversation from a techno-op-
timistic perspective, similar to our earlier beliefs, that places 
too much emphasis on technologies such as AVs.

The timing of JAJA’s increase in work with mobility has coin-
cided with a global political shift regarding privately owned 
cars. Local elections are being won across the political spec-
trum with promises to limit or ban car use in favour of more 
social and active urban environments. In Copenhagen, which 
has maintained a policy of not removing a single parking place 
over the past ten years, politicians are now announcing plans 
to remove one-third of all parking spaces by 2025. Further-
more, in April 2021 the Copenhagen municipality published an 
ambitious traffic island plan to become CO2 neutral by 2025. 
The findings of this PhD have become extremely relevant to 
city officials. I have already observed senior members of the 
Technical and Environment Administration of the Copenha-
gen Municipality using content from my workshops in their 
presentations about the future of Copenhagen. This has led 
to a lot of interest from the media. Together with my industrial 
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supervisor, Jakob Steen Christensen, I have written opinion 
pieces for national media outlets and given several interviews. 
Furthermore, Denmark’s national architecture magazine, 
Arkitekten, recently published a special issue on mobility in 
which JAJA were featured on the cover with several spreads 
describing our projects inside. The more that the PhD is dis-
seminated in this way (which includes several visualisations), 
the greater the chance that the work can become a dominant 
sociotechnical imaginary within the city. I have already seen a 
former mayor of Copenhagen sharing our work via their social 
media channels (Figure 10.1), which adds greater weight to 
our cause and cements JAJA’s position as a mobility design 
forerunner.
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Figure 10.1: 
Screenshot of shared tweet of JAJA's 
Mobility Pyramid.
Source: Twitter, 2021.

Figure 10.2: 
Front cover of Arkitekten featuring 
JAJA's Wooden Mobility Hub project.
Source: Arkitekten, 2020.
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The PhD has also had a significant impact on the way in which 
JAJA approaches their own mobility projects. Through our 
joint efforts, the PhD has informed a practical methodology 
that combines backcasting and prototyping when working 
with mobility planning (Figure 10.3). While the individual 
components are not novel, their combination has provided 
an innovative method for design. While forecasting tries to 
predict the future, backcasting does the opposite. It is a 
technique that focuses on designing a desirable future sit-
uation and then imagining the steps and strategies to reach 
it. Prototyping balances this process by working on smaller 
scale inventions which represent that desirable future in 
the present. Therefore, backcasting provides the vision and 
long-term masterplan while prototyping develops knowl-
edge, experience, and user feedback for a more sustainable 
future. In relation to JAJA’s work, my PhD has functioned as 
the backcasting element and the long-term vision, which has 
informed JAJA’s work on smaller pilot projects in cities such 
as Copenhagen and Aalborg, Denmark.

PROTOTYPING PROTOTYPING

I DAG

BACKCASTING BACKCASTING

BIL-FRI
VISION

I DAG BIL-FRI
VISION

I DAG BIL-FRI
VISION

BIL F
RIE 

OMRÅDER

GADE O
MDANNELS

E

DYNAMISK GADEP
ROFIL

MOBILIT
Y HUBS

LA
V EM

ISSIONS ZO
NER

ROAD PR
ICING

Figure 10.3:
Backcasting/  
Prototyping framework diagram.
Robert Martin/ JAJA Architects, 2020.
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The final impact that I wish to highlight, to close this PhD 
thesis, is the transdisciplinary knowledge that this Industrial 
PhD has imparted to JAJA and hopefully to the wider architec-
tural community. I believe that through the engagement with 
mobilities and transitions literature, architectural perspec-
tives on transport planning can extend beyond the hype of 
new transportation technologies to see them objectively. This 
research also enriches the ability of architects to engage in 
and collaborate with disciplines outside the traditional realm 
of the construction industry. Considering the acceleration 
of planetary urbanisation and the impact of current mobility 
practices, this work provides a timely foundation for JAJA and 
other architectural practices. My experience is that architects 
keep entering the discussion on the future of sustainable 
urban mobilities from the same starting point. Let us use this 
PhD to start somewhere else.
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