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V

 INTO THE FUTURE WITH KNOWLEDGE 
 FOREWORD BY THE DAIMLER AND BENZ FOUNDATION 

The digital transformation affects practically all areas of life. Whether in medicine and care, 
teaching and learning, cultural activities, production, consumption and logistics, including the 
entire transport system – all sectors are subject to the unstoppable advance of digitalization. 
Some areas have long been benefiting from this process, others have seen controversial 
debate, and still others are suddenly experiencing an unexpected boost. This is all driven by 
scientific and technological developments that are playing a decisive role around the globe in 
shaping our future. 

In times of change and turbulence, such as we are currently experiencing, the value of sci-
ence is immediately apparent. It provides new insights and thus the basis for practical solu-
tions. This is the guiding principle of the non-profit Daimler and Benz Foundation: since it was 
established in 1986, it has been promoting science in the interplay between humanity, tech-
nology and the environment. Autonomous and interdisciplinary in its focus, this is the general 
theme for its various funding projects. 

The foundation also contributes to the communication and dissemination of scientific knowl-
edge and its implications, to make them publicly accessible. It promotes a dialogue be- 
tween members of the public, scientists from various disciplines as well as experts from more 
practically oriented fields. Science is communicated in a wide variety of event formats, lecture 
series and publications, thereby generating added value for society. 

In the research project AVENUE21 – Autonomous Traffic: Developments in Urban Europe in 
the 21st Century, scientists from TU Wien in Austria examined current problems and pressing 
future issues in connection with digitalized and automated road transport. The project was 
funded by the foundation over a period of four years. Since this topic transcends national bor-
ders, the scientists conducted their research in interdisciplinary and international teams. Their 
findings, which are of relevance to modern societies, are now published in this second report. 
While the first volume from 2020 (English edition published in 2022) dealt with the urban 
impact of automated vehicles, the focus here is on public space: what experience has been 
gained with automated shuttle buses in public transport? Are delivery robots the solution for 
the last mile in city centres? How can bicycle traffic be integrated into automated transport 
structures of the future? And how should politics, administration and society deal with all this? 

Changes are opportunities – they create new scope for shaping the future. To this end, scien-
tific research is indispensable. The Daimler and Benz Foundation supports selected projects 
such as “AVENUE21” to ensure that the insights gained are are not only gained, but are also 
put into effect in a targeted manner and are widely disseminated. 

Prof. Dr. Julia Arlinghaus & Prof. Dr. Lutz H. Gade 
Board of Directors of the Daimler and Benz Foundation
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WHAT IS IN STORE FOR US? 

Over a period of four years, the “AVENUE21” project gave us an opportunity to research 
the topic of connected and automated mobility at the interfaces of mobility and settlement 
development. With generous funding from the Daimler and Benz Foundation, we were able to 
examine this topic from various angles as an interdisciplinary team at the Institute of Spatial 
Planning at TU Wien and to reflect on it together with international experts. By adopting an 
open-ended approach at the outset of the project, we were able to develop various perspec-
tives on the possible impact of connected and automated mobility in an iterative, interdiscipli-
nary process, and on this basis to ask whether, where and under what circumstances connect-
ed and automated mobility can be used to the benefit of sustainable settlement and mobility 
development. 

The increasing automation and networking of road transport will have an impact on existing 
planning tasks over several levels of magnitude and will also significantly influence forth-
coming challenges: from European “connectivity” to urban, or urban-regional, development 
planning and the design and structure of roads as public space. A new diversity of mobili-
ty offers will emerge (vehicles, mobility services, information, data) that holds potential for 
sustainable and spatially compatible development, but may also call it into question. Gener-
ic solutions “from above”, or mere implementation of technological innovations, are hardly 
sufficient for developing forward-looking strategies. Rather, the emerging trend requires all 
parties involved to recognize and take seriously the locally specific, differentiated challenges. 
Policy-makers and planning bodies are likewise called on to exercise consistent control, in or-
der on the one hand to specifically define and constantly develop a framework oriented to the 
common good, and on the other hand to adopt a flexible approach towards new technologies. 

Whereas in the first publication, AVENUE21. Connected and Automated Driving: Prospects 
for Urban Europe, we described the challenges posed by connected and automated trans-
port on urban development and public space in a differentiated manner and outlined possible 
(ideal) developments on the basis of scenarios, the focus of the present volume is on the 
potential diversity of possible applications of connected and automated mobility – described 
for example on the basis of international examples – and the potential and necessity of their 
control. In-depth coverage by the research team is supplemented by input from international 
colleagues. 

We would like to thank all the people and institutions who over the past four years have 
accompanied us, supported us and given us the opportunity to make a contribution with our 
research to other disciplines, also internationally. We are grateful for this highly constructive 
exchange and hope that with this volume we can make a further contribution to crucial discus-
sions of the future of mobility. 

The AVENUE21 research team 
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1. INTRODUCTION

This volume comes at the conclusion of four years of research at TU Wien made possible by 
the Daimler and Benz Foundation. During this time, assessment of the potential and impact of 
connected and automated vehicles underwent a fundamental transformation. The findings of 
the core team and of the international authors of this volume have contributed to this process 
in various ways. 

Four years of research were sufficient to expose as premature the often-repeated announce-
ment that autonomous vehicles would enter series production in five years’ time. This has long 
been a problem in this field: development is dictated by companies whose success narratives 
later often turn out to be mere declarations of intent (Matthaei et al. 2015: 1144): neither carmak-
ers (Boudette 2016, Wang 2016) nor IT companies (Rogers 2015, Korosec 2015) were able to 
fulfil their five-year plan. 

For research fields that are interested in the impact of a new technology or search for suitable 
applications for it, this extra time is certainly valuable, as is shown by a comparison: countless 
smart city projects and initiatives have been launched in recent years. While a very specific ap-
proach has been taken in all urban sectors with regard to data and connectivity, at best “initial 
general indications” of possible impact could be provided, or a consideration of impact could 
be mentioned under “research requirements” (Soike et al. 2019: 5). 

2. AUTOMATION AND CONNECTIVITY OF TRANSPORT IN CONTEXT 

At the beginning of this collaborative research project, practically unlimited expectations were 
placed in “autonomous driving robots” (those who had long been dealing with issues of auto-
mation and connectivity were more sceptical; cf. Shladover, Kornhauser and Miller in Simonite 
2016). Connected and automated vehicles were to make traffic more efficient, safer and more 
sustainable, and were to respond more specifically to individual mobility needs and seamlessly 
integrate various services (cf. Dangschat/Stickler 2020). For a technology that even today is not 
yet in regular operation but is still only at the testing phase, all these attributions remain mere 
metaphors – linguistic images (in this specific case borrowed from the world of platform econ-
omies) that not only serve to describe things that elude immediate experience, but can also 
help influence their development (Kuhn 1979, Boyd 1979; on the role of narratives on connected 
and automated mobility in Europe, see Stickler 2022). 

The unrealistic expectations placed on connected and automated vehicles are not entirely 
surprising. Various theoretical positions bear out the fact that people tend to overestimate 
their own accomplishments. Karl Marx spoke of commodities acquiring “theological niceties” 
through the intervention of their makers and thus being elevated to a quasi-religious sphere 
(Marx 1890/1962: 85–98) – an assessment that is remarkably shared by management consult-
ants who speak of the hype cycle (Fenn/Raskino 2008). 

However, the overall situation must be considered here. Firstly, the market in the mobility sec-
tor has been extremely turbulent since about 2010. It was around this time that new players 
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from the IT sector started entering the mobility market; within a relatively short time, they had 
achieved considerable success through technological innovations and service-oriented busi-
ness models (by the end of 2020, the stock of the Californian automobile manufacturer Tesla 
was worth as much as General Motors, Ford, Toyota, Honda, Fiat Chrysler and Volkswagen 
combined; Krisher 2020). At peak times, more than a quarter of all trips in parts of San Fran-
cisco are now carried out by ride-hailing services such as Uber or Lyft (SFCTA 2018). 

Secondly, after years of inaction, there is now enormous pressure to radically reduce emis-
sions from road transport. While all other sectors of the economy have managed to reduce 
greenhouse gas emissions effectively, the emissions from road transport within the EU have 
risen unabated and would continue to rise without resolute action (IEA 2020). This has led to 
announcements becoming hopes; cities throughout the world are commissioning simulation 
studies on the potential impact of a transport system consisting solely of automated vehicles 
(Soteropoulos et al. 2019). Even today, numerous policy and strategy papers attribute a key role 
to connectivity and automation in the transition to sustainable transport and mobility. 

At the conclusion of the research project, both the technological developments and the pos-
sible positive contribution of connected and automated vehicles to the mobility transformation 
are being assessed more soberly. Rather than a revolution, we are experiencing a phase of 
transformation or transition lasting several decades, “during which CAVs will be deployed only 
in parts of the road network. During this transition period, conventional means of transport will 
continue to play an essential but increasingly specialized role” (Mitteregger et al. 2022: VIII). 
For this period, the term “Long Level 4” was coined by the core team in the first publication of 
this research project (Mitteregger et al. 2022). 

3. WHAT CHARACTERIZES THE PERIOD OF TRANSITION IN THE 
MOBILITY SYSTEM? 

Also with a view to transformation research, it is expected that a technology will initially be im-
plemented in “niches” before being disseminated throughout society at large (see Chap. 19 by 
Dangschat in this volume). Since only parts of the road network could be suitable for the use 
of connected and automated vehicles, the impact must be fundamentally reassessed. Some 
aspects of this transition period are analysed here (on the role of interfaces, for example, see 
Chap. 8 by Bruck et al. in this volume; and on the interaction of bicycle traffic and automated 
vehicles see Chap. 11 by Eichholz and Kurth). 

A fundamental change of course is already discernible here; this concerns the matter of how 
selective suitability will be treated in the future. In the long term, automated driving systems 
are likely to be overburdened in certain situations. Various factors play a role in this, such as 
prevailing weather conditions, the state of the road infrastructure or the desired speed of travel 
(see Chap. 5 by Soteropoulos in this volume). Two solutions are offered in an international 
comparison: 

1. Hybrid offers: Ride service providers (e.g. Uber or Lyft) are already planning for the tran-
sition phase of Long Level 4. For the foreseeable future, it is expected that only some 
rides can be automated (with or without a safety driver). The prevailing environmental 
conditions are examined for each customer request. If analysis shows that an automated 
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trip is possible, a vehicle without a driver is dispatched; otherwise, a human driver will 
be at the wheel (Chaum 2019, Sheikh 2018). 

2. Demarcated operating areas: Legislation in Germany, where the current federal gov-
ernment has set itself the goal of being the first country in the world to permit regular 
operation during the transition phase, takes a different approach: areas of operation are 
to be designated, each of which may be used by one specific automated driving system. 
Examples of possible operating areas are “public transport within municipalities”, “ser-
vice and supply trips in the municipal sector”, “company shuttles for employee transport” 
and “trips between medical care centres and old people’s or nursing homes” (cf. Kugoth 
2020, Mitteregger et al. 2022). 

Which of these two paths will ultimately prevail (locally) is likely to be one of the key decisions 
and will fundamentally shape the face of public streetscapes (Fig. 1). 

The effects would be fundamentally different. Here too, we are initially dealing with (opposing) 
metaphors – in this case for space. Geographically demarcated operating areas allow for a 
very different legibility of space from what is possible with a situation-dependent assessment. 
From the perspective of other road users, entering an operating area would be a conscious 
act. The underlying container space, however, calls for abstractions that have come in for much 
criticism – above all concerning usage or living experience. In the other case, it would remain 
unclear why a vehicle is in the road space without a driver. The underlying analysis would not 
be accessible. The ability of authorities to carry out checks, the possibility of intervention and 
control, e.g. for the purpose of traffic management, forms of supply and working conditions – all 
this would be affected. 

The two responses also fundamentally differ in terms of what media we can use today in order 
to understand possible impacts. A dynamic, mutable urban space is difficult to depict in pic-
tures; videos or texts are better suited here. Waymo’s promotional video is an example: a blind 
person can be seen in an automated ultracompact vehicle. The elderly man is happy that he has 
“regained an important part of his life” – a part that was “wrested from him by his loss of sight” 
(Waymo 2016). But whether such an experience is now open to this person during heavy rain or 
in places other than Phoenix, Arizona, remains unanswered. 

Current national strategies almost exclusively emphasize or regulate geographical aspects of 
the transition period (see Chap. 13 by Banerjee and Furutani and Chap. 17 by Perret and Abegg 
in this volume). A significant task could be to account for situational aspects to a greater extent. 

Dynamic response Geographical response 

Range of application temporary, situation-dependent fixed, spatially delimited 

Space metaphor experienced space container space 

Example hybrid ride service providers law in Germany 

Figure 1: Responses regarding selective suitability of the road network during the Long Level 4

Source: the authors
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1. INTRODUCTION

The articles in this volume deal with effects on spaces and with control and planning approaches 
at municipal and regional level. It is essential to distinguish here between the spatial conditions of 
rural communities and regions and those of urban centres and major cities. Neither rural nor urban 
areas are homogeneous, but are complex areas with a wide variety of settlement structures, natural 
spaces and infrastructures, functions and challenges (VCÖ 2019: 9). Their characteristics determine 
different basic conditions for connected and automated driving and consequently influence its spa-
tial impact, which differs for individual locations.

Spatial structures and mobility behaviour (modal split, degree of motorization, CO2 emissions), along 
with economic and infrastructural conditions, are just some of the factors that determine the prereq-
uisite conditions for automated forms of application. In view of these differences, it must be borne in 
mind that approaches to mobility and settlement development can only be transferred to a limited 
extent from urban centres to regions and rural areas; this also applies to automated driving. A spa-
tially differentiated view can be useful in examining opportunities for action against the background 
of local conditions, and adapting action plans accordingly. 

The interdependency between transport media on the one hand and settlement development, 
streetscapes and urban forms on the other must be recognized here; this all gives shape to a space 
(Angerer/Hadler 2005; Mitteregger et al. 2022: 66). Just as the introduction of the railway and the 
automobile triggered a historic transformation in accessibility and settlement development, con-
nected and automated driving likewise has the potential to fundamentally transform public spaces, 
townscapes, landscapes and settlement structures. Conversely, a change in land use or settlement 
structure can influence accessibility and thus lead to relatively rapid adaptation of mobility activities 
(Wegener/Fürst 1999; Bertolini 2012, 2017). The extent to which the impact of new transport modes 
and transport infrastructures is manifested in spatial terms will vary depending on the settlement 
structure: for example, there is a correlation between the effectiveness of investments in transport 
infrastructure, the degree of development of a settlement area and its current level of accessibility. 

While saturation is reached in terms of improving accessibility in areas that are already highly ac-
cessible and/or have a highly developed settlement structure, in less developed areas more pro-
nounced effects can be expected from new transport infrastructures or new modes of transport, 
since accessibility can thereby be noticeably increased (Kasraian et al. 2016, Mitteregger et al. 
2022). For a differentiated understanding of spatial changes in interaction with new forms of mo-
bility, settlement and infrastructure spaces must be specifically perceived both with a view to their 
functional and structural differences and in their historical context – i.e. the conditions under which 
they originated – in order to specifically address deficits and potentials. Finally, it is also important to 
mention the interdependence between processes of spatial development and policies of planning, 
mobility and settlement – see Part 4, “Governance”, in this volume. 

2. SPATIAL DIFFERENTIATION AND TYPES OF SPACE 

For the purpose of analysis, a delimitation and categorization of the spatial system is required 
not only in urban and regional planning, but also in politics and industry. Since the early 20th 
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century, a variety of different methods have been developed for a differentiation of types of 
space in order to define spatial categories on the basis of uniform criteria. More recent ap-
proaches include for example types of space as defined by the German Federal Institute for 
Research on Building, Urban Affairs and Spatial Development (BBSR 2010), types of transport 
space (Matthes/Gertz 2014) and an urban-rural typology (Statistik Austria 2017). The methods 
used mostly differ in their consideration of (a) functional characteristics, such as traffic flows, 
commuter flows and supply relationships, and (b) structural characteristics, such as the extent 
of built-up areas, morphology, population and job density, demographic-sociological popula-
tion structure or employment figures in the various sectors of the economy. 

While the classical differentiation of settlement areas distinguishes between cities, outlying 
areas and rural spaces, other models are based on an internal classification of the so-called ur-
ban-rural continuum (cf. Borsdorf/Bender 2010: 250). With the term Stadtregion (urban region), 
Boustedt (1953, 1970, 1975) in particular provided a significant basis in the German-speaking 
countries for differentiation of spatial units within urban regions. This model is founded on a 
combination of various functional (degree of interdependence) and structural characteristics 
(number of inhabitants, population density, agricultural quota) and served as a basis for the 
later concept of “densification areas”, which were last renewed for Germany in 1993 (Borsdorf/
Bender 2010). 

In view of the continuing urban sprawl, however, a distinction between urban and rural areas 
is proving to be less and less productive. It would seem more appropriate to differentiate be-
tween various constellations of urban areas or various degrees of urban intensity (Kretz/Kueng 
2016). Approaches that dispense with a traditional understanding of the urban-rural dichoto-
my include the “settlement-structural area types” introduced in 1986 (Borsdorf/Bender 2010). 
Here, seven types of region are defined on the basis of population density and are assigned 
to three basic types (“agglomeration areas”, “urbanized areas” and “rural areas”). The “Spatial 
Categories 2010” developed by the BBSR also provide a comprehensive typification of spac-
es and refrain from delimitation according to administrative boundaries. Their classification is 
based on the three basic structural characteristics of settlement structure (population density 
and proportion of settlement area), location (accessibility and centrality) and economic strength 
(BBSR 2010). 

This type of spatial differentiation has hardly been taken into account in previous considera-
tions of spatial effects of connected and automated driving. The focus to date has largely been 
on macroscopic modelling of the spatial and transport-related effects of connected and auto-
mated driving, particularly in urban areas (Soteropoulos et al. 2019).

3. SPATIAL EFFECTS OF AUTOMATED DRIVING

In recent years, a number of studies have been published on the possible spatial effects of 
connected and automated driving. A much-cited basis is provided by the research of Milakis 
et al. (2017), according to which the impact of automated driving can be divided into primary, 
secondary and tertiary effects: 

 ■ Primary effects: Traffic volumes (road capacity/congestion and distances travelled), time 
benefits (perception of time and travel comfort) and choice of transport mode 
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 ■ Secondary effects: Vehicle ownership, choice of location and land use, and transport in-
frastructure 

 ■ Tertiary effects: Energy consumption (fuel savings), environmental impact, road safety, 
social equity, economy and health. 

The traffic-related and spatial effects of automated driving, in particular, have been investigated 
in numerous simulation studies (Soteropoulos et al. 2019). The focus here is often on scenaio 
-based modelling of possible changes in transport demand, settlement structure and land use 
due to various factors such as trends in traffic performance, the modal split, parking space re-
quirements and the choice of location for households and businesses. 

While earlier studies and models mostly assumed a state of full saturation with highly auto-
mated vehicles at SAE Level 5 (SAE 2018), this has been called into question to an increasing 
extent in subsequent studies (Mitteregger et al. 2022, Soteropoulos et al. 2020). Instead, a 
longer transition phase is now moving into the focus of attention, whereby different levels of 
automation will be permissible depending on surrounding conditions and will be used in mixed 
traffic scenarios (see Chap. 1 by Mitteregger and Banerjee in this volume). The spatial effects of 
connected and automated driving are dependent on the types of offers provided, settlement 
structures and streetscapes, and (applicable) planning policy objectives. The ongoing develop-
ment of automation is also becoming part of a technological and organizational transformation 
of mobility systems that is paving the way for later usage modes. These include for example 
car and ride sharing, or changes in logistics and goods transport (Beckmann/Brügger 2013, 
Gerdes/Heinemann 2019, and Chap. 7 by Leerkamp et al. in this volume).

Accordingly, automated driving could contribute to spatial transformations in relation to (1) park-
ing (e.g. street-based parking spaces, car parks, parking garages), (2) road space requirements 
(e.g. loading areas), (3) the necessary infrastructure (e.g. digital networking, lane markings) and 
(4) choice of location for businesses and households. Since these changes can trigger further 
developments both in urban planning and in settlement structure, the spatial consequences of 
connected and automated driving can be classified into primary and secondary effects (Fig. 1). 

3.1 PRIMARY SPATIAL EFFECTS 

One of the often-mentioned spatial consequences is a reduction in parking space requirements 
as a possible result of the lower number of vehicles on the roads. However, this effect in par-
ticular is dependent on a high number of ride-sharing trips, or at least widespread use of car- 
sharing offers (Zhang et al. 2015, Soteropoulos et al. 2019). The freeing up of parking spaces 
will thus result from the adoption of Mobility as a Service (MaaS) in general. If the shared ride 
services already available today prove not only to become increasingly popular but also result 
in widespread disuse of private cars, this could expedite reclamation of public space. However, 
automated driving is likely to lead to a relocation of parking garages and shared garages. As 
long as a sufficient number of loading areas are provided in selected urban spaces and streets 
(see Chap. 8 by Bruck et al. in this volume), parking spaces could be reduced and be replaced 
by decentralized shared garages. Depending on the type of provider and the space available, 
various locations would come into consideration here (Lewis/Anderson 2020: 104). 

Changes to the streetscape also affect the competition for space between different modes and 
providers, which already today is increasing the pressure on public spaces in view of intensified 
delivery traffic, platform-based ride services and micromobility offers (see Chap. 8 by Bruck et 
al. and Chap. 9 by Martin et al. in this volume). Automated transport could also promote spatial 
separation effects, since an increase in mileage and stabilization of traffic flows could make it 
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Complementary infrastructure Competition for space Changed parking demand Relocation 

on settlement areas 
PRIMARY EFFECTS 

on the settlement area
SECONDARY EFFECTS 

Automated driving
refers to all forms of o�ers involving digitally connected and automated vehicles, 

which in some cases are electrically powered.

ADSs can open up new mobility 
options and reach new user groups. 
This can lead to an increase in 
transport demand, mileage and tra�c 
volumes. If users switch to car-sharing 
and ride-sharing services, tra�c 
volumes can be reduced.

Due to time benefits and increased 
convenience, ADSs can encourage 
longer commutes. Users could use 
the time for entertainment or work.

The Introduction of ADSs may bring 
about changes in travel behaviour. 
Users could increasingly use private 
car-sharing services instead of 
walking or cycling. There could also 
be a shift away from public transport.

In the short term, the fixed costs of a 
vehicle purchase are higher than for 
a conventional vehicle. On the other 
hand, e�ciency benefits can lead to 
reduced usage and operating costs. 
Low operating costs could facilitate 
the expansion of networks for 
public providers.

A shift to mobility services, 
micromobility and ADSs alters 
parking requirements. There would 
be a greater need for temporary 
stopping zones rather than on-street 
parking. This has an impact on the 
distribution of road space and 
surrounding building development.

The rise of mobility services, online 
commerce and micromobility is 
increasing the pressure on usage and 
distribution of public spaces. If ADSs 
also become established, the need 
for loading areas will increase; this 
will have an impact on mobility 
patterns and spatial separation 
e�ects.

The cost benefits and convenience of 
ADSs could encourage relocation. This 
includes new locations for decentrali-
zed collective garages and distribution 
centres for goods tra�c, migration of 
logistics and commercial areas, and 
choice of residential locations.

In areas where ADSs are in 
operation, there can be a need for 
modifications to the infrastructure 
(e.g. digital infrastructure, loading 
bays, road markings). The need for 
e-charging stations and service 
options may also increase.

When ADSs are planned as part of 
the public transport network, centres 
of activity can arise at mobility hubs 
and new stations or bus stops. The 
transformation of suburban areas 
can also promote their development. 
Space demand for mobility hubs, 
collection and distribution centres 
can arise at the periphery of areas 
where ADSs are in use.

Longer commuting distances can 
help increase urban sprawl and 
average urban density. New 
densities could also emerge in areas 
with a high proportion of conversion 
space. Spatial corridors could 
develop along routes on which ADSs 
are in operation. 

ADSs increase the variety of 
demands on land use, which need to 
be reconciled. Along with the 
reduction of parking spaces and lane 
widths on roads, consideration must 
also be given to prioritization of 
modes, travel speeds and urban 
qualities, e.g. spatial permeability and 
spaces for rest and relaxation.

Usage and operating costs Time advantages and 
travel comfort

Tra�c volumes Choice of transport media

New centralities Diversity in public spaceConversion areas Dynamics of urban density
Relocations and reduced parking 
requirements free up spaces for 
development, above all in areas used 
by cars such as parking spaces, 
garages, petrol stations, etc., along 
with commercial and logistics areas. 
Spatial transformation and 
subsequent densification are 
supported.

of automated driving 
PRIMARY EFFECTS 

Figure 1: Effects of automated driving systems (ADSs) on spatial development 

Source: Bruck, based on Larco/Tierney (2020), Streckler et al. (2019) and Mitteregger et al. (2022)



12 | INTRODUCTION — ARTICLE 2

more difficult for pedestrians and cyclists to cross roads, with a resulting loss of permeability 
(Ghielmetti et al. 2017; see Chap. 5 by Soteropoulos in this volume). 

In both respects, it will be crucial to reconcile the requirement for safe interaction between 
the transport modes with the need for spatial compatibility and quality. Complementary trans-
port infrastructures include both digital systems (e.g. GPS, satellites, uniform roadmaps or 
“geo-fencing”) and material installations such as loading areas in public spaces, at mobility 
hubs and stations (see Chap. 8 by Bruck et al. in this volume). In the quest for resource-saving 
spatial development, above all a reassignment of existing infrastructures (e.g. roadside parking 
spaces or park-and-ride facilities) has the potential to reduce space requirements in connection 
with shared automated mobility. 

Finally, it is expected that within urban regions, industrial and commercial sites could be moved 
to locations mainly situated on large-capacity transport axes that would be accessed at an early 
stage by connected and automated driving (Lewis/Anderson 2020, Mitteregger et al. 2022). 
Spurred by current developments in online retail, small-scale and decentralized distribution 
centres in inner-city areas could become necessary in the future, while suburban logistics op-
erations could continue to migrate. At the same time, the benefits of convenient travel, time 
savings and economic efficiency could lead to longer commuting distances and a migration of 
both workplaces and households (Milakis et al. 2017, Litman 2020).

3.2 SECONDARY SPATIAL EFFECTS 

The secondary effects of connected and automated driving also include, for example, the free-
ing up of development and conversion areas. Automation could thus have a reinforcing effect 
on orientation towards service in the mobility and transport system (“shared mobility”, Mobility 
as a Service) and help not only to free up individual parking spaces, but also to reduce space 
requirements for all car-related functions, especially in commercial areas and outer suburbs, 
where they are mostly located (see Chap. 15 by Mitteregger and Soteropoulos in this volume). 
The release of these land reserves, in particular, offers potential for spatial transformations 
(Bruck 2019). Planning policy measures, such as a revision of parking space regulations, reas-
signment of monofunctional structures or a focus on internal development, could trigger new 
developments in previously neglected areas. If these are utilized in coordination with areas of 
application of connected and automated driving, spatial densification could benefit, especially 
in the vicinity of transfer points. 

Connected and automated driving also increases the urgency of preserving diversity in the 
public space and implementing appropriate controlling and formative approaches. Already to-
day, increasingly diverse needs regarding space have to be reconciled (increasing variety of 
transport media, capacity for lingering, requirements in connection with climate adaptation, 
etc.), which is why the introduction of connected and automated driving is expected to further 
increase the pressure of utilization in the public space. Without planning policy measures, con-
nected and automated driving would hinder the permeability of street spaces for pedestrians. 
However, if high occupancy rates and shared driving were to become widespread, there would 
be the potential to reduce the number of on-street parking spaces and to make traffic lanes 
narrower, in addition to fundamentally rethinking the prioritization of transport modes, travel 
speeds and forms of utilization. 

If connected and automated driving applications are planned in this way as part of the public 
transport network, this could have an impact on the development of urban centres and on spa-
tial concentration. Studies already carried out show positive impact trends here in terms of local 
urbanization processes and inner-city population growth (Soteropoulos et al. 2019, WEF 2018). 
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Centrality is expected to increase, especially at stopping points, mobility nodes and new mo-
bility hubs, which would need to be promoted with appropriate focal points in planning. The 
above-mentioned reassignment of settlement structures that were previously monofunctional 
and were dominated by automobile-related functions can also trigger transformation for new 
urban centre developments. In the long term, a shift in spatial densities is to be expected; this 
could take the form of spatial corridors within the catchment areas of connected and automated 
driving networks (Larco/Tierney 2020: 123). 

This process of displacement could also be manifested as locational dynamics and changes in 
settlement densities – especially where connected and automated vehicles (CAVs) are not in-
tegrated into the public transport system. If the benefits of automated private vehicles predom-
inate, this could favour urban sprawl (Milakis et al. 2017, Litman 2020). It can thus be assumed 
that peripheral areas will grow, while the density of central areas could be reduced due to the 
migration of certain functions and operations (Larco/Tierney 2020: 122). 

The uncertainty as to the direction to be taken by these developments is due not least to the 
expectation that the coming decades will be marked by a coexistence of different degrees of 
automation and forms of application. In addition, the spatial complexity of European streets-
capes and the cost-intensive upgrading of existing infrastructure networks suggest that the 
introduction of CAVs will be limited to selected sections of the network and particularly suitable 
areas (Mitteregger et al. 2022, Soteropoulos et al. 2020).

4. SPATIALLY DIFFERENTIATED EFFECTS OF AUTOMATED DRIVING 

Especially in view of a long phase of transition, it must be borne in mind that the effects de-
scribed above will not be felt in all settlement structures and urban spaces, nor to the same 
extent. As the current use of services from transportation network companies (TNCs) bears 
out, this technology first found favour mainly in dense urban centres and among affluent users. 
This aspect is also instructive for automated driving, since ride-sharing models can be most 
efficiently operated in high-density areas and over short distances. The higher the user density, 
the more trips can be pooled with fewer vehicles (cf. Larco/Tierney 2020). On the other hand, 
the first pilot projects with self-driving minibuses and ride-hailing services are being carried out 
above all in suburban and rural areas, since extensive road networks, a minimum of environ-
mental complexity and low traffic volumes offer the best conditions for technological trials. A 
feeder function for automated minibuses is also a preferred form of service from the perspec-
tive of urban transport operators and planning authorities. 

Some of the studies on automated driving conducted to date emphasize a spatial differentia-
tion in the impact of automated driving and the fact that this will be manifested in different ways. 
Zhang and Wang (2020) and Kondor et al. (2020), for example, examined the effects of CAV 
sharing on parking demand and space usage. These studies showed that for the urban regions 
considered (Atlanta and Singapore) the impact of the changes would not be uniform from the 
city centre through to the suburbs. Other studies (e.g. Legêne et al. 2020, Gelauff et al. 2017, 
Zhang 2017, Thakur et al. 2016) likewise showed an uneven distribution of the effects of CAVs 
on space usage in cities and urban regions. 

To concretize the potentials and risks of the trends in spatial development, further studies are 
needed that take into account the spatially differentiated impact of automated driving and show 
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the extent of potential effects in different urban structures and areas. This extends not only 
to the above-mentioned changes in space usage and parking demand, but also to potential 
changes in public space or transformations in certain types of area. Individual articles in this 
volume are dedicated to this task and deal with some of the aforementioned effects in differ-
ent settlement structures and urban spaces. The article by Mitteregger and Soteropoulos (see 
Chap. 15 in this volume), for example, makes this clear for the effects of CAVs with regard to 
development and conversion areas that are becoming available. Bruck et al. (see Chap. 8) take 
a differentiated view of spatial interfaces in public space depending on settlement structures, 
while Soteropoulos (see Chap. 5) focuses on the compatibility and spatial separation effects of 
automated transport in different streetscapes. 
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1. INTRODUCTION

Under what conditions can connected and automated transport (CAT) help bring about sustain-
able mobility? This question has been at the focus of interest of the interdisciplinary research 
group AVENUE21 from the outset. In view of today’s global challenges, no technologies or 
business models should be permitted that generate further traffic and exacerbate the urban, 
ecological and social problems faced by today’s transport system (cf. Mitteregger et al. 2022). 
This volume highlights the opportunities and risks of connected and automated vehicles in 
the transition to sustainable mobility and derives action plans, above all for policymakers and 
planning bodies. The basic terms “transport”, “mobility”, “motility”, “transition to sustainable 
transport” and “transition to sustainable mobility” are defined and the significance of CAT in the 
context of a transition to sustainable transport and mobility considered. 

2. DEFINITIONS OF THE TERMS TRANSPORT, MOBILITY, MOTILITY, 
AND TRANSITION TO SUSTAINABLE TRANSPORT AND MOBILITY

Although the terms transport and mobility are often used synonymously, they have different 
meanings. The word transport is generally understood to mean the movement or change of loca-
tion of people, goods and information (cf. Schopf 2001: 4–5; Canzler 2004: 342). “Transport” thus 
refers to the factual and physical movement of people and goods, including the resulting struc-
tural and infrastructural impact (cf. Wilde/Klinger 2017: 6). The term mobility (Latin “mobilitas”), 
on the other hand, refers to various phenomena such as processes of social advancement (ver-
tical mobility) and value change (horizontal mobility), change of domicile, but also migration (cf. 
Dangschat 2021). In terms of overcoming distances, this is understood as the possibility of being 
mobile, i.e. the chance to be free of spatial restrictions to a certain extent. Unlike transport, the 
concept of mobility emphasizes the capabilities and needs associated with observable changes 
of location. Typical distinguishing features of these two terms and their use in research have been 
summarized by Wilde and Klinger (2017: 7; see Overview 1).

Transport Mobility 

movement capacity for movement

physical physical, social, cultural 

distances and routes as main parameter activities and accessibility as main parameter

mainly aggregated mainly individual 

often constructional, infrastructural and 
planning-related problem areas 

mainly social and 
psychological problem areas 

Overview 1: Terminological distinction between transport and mobility 

Source: Wilde/Klinger (2017: 7)
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Another term commonly used, in mobility research in the field of social sciences, is motility. This 
term stems from biology and refers to the mobility of individual units within a system; in mobility 
research, it is understood to mean the ability of people (but also of goods or information) to be 
mobile within a geographical space. Aspects of social inequality are also frequently addressed 
in this context (cf. Kaufmann et al. 2004: 750). Motility results from access to different forms 
of mobility and their range of operation, along with the competence to perceive, acquire and 
use these access options. In addition to financial or time restrictions and skills, relevance is 
ascribed to an unequal degree of access to digital media, end devices and apps (the “digital 
divide”) in the analysis of innovative mobility offers. 

In view of the global climate catastrophy, the urgency of a transition to sustainable transport 
and mobility has become increasingly clear in recent years. The transport sector is the only 
area in which CO₂ and NOX emissions are not only not declining, but are continuing to rise (cf. 
Vieweg et al. 2018). According to the definition by Agora Verkehrswende (2017), the term “tran-
sition to sustainable transport” encompasses the demand for a turnaround in both mobility and 
energy. It is crucial that energy consumption be reduced and the remaining energy demand be 
met with climate-neutral energy. While the energy transition is above all a technical challenge, 
the mobility transition requires a new mobility culture. It is important here to extend the range 
of integrated transport to facilitate multimodal behaviour (cf. Agora Verkehrswende 2017). 

A somewhat different distinction is given by Manderscheid (2020): she distinguishes between 
turnarounds in propulsion systems, transport and mobility. A transition to sustainable propul-
sion systems in the transport sector can be understood by analogy with the energy turnaround 
in electricity and heating that has been driven forward since the early 1990s, although chang-
es in the transport sector have a much stronger impact on the everyday lives and perception 
of many people (cf. Wissen 2019: 231–232f.). Unlike the transition to sustainable propulsion 
systems, the transport turnaround comprises a reduction in car ownership or the replacement 
of private cars by other modes such as public transport, new mobility services or cycling and 
walking. The transition to sustainable mobility goes even further: it not only concentrates on 
the physical movements of people and goods in the streetscape, but also includes the virtual, 
symbolic and imagined dimensions of movement along with its associated meanings and ex-
perience horizons (cf. Manderscheid 2020 with reference to Cresswell 2006 and Urry 2007). 

The goals of the transition to sustainable (and also active) modes of transport can be described 
in keywords: better conditions for walking and cycling, more intermodal offers, i.e. being able to 
use various means of transport within a network, and electrification of the remaining motorized 
vehicles1 (cf. Loske 2018). Taking sustainable development seriously in the transport and mobili-

1 The shift of emissions to the Global South, destruction of natural landscapes and biodiversity, 
and impairment of working and living spaces of the (often indigenous) population due to extrac-
tion of resources are often ignored in discussions of battery-powered electromobility. Moreover, 
automobility as a social context is negated within the scope of political strategies (cf. Dangschat/
Stickler 2020, Manderscheid 2012).

Drive turnaround Transport turnaround Mobility turnaround 
Change in propulsion technology 

(electric or hybrid engine etc.) 
Reduction in car ownership, or 

replacement of private cars by other 
modes (public transport, new mobility 

services, walking and cycling) 

Change in physical movements 
of people and goods in space, 

and changed virtual, symbolic and 
imagined movements 

Overview 2: Conceptual distinction between the turnarounds in drive systems, transport and mobility 

Source: the authors, based on Manderscheid (2020) 
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ty sector, with the goal of “zero-emission mobility: clean, connected, competitive” (STRIA 2019), 
means bringing about profound changes in mobility behaviour – above and beyond the tech-
nical challenges of the transition to sustainable energy and propulsion systems. This calls for 
both “push” and “pull” measures in integrated transport planning and policy. Over the past few 
years, there has therefore been increasing pressure on governments and industry, for example, 
to press ahead with radical initiatives in the mobility sector with a view to reducing CO₂ emis-
sions. To organize mobility in a more sustainable way, three strategies must come into effect: 

1. avoiding non-essential traffic, 

2. shifting traffic to efficient, environmentally friendly modes of transport; and 

3. improving the mobility offer and the quality of stay in public spaces.

A transition to sustainable transport also generates added value that goes beyond climate pro-
tection: air and noise pollution are to be reduced, and the health and quality of stay in public 
spaces should also be improved (cf. Agora Verkehrswende 2017: 91).

3. INNOVATIONS IN THE TRANSITION TO SUSTAINABLE 
TRANSPORT (SHARED MOBILITY, MOBILITY AS A SERVICE, 
CONNECTED AND AUTOMATED DRIVING)

Over the past few years, an increasing number of organizational and technological innova-
tions have arisen in the mobility sector that are seen as beacons of hope for climate-friendly 
mobility. If CAT is to contribute to the transition to sustainable transport and mobility, (auto-
mated) vehicles must be emission-free, be embedded in an integrated Mobility-as-a-Service 
(MaaS) concept and be launched on the roads as shared mobility (cf. Lennert/Schönduwe 2017, 
Mitteregger et al. 2022). However, the far-reaching transformation of systems is a non-linear, 
complex process. Many factors must therefore interact in order for processes of innovation and 
implementation to be successful (cf. Kesselring 2020). 

Geels (2012) adopts a multilevel perspective in describing socio-technical systems as a com-
plex comprising three levels – “niches, regimes and landscapes” – thus reconciling structuralist 
and action-centred approaches. According to this perspective, technological or social innov- 
ations arise in protected niches (e.g. within funding programmes) before some are gradually 
adapted and become established within society. The process perspective makes it possible 
to systematically document innovations in transport, such as the introduction of MaaS offers, 
shared mobility or e-mobility, while taking into account both the logic of the agents’ actions and 
the influence of the structural framework conditions (cf. Wilde/Klinger 2017: 18). 

CAT entails technological innovations that will radically reorganize transport and our mobility. 
With increasing convenience through automation and connectivity, travel time will be freed up 
for other activities and will thus be differently assessed; this in turn influences accessibility and 
thus also transport demand (cf. Soteropoulos et al. 2018). Over the long term, it is therefore 
likely that CAT will also affect choices of location for households and businesses, thereby influ-
encing settlement patterns. On the basis of various scenarios, it can be shown that automated 
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driving will give rise in future to new modes of transport that may supplement the existing 
transport system, or even supersede or displace established modes of transport. There is a risk 
here that sustainable (transport policy-related) development goals will be counteracted by an 
increase in the number and length of journeys due to the new qualities of private vehicles (cf. 
Berger et al. 2020).

4. THE AMBIVALENT IMPACT OF CONNECTED AND AUTOMATED 
TRANSPORT ON THE TRANSPORT AND MOBILITY TRANSFORMATION

Continuing digitization and automation will have a significant impact on mobility – in a large-
ly positive way, according to the general consensus of the mainstream: with greater road 
safety, higher energy efficiency, reduced environmental burdens and remobilization for per-
sons with limited mobility (cf. STRIA 2019). App-controlled and platform-based connected 
mobility services could also pave the way for a less car-oriented multimodality, with different 
modes of transport being used for specific routes, and ultimately a reduction in motorized 
private transport. These “idealized” visions, however, contrast with scenarios which predict 
that connected and automated driving will create more traffic, urban sprawl will further in-
crease, and public transport and active mobility in the form of walking and cycling will meet 
with a great deal of additional competition (cf. Dangschat 2017b, 2019; Soteropoulos et al. 
2019; Milakis et al. 2017). Moreover, scepticism towards connected and automated driving 
is very widespread in Germany – especially among the older population and women (cf. 
Fraedrich/Lenz 2015). 

If policymakers want to create incentives for a change in behaviour to support the new trans-
portation revolution, they should become more aware of which potential target groups re-
spond to which incentive schemes. Financial incentives are helpful if they are powerful, but 
are by no means tailor-made for different interest groups and motivational profiles among 
the population. In the mobility sector, there is also an urgent need to take greater account 
of differences among regions, but above all between urban and regional spaces, in the 
transport system when it comes to achieving multimodality that largely dispenses with cars. 

5. THE CONTRIBUTION OF CONNECTED AND AUTOMATED TRANSPORT 
TO THE TRANSPORT AND MOBILITY TRANSFORMATION

CAT can make an important contribution to the transition to sustainable transport and mobility. 
However, this requires the technology to be controlled and supplemented by suitable political 
and planning measures. How and under what conditions this would be appropriate is discussed 
in detail by various authors in this volume (see e.g. Chap. 4 by Manderscheid, Chap. 6 by Soter-
opoulos et al., Chap. 11 by Eichholz and Kurth, Chap. 14 by Mitteregger et al. and Chap. 18 by 
Stickler). 
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For the time being, however, we can briefly point out some significant aspects: policymakers 
and planning bodies are usually somewhat perplexed by the question of how to make the 
mobility behaviour of the population more sustainable. Although “avoid”, “shift” and “improve” 
are fitting keywords, they have hardly been consistently implemented to date. For the most 
part, the political and planning approach merely comprises blanket economic instruments in a 
complex landscape of lock-in effects – in the form of tax incentives such as the commuter allow-
ance and home ownership subsidies, car-oriented settlement structures and an inappropriate 
settlement policy regarding specialist retail markets, shopping centres, etc. – and adherence 
to the image of the automobile as a symbol of social advancement and prestige, including its 
modernization through automation and networking (cf. Dangschat 2019). Technological devel-
opments such as CAT will not alone suffice to achieve the above-mentioned goal of a transition 
to sustainable transport and mobility. Rather, people’s mobility behaviour must likewise adapt 
to these goals. This can be supported for example by clearly prioritizing alternative, post-fossil 
transport modes when it comes to policy and planning.
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Automated vehicles will fundamentally transform mobility as we know it today. But what areas 
of mobility, e.g. public transport or freight transport, will be influenced by automated driving, 
and in what ways? What developments are discernible here? How does transport and urban 
planning approach automated driving, and what contribution can it make in view of the climate 
crisis? The authors address these questions in their articles for this chapter, “Mobility and Trans-
port”. They provide specific, in-depth insights into these topics and issues, which they also 
discuss in connection with possible proposals for action from the perspective of transport and 
urban planning. 

In her chapter Self-driving turnaround or automotive continuity? Reflections on technology, in-
novation and social change, Katharina Manderscheid discusses the possible roles of self-driv-
ing vehicles within the context of various manifestations of the current transformation in trans-
port. She makes a distinction here between the drive and automation turnaround, the traffic 
turnaround and the mobility turnaround. She points out that the technology of self-driving vehi-
cles alone does not define the transport and social mobility of the future, but merely represents 
one element within a complex process of negotiation among politics, economics and society. 
In future, it will therefore be important for scenarios of societal mobility futures with self-driving 
vehicles to take into account not only the interests and visions of individual major industries 
and players, but also the less vociferously propounded visions. 

In the chapter Automation, public transport and Mobility as a Service: Experience from tests 
with automated shuttle buses, Aggelos Soteropoulos, Emilia Bruck and Martin Berger give an 
overview of what public transport with automated vehicles could look like. The authors focus 
here specifically on automated shuttle buses, which are being accorded priority in the course 
of tests in public transport projects with automated vehicles. Selected pilot projects with auto-
mated shuttle buses are presented in here the form of a comparative analysis, and two such 
projects are then examined in more detail: based on the example of the “autoNV OPR” project 
in Ostprignitz-Ruppin in Germany, Arne Holst and Alexander Egoldt highlight technical and le-
gal aspects of tests with automated shuttle buses in public transport. Zoltán László then uses 
the example of the “MyShuttle” project in Zug, Switzerland, to present aspects of the operation 
and integration of such buses in public transport networks. These examples also show where 
the emphasis should be placed in future pilot projects involving automated shuttle buses in 
public transport. 

Bert Leerkamp, Aggelos Soteropoulos and Martin Berger address the role of delivery robots in 
urban goods transport in their chapter Delivery robots as a solution for the last mile in the city?. 
The authors first describe the various types of delivery robot and give an overview of current 
tests. On the basis of previous experience in tests with delivery robots suitable for operation 
on pavements, they discuss their potential as a solution for the last mile along with the risks 
involved. The authors also derive implications for planning and describe why giving early stra-
tegic consideration to deploying delivery robots is particularly important for traffic and urban 
planning. 

In the chapter Automated drivability and streetscape compatibility in the urban-rural continu-
um using the example of Greater Vienna, Aggelos Soteropoulos casts light on the role of road 
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space in consideration of the effects of automated driving on traffic. Using case studies of mu-
nicipalities in the Vienna city region, he first presents the technical-infrastructural suitability of 
road spaces for automated driving systems. The author then analyses the number of vehicles 
that are compatible for selected road spaces of certain municipalities. On the basis of these 
two analyses, he discusses which road spaces are or are not suitable for automated driving, 
both from a technical-infrastructural viewpoint and in terms of its compatibility with usage of the 
streetscape surroundings.
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1. INTRODUCTION

The automobile is one of the salient features of modern industrialized societies and symbolizes 
social progress and individual prosperity. In the countries of the Western world, the number of 
private cars per capita of the population and the distances travelled daily by car continue to 
increase. In 2018, there were 568 passenger cars per 1,000 inhabitants in Germany (Umweltbun-
desamt 2019b); prior to the Corona pandemic1 each person covered an average of 29 out of 39 
kilometres daily by car as a driver or passenger (Nobis/Kuhnimhof 2018: 46). There is clearly a 
close connection between economic growth and the growth of freight and passenger transport 
(Altvater 2007: 787; Verron et al. 2005: 7).

Motorized individual transport, especially traffic based on the so-called “driver car” (Dant 2004), 
is now also seen as a symbol of the ecological unsustainability of the modern lifestyle and is in-
creasingly reaching its limits in cities. The negative implications of private motorized transport, and 
in particular its fossil fuel drive, have now moved into the political arena – not only since German 
courts started to give precedence to health protection over the interests of diesel car drivers (e.g. 
Stuttgart Administrative Court, 2017) or the Paris climate protection goals were resolved (cf. Um-
weltbundesamt 2019a). Indeed, in the European Union motorized road transport is the only sector 
(apart from aviation) in which CO2 emissions have increased in relation to the reference year 1990 
(European Commission 2017: 126, 134). For cities, the large number of private cars presents a fur-
ther pressing problem in view of their high space requirements on roads and in parking areas. 
Especially in prospering metropolises, these requirements are increasingly competing with space 
demands on the part of slow and active traffic and for the purpose of recreation and leisure and for 
residential usage. In light of this, the need for a turnaround in mobility and transport is now general-
ly acknowledged. Already today, various trends in development are discernible that can be under-
stood as signs of such change. On the other hand, it remains to be seen where the change in this 
sector is heading, how far-reaching this transformation must or may be, and how it can be initiated. 

With the aim of gaining a more differentiated view of current developments in the field of self-driv-
ing transport technology and mobility, the relationship between technological innovation and social 
change will first be examined in the following from a sociological perspective. Using the example 
of various autonomous vehicle prototypes, it will be shown that technologies are closely interwo-
ven with specific notions of social structures. However, society is not simply being transformed 
by technological developments: not least the history of the automobile shows that technologi-
cal innovations are dependent on politically generated framework conditions and on integration 
into social practices. An ideal-typical distinction is then made between three forms of change in 
transport: (1) a drive and automation turnaround, which above all comprises technological further 
development of the current dispositive of automobility (Manderscheid 2012), (2) a transport turn-
around, in which other means of transport besides the private car play an increasingly significant 
role, and (3) a mobility turnaround, which focuses on the driving factors, dynamics and constraints 
involved in overcoming spatial distance and acceleration effects. In the following, the possible 
roles of self-driving vehicles are discussed for each type of turnaround. This makes it clear that 
the technology of self-driving vehicles does not in itself dictate the transport and social mobility of 
the future, but is merely one element of a complex process of negotiation in politics, economics 
and society at large. 

1 The changes in transport behaviour during and immediately following the lockdown are exam-
ined in a study by Infas (infas/Motiontag 2020). It is doubtful whether transport behaviour will 
return to the former distribution patterns in the near future.
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2. TECHNOLOGICAL INNOVATION AND SOCIAL TRANSFORMATION

Political and public discussion of the future of transport is focusing on technical solutions. New 
developments in the field of vehicle technology are likely to address the negative effects of 
the status quo or provide impulses for a more or less fundamental change within society. Tech-
nology and innovation are seen here as quasi extra-societal forces that more or less directly 
impact society from the outside and change the behaviour of individuals. An obstacle on the 
path to technological solutions is repeatedly seen in public acceptance of new technologies 
(Fraedrich/Lenz 2015). At times, attempts are made to generate acceptance by means of infor-
mation and advertising strategies or socio-scientific accompanying measures. 

Autonomous or self-driving cars are seen as a technological innovation that should make a 
significant contribution to solving today’s traffic problems (e.g. Vaid 2018). Replacing the driver 
with automated control systems is expected to make the use of vehicles safer for passengers 
and other road users, ensure efficient driving and thus low fuel consumption, reduce space 
requirements and congestion by means of more precise driving and parking, and reduce the 
overall number of vehicles on the roads. The automation of vehicles and of traffic itself is widely 
accepted as a fact for the future. Socio-political and socio-scientific discussion concentrates 
above all on ethical issues, problems of public acceptance and political challenges (Dangschat 
2017, Goodall 2019, Lenz/Fraedrich 2015a, Schreurs/Steuwer 2015, Thomopoulos/Givoni 2015). 

A different view of the relationship between innovation and social change can be found in 
techno-sociology, which regards technology in its development, form and potential, its social 
significance and its fundamentally contingent use as a societal phenomenon (e.g. Blättel-Mink 
2006, Rammert 2010). The development, dissemination and use of technological innovations 
are understood here as a multidimensional process within society that is by no means easy to 
plan or predict (e.g. Elias 1995). Regarding the question as to what autonomous vehicles mean 
for traffic and thus for society, it follows from these techno-sociological considerations that it is 
first necessary to broaden our field of vision and to illuminate the diverse interrelationships of 
social and technical development. 

Certain views of problems, along with values and assumptions regarding target groups, are 
already incorporated into the development stage of technologies. From the point of view of so-
ciological technology research, technological artefacts – and thus also vehicles – are seen not 
merely as material-technical objects, but also as an expression of specific social assumptions, 
values and perceptions of problems. The social scientist Madeleine Akrich describes this social 
dimension of technology with the concept of “script”:

“[W]hen technologists define the characteristics of their objects, they nec-
essarily make hypotheses about the entities that make up the world into 
which the object is to be inserted. Designers thus define actors with specif-
ic tastes, competences, motives, aspirations, political prejudices, and the 
rest, and they assume that morality, technology, science, and economy 
will evolve in particular ways. A large part of the work of innovators is that 
of ‘inscribing’ this vision of (or prediction about) the world in the technical 
content of the new object. I will call the end product of this work a ‘script’ 
or a ‘scenario’” (Akrich 1992: 207f.). 

The diversified car market in particular reflects this diversity of differentiated target groups and 
assumed patterns of use: business limousines and sports cars contrast with family cars, panel 
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vans and small and micro cars (Wajcman 1994). The more or less clearly defined target group 
described in this socio-technical script is accompanied by assumptions about their spatial envi-
ronment and the broader social context. In addition to the development engineers, this script is 
also influenced by public discourse and media representations, and the perceptions that these 
condition among society.

Various differently accentuated narratives can be found in the scripts of autonomously driving 
cars, as is shown in a comparison of the marketing visualizations of a number of these vehicles 
(cf. Manderscheid 2018): the first widely known prototype of a self-driving car was the Google 
car Firefly (Google Self-Driving Car Project 2014); however, its development has now been dis-
continued. With this prototype, Google formulates the claim to make urban traffic more socially 
inclusive and safer – by reducing the scope of human agency. Social inclusion refers here to 
the mobilization of groups of people who did not previously use cars due to physical limitations, 
such as the blind or the elderly. In this narrative, social inclusion is technically mediated via in-
dividual auto-mobility, which makes the individual socially and temporally independent of their 
context. In this script, autonomous driving technology takes the place of other persons, who 
drive, or of timetables. 

A second narrative regarding self-driving cars is the time saved for individuals by being re-
lieved of the task of driving and thus having the opportunity to concentrate on the “essentials”. 
The Mercedes F 015 concept car (Mercedes-Benz 2017), for example, visualizes this in the form 
of business meetings, while the Google subsidiary Waymo (2019) focuses on family, leisure and 
socializing while being driven. In addition, self-driving cars are to be able to autonomously take 
over everyday driving tasks, e.g. for shopping and errands, or taking children to and from their 
destinations (VW 2017, 2018). 

In both of these cases, actively steering the vehicle, which to date has been an essential and 
identity-forming element of driving, is interpreted as a waste of time and a burden. Here, the 
new technology assumes the role of a chauffeur, available to reasonably affluent households. 
The promise is that this will create new time windows in the normally hectic everyday routine. 

Figure 1: Google’s Firefly 

The image shown here is explicitly excluded from the Creative Commons licence of the text.  
The rights remain with the authors. Source: Shu (2015)
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The technology of networked autonomous driving is not limited to use in passenger cars, but 
is also undergoing development for public transport. Self-driving buses are being tested or are 
already in use in urban contexts (e.g. in Helsinki, Hamburg, Berlin and Vienna), on company 
and airport premises (e.g. at Frankfurt Airport) and on university campuses. For rural areas, too, 
replacing the driver with technology is expected to open up new opportunities for transport 
connections. The technology of autonomous driving is thus by no means restricted to passen-
ger cars; its use in larger vehicles such as buses, lorries or similar is also conceivable. In these 
applications, the focus is above all on economic efficiency due to the cost savings achieved by 
replacing the driver and on flexible, demand-driven use. 

Figure 2: The Mercedes F 015 concept car (top) and the VW Sedric (bottom) 

The images shown here are explicitly excluded from the Creative Commons licence of the text. The 
rights remain with the authors. Source: top Mercedes-Benz (2017); bottom VW (2018)
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It is not possible to simply derive future traffic scenarios from these scripts of autonomous 
vehicles, which can be understood as current notions of future transport (cf. Grunwald 2009). 
The actual integration of new technologies into the social framework takes place in the course 
of multilayered interrelationships. In the tradition of cultural studies (cf. During 2000), various 
studies have shown that users repeatedly integrate technologies into everyday life in unpre-
dictable ways and develop new practices. Examples are studies on the dissemination and de-
velopment of idiosyncratic uses of the Walkman (Du Gay et al. 1997) or of the mobile phone 
(Rettie 2008, Thulin/Vilhelmson 2007, Wajcman 2008). These adaptations do not occur spon-
taneously, but are flanked by generated framework conditions. The macrostructural processes 
of integrating technical innovations into the social context are systematically elaborated in the 
approach of socio-technical transition (Geels/Schot 2007, Kanger et al. 2019). The history of the 
private car likewise impressively shows that the process of establishing new vehicle technol-
ogies is complex and has been significantly supported by political framework conditions and 
social attributions of meaning. 

This sociopolitical basis, which founded the success of the car, is elaborated by various authors 
(Dennis/Urry 2009, Kuhm 1997, Norton 2008, Paterson 2007); this deconstructs the myth of a 
“natural spread” of the car that caters to pre-existing needs among the population. Rather, the 
social acceptance of the car was preceded by massive lobbying and political decisions on the 
direction to be taken, and by the largely publicly supported development of the correspond-
ing infrastructure such as car-friendly roads and urban structures, along with the creation and 
adaptation of the corresponding legal framework and institutions. This development has been 
flanked by the decline of public rail vehicles, which were the means of mass transport in early 
industrial societies (Knie 2007: 51; cf. Norton 2008). Furthermore, the corresponding social 

Figure 3: A Navya shuttle of the transport operator Wiener Linien

The image shown here is explicitly excluded from the Creative Commons licence of the text. The 
rights remain with the authors. Source: Wiener Linien (no date)
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practices had to emerge: motor sport, car travel, shopping and leisure, and social distinction 
through the car (Gerhard 2000, Miller 2001, Peters 2006); modes of social subjectivation (Bon-
ham 2006, Laurier et al. 2008, Manderscheid 2013) and the concomitant structures of need and 
desire also had to become established. In other words, the specific form of automobility that 
appears “natural” and self-evident to us today came about in a complex interplay of political, 
economic, material-spatial and social power relations and cannot be derived from the potenti-
ality of automotive technology alone. The way cars are integrated into contemporary societies 
and the everyday lives of individuals hardly corresponds any longer to the socio-technical script 
pursued by the developers of the first vehicles. 

From a techno-sociological perspective, therefore, future integration into social practices and 
everyday organizations can be deduced neither from the potentiality of the technology nor 
from the intentions and ideas of the developers. Rather, the dissemination of new technologies 
is promoted, steered or impeded by a number of overriding conditions and is also subject to a 
societal obduracy in the attribution of significance to and the emergence of new socio-technical 
practices that cannot be anticipated in advance. 

3. A TURNAROUND IN DRIVE AND AUTOMATION, TRAFFIC OR 
MOBILITY? 

With regard to the depth and breadth of the turnaround in transport, an analytical distinction 
can be made between three concepts of varying depth: (1) a drive and automation turnaround, 
(2) a traffic turnaround and (3) a mobility turnaround.  In the following, these three forms of 
transformation in road traffic will be examined in terms of the possible roles of self-driving vehi-
cles and of the corresponding conditions for opening up opportunities for politics and society. 
In view of the above considerations, however, this typology should by no means be seen as a 
“blueprint” for generating corresponding futures, but rather as a demonstration of the socio-po-
litical preconditions that go beyond technological innovations. 

In the field of individual mobility, politicians and companies focus above all on new drive sys-
tems such as electric and hybrid technologies. In this context, German Federal Minister of 
Transport Andreas Scheuer explicitly speaks of a “drive turnaround”, i.e. the gradual replace-
ment of combustion engines with units powered by hydrogen, fuel cells or batteries (Gathmann/
Traufetter 2018). In addition, autonomous vehicles and the gradual introduction of various au-
tomated driving assistance systems are expected to lead to more efficient driving and thus to 
fuel and emission savings and, above all, to greater road safety; this can be described as an au-
tomation turnaround. Automated safety technology such as turning assistants for lorries along 
with braking, emergency lane keeping, cruise control or reversing assistants will become the 
new standard in vehicle manufacture as a result of EU Regulation 2019/2144. These innovations 
can build on a long tradition of technical improvements for greater road safety – from uniform 
vehicle lighting, speed limits, seat belts for vehicle occupants, improved braking systems and 
airbags to automatic accident alerts. The introduction of new drive and assistance systems 
is currently being promoted by legal regulations, the public expansion of appropriate infra-
structure and financial incentives for the purchase of corresponding vehicles. However, these 
political measures are not intended to bring about a fundamental transformation, but rather to 
further promote and develop hegemonic privatized automobility. It is quite conceivable that the 
partial automation already existing today will be gradually extended and that in a few years’ 
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time entirely self-driving passenger vehicles will also be seen on the roads. Such fully autono-
mous private vehicles would presumably first enable the economic elite to expand their radius 
of action in geographical space by spending their travel time with activities other than driving. 
This would increase the spatial and temporal independence of this social group, but in the long 
run would further accelerate social life overall while maintaining privatized automobility (Man-
derscheid 2012, Rosa 2005). The current pandemic situation could well also be a significant 
driver of this development. 

A distinction can be made between a drive and automation turnaround and a transport turn-
around, which sets out to supplement or reduce traffic in private cars both as an aggregate 
and in individual practice with other, more ecologically compatible modes, while retaining the 
overall level of mobility. Especially in large cities and metropolitan regions, the use of alterna-
tive modes of transport is increasingly being promoted – from the extension of public transport 
to the encouragement of so-called active transport (walking and cycling), the licensing of new 
micro-vehicles such as electric kick-scooters, and an offer of various mobility services (MaaS 
– Mobility as a Service). MaaS includes, for example, car-sharing offers – station-based and 
“one-way” (Lanzendorf/Hebsaker 2017: 137f.) – and app-based ride-hailing services, i.e. driving 
services that chauffeur individuals or groups with similar routes on demand, along individual or 
fixed routes. While public and private ride-hailing services are currently performed by a driver, 
experiments are already being carried out with self-driving vehicles in both of these areas (e.g. 
Lenz/Fraedrich 2015b). This politically intended extension of the urban mobility offer anticipates 
that users will flexibly and spontaneously assemble their own transport solutions from the vari-
ous offers, depending on location, time of day, weather, occasion and destination (Lanzendorf/
Hebsaker 2017: 145). The proponents of this initiative therefore believe that maintenance of 
current transport volumes in urban space could also be ensured beyond the sphere of private 
automobility. The focus of the transformation here is primarily on urban transport and its effi-
cient organization. The driver of such a change is the increasing dysfunctionality of privatized 
car transport in cities, while alternative modes of transport are at the same time becoming 
socially and politically more attractive. In this connection, self-driving vehicles represent a tech-
nological option that – to the extent to which they are becoming embedded in information 
and communication technologies – facilitates a change from a vehicle approach to a system 
approach in road transport. The proposals of the National Platform Future of Mobility (NPM) in 
Germany, for example, which are formulated above all in the context of digitalization and au-
tonomous vehicles, are directed towards systemically networked mobility concepts (NPM 2019: 
46). Within such a paradigm shift in transport models, the electrically powered self-driving car 
would be understood as an element of multimodal transport concepts that is part and parcel of 
the energy transition and would no longer be seen as deficient in comparison with the hitherto 
predominant petrol-engined car (Lenz/ Fraedrich 2015b; Sauter-Servaes 2011: 37). 

Thirdly, a distinction can also be made between these two transformation perspectives and the 
mobility turnaround, whereby such a clear differentiation between transport and mobility turna-
round is often not made in social discourse. In the present context, the use of the term mobility 
rather than transport is intended to emphasize that the whole matter is to be thought of more 
holistically and that – in addition to the empirically observable physical movement of people 
and goods in the streetscape – virtual, symbolic and imagined movements are also intended, 
along with the associated implications and social horizons of meaning (cf. Cresswell 2006, 
Urry 2007). This extended understanding of movement originates from sociological mobility re-
search and the so-called “new mobilities paradigm” (Sheller/Urry 2006). From this perspective, 
various authors argue that since the second half of the 20th century, automobility – as a system 
(Urry 2004), a regime (Böhm et al. 2006) or a dispositive (Manderscheid 2012) – has not been 
a purely technical-functional means of overcoming distance that plays a merely objective role 
in society, but on the contrary is a constitutive element of social and economic dynamics and 
of spatial organization (Kuhm 1997, Paterson 2007). To put it pointedly, the spatial, temporal, 
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economic, social and symbolic order of contemporary societies can only be understood with 
and through the privately driven car as a hegemonic medium of mobility. Conversely, this also 
means that for a sociological understanding of automobility it is not sufficient to attribute car 
traffic and its growth to a single causal dimension such as needs of the individual, a superior-
ity of technology or globalization. Accordingly, sociological research into mobility considers 
not only the routes and distances travelled and the means of transport used, but also the so-
cio-economic, cultural and spatial dynamics and constraints that underlie social normalities and 
individual needs. The dynamics that lead to a sustained increase in these observable routes 
and distances, as well as the leeway and restraints that individuals face in dealing with the 
mobility expectations of society, can then be incorporated into this integral perspective (Cass/
Manderscheid 2019).

A mobility turnaround towards social and ecological sustainability would then aim at reducing 
the compulsion to be mobile – in other words, it would supplement the right to mobility with a 
right to immobility (cf. ibid., Rajan 2007). According to the basic tenet of the mobility paradigm, 
mobilities arise from social contexts such as employment, family, circles of friends, and the spa-
tial organization of everyday life (Cass et al. 2005, Hammer/Scheiner 2006, Larsen et al. 2006, 
Shove 2002). Individuals and social groups differ significantly here in the extent to which they 
can autonomously shape their mobilities and immobilities. In particular, the demands of labour 
markets and social policy, and of the conditions of the housing market and the infrastructure of 
residential areas in terms of transport and supply, make mobility necessary in order to partici-
pate in society. The technology of automated vehicles can definitely be included in the devel-
opment of ideas for a socially and ecologically sustainable future of mobility in order to ensure 
flexible transport connections above all in peripheral or rural regions. Self-driving cars would 
then chiefly be an element of integrated transport services in the sense of MaaS that can be 
flexibly ordered and used. However, it can be assumed that such an offer can only be provid-
ed by the private sector to a limited extent; this would require structures to be developed by 
public and civic bodies. The key drivers of such a mobility turnaround are therefore to be found 
outside the sphere of transport technology and presuppose fundamental changes in the social 
and economic framework conditions of everyday life.

4. ENVISIONING AND SHAPING THE FUTURE

The notions of possible futures are by no means inconsequential academic flights of fancy. 
Rather, they are potentially performative and have an influence on the production of future in 
society, in that they influence actions in the present. In terms of discourse theory, visions of 
the future are elements of discursive practices that “systematically form the objects of which 
they speak” (Foucault 1981: 71). As (visualized) elements of communication, social and techno-
logical visions of the future already exist in the present and become part of future knowledge 
by framing and limiting the discursive space of social production of the future, by defining and 
excluding what constitutes a problem that needs to be addressed. Although driverless cars and 
buses still only exist as prototypes, their incorporation into motorized traffic as part of current 
transport policy, planning and legislation is already being prepared materially and in terms of 
infrastructure. At the same time, this knowledge of the future legitimizes political and economic 
decisions such as pressing ahead with the expansion of the 5G network. Scientific research 
and discussion on driverless cars, their possible acceptance by society and their effects on the 
organization of traffic, along with ethical challenges, likewise contribute to the establishment of 
the driverless car as a knowledge-based traffic object. 
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These theoretical reflections draw attention to heterogeneous attempts to shape the future. 
In view of climate and health crises, the “peak car” hypothesis and outlines of a sharing econ-
omy, prior to the Corona pandemic the future of private automobility was perhaps more open 
than it had been for a long time. Nevertheless, numerous protagonists play a role here, among 
which the car industry is a powerful player with a strong interest in continued automobility for 
the future. The interests of IT companies and the automotive industry appear to coincide, at 
least in part, in the field of networked automated transport technology, without an underlying 
controlling centre being assumed. In this context, concepts of networked autonomous vehicles 
accentuate the need for the extension and use of ever-new networked and mutually communi-
cating technologies and the extension of the necessary infrastructures such as the 5G network. 
Here, these interests can tie in with the predominant digitalization narrative, whereby there is 
also a relevant economic interest in the data produced during driving operation. The visions 
of driverless cars should therefore be seen as elements of the discursive approach to future 
mobility. Sociologically and socially significant here is not only what is said, but also what is ex-
cluded. Consequently, neither the interests associated with the technological innovations nor 
the less vociferously propounded ideas of societal mobility futures should be disregarded in 
the course of critical sociological research on self-driving cars. 
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1. INTRODUCTION

Automated vehicles will have a significant impact on our mobility and the way we travel. Already 
over the next few years, highly dynamic developments can be expected in the mobility sector, 
with fundamental changes and upheavals that will present both opportunities and risks. From 
the point of view of transport, infrastructure and urban planning, strategies are therefore re-
quired as to where and how automated vehicles can be best deployed. 

Numerous studies have already been carried out on the traffic-related and spatial effects of 
automated vehicles; these can serve as a basis for developing strategies and measures for 
political decision makers. According to these studies, opportunities are opened up by automat-
ed vehicles for example as a result of higher-capacity utilization of the existing transport infra-
structure, improved economic efficiency of public transport as long as personnel costs can be 
reduced, and extended mobility options for specific user groups such as persons with impaired 
mobility (cf. Milakis et al. 2017: 13; Soteropoulos et al. 2019a: 12). On the other hand, most of 
these studies also assume that automated vehicles will increase the attractiveness of vehicle 
use, and thus overall mileage, in the areas envisaged for automated vehicles due to their nu-
merous convenience benefits and their attractiveness for new user groups (cf. Soteropoulos et 
al. 2019b: 40; Hörl et al. 2019: 26; Marsden et al. 2018: 31). Furthermore, the smoother traffic 
flow enabled by the shorter distances between automated vehicles, which enable higher ca-
pacity-utilization of the transport infrastructure, leads to denser traffic; as a result, it is more diffi-
cult for pedestrians, cyclists and turning vehicles to find gaps, thus increasing the barrier effect 
of roads and reducing the permeability of the streetscape for other road users (cf. Abegg et al. 
2018: 26; Wissenschaftlicher Beirat beim Bundesminister für Verkehr und digitale Infrastruktur 
2017: 23; Heinrichs 2015: 237). 

To date, however, these studies have only dealt with the possible general trend of potential 
effects. The level of the streetscape has not been given sufficient consideration in this context. 
The streetscape is public space; i.e. it is fundamentally accessible to everyone at all times and 
is essentially publicly owned, but only represents a subset of all public space, which in addition 
to the streetscape also includes for example squares, parks and publicly accessible open spac-
es or ground-floor zones connected with settlements. These in turn are all strongly connected 
to the streetscape (cf. Stadt Wien 2018: 13). The level of the streetscape is particularly relevant 
in two aspects (Fig. 1): 

1. Cities, but also rural settlement structures, have a wide variety of streetscapes, which 
differ in terms of their function (e.g. connection or access), traffic volumes, local charac-
teristics (e.g. old village centre or new commercial area), peripheral usage and streets-
cape conditions (e.g. road margin, width and topography; cf. Marshall 2005: 54; Baier/
FGSV 2007: 5). For the use of automated vehicles, these different streetscape contexts 
give rise to different requirements: increased complexity of the operational design do-
main (ODD), for example due to a large number of pedestrians or cyclists to be identi-
fied or intersections with complex shapes, has increased the demands placed on the 
automated driving system (cf. Czarnecki 2018; SAE International 2018: 14). For traffic, 
infrastructure and urban planning, analysis of streetscapes in terms of their suitability 
for automated vehicles from a technical-infrastructural point of view can thus provide 
information on where automated vehicles are likely to operate more efficiently, or with 
fewer adaptations to the infrastructure as a result of the surrounding streetscape and 
environmental conditions. This also makes it possible to identify streetscapes where the 
use of automated vehicles is possible with greater or less effort.
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2. In principle, there is an abundance of demands for use, requirements and needs of 
people to seek out or to move within streetscapes. In addition to the function of roads 
as transport routes, the type and extent of further requirements on a streetscape result 
from its environment, i.e. the use of buildings, their orientation to the streetscape and 
other factors (cf. Bühlmann/Laube 2013: 9). These are at times contradictory and lead to 
conflicts of use (cf. Häfliger et al. 2015: 19). In particular, conflicts between the demands 
of motorized individual transport and other needs (other forms of movement such as 
walking and cycling) are only compatible up to a certain intensity or as are acceptable in 
a specific situation. However, once the traffic load exceeds this limit it reaches a predom-
inance which affects the other usage demands to an extent that is no longer compatible 
(cf. Bühlmann/Laube 2013: 10). From a planning perspective, it must also be examined 
to what extent the possible use of automated vehicles is compatible with the other de-
mands for usage of the streetscape, in light of their impact such as a rise in traffic volume 
and an increased barrier effect due to the denser spacing of these vehicles. 

In this article, the suitability of streetscapes for automated vehicles in the urban-rural continu-
um is examined using the example of four different municipalities in Greater Vienna. Different 
types of criteria (e.g. intersections or speed limits), chosen on the basis of current problems 
of automated driving systems as described in test reports (cf. BMVIT 2018, Favarò et al. 2018), 
are combined here to assess the suitability of road sections for the use of automated driving 
systems. In an analysis of the compatibility of streetscapes, the conflicts arising from today’s 
motorized traffic (traffic volumes, speed) for pedestrians and cyclists in parallel traffic, when 
stationary and when crossing roads are also evaluated (cf. Baier et al. 2011: 37). Here, individual 
sections of road in the four municipalities are investigated to determine whether and in what 
ways problems such as a high barrier effect or low permeability for pedestrians and cyclists are 
already evident in streetscapes today, by explicitly examining and taking into account criteria 
such as traffic volume, vehicle speed or the proportion of lorries (cf. Nørby/Meltofte 2012: VI; 
Litman 2009: 1). The assessment of streetscape compatibility is then linked to or considered 
together with an assessment of the suitability of the streetscape for automated driving systems. 
The aim is thus to determine the extent of correlation between the suitability of streetscapes 
for automated vehicles and the compatibility of these spaces (Fig. 2). Combining these two 

Suitability for automated vehicles from a 
technical-infrastructural point of view 

(complexity of operational environment)

Compatibility with use of surroundings in 
view of the effects associated with 

automated vehicles  
(increase in traffic volume, increased 

barrier effect, etc.)

Streetscapes

Figure 1: Overview of the relevance of streetscapes for the use of automated vehicles

Source: the authors
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assessments is essential for determining where there will be a particular need for action in the 
near future from a traffic and urban planning perspective, and to develop suitable strategies for 
the best possible use of automated vehicles. 

2. METHODOLOGY OF THE PRESENT STUDY

To determine the suitability of streetscapes for the use of automated vehicles from a techni-
cal-infrastructural point of view and to assess their compatibility, extensive procedures were 
used, which are explained in the following. 

2.1 DETERMINING THE SUITABILITY OF STREETSCAPES FOR THE USE OF  
AUTOMATED VEHICLES: AUTOMATED DRIVABILITY 

The methodology for assessing the suitability of streetscapes for the use of automated vehicles 
is very much based on the concept of automated drivability as described in the work of Soter-
opoulos et al (2020). The methodology is only briefly described in the following; for a detailed 
description see Soteropoulos et al (2020). 

2.1.1 POINT OF DEPARTURE, FRAMEWORK AND COMPONENTS OF AUTOMATED 
DRIVABILITY 

The concept of automated drivability assumes that certain streetscape contexts and surrounding 
conditions (ODD) place increased requirements on automated driving systems to perform their 
driving task. Processes such as (1) recording and mapping the surroundings, (2) planning and 
making an appropriate driving decision, and (3) executing the appropriate driving decision (con-
trol), which are necessary for the automated vehicle to perform its task of driving, can be com-

Figure 2: Correlation between technical-infrastructural suitability of streetscapes for automated vehi-
cles and streetscape compatibility

Source: the authors
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plicated by various factors and conditions. On the basis of this, a framework for the description 
of automated drivability was drawn up, with various components and sub-elements that increase 
complexity for automated driving systems. The framework comprises the following components:

1. number of objects in the streetscape 

2. diversity of objects in the streetscape

3. condition and configuration of the road infrastructure 

4. speed limit 

5. stability of the operational design domain.

Registering surroundings

Planning Control

Objects

Obstacles/impediments

 

Increased 
complexity

 due to

Increased 
complexity

 due to

 
 

Detecting and reacting to 
objects and events 

Configuration

Condition

 

Road topography 
(e.g. curve, lane 
width, corner)

Road type (e.g. 
junction, rounda-

bout, tunnel)

Road surface (e.g. 
potholes)

Signs/road markings 
(e.g. absence or 
poor condition)

Surrounding conditions

Light conditions (e.g. 
night, glare from 

sunlight)

Particles (e.g. fog, 
smoke, mud)

Weather and weather-
related road conditions (e.g. 

rain/flooded carriageway, 
snow, sleet, ice)

Special incidents (e.g. 
accidents, emergency/res-

cue vehicles)

Varying tra�c (e.g. 
normal/rush hour)

Construction sites

Static
(e.g. trees, bushes)

Static 
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road markings

Dynamic 
Road users (e.g. di�erent 

types of vehicles: cars, 
buses, etc.; pedestrians, 

cyclists)

Increased complexity 
due to

Increased complexity 
due to

Dynamic
(e.g. animals, shopping 

trolleys, debris/dirt)

High speeds

Low 
complexity

High
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Condition and configuration 
of the road infrastructure

Number of 
objects

Diversity of 
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Speed limits Stability of the operational 
design domain

Tra�c conditions and 
incidents

Figure 3: Principal tasks of an automated driving system and components of the framework for the 
assessment of automated drivability, including sub-elements

Source: the authors
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Figure 3 (on the previous page) gives an overview of the principal tasks of an automated driving 
system and the components of the framework for assessing automated drivability, including the 
sub-elements. 

2.1.2 DERIVATION OF INDICATORS FOR THE VARIOUS COMPONENTS OF THE 
FRAMEWORK 

For each component of the automated drivability framework described at the outset, suitable 
indicators are subsequently derived, taking into account (publicly) available data. To calculate 
of the indicators, data from the Austrian Graph Integration Platform (GIP), the Open Street Map 
(OSM) and the Austrian Central Institution for Meteorology and Geodynamics (ZAMG) were 
used in this study. The calculations were carried out using the geographic information system 
software ArcGIS. Table 1 (see next page) provides an overview of the derived indicators for the 
respective components and of the various data sources. 

2.1.3 CONNECTING THE INDICATORS 

To connect the indicators, the values for each indicator are first normalized and standardized 
using the following formula: 

whereby 

 ■ Xij is the value of indicator i for road section j and 

 ■ maxXij and minXij are the maximum and minimum values of indicator i for all road sections 
in the area under examination. 

Positive indicators are those for which a higher value represents higher automated drivability 
(e.g. road width), while negative indicators are those for which a lower value represents higher 
automated drivability (e.g. number of traffic lights; see also Table 1).

The indicators were then linked by weighting the individual components. Based on assess-
ments of the relevance of the individual components in terms of complexity for automated 
driving systems in the literature (cf. Pendleton 2017; Brummelen et al. 2018; Shladover 2018a, 
2018b; Favarò et al. 2018), the following weighting was assigned to the components: 

1. number of objects in the streetscape: 3

2. diversity of objects in the streetscape: 7

3. condition and configuration of the road infrastructure: 2 

4. speed limit: 3 

5. stability of the operational design domain: 1.
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To establish a connection, the indicator values were subsequently summed for each section of 
road using the following formula, by adding the values of the indicator for each component of 
the framework and then dividing by the number of indicators per component and multiplying 
by the respective weighting, to obtain the aggregated automated drivability index (ADX) value 
for each section of road: 

 
 

whereby 

 ■ XADXj is the value of the ADX for road section j, 

 ■ Xc1i1j is the value of indicator i1 of component 1, 

 ■ Xc2i1j is the value of indicator i1 of component 2 ...; and 

 ■ Ic1n is the total number of indicators for component 1 and

 ■ Ic2n is the total number of indicators for component 2 ... 

2.2 PROCEDURE FOR ASSESSING THE STREETSCAPE COMPATIBILITY OF THE 
ROAD SECTIONS 

For assessment of streetscape compatibility, numerous procedures can be found in the litera-
ture, e.g. the M.A.R.S. model of autonomous and relative standards (cf. Baier 1992), the LADIR 
procedure (Müller et al. 1994) or the compensatory approach (Mörner et al. 1984). These methods 
originated in the 1980s and the 1990s, but have since been applied partly in adapted form in more 
recent years, for example in Bühlmann and Laube (2013), Frehn et al. (2013) or Baier et al. (2011). 

The compensatory approach of Mörner et al. (1984) served as the basis for assessing streets-
cape compatibility in the context of this article and was adapted using the findings of the recent 
application of this approach by Bühlmann and Laube (2013). In the compensatory approach, a 
maximum traffic load in the dimension “number of motor vehicles per peak hour” (veh/ph) is de-
termined for individual road sections, based on the degree of building development and usage 
of the surrounding area, and the function and significance of the locality. This maximum traffic 
load is corrected in line with various influencing factors, and the compatibility of the existing 
traffic volume with the road environment (measured traffic load in comparison with maximum 
compatible traffic load) is then assessed on this basis. Taking into account the effects described 
above in connection with automated driving with regard to an increase in barrier effect due to 
a possible denser sequence of vehicles, this barrier effect was also explicitly included in the 
framework of the compensatory approach applied here, or in some cases the approach was 
extended to include this aspect. 

2.2.1 DETERMINING THE BASIC STILL COMPATIBLE TRAFFIC LOAD

The basic traffic load, i.e. the still compatible traffic load in terms of vehicles per peak hour (veh/
ph), is determined by the degree of building development and usage of the surrounding area for 
the respective section of road. While Mörner et al. (1984) based their approach on urban areas, 
Bühlmann and Laube (2013) also mention a connection between traffic load that is still compatible 
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and the function and significance of a locality, whereby traffic has a lower level of acceptance in ru-
ral areas than in urban centres (cf. Bühlmann/Laube 2013: 34). Since the sections of road examined 
are all located in relatively small towns within Greater Vienna (see Section 3), the following four 
categories have been assigned on the basis of Mörner et al. (1984) and Bühlmann/Laube (2013): 

Category A Shopping area/centre, largely characterized by closed block development with 
more than two storeys and medium to intensive commercial use 

Category B Mixed use, largely characterized by open to semi-open two- to four-storey 
buildings, or closed one- to two-storey buildings and medium commercial use 

Category C Residential, largely characterized by open single- and two-family housing, with only 
isolated shops or other intensive public use 

Category D Commercial and industrial area, with mainly low residual demands and no in-
tensive public use such as residences or (pedestrian) shopping.

The basic traffic load (veh/ph) that is still compatible with the demands of residents on the road 
surroundings was defined on the basis of Mörner et al. (1984) and Bühlmann/Laube (2013) as 
follows for the four categories; as with Bühlmann/Laube (2013), it assumes that acceptance of 
traffic is lower in smaller towns and in rural areas than in larger towns (cf. ibid.: 17). In addition, 
it is assumed here that in city centres much higher demands are placed on quality of stay and 
thus on compatibility than in commercial and industrial areas:

Category A 150 vehicles per peak hour

Category B 250 vehicles per peak hour 

Category C 400 vehicles per peak hour 

Category D 1,000 vehicles per peak hour.

2.2.2 DETERMINING THE ACTUAL STILL COMPATIBLE TRAFFIC LOAD: ADAPTATION 
OF THE BASIC VALUE THROUGH USE AND DESIGN OF THE STREETSCAPE 

The categories listed in the first step make only a rough distinction, and the use and design of 
a streetscape can differ significantly within the various categories. For this reason, the basic 
still compatible traffic load determined in the first step is subsequently adapted in line with the 
following evaluation criteria: 

a. Use by pedestrians and cyclists 

b. Area distribution

c. Greenery and design 

d. Speed 

e. Share of heavy-vehicle traffic/lorries and 

f. Barrier effect: crossing aids/detours for pedestrians.
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These criteria serve as compensatory aspects by means of which the compatible traffic load is 
increased or reduced in accordance with the other utilization demands placed on the street-
scape. Based on Mörner et al. (1984) and with slight adaptation of these values, the compatibil-
ity levels of the respective evaluation criteria lead to a compensation or adaptation of the basic 
still compatible traffic load as shown in Table 2. 

a) Use by pedestrians and cyclists 
The assessment criterion “use by pedestrians and cyclists” is based on the assumption that 
motorized traffic disturbs or endangers pedestrians and cyclists in their activities in the street-
scape. The assessment thus follows the logic that motorized traffic becomes less compatible 
as the number of pedestrians and cyclists on a road increases. For this purpose, the number 
of pedestrians and cyclists (i.e. persons inconvenienced or endangered by motorized traffic) 
during peak hour is used, with the resulting compatibility levels shown in Table 3. 

Table 3: Compatibility levels for the criterion “use by pedestrians and cyclists” 

Source: the authors, based on Mörner et al. (1984) 

Number of pedestrians and cyclists on the road  
in the peak hour 

Compatibility levels (compatibility of  
motorized traffic with this number of  

pedestrians and cyclists) 

< 100 ++ (highly compatible) 

over 100 to 200 + (compatible) 

over 200 to 400 o (just compatible)

over 400 to 600 - (incompatible)

over 600 - (entirely incompatible)

b) Area distribution 
The assessment criterion “area distribution” evaluates the width of the areas for pedestrians 
and cyclists (pavements, cycle paths and grass verges) in relation to the width of the area for 
motorized traffic (traffic area including multipurpose lanes and areas for parked motor vehicles). 
It is assumed that the lower the ratio of the width of the area for pedestrians and cyclists in the 
streetscape to the width of the area for motorized traffic, the less compatible is the motorized 
traffic. Accordingly, the compatibility levels shown in Table 4 are set on the basis of the ratio 
between the width of the area for pedestrians and cyclists and the width of the area for motor-
ized traffic. 

Table 2: Overview of the compatibility levels per assessment criterion and the corresponding adapta-
tion values for the basic still compatible traffic load 

Source: the authors, based on Mörner et al. (1984) 

Compatibility level of the respective  
assessment criterion

Adaptation of the basic still compatible  
traffic load by

++ (highly compatible) +50 veh/ph

+ (compatible) +25 veh/ph

o (just compatible) ±0 veh/ph

- (incompatible) -25 veh/ph

- (entirely incompatible) -50 veh/ph
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Table 4: Compatibility levels for the criterion “area distribution”

Source: the authors, based on Mörner et al. (1984)

Ratio of the width of areas for pedestrians and 
cyclists to the width of areas for  

motorized traffic 

Levels of compatibility (with demands of  
residents and the surrounding area)

> 1.00 ++ (highly compatible) 

0.75 to under 1.00 + (compatible) 

0.5 to under 0.75 o (just compatible) 

0.25 to under 0.5 - (incompatible)

under 0.25 - (entirely incompatible)

c) Greenery and design 
The assessment criterion “greenery and design” is used to evaluate the design of a streetscape 
with green spaces and trees, along with accompanying design elements. It is assumed that a 
smaller number of green spaces, trees and accompanying design elements in the streetscape 
will diminish the quality of stay and thus make motorized traffic less compatible. The evaluation 
is carried out in qualitative terms (in lieu of quantifiable characteristics such as the number of 
trees or of greenery and design elements, etc.), whereby a distinction is made between the 
categories and compatibility levels described in Table 5. 

Greenery and design  
in the streetscape

Levels of compatibility (with demands of  
residents and the surrounding area)

Greenery and other design elements clearly define 
the streetscape and shape the character of the 

street. They lend the street a distinctive character 
with high experience value.

++ (highly compatible)

Greenery and other design elements are objectively 
perceptible. Overall, they still predominate over the 

technical traffic instalments in the appearance  
of the street.

+ (compatible)

There is an equal balance between greenery and 
design elements and undesigned areas; the street is 
not characterized by greenery and designed areas.

o ( just compatible)

Greenery and other design elements are 
sporadically present. They do not shape  

the character of the street; a technical-functional 
image predominates.

- (incompatible)

Greenery and other design elements are entirely 
lacking; the streetscape is bare and naked. - (entirely incompatible)

Table 5: Compatibility levels for the criterion “greenery and design” 

Source: the authors, based on Mörner et al. (1984) 
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d) Speed 
The speeds travelled on the section of road are evaluated with the assessment criterion 
“speed”. It is assumed that the speeds travelled have a significant influence on the usability of 
the streetscape for residents and on the safety of non-motorized road users (e.g. in terms of 
ease of crossing the road) and that higher speeds travelled on the section of road make motor-
ized traffic less compatible. This assessment uses speeds travelled in the form of v851 and the 
compatibility levels shown in Table 6. 

e) Heavy-vehicle traffic/lorry share 

The assessment criterion “heavy-vehicle traffic/lorry share” evaluates the share of lorries in the 
motorized traffic volume during normal hours. It is based on the assumption that heavy-vehicle 
traffic with an overall low traffic volume is burdensome to residents particularly due to noise 
emissions, but also with regard to road safety. This assessment uses the share of heavy vehi-
cles in the total volume of motorized traffic and the compatibility levels shown in Table 7.

f) Barrier effect: crossing aids/detours for pedestrians 

The assessment criterion “barrier effect: crossing aids/detours for pedestrians” evaluates the 
number of crossing aids in relation to the length of the road section. Based on the development 
structure or the previously defined road environment categories, it is assumed that an appro-
priate number of crossing points is necessary in order to cater to the needs of pedestrians as 
well as possible and without lengthy detours. To obtain the final indicator value, the ratio of the 
number of crossing aids to the length of the road section is multiplied by 100: for example, a 

1 v85 is the speed not exceeded by 85% of vehicles.

Table 6: Compatibility levels for the criterion “speed”

Source: the authors, based on Mörner et al. (1984)

Speeds travelled by  
motor vehicles (v85)

Levels of compatibility (with demands of  
residents and the surrounding area)

< 30 km/h ++ (highly compatible)

over 30 to 35 km/h + (compatible)

over 35 to 40 km/h o (just compatible) 

over 40 to 50 km/h - (incompatible)

over 50 km/h - - (entirely incompatible)

Table 7: Compatibility levels for the criterion “heavy-vehicle traffic/lorry share” 

Source: the authors, based on Mörner et al. (1984)

Share of lorries in total  
motorized traffic volume

Levels of compatibility (with demands of  
residents and the surrounding area)

< 3% ++ (highly compatible) 

over 3 to 6 + (compatible) 

over 6 to 9 o (just compatible) 

over 9 to 12% - (incompatible)

over 12% - (entirely incompatible)
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value of 1.0 indicates an average distance of 100 metres between two crossing aids (cf. Häfliger 
et al. 2015: 80f.). Table 8 gives an overview of the respective compatibility levels for different 
types of road environment or development structure of the area. Since a shared space can be 
crossed at any point, it is assumed in accordance with Häfliger et al. (2015) that this is always 
highly compatible with the surrounding area (cf. ibid.: 81). 

2.2.3 COLLECTION OF DATA REQUIRED FOR ASSESSING STREETSCAPE 
COMPATIBILITY 

For the procedure described above to assess the compatibility of streetscapes, the relevant 
criteria must be determined on site for the respective road sections. To record the relevant 
data for the assessment, the authors carried out surveys on all road sections examined. This 
involved traffic counts to determine the number of vehicles and of pedestrians and cyclists, and 
the proportion of lorries in peak hour. The traffic counts for all road sections were conducted 
on working days in November 2019 between 3 and 4 p.m., in accordance with the recommen-
dations for traffic surveys – EVE (cf. FGSV 2012). The remaining data required for the respective 
criteria were (1) (approximately) determined from the Austrian Graphic Integration Platform (GIP) 
(criterion “speeds travelled (v85)”) or (2) collected on site (criteria “area distribution”, “greenery 
and design” and “barrier effect: crossing aids”).

Ratio of the number of crossing aids to road section  
length in metres (*100) 

Levels of compatibility  
(with demands of residents and the sur-

rounding area)
A 

Shopping/
centre

B  
Mixed use

C  
Residential

D  
Commercial/

industrial 

≥ 1.5 ≥ 1.3 ≥ 1.1 ≥ 0.9 ++ (highly compatible) 

≥ 1.2 to 
under 1.5

≥ 1.0 to 
under 1.3

≥ 0.8 to 
under 1.1

≥ 0.6 to 
under 0.9

+ (compatible) 

≥ 0.9 to 
under 1.2

≥ 0.7 to 
under 1.0

≥ 0.5 to 
under 0.8

≥ 0.3 to 
under 0.6

o (just compatible) 

≥ 0.6 to 
under 0.9

≥ 0.4 to 
under 0.7

≥ 0.2 to 
under 0.5

≥ 0.1 to 
under 0.3

- (incompatible)

< 0.6 < 0.4 < 0.2 < 0.1 -- (entirely incompatible)

Source: the authors, based on Häfliger et al. (2015: 81)

Table 8: Compatibility levels for the criterion “barrier effect: crossing aids/detours for pedestrians”
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3. THE MUNICIPALITIES IN GREATER VIENNA AND ANALYSED 
ROAD SECTIONS 

The investigation of automated drivability and streetscape compatibility was carried out in the 
four sample municipalities 

1.  Mödling,  
2.  Gumpoldskirchen,  
3.  Bad Vöslau und  
4.  Leobersdorf

in the south of Greater Vienna. These four municipalities are representative of suburban, rather 
rural municipalities in Greater Vienna. Figure 5 (on the next page) shows the location of the 
sample municipalities studied in Greater Vienna.

The investigation of automated drivability was conducted over the entire road network ap-
proved for motorized traffic in the municipal areas of the respective four municipalities studied. 
The road network was divided into sections of up to 100 metres in length; these appeared to 
be the most suitable spatial reference units for the representation of automated drivability (cf. 
Su et al. 2019: 66). 

Figure 4: Overview of the road sections examined in the four municipalities of the study

Source: Aggelos Soteropoulos 

Hauptstraße, Mödling 

Industriestraße, Bad Vöslau

Wiener Straße, Gumpoldskirchen

Hauptstraße, Leobersdorf
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The assessment of streetscape compatibility was carried out by way of example for one road 
or road section in each of the four municipalities studied, including three through roads and 
one commercial road. These four roads were selected firstly on the basis of the significance of 
these types of road in a suburban, partly rural setting, and secondly in order to reflect and take 
into account the heterogeneous nature of streetscapes in these municipalities. Figure 4 shows 
an overview of the road sections examined.

0 km 15 km 30 km

Vienna

Mödling

Gumpoldskirchen

Bad Vöslau
Leobersdorf

Figure 5: Locations of the municipalities studied

Source: the authors
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4. RESULTS OF THE STUDY

In the following, the results of the study regarding the suitability of the streetscapes for the 
use of automated vehicles (automated drivability) and the compatibility of the streetscapes are 
discussed, and a synopsis of these two aspects is presented. 

4.1 RESULTS FOR SUITABILITY OF STREETSCAPES FOR THE USE OF  
AUTOMATED VEHICLES (AUTOMATED DRIVABILITY) 

Figure 6 provides an overview of the assessment of the suitability of streetscapes for automat-
ed vehicles, i.e. automated drivability, in the four sample municipalities: 

1.  Mödling,  
2.  Gumpoldskirchen,  
3.  Bad Vöslau and  
4.  Leobersdorf.

0 1 2 km 0 1 2 km

0 1 2 km0 1 2 km

Bad Vöslau Leobersdorf

Mödling Gumpoldskirchen 

Low suitability 
(only with major adaptations) 

High suitability 
(without major adaptations) 

Figure 6: Automated drivability in the four municipalities examined

Source: the authors
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High values for automated drivability and thus a high level of suitability for automated vehicles 
can be seen in the municipalities studied, especially for motorways, which are located in the 
east of Bad Vöslau and west of the centre of Leobersdorf. Moreover, high values for automated 
drivability are mostly also observable in those parts of the municipalities located close to the 
motorway accesses/exits, such as north of the town centre in Bad Vöslau, or west of the mo-
torway and of the town centre in Leobersdorf. In Mödling, high levels of automated drivability 
were recorded almost exclusively in the area around the railway axis, and in Gumpoldskirchen 
at best in the western part of the municipality. 

By contrast, the town centres and some access/exit roads in the municipalities examined ex-
hibit somewhat lower levels of automated drivability. In Bad Vöslau, low automated drivability 
values are evident for the road running parallel to the B212 from the town centre to the north, 
and in Mödling especially for the roads in the town centre and the road sections at the junction 
of the B11 (Spitalmühlgasse) and Neusiedler Straße. In Gumpoldskirchen, low automated driva-
bility values can be seen especially for the road sections around the roundabout in the western 
part of the municipality; in Leobersdorf, this situation can be seen throughout the town centre 
and especially along the main road running through the town centre. 

4.2 RESULTS FOR STREETSCAPE COMPATIBILITY 

In the following, the streetscape compatibility is analysed for the four municipalities examined: 
Mödling, Gumpoldskirchen, Bad Vöslau and Leobersdorf. 

4.2.1 BASIC VALUE OF THE STILL COMPATIBLE AND ACTUAL TRAFFIC LOADS 

Road section,  
municipality

Classification  
of street  

surroundings 

Basic value of the still  
compatible traffic load and  

compatibility levels (veh/ph)  

Hauptstraße, Mödling

Category A 
Shopping/centre

< 75 (++ highly compatible) 
75 to 150 (+ compatible) 

> 150 to 250 (o just compatible) 
> 250 to 400 (- incompatible) 

> 400 (- - entirely incompatible) 

Wiener Straße, Gumpoldskirchen

Category B 
Mixed use

< 150 (++ highly compatible) 
150 to 250 (+ compatible) 

> 250 to 400 (o just compatible) 
> 400 to 1,000 (- incompatible) 

> 1,000 (- - entirely incompatible)

Table 9: Overview of integration into the road surroundings, and the basic value of the still compati-
ble traffic load with compatibility levels for the road sections examined
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Table 9 shows the classification of the surroundings of the four examined road sections ac-
cording to the categories described above, and the corresponding basic values of the still 
compatible traffic load. The road sections in the municipalities of Mödling and Leobersdorf 
were assigned to the category “A: Shopping/centre” with a basic value of the still compatible 
traffic load of 150 veh/ph. The road section in Gumpoldskirchen, on the other hand, can best 
be assigned to the category “B: Mixed use”, with a basic value of the still compatible traffic load 
of 250 veh/ph. The road section in Bad Vöslau was assigned to category “D: Commercial and 
industrial area” and thus has a basic value of the still compatible traffic load of 1,000 vehicles 
in peak hour. 

4.2.2 DETERMINING THE ACTUAL STILL COMPATIBLE TRAFFIC LOAD: ADAPTATION 
OF THE BASIC VALUE THROUGH USE AND DESIGN OF THE STREETSCAPE 

a) Use by pedestrians and cyclists 
In the criterion “use by pedestrians (pd) and cyclists (cy)”, fewer than 100 pedestrians and cy-
clists were counted in peak hour for the road sections in both Gumpoldskirchen (94 pd and cy/
ph) and Bad Vöslau (20 pd and cy/ph). This leads to an assessment of motorized traffic as being 
highly compatible with this number of pedestrians and cyclists, resulting in an adjustment of the 
basic value of the still compatible traffic load by +50 veh/ph. 

On the road section in Leobersdorf, 196 pedestrians and cyclists per peak hour were recorded, 
so that the motorized traffic can be classified as compatible with this number of pedestrians and 
cyclists, with a resulting adjustment of the basic value of the still compatible traffic load by +25 
veh/ph. On the other hand, motorized traffic is incompatible with the number of pedestrians and 
cyclists recorded on the road section in Mödling (504 pd and cy/ph), leading to an adjustment 
of the basic value of the still compatible traffic load by -25 veh/ph. 

Industriestraße, Bad Vöslau

Category D 
Commercial and 
industrial areat

< 400 (++ highly compatible) 
400 to 1,000 (+ compatible) 

> 1,000 to 1,200 (o just compatible) 
> 1,200 to 1,500 (- incompatible) 
> 1,550 (- - entirely incompatible) 

Hauptstraße, Leobersdorf

Category A 
Shopping/centre

< 75 (++ highly compatible) 
75 to 150 (+ compatible) 

> 150 to 250 (o just compatible) 
> 250 to 400 (- incompatible) 

> 400 (- - entirely incompatible) 

Source: the authors, based on Mörner et al. (1984) and Bühlmann/Laube (2013)
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b) Area distribution
In the criterion “area distribution”, i.e. the ratio of the width of surfaces for pedestrians and cy-
clists to those for motorized traffic, significant differences can be seen in places between the 
various road sections. Figure 7 shows cross-sectional profiles of the four road sections studied. 

Figure 7: Cross-sections of the four road sections in the municipalities examined

Source: the authors

Hauptstraße, Mödling

Industriestraße, Bad Vöslau

Wiener Straße, Gumpoldskirchen

Hauptstraße, Leobersdorf

Road section,  
municipality 

Number of pedestrians 
and cyclists on the road 

in the peak hour 

Levels of compatibility  
(of motorized traffic with 

this number of pedestrians 
and cyclists)  

Adjustment of the basic 
value of the still  

compatible traffic load 
(veh/ph) by

Hauptstraße, 
Mödling

504 - (incompatible) -25

Wiener Straße, 
Gumpoldskirchen 94 ++ (highly compatible) +50

Industriestraße,
Bad Vöslau

20 ++ (highly compatible) +50

Hauptstraße,
Leobersdorf

196 + (compatible) +25

Source: the authors

Table 10: Classification and adjustment of the basic value of the still compatible traffic load for the 
criterion “use by pedestrians and cyclists”
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For the road section in Gumpoldskirchen, the ratio of the width of surfaces for pedestrians and 
cyclists to those for motorized traffic areas is very low at 0.18, which leads to its classification as 
being entirely incompatible with the requirements of residents and the surroundings, and to an 
adjustment of the basic value of the still compatible traffic load by -50 veh/ph. The road section 
in Bad Vöslau likewise has a rather low value of 0.57, resulting in its classification as being just 
compatible with the residents’ demands and with the surroundings, and an adjustment of the 
basic value of the still compatible traffic load by ±0 veh/ph. 

With values of 1.17 and 0.75 respectively, the road sections in Mödling and Leobersdorf on the 
other hand show more positive ratios of the width of surfaces for pedestrians and cyclists to the 
those for motorized traffic; these are compatible and highly compatible respectively with the 
requirements of residents. This leads to an adjustment of the basic value of the still compatible 
traffic load by +50 and +25 veh/ph respectively.

c) Speed 
In the criterion “speed”, motor vehicles are driven at different speeds (v85) on the four road 
sections according to the GIP2. 

The road sections in Gumpoldskirchen and Leobersdorf registered relatively low speeds of 
35 and 20 km/h respectively, which are highly compatible with the requirements of residents 
and with the surroundings and lead to an adjustment of the basic value of the still compatible 
traffic load by +25 and +50 veh/ph. The road section in Mödling registered a vehicle speed 
(v85) of 40 km/h, which is only just compatible with the requirements of residents and with 
the surroundings (adjustment of the basic value of the still compatible traffic load by ±0 veh/
ph). The speed of motor vehicles (v85) on the section of road in Bad Vöslau is 50 km/h, which 
is incompatible with the requirements of residents and with the surroundings and leads to an 
adjustment of the basic value of the still compatible traffic load by -25 veh/ph.

2 The v85 speeds included in the GIP ideally originate from measurements. To the extent that no 
more reliable speeds were known in the course of data transmission to the GIP, standard values 
(from empirical studies) are specified by the GIP for entry, depending on the road categories and 
differentiated according to open countryside and urban areas (cf. GIP.at 2019: 123).

Road section,  
municipality 

Ratio of the width of  
surfaces for pedestrians 
and cyclists to those for 

motorized traffic 

Levels of compatibility 
(with requirements of 

residents and the  
surrounding area) 

Adjustment of the basic 
value of the still  

compatible traffic load 
(veh/ph) by

Hauptstraße,
Mödling

1.17 ++ (highly compatible) +50

Wiener Straße, 
Gumpoldskirchen 0.18 - (completely 

incompatible) -50

Industriestraße,
Bad Vöslau

0.57 o (just compatible) ±0

Hauptstraße, 
Leobersdorf 0.75 + (compatible) +25

Source: the authors

Table 11: Classification and adjustment of the basic value of the still compatible traffic load for the 
criterion “area distribution” 
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d) Share of heavy-vehicle traffic/lorries 
In the criterion “share of heavy-vehicle traffic/lorries”, the road section in Bad Vöslau has the 
highest share of lorries in the total motorized traffic volume with 5%, which is compatible with 
the requirements of residents and the surroundings and leads to an adjustment of the basic 
value of the still compatible traffic load by +25 veh/ph. The same classification applies for 
the road section in Gumpoldskirchen, for which a lorry share of 4% was identified. The road 
sections in both Mödling and Leobersdorf have very low lorry shares of 1 and 2% respectively, 
which is highly compatible with the demands of residents and the surrounding area and leads 
to an djustment of the basic value of the still compatible traffic load by +50 veh/ph.

Road section,  
municipality 

Vehicle speeds (v85) Levels of compatibility 
(with requirements of 
residents and the sur-

rounding area) 

Adjustment of the basic 
value of the still  

compatible traffic load 
(veh/ph) by

Hauptstraße,
Mödling

40 km/h o (just compatible) ±0

Wiener Straße, 
Gumpoldskirchen 35 km/h + (compatible) +25

Industriestraße,
Bad Vöslau

50 km/h - (incompatible) -25

Hauptstraße,
Leobersdorf

20 km/h ++ (highly compatible) +50

Source: the authors

Table 12: Classification and adjustment of the basic value of the still compatible traffic load for the 
criterion “speed” 

Road section,  
municipality 

Share of lorries in total 
motorized traffic volume

Levels of compatibility 
(with requirements 

of residents and the 
surrounding area) 

Adjustment of the basic 
value of the still  

compatible traffic load 
(veh/ph) by

Hauptstraße,
Mödling

1% ++ (highly compatible) +50

Wiener Straße, 
Gumpoldskirchen 4% + (compatible) +25

Industriestraße,
Bad Vöslau

5% + (compatible) +25

Hauptstraße,
Leobersdorf

2% ++ (highly compatible) +50

Source: the authors

Table 13: Classification and adjustment of the basic value of the still compatible traffic load for the 
criterion “share of heavy vehicle traffic/lorries” 
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e) Barrier effect: crossing aids/detours for pedestrians 
In the criterion “barrier effect: crossing aids/detours for pedestrians”, the road sections in 
Mödling and Gumpoldskirchen have a low number of crossing aids compared to the length of 
the road section and the road environment; this is incompatible with the requirements of resi-
dents and the surroundings and leads to an adjustment of the basic value of the still compatible 
traffic load by -25 veh/ph in each case. 

On the road section in Bad Vöslau, the number of crossing aids in comparison to the length of 
the road section is just compatible with the demands of residents and the surroundings (ad-
justment of the basic value of the still compatible traffic load by ±0 veh/ph). The road section in 
Leobersdorf, on the other hand, is highly compatible with the requirements of residents and the 
surroundings with regard to crossing aids due to the existing shared space, which leads to an 
adjustment of the basic value of the still compatible traffic load by +50 veh/ph.

f) Greenery and design 
In the criterion “greenery and design”, the road sections in Mödling and Leobersdorf demon-
strate that greenery and other design elements clearly characterize the streetscape and are 
objectively perceptible, and that these can be respectively classified as highly compatible and 
compatible with the requirements of residents. 

This yields an adjustment of the basic value of the still compatible traffic load by +25 and +50 
respectively. For the road section in Gumpoldskirchen, on the other hand, it is apparent that the 
greenery and design elements tend to be offset in their effectiveness by untreated areas; this is 
only just compatible with the requirements of residents and with the surroundings (adjustment 
of the basic value of the still compatible traffic load by ±0 veh/ph). The section of road in Bad 
Vöslau is completely lacking greenery and other design elements; this is entirely incompatible 
with the requirements of residents and with the surroundings and leads to an adjustment of the 
basic value of the still compatible traffic load by -50 veh/ph. 

Road section, 
municipality 

Road sur-
roundings 
category 

Ratio of the number of 
crossing aids to road 
section length (*100) 

Levels of 
compatibility (with 

requirements of 
residents and the 
surrounding area) 

Adjustment of the 
basic value of the still 
compatible traffic load 

(veh/ph) by 

Hauptstraße, 
Mödling A 0.87 - (incompatible) -25

Wiener Straße, 
Gumpoldskirchen B 0.48 - (incompatible) -25

Industriestraße, 
Bad Vöslau D 0.58 o (just compatible) ±0

Hauptstraße, 
Leobersdorf A shared space ++ (highly 

compatible) +50

Source: the authors

Table 14: Classification and adjustment of the basic value of the still compatible traffic load for the 
criterion “barrier effect: crossing aids/detours for pedestrians” 
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4.2.3 OVERALL ASSESSMENT OF STREETSCAPE COMPATIBILITY 

Table 16 (see next page) provides an overview of the 

a. basic values of the still compatible traffic load

b. adapted total values of the compatible traffic load and compatibility levels 

c. actual traffic load and 

d. classification of streetscape compatibility for all four road sections studied.

In contrast with the road section in Bad Vöslau (where the adjustment does not lead to any 
change in the basic values of the respective compatibility levels; the basic value of the compat-
ible traffic load remains at 1,000 veh/ph following adjustment), for the other three municipalities 
the adjustment of the basic value of the still compatible traffic load is positive. 

For the road section in Mödling, the basic values of the respective compatibility levels are 
increased by 75 veh/ph, and the adapted basic value of the compatible traffic load is thus 
225 veh/ph; for Gumpoldskirchen, the basic values of the respective compatibility levels are 
increased by 25 veh/ph, and the adapted basic value of the compatible traffic load is thus 275 
veh/ph. For Leobersdorf, the basic values of the respective compatibility levels for the road 
section are increased by 250 veh/ph, yielding an adapted basic value of the compatible traffic 
load of 400 veh/ph. 

Road section, 
municipality 

Greenery and design of the  
streetscape

Levels of compatibility 
(with requirements of  

residents and the  
surrounding area) 

Adjustment of the 
basic value of  

the still compatible 
traffic load  
(veh/ph) by

Hauptstraße, 
Mödling

Greenery and other design ele-
ments are objectively perceptible. 
Overall, they still predominate over 
the technical traffic instalments in 

the appearance of the street.

+
(compatible)

+25

Wiener Straße, 
Gumpoldskirchen

Greenery and design elements are 
in balance with undesigned areas; 
the street is not characterized by 

greenery and design.

o
(just compatible)

±0

Industriestraße, 
Bad Vöslau

Greenery and other design 
elements are entirely lacking; the 

streetscape is bare and naked.

-
(entirely incompatible)

-50

Hauptstraße, 
Leobersdorf

Greenery and other design ele-
ments clearly define the street-
scape and shape its character. 

They lend the street a distinctive 
character with high experience 

value.

++
(highly compatible)

+50

Source: the authors 

Table 15: Classification and adjustment of the basic value of the still compatible traffic load for the 
criterion “greenery and design” 
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On the basis of the actual traffic load (veh/ph) and the adapted compatibility levels for the four 
road sections, it can be seen that only for the road section in Gumpoldskirchen is the actual 
motorized traffic load highly compatible with the requirements of the road surroundings. For 
the road section in Bad Vöslau, the actual motorized traffic load is just compatible with the 
requirements of the road surroundings. By contrast, the actual motorized traffic load on the 
road sections in Mödling and Leobersdorf is incompatible with the requirements of the road 
surroundings. 

Road section,  
municipality 

Classification of  
automated drivability 

Classification of  
compatibility 

Hauptstraße, Mödling 

rather low (0.641) - incompatible

Wiener Straße, Gumpoldskirchen 

low to medium (0.665) ++ highly compatible

Industriestraße, Bad Vöslau 

rather high (0.762) o just compatible

Hauptstraße, Leobersdorf 

low (0.592) - incompatible

Source: the authors

Table 17: Comparison of the assessment of automated drivability and streetscape compatibility for all 
road sections studied
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4.3 SUMMARY OF THE RESULTS FOR AUTOMATED DRIVABILITY AND STREETS-
CAPE COMPATIBILITY 

Table 17 (on the previous page) shows a comparison of the assessment of the road sections in 
terms of streetscape compatibility with that of automated drivability, i.e. suitability for use by 
automated vehicles; the tendency is as follows. For the road sections in Mödling and Leobers-
dorf, which have a rather low rating for automated drivability, the actual motorized traffic load 
is incompatible with the requirements of the surroundings. For the road section in Bad Vöslau, 
on the other hand, which has a rather high level of suitability for automated vehicles, the actual 
motorized traffic load is just compatible with the requirements of the road surroundings. For 
the road section in Gumpoldskirchen, with a low to medium level of suitability for automated 
vehicles, the actual vehicle traffic load is in fact highly compatible with the requirements of the 
road surroundings. 

5. DISCUSSION AND CONCLUSION 

This chapter examined the suitability of streetscapes for automated vehicles (automated driv- 
ability) in the urban-rural continuum, using the example of four different municipalities in Great-
er Vienna. An analysis of streetscape compatibility, i.e. the extent to which the current actual 
motorized traffic load on the road sections is compatible with the requirements of the road 
surroundings, was also carried out for example road sections in the four municipalities under 
examination. These two assessment criteria were compared for the four road sections. 

The results show that for the historic town centres often encountered in the municipalities 
under examination, the values for automated drivability are rather low and these streets are 
therefore poorly suited to the use of automated vehicles. They are typically narrow, with shops 
and a high volume of pedestrians and cyclists; these present difficult conditions for automated 
vehicles, which could only be used at very low speeds or following corresponding (structural or 
digital) modifications to the infrastructure. On the other hand, greater suitability for automated 
vehicles is discernible especially on the sections of the motorways and in some parts of the 
municipalities outside the town centre – and here above all in commercial or residential areas 
with low speed profiles. Automated vehicles could be deployed here more easily and with less 
need for modification. 

With regard to streetscape compatibility, very different results were registered for the three 
selected sections of local through roads and for the selected road section in the industrial area. 
The current actual motorized traffic load is only compatible with the requirements of the road 
surroundings for the through road in Gumpoldskirchen. In the case of the other through roads 
(Mödling and Leobersdorf), on the other hand, the actual motorized traffic load is incompatible 
with the requirements of the road surroundings. For the road section in the industrial area in 
Bad Vöslau, the actual motorized traffic load is just compatible with the requirements of the 
road surroundings.

A combined examination of these two assessments suggests that for the road sections with a 
rather low automated drivability rating, i.e. rather low suitability for automated vehicles (Mödling 
and Leobersdorf), the actual motorized traffic load is incompatible with the requirements of the 
road surroundings. However, this does not apply to the same extent in the case of the road 
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section in Gumpoldskirchen, with low to medium suitability for automated vehicles; here, the 
actual motorized traffic load is compatible with the requirements of the road surroundings. 
For the road section in Bad Vöslau, which has a rather high level of suitability for automated 
vehicles, the actual motorized traffic load is just compatible with the requirements of the road 
surroundings. 

For the purpose of planning, this shows that an assessment of suitability for automated vehicles 
can help in identifying the areas in which the use of automated vehicles is more practicable 
from a technological-infrastructural point of view, or with fewer modifications to the streetscape. 
Regarding potential areas of use of automated vehicles, however, it should also be closely ex-
amined whether the current motorized traffic loads are compatible with the requirements of the 
road surroundings; the analysis shows that already today, the current situation is problematical 
on some road sections. Where the use of automated vehicles – which leads to increased or ad-
ditional traffic volume and a denser vehicle sequence and thus further reduces the permeability 
of the streetscape for other road users – is in fact not compatible with the requirements of the 
road surroundings, it should possibly be avoided in these areas. 

Table 18 (see next page) once more gives an overview of the assessment of streetscape com-
patibility of the various road sections, taking into account an increase in traffic performance 
with automated vehicles. In terms of the effects on traffic performance, the meta-study by Soter-
opoulos et al. (2019b) mentions ranges of between +1% and +59% for private automated vehi-
cles and between +8% and +80  % for automated carsharing, as a result of shifts from other traf-
fic modes and empty trips. A reduction in transport volume in the range of -25% to -10% could 
be achieved merely with a very high share of ride-sharing and thus a high vehicle occupancy 
rate (cf. Soteropoulos et al. 2019b: 40). To accurately depict the increase in traffic performance 
brought about by automated vehicles in the respective road sections, a transport demand mod-
el would be required in order to specifically model the respective use cases of automated 
vehicles, such as those in private use or as deployed in car or ride-sharing (together with the 
associated assumptions), for the road sections in the municipalities examined. However, since 
such modelling is not possible within the scope of this study, increases in traffic performance 
of +5% to +30% serve as an exemplary basis for the table and for the respective classifications 
of compatibility. 

Even a small increase in traffic load (+5%) due to automated vehicles on the road section in 
Mödling has been shown to be entirely incompatible with the requirements of the road sur-
roundings. This is likewise the case for the road section in Leobersdorf, with a higher increase 
in traffic load (+30 %). Also in the case of the road section in Bad Vöslau, a 20% increase in 
traffic load due to automated vehicles is already incompatible with the requirements of the road 
surroundings. Only for the road section in Gumpoldskirchen – in view of the low initial traffic 
load – is an increase in traffic load of up to 30% due to automated vehicles shown to be com-
patible with the requirements of the road surroundings.

In cases where the motorized traffic load of a streetscape is not compatible with the require-
ments of the road surroundings, it can thus be assumed – depending on the respective in-
crease in traffic load due to automated vehicles – that the use of these vehicles will make 
the streetscape even more incompatible with the requirements of the road surroundings. In 
these cases, the streetscape should instead be designed to be more compatible with the re-
quirements of the road surroundings (e.g. with reduced speeds, additional direct crossing aids 
for pedestrians, conversion of parking spaces), or the use of automated vehicles should be 
coupled to these measures (cf. Anciaes/Jones 2016: 4). In order to also reduce the increase in 
traffic performance through automated vehicles, measures such as dynamic “road pricing” or 
“mobility pricing” – i.e. imposing a quota of vehicles or of distances covered on certain road 
sections – or measures to increase vehicle occupancy rates (e.g. bans on or charges for empty 
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runs) are also appropriate (cf. Soteropoulos et al. 2019a: 133). The use of automated vehicles 
as public transport media can also be of benefit, but careful consideration should be given to 
whether this would be compatible with the requirements of the road surroundings – especially 
if it would involve structural or infrastructural modifications. Further extensive studies would be 
necessary to investigate the connection between the technological-infrastructural suitability 
of streetscapes for the use of automated vehicles and the compatibility of these streetscapes. 

Road section,  
municipality 

Adapted total values 
(veh/ph)

Increase in traffic load 
due to automated 

vehicles

Traffic load 
(veh/ph)

Classification of  
compatibility

Hauptstraße, Mödling

< 150 (++)  
  150 to 225 (+)
> 225 to 325 (o)
> 325 to 475 (-)

> 475 (- -)

±0%
+5%
+10%
+20%
+30%

454
477
499
545
590

- incompatible
- entirely incompatible
- entirely incompatible
- entirely incompatible
- entirely incompatible

Wiener Straße, Gumpoldskirchen

< 175 (++)
  175 to 275 (+)

> 275 to 425 (o)
> 425 to 1025 (-)

> 1025 (- -)

±0%
+5%
+10%
+20%
+30%

158
166
174
190
205

++ highly compatible 
++ highly compatible 
++ highly compatible 

+ compatible 
+ compatible

Industriestraße, Bad Vöslau

< 400 (++)
  400 to 1000 (+)

> 1000 to 1200 (o)
> 1200 to 1500 (-)

> 1500 (- -)

±0%
+5%
+10%
+20%
+30%

1,032
1,084
1,135
1,238
1,342

o just compatible
o just compatible
o just compatible

- incompatible 
- incompatible

Hauptstraße, Leobersdorf

< 325 (++)
   325 to 400 (+)
> 400 to 500 (o)
> 500 to 650 (-)

> 650 (- -)

±0%
+5%
+10%
+20%
+30%

512
538
563
614
666

- incompatible
- incompatible 
- incompatible 
- incompatible 

- entirely incompatible

Source: the authors 

Table 18: Assessment of streetscape compatibility, taking into account an increase in traffic load due to automated vehicles
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Additional research is also needed to establish the extent to which modifications for improved 
streetscape compatibility, or measures to enable certain applications of automated driving (e.g. 
hop-on/hop-off areas for automated vehicle fleets; cf. Chap. 8 by Bruck et al. in this volume), 
affect the suitability of these streetscapes for automated driving systems and vice versa. How-
ever, a number of aspects should be taken into account regarding the results of the streetscape 
compatibility assessment, and further research is necessary: 

a. The counts of motorized vehicles and of pedestrians and cyclists on the respective road 
sections would have to be carried out more comprehensively in order to further refine the 
results.3 Firstly, the traffic counts were conducted in November, a month in which signifi-
cantly fewer cyclists and pedestrians are on the respective sections of road than at other 
times of the year. Secondly, the traffic counts did not take place for all road users at the 
respective peak hours (e.g. pedestrians 12 noon–2 p.m. and 4–6 p.m., cyclists 12 noon–2 
p.m., motorized traffic 7–11 a.m. and 3–7 p.m.; cf. FGSV 2012: 28), but were carried out over 
the period from 3 to 4 p.m. The results of the traffic count may therefore deviate from the 
actual volumes in the respective peak hours. It can thus be assumed that the assessment 
of streetscape compatibility tends to be somewhat worse for some of the road sections 
examined, since more road users are presumably on the move during the respective peak 
hours than were registered in the current assessment. As well as more extensive manual 
traffic counts, automatic traffic counts – e.g. using radar devices at the side of the road – 
could also be used here to give a much more accurate picture of the actual traffic volumes 
on the respective road sections (cf. FGSV 2012: 35). In addition, the values derived from 
the GIP for the v85 speeds of vehicles on the road sections would also have to be veri-
fied. Extensive speed measurements should also be made in order to account for certain 
variances in the speeds travelled (e.g. different times of day: higher vehicle densities and 
lower speeds at rush hour, higher speeds at night), so as to depict the v85 speed of vehi-
cles in more detail. 

b. Determining the basic value of the compatible traffic load is a highly significant factor for 
assessing streetscape compatibility. The basic values used in the studies by Mörner et al. 
(1984) and by Bühlmann and Laube (2013) were used and slightly adapted for this purpose, 
but it would be advisable to carry out a sensitivity analysis with regard to the basic values 
on the basis of further exemplary road sections. 

c. The compensatory approach used for assessing of streetscape compatibility does not 
sufficiently take into account numerous aspects which however would be relevant to this 
assessment. Firstly, relevant factors such as accessibility for pedestrians with disabilities 
are entirely lacking. Although there is invariably some tension between the applicability 
of the approach in terms of data available and its level of detail or the number of aspects 
taken into account with regard to streetscape compatibility, consideration of some addi-
tional factors would appear to be relevant for depicting streetscape compatibility more 
comprehensively. To take further aspects into account, the quality criteria for public space 
described by Gehl Architects (2009) can be used, or these criteria can be applied in a two-
stage process following an assessment of streetscape compatibility (cf. Gehl Architects 
2009: 43).

d. Secondly, due to the logic of the compensatory approach, aspects such as (1) allocation of 
space between motor vehicles and pedestrians or cyclists, or (2) green spaces and design 

3 The traffic counts to determine the number of vehicles during peak hour, the number of pedes-
trians and cyclists, and the share of lorries were carried out by Michael Haudum in the course of 
his diploma thesis.
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elements in the streetscape, are each only taken into account as one of several criteria 
on the basis of which the compatible traffic load is merely compensated for. However, 
the results for the road section in Gumpoldskirchen – where the pavement widths only 
barely comply with minimum standards (cf. FSV 2015), but good compatibility is achieved 
– show that topics such as sufficient pavement width for pedestrians are not sufficiently 
taken into account in this approach. An adaptation of the compensatory approach with a 
higher weighting (higher compensation values) would appear important in terms of the 
distribution of space between motor vehicles and pedestrians or cyclists. This also applies 
to green spaces, which should be accorded greater significance in the assessment of 
streetscape compatibility in view of climate change and their potential to counteract the 
formation of heat islands (cf. Sandholz/Sett 2019: 11).

e. For an assessment of streetscape compatibility in connection with automated driving, the 
procedure should be more strongly linked to the effects of automated vehicles or be ex-
tended to include such aspects. An example of this is the barrier effect in the streetscape 
resulting from the more compact spacing of automated vehicles. In the context of this 
article, the procedure was already extended to take crossing aids into account. However, 
further consideration should also be given for example to an assessment of the need to 
cross roads. A detailed examination of the crossing behaviour of pedestrians and cyclists 
is necessary here, in order to determine whether from the perspective of these road users 
there is a need to cross at specific points that can be catered to with individual crossing 
points, or whether linear crossing (e.g. in shopping streets) or planar crossing (e.g. at rail-
way station forecourts) is required (cf. Häfliger et al. 2015: 80). It should also be taken into 
consideration that according to FGSV (2002), on roads up to 8.50 metres wide with two 
lanes, crossing by pedestrians is hardly possible (1) with traffic volumes greater than 1,000 
veh/ph and a vehicle speed of 50 km/h or (2) with traffic volumes greater than 500 veh/ph 
and a vehicle speed of more than 50 km/h. In these two cases, crossing aids are always 
required (cf. FGSV 2002). An evaluation of the waiting time at crossing aids (e.g. traffic 
lights and pedestrian crossings) would also be relevant in this context. 

f. Greater consideration of these criteria would be particularly important in order to assess 
not only how much additional traffic due to automated vehicles is compatible with the 
streetscape, but also to what extent the denser spacing of automated vehicles leading to 
an increase in capacity is compatible with the road surroundings, and what measures and 
adaptations (e.g. a possible channelling of pedestrians crossing the carriageway) would 
be necessary to balance the effects of such a capacity increase and barrier effect in the 
best possible way. 

g. Finally, even more consideration should be given to how the effects of automated vehi-
cles other than their intended function as transport media could likewise influence their 
compatibility with use of the surrounding area; the evaluation of streetscape compatibility 
should be extended to include these aspects. Already today, for example, the sensors of 
vehicles equipped with technology solely for the purpose of automated driving (e.g. Tesla 
Autopilot) monitor their surroundings, and thus also inevitably register such use along 
with people and their activities in the streetscape. This “continuous” recording of data or 
monitoring of persons by automated vehicles may seem unproblematic for some appli-
cations and activities, but for other sensitive applications, for example in the context of 
political rallies or similar (cf. Heger 2008: 93), in view of privacy considerations it must be 
clarified whether and to what extent this data can be collected. The question is therefore 
to what extent automated vehicles are “compatible” with such applications (cf. Chap. 10 by 
Mitteregger in this volume). In the context of automated vehicles, it thus seems relevant 
to extend streetscape compatibility by additional aspects; this should be more closely 
investigated. 
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1. INTRODUCTION 

Automated driving will fundamentally transform future mobility and will also affect public trans-
port. In this context, there is often talk of a further shift of the boundaries between classic pub-
lic transport and motorized individual transport, with an area of transition in public individual 
transport with automated vehicles, or an individualization of public transport (cf. Lenz/Fraedrich 
2015: 189; Röhrleef 2017: 15; Bruns et al. 2018: 12; Barillère-Scholz et al. 2020: 16): already to-
day, mobility is becoming differentiated through new forms of services such as car sharing and 
ride hailing. 

Especially in cities, new mobility service providers are offering demand-oriented, individualized 
transport options – so-called on-demand mobility – thereby extending the mobility offer, which 
will continue to expand in view of the advance of digitalization (cf. Barillère-Scholz et al. 2020: 
15; Buffat et al. 2018: 90; Lenz/Fraedrich 2015: 183). The technological development of automat-
ed driving provides opportunities to develop unprecedented business models that will open 
up the market to further providers: it is conceivable that automation will bring about disruptive 
developments in the mobility sector and a further transformation of the forms of service offered 
today (cf. Gertz/Dörnemann 2016: 5). Mobility as a Service (MaaS) is also becoming increasingly 
significant: this entails combining public and private transport offers, along with different modes 
of transport, by means of a uniform digital access portal (platform or app), thus offering custom-
ised mobility solutions that cater to individual requirements (cf. EPOMM 2017; Jittrapirom et al. 
2017: 14). 

Automated driving on public roads is also expected to offer potential for improving the eco-
nomic efficiency of public transport, if personnel costs can be reduced: if a driver is no longer 
needed and new supplementary forms of service in the form of smaller, more versatile units 
are provided, and if vehicle concepts are increasingly matched to current demand, there will 
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be greater scope for more economical, efficient and demand-oriented use of mobility services 
(cf. Hörl 2020: 2; Hörl et al. 2019: 60; Bösch et al. 2018: 7; Gertz/Dörnemann 2016: 22) – even 
if new or additional costs arise in some cases, for example for scheduling systems or for addi-
tional personnel to repair and clean the vehicles (cf. Bruns et al. 2018: 5). Furthermore, unlike 
the often long-term licensing arrangements in use today, which normally do not allow for any 
significant modifications or adjustments, the new forms of service make it possible to direct 
offers more towards individual personal needs, to make specific adjustments and thus to make 
public transport more attractive and stronger (Barillère-Scholz et al. 2020: 15). 

Numerous pilot projects are currently being conducted for automated driving on public roads, 
in the course of which automated technologies are being put into practice at an early stage in 
selected application cases, and new transport services are being created and holistic vehicle 
concepts developed. These projects ensure that the operation of on-demand mobility services, 
data-based traffic analysis and platform solutions are ready today for the automated mobility 
of tomorrow. The aim here is to provide system modules as a perspective to enable customers 
such as transport providers, municipalities and cities to operate new forms of mobility in public 
transport (cf. Barillère-Scholz et al. 2020: 18). 

Especially in German-speaking countries, the pilot projects for automated driving on public 
roads currently focus on the test operation of automated shuttle buses. These run on specially 
approved, fixed routes and are for the most part still accompanied on board by safety drivers or 
operators. In most of these projects involving automated shuttle buses, the tests focus on as-
pects of technological, organizational, operational and economic feasibility (cf. Jürgens 2020). 

Automated driving

Motorized 
individual transport

On-demand 
mobility services Public transport

Mobility  
as a Service

  Figure 1: Shifting the boundaries between public transport and motorized individual transport

Source: the authors
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On the basis of experience gained in a number of pilot projects with automated shuttle buses, 
this chapter specifically addresses the aspects of (1) technological feasibility and the possibility 
of operating in streetscapes, and (2) integration of automated shuttle buses into existing public 
transport systems. 

For this purpose, the relevance of automation for public transport is first presented and various 
use cases of automated driving in public transport are shown. The chapter then specifically 
examines the use case of automated shuttle buses and provides an overview of the various 
tests with automated shuttle buses being conducted in Europe, above all in German-speaking 
countries. 

The technical and legal aspects of testing automated shuttle buses will then be illustrated using 
the example of the “autoNV OPR” project in Ostprignitz-Ruppin in Germany, and the experience 
gained in operating and integrating the shuttle bus into the existing public transport system 
will be examined in more detail using the “MyShuttle” project in Zug, Switzerland. Finally, a 
summary is given of the main findings from the two example projects, along with a derivation of 
implications for planning and policy. 

2. PUBLIC TRANSPORT: CURRENT FORMS OF OFFER AND FUTURE 
USE CASES OF AUTOMATED VEHICLES 

Public transport fundamentally covers all passenger transport offers provided on a regular, 
commercial basis. These are largely characterized by shared use that is accessible to all under 
the same conditions (cf. Hörold 2016: 38; Bruns et al. 2018: 15). Since the provision of public 
transport services is a largely public task within the framework of services of general interest 
for mobility (cf. Rollinger/Amtmann 2009: 6), public transport services usually do not fully cover 
their operating costs and are thus publicly subsidized. Public transport services also have the 
following characteristics, which as a rule are legally founded and thus include the familiar, now 
largely fixed elements of public transport services such as departure times, stops and routes 
(cf. Bruns et al. 2018): 

 ■ Operation by authorized transport companies on licensed lines or routes 

 ■ Obligatory timetable: devising and publishing a timetable 

 ■ Obligation to operate: carrying out the published offer, independently of external condi-
tions or momentary demand 

 ■ Obligatory tariffs: fixing and publishing conditions of carriage and fares.

In addition to the more classic scheduled transport services, however, some forms of service 
are more strongly oriented towards the individual needs of passengers through flexibilization 
of departure times (on-demand transport) and of routes/lines and variable stops (without fixed 
stopping points) or a combination of these elements (cf. Bruns et al. 2018: 15). A distinction 
can be made here between flexible forms of service, i.e. micro public transport systems or on- 
demand services, and alternative forms of service such as car or ride sharing. Sommer (2018: 
3f.) speaks in this context of the publicly accessible offers of an “extended” public transport ser-
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vice. Table 1 gives an overview of the various current forms of public transport services. Howev-
er, elements of the flexible forms of offer are also often combined with those of the alternative 
forms (e.g. registration of use, etc.). 

The extension and combination of classic scheduled transport with flexible and alternative, and 
in this case also private, forms of service is currently under discussion above all in the context 
of Mobility as a Service (MaaS). This combination is implemented via a uniform digital access 

Classic regular service Flexible forms of service Alternative forms of service

Charac-
teristics

Fixed service, timetable and 
clearly defined route

For use in times and areas of  
low demand 

Usually permit-free and no guarantee 
of carriage, one-time registration or 

application required (except for social 
driving service)

Examples

• Superordinate basic rail-
bus network

• Local scheduled 
transport for area 
coverage

With timetable: 

• Linear service area (line service 
on demand) 

• Corridor service area (usually 
two fixed stops): travels to 
requested stops (e.g. call bus)

• Sector service area (one 
connection point): sector 
operation (e.g. ring-and-ride, 
feeder service)

Without timetable: 

• Zonal service area and with trip 
grouping (zonal operation or 
zonal service)

Passenger as ride-sharer: 

• Private ride provider

• Ride-pooling: provider = transport, taxi 
or rental car company with obligation to 
operate, obligation to carry, compulsory 
travel area and tariff requirements

• Ride sharing (public transport offer): 
journey takes place even if no third 
person rides or if only persons ride who 
did not order via a platform; without 
obligation to operate, obligation to 
carry, compulsory travel area or tariff 
requirements (e.g. BlaBlaCar)

• Ride-selling and ride-hailing: provider 
= commercial platform provider such 
as Uber, Moia etc. without obligation to 
operate, obligation to carry, compulsory 
travel area or tariff requirements

• Social institution/association as ride 
provider: social ride service, passenger 
as self-driver 

• Car sharing (station-based/“free-
floating”): public car

Means of 
transport

Underground, commuter/
regional train, tram, 
articulated bus, standard 
bus, minibus (citizens’ bus), 
shuttle bus

Standard bus, call bus, minibus, 
shuttle bus, van, call-sharing taxi Shared taxi/van/car, single taxi/car

Table 1: Overview of the characteristics of different forms of public transport services

Source: the authors, based on BMVI (2016) and Sommer (2018)
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portal (e.g. platform, app). The mobility offer allows interaction between different modes in 
such a way as to best meet various personal needs – i.e. individually tailored mobility solutions 
are offered (cf. EPOMM 2017; Jittrapirom et al., 2017: 14). According to this idea, MaaS should 
improve the efficiency both of existing mobility systems and of public resources (cf. Hoadley 
2017: 5ff.). 

In view of the existing forms of service in extended public transport, automated driving provides 
options for further differentiation of the service, along with opportunities for redesigning inter-
mobility, for further flexibilization and individualization, and for temporal and spatial densifica-
tion of the service (cf. Lenz/Fraedrich 2015: 189). This is made possible by the elimination of per-
sonnel costs, which account for a large portion of the overall costs in public transport (cf. Hell 
2006: 169). By eliminating or reducing personnel costs, the services could be operated more 
economically (cf. Hörl 2020: 2; Hörl et al. 2019: 60; Bösch et al. 2018: 7; Gertz/Dörnemann 2016: 
22). However, it remains to be clarified to what extent accompanying personnel is still needed 
to ensure the safety of passengers (cf. Salonen/Haavisto 2019: 13; Mitteregger et al. 2019: 610). 

The advance of automation could lead to new forms of service or transport media (cf. Soter-
opoulos et al. 2019: 104). This includes classic scheduled transport (e.g. automated standard 
or articulated bus), flexible forms of service (e.g. automated minibus/shuttle bus, automated 
van, automated ride sharing) and alternative forms of service (e.g. automated shared taxi/ride 
sharing, automated single taxi/car sharing; cf. Bruns et al. 2018: 21). In classic scheduled ser-
vices, automation will also extend to large vehicles that will provide a minimum public service, 
while the flexible and alternative forms of service will tend to be provided by small vehicles. 
Their market niches result from additional offers and from offers for the first and last mile in 
combination with regular services, especially in times and areas of low demand (cf. Ohnemus/
Perl 2016: 591). 

Table 2 (on the next page) gives an overview of the characteristics of various forms of service 
and transport media in extended public transport, taking into account automation in road traf-
fic. The automated shuttle bus occupies a special position here: its size makes it suitable both 
for regular service on fixed routes with a fixed timetable and fixed stops, and for flexible use 
according to demand with request stops. 

Particularly in the case of the possible flexible and alternative forms of service with automation, 
these could come into consideration for different forms of service (see Table 3). The (automat-
ed) minibus or shuttle bus is most suited to scheduled service or as a call bus that also travels 
to requested destinations within a specified area. The (automated) van (ride sharing) and the 
(automated) shared taxi (ride sharing), on the other hand, are most suitable as ring-and-ride 
taxis, as a feeder, i.e. for sector operation, or for use in zonal operation or zonal service. The 
(automated) single taxi (car sharing) is likewise most suited to sector and zonal operation. 

All in all, a wide range of applications are therefore possible for automated vehicles in public 
transport. These different vehicle concepts must be ideally implemented in future. To sound out 
their best possible use already today, numerous pilot projects are being conducted for automat-
ed driving in public transport. The majority of these projects focus on automated shuttle buses 
(Barillère-Scholz et al. 2020: 18), which are mostly used here in regular service. Relevant aspects 
are now already emerging that will retain their relevance in the future for the use of automated 
shuttle buses or of other automated vehicle concepts in the context of flexible or alternative 
forms of service. In the next section, the use case of the automated shuttle bus will therefore be 
examined in more detail, and an exemplary overview of the various pilot projects will be given.
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3. AUTOMATED SHUTTLE BUSES AS A PRIORITY USE CASE IN 
PUBLIC TRANSPORT PILOT PROJECTS 

Automated shuttle buses, or driverless electric minibuses, represent a special use case for 
automated vehicles as described in Section 2, and are currently undergoing testing by public 
transport companies. The automated shuttle buses that are currently on the market and are 
undergoing field tests, such as NAVYA Arma or EasyMile EZ10, correspond to automation level 
2 and drive on a specially approved and prepared fixed route on which they assume both lon-
gitudinal and lateral control (cf. Rentschler et al. 2020: 320). In most cases, a safety driver or 
operator is still on board. For an increasing number of test drives, however, vehicles are only 
monitored from a control centre. 

Designation Service 
principle

Fixed 
timetable 

Registration 
required 

Departure 
from Destination

(AT) minibus/
shuttle 

schedule yes no

call bus 
(to requested stops) 

yes yes

(AT) van 
(ride sharing)

call-sharing taxi 
(sector operation) 

yes yes

(AT) shared taxi 
(ride sharing) 

feeder 
(sector operation) 

yes yes

(AT) single taxi 
(car sharing)

area operation 
(area service) 

yes yes

 Stop served according to timetable Journey from/
to a stop 

 Stop served on request

Journey from/
to front door

 
Service zone, with boarding and 
alighting possible at any place

Table 3: Flexible and alternative forms of service with automation

Source: the authors, based on Wolf-Eberl et al. (2011: 27), BMVI (2016: 23), Mörner (2018: 11) and Sommer (2018: 6)
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Due to the low capacity of the shuttle buses, which can usually carry 8 to 12 passengers, these 
models can function as an appropriate and demand-based supplement to the public transport 
system. As described above, several fields of application are now emerging for automated shut-
tle buses in public transport; due to technological limitations, however, these have so far only 
been tested in scheduled service operation (cf. Derer/Geis 2020: 7; Földes/Csiszár 2018: 2). 

In the future, automated shuttle buses could cover a wide range of applications, be used flex-
ibly and thus efficiently replace classic scheduled services in accordance with demand. Espe-
cially in cases of low transport demand, in expansive residential and commercial areas, in large-
scale hospital centres or on university campuses and at research locations, automated shuttle 
buses could help to better serve and connect such areas (cf. Derer/Geis 2020: 7). In view of the 
above-mentioned gaps in the public transport network, tests with automated shuttles are now 
also being given more attention by municipalities, which are eager to promote a “transit-first” 
approach to automation (cf. Heinrichs et al. 2019: 248). Figure 2 gives an overview of possible 
fields of application for automated shuttle buses. 

In Europe, the first tests with automated shuttle buses on public roads were carried out be-
tween 2012 and 2016 as part of the “CityMobil2” project (cf. Alessandrini et al. 2015). Prior to 
this, most of the tests carried out were for demonstration projects. Numerous further pilot pro-
jects with automated shuttle buses have since been initiated in Europe as a result of research 
funding and adapted legal requirements. Figure 3 gives an overview of pilot projects with au-
tomated shuttle buses in Europe. 

Village connection bus 
Purposes: professional, leisure and tourist mobility 

Campus bus 
Purposes: professional, educational and 
health care mobility 

Neighbourhood bus in fragmented medium-
density urban space 
Purposes: professional, educational and 
leisure mobility 

Connection bus on city outskirts 
Purposes: leisure and shopping mobility 

Figure 2: Possible fields of application for automated shuttle buses 

Source: the authors

Feeder bus for regional transport
Purposes: professional, educational, 
leisure and tourist mobility 
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Most of the pilot projects with automated shuttle buses have focused to date on the following 
aspects (cf. Jürgens 2020): 

 ■ Technological feasibility: technical aspects, especially vehicle technology, infrastructure 
(physical and digital), interaction with other road users and passengers (human-machine 
interaction), road safety, data security 

 ■ Organizational and operational feasibility: legal and administrative aspects (e.g. authori-
zation procedures for commissioning, insurance), operational aspects/service, integration 
of the automated shuttle buses into the existing public transport system (MaaS, interfaces, 
data infrastructure) 

 ■ Economic feasibility: economic aspects and financing (e.g. operating costs), user accept-
ance 

 ■ Social dimension: inclusion.

Figure 3: Locations of pilot projects and demonstrations with automated shuttle buses on public roads and private premis-
es in Europe since 2008 (without claim to completeness) 

Vienna, AT+

Koppl, AT+

Wiener Neustadt, AT
Teesdorf, AT*
Salzburg, AT*
Pörtschach, AT
Mechelen, BE*
Spa-Francorchamps, BE*
Han-sur-Lesse, BE
Eigenbrakel, BE
Marche-en-Famenne, BE*
Brussels, BE+

Brussels Zaventem Airport, BE°
Aalborg Øst, DK
Nordhavn, Copenhagen, DK
Tallinn, EE+

Vantaa, FI
Helsinki, FI+
Espoo, FI+
Tempere, FI
Kivikko, Helsinki, FI
Antibes, FR
La Rochelle, FR+

Sophia Antipolis, FR
Civaux, FR
Lyon, FR+

Villeneuve-d'Ascq, FR
Rennes, FR+

Paris, FR+

Versailles, FR+

Sorigny, FR
Rouen, FR+

Saclay, FR+

Boulogne-sur-Mer, FR
Toulouse, FR
Pibrac, FR
Verdun, FR
Reims, FR
Dunkirk, FR

Frankfurt am Main, DE*
Hamburg, DE
Aachen, DE°
Weeze Airport, DE
Lahr, DE
Neustadt/Weinstraße, DE
Sylt, DE
Bad Birnbach, DE
Wusterhausen/Dosse, DE
Berlin, DE+

Leipzig, DE*
Trikala, GR
Dublin, IR
Oristano, IT
Turin, IT
Luxembourg, LU
Contern, LU
Svalbard, NO*
Gjesdal, NO°
Gjøvik, NO
Stavanger, NO
Fornebu, NO
Oslo, NO+

Kongsberg, NO
Trondheim, NO
Gdańsk, PL
Castallón, SP*
Donostia/San Sebastian, SP
Varuträsk, SE
Stockholm, SE+

Gothenburg, SE+

Lausanne, CH
Neuhausen, CH
Geneva, CH
Zug, CH
Sion, CH
Bern, CH
Fribourg, CH
Cossonay, CH

Appelscha, NL
Drimmelen, NL
Noordwijk, NL
The Hague, NL
Rotterdam, NL
Scheemda, NL
Amsterdam Schiphol-Haarlem Airport, NL*
Wageningen, NL
Heathrow PRT, UK
Daventry, UK*
Milton Keynes, UK
Edinburgh, UK°
London, UK
Manchester, UK+

* Demonstration project 
° Planned for 2020 
+ Multiple pilot projects 

Locations

Svalbard, NO

Source: the authors, based on Alessandrini (2016), Ainsalu et al. (2018) and Hagenzieker et al. (2020) 
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However, the individual pilot projects differ in their intensity of focus. They can also be differen-
tiated in terms of their spatial location and of their integration into the transport system and their 
operating concepts. 

Using the example of selected pilot projects in Europe with automated shuttle buses, the pos-
sible points of focus are shown in the following, along with the various spatial deployment en-
vironments and operating concepts in which automated shuttle buses are currently undergoing 
testing. To cover as broad a spectrum as possible, pilot projects in Vienna and Koppl in Austria, 
in Aalborg Øst in Denmark, in Wusterhausen/Dosse in Germany, and in Zug in Switzerland were 
selected for this comparison (see also Table 4 on the following pages). 

The pilot projects are all similar in terms of technological and formal criteria. The shuttle buses, 
all of which are used in scheduled services, generally operate on routes 2 to 3.5 kilometres in 
length and serve up to ten predefined stops. In this sense, the test operations hardly fulfil the 
expectations of flexible booking or routing, but they do demonstrate both the long-term poten-
tial and the limitations of supplementary use in the public transport network. To evaluate these 
aspects, the forms of operation tested should be seen above all in the context of local conditions 
and requirements. In the course of these projects, the tests mostly involve connections for the 
first or last mile with automated shuttles, which however are differently suited in terms of space, 
topography and demand: 

 ■ In the “auto.Bus – Seestadt” project in Vienna, shuttle buses are in operation on the residen-
tial streets of a densely inhabited new neighbourhood development to test its connection to 
the underground terminus in the form of an access bus. In view of the high population den-
sity, neither does the vehicle size seem economically viable in the long term, nor does the 
competition with active forms of mobility and new forms of micromobility appear expedient. 

 ■ On the other hand, in Koppl, a rural village in Austria, the connection of the various districts 
to a regional bus route was tested as part of the “Digibus 2017” project in order to facilitate 
commuting to the supraregional centre in the future (feeder bus for regional transport). The 
potential here is seen in providing demand-oriented access to dispersed settlement areas 
in the future, thereby creating an affordable alternative to travel by private car for residents, 
tourists and the transport of goods, and thus stabilizing the location.

 ■ With the “smartbusaalborg” project in Aalborg Øst in Denmark, the gap in the public trans-
port network is being filled by an automated shuttle in the form of a neighbourhood bus that 
operates on a now central foot and cycle path to connect the various residential areas and 
facilities in this highly fragmented suburb. The focus here is not only on providing a tangential 
transport connection, but above all on mobilizing the population and socially integrating a 
suburban district of Aalborg that has to date been characterized by functionalistic planning 
principles. 

 ■ In Wusterhausen/Dosse, a small town in the northwest of Brandenburg in Germany, mobiliza-
tion of the residents, and especially of the ageing population, is likewise at the focus of the 
pilot project. The automated shuttle bus provides access to this small town, connects it to the 
regional rail network, and in a second phase will also serve more remote parts of the town 
(village connection bus). In view of the exodus of residents, high commuter numbers and an 
ageing population, the extension and flexibilization of the local public transport system is 
seen as an opportunity to make the region more attractive for locals and tourists and to sta-
bilize dispersed settlement areas as residential locations. 

 ■ With the “MyShuttle” project in Zug, a small town in Switzerland, the automated shuttle bus 
was used to better connect the site of the company V-Zug, in the north of the town, to the 
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railway station and thus create a possible service for the company’s commuters (feeder bus 
for regional transport). A particular focal point was the integration of the automated shuttle 
into the existing public transport information systems. 

Table 4 gives an overview of the pilot projects examined involving automated shuttle buses.

Table 4: Overview of selected pilot projects with automated shuttle buses 

Vienna, AT Aalborg Øst, DK Wusterhausen/
Dosse, DE

Koppl, AT Zug, CH

Project auto.Bus Seestadt smartbusaalborg autoNV OPR Digibus© 2017 MyShuttle

Duration of 
test operation 06/2019–07/2020 03/2020 –06/2021 10/2019–06/2020 04–11/2017 01/2019–12/2019

Regional con-
text or type of 
area 

• Vienna city fringe 
or city fringe 
centre 

• High-density 
urban 
development 
area with 
mixed use and 
restricted use of 
private vehicles 

• Positive 
population 
development

• Suburban or 
fringe area 
of urban 
agglomeration 

• City fringe area 
from the 1970s 
with urban 
revitalization 
projects 

• Positive 
population 
development

• Leisure and 
tourism resort 
in rural region 
far from urban 
agglomeration 

• Historic village 
centre, dispersed 
settlement 
structure 

• Ageing and 
dwindling 
population 

• Leisure/tourist 
traffic 

• Rural community 
east of Salzburg 

• Dispersed 
settlement 
structure 

• Positive 
population 
development 

• Commuter traffic 

• Small town south 
of Zurich

• Historic city 
centre and 
dense settlement 
structure 

• Positive 
population 
development 

• Commuter traffic 

Test envi-
ronment and 
route  

• Mixed traffic on 
roads in urban 
residential area 

• Length approx. 2 
km, 10 stops

• Mixed traffic on 
a foot and cycle 
path 

• Length 2.1 km, 10 
stops

• Mixed traffic 
on village and 
country roads 

• 8 km, 18 stops 

• Mixed traffic on a 
country road and 
village access 
road 

• Length 1.4 km, 6 
stops

• Mixed traffic on 
urban local road 

• Length 1.5 km, 3 
stops

Transport con-
nections and 
urban integra-
tion, operating 
concept 

• Linking the 
underground 
terminus to 
neighbouring 
dense residential 
areas 

• Linking a 
new district 
centre with 
social facilities, 
fragmented 
residential areas 
and a university 
campus 

• Linking the town 
or city centre 
with the railway 
station, shopping 
centre and 
supermarket, 
and an outlying 
residential area

• Linking the 
village centre 
with a regional 
(public transport) 
corridor 

• Linking the 
railway station 
and Metalli 
shopping centre 
with the V-Zug 
company site 
(first and last 
mile)

Municipal 
participation 

• Embedded in the 
public transport 
company Wiener 
Linien 

• Municipal 
administration 
involved in 
coordination 
processes 

• Embedded in 
the urban and 
communal 
administration of 
Aalborg 

• Extensive 
participation 
of municipal 
administration

• Rural district of 
Ostprignitz- 
Ruppin 

• Operations of the 
public transport 
company 
ORP-Busse 
as associated 
partners 

• Provision of 
framework 
conditions by the 
municipality of 
Koppl

• City of Zug as 
project partner 

Source: the authors
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To examine specific aspects of the selected pilot projects with automated shuttle buses in more 
detail, the following two sections each provide a detailed description of two such tests and 
give insights into different aspects that are relevant to both the testing of automated shuttle 
buses and their operation. The first in-depth study, dealing with the “autoNV OPR” project in 
Ostprignitz-Ruppin, Germany, gives insights into the technical and legal aspects of the use of 
automated shuttle buses in public transport. The second in-depth study, using the example of 
the “MyShuttle” project in Zug, Switzerland, sheds light on the operation of automated shuttles 
and their integration into existing public transport systems. 

Priority topics in the project

Project auto.Bus Seestadt smartbusaalborg autoNV OPR Digibus© 2017 MyShuttle

Technological feasibility 

Vehicle 
technology ✓ ✓ ✓ ✓ ✓

Infrastructure 
(physical and 
digital) 

✓ ✓ ✓ ✓ ✓

Interaction with 
other road users 
(and passengers) 

✓ ✓

Road safety ✓ ✓

Data security ✓ ✓ ✓

Organizational and operational feasibility 

Legal and  
administrative 
aspects

✓ ✓ ✓

Operational 
aspects ✓ ✓ ✓ ✓

Integration into 
the existing 
public transport 
system

✓ ✓ ✓ ✓ ✓

Economic feasibility 

Business aspects/
financing ✓ ✓

User acceptance ✓ ✓ ✓ ✓

Social dimension 

Social inclusion ✓

Source: the authors

Table 5: Overview of selected pilot projects with automated shuttle buses 
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4. TECHNICAL AND LEGAL ASPECTS OF TESTING AUTOMATED 
SHUTTLE BUSES IN PUBLIC TRANSPORT  
 
based on the example of the “autoNV OPR” project in Ostprignitz-Ruppin, Germany  
Arne Holst, Alexander Egoldt, Thomas Richter 

In a rural area, specifically in the district of Ostprignitz-Ruppin in the north-west of Brandenburg 
in Germany, the cooperative project “autoNV OPR” is researching the use and effects of au-
tomated minibuses in public streetscapes. The project consortium comprises the universities 
TU Dresden and TU Berlin, the development company Regionalentwicklungsgesellschaft Nor-
dwestbrandenburg, the public transport operator Ostprignitz-Ruppiner Personennahverkehrs-
gesellschaft and the subcontractors IGES Institut and Büro autoBus. In this project, the general 
conditions for the use of automated forms of operation in traffic are investigated, along with 
acceptance on the part of users and stakeholders. Scenarios and effects of automated forms 
of operation are also being investigated in terms of financing routine for public transport, and 
statements on transferability are derived. The project was launched in autumn 2017, and the 
automated shuttle bus line developed in this connection has been in operation since July 2019. 
In the following, technical and legal aspects of the operation of the automated shuttle bus are 
examined in more detail. 

4.1 THE SHUTTLE BUS 

This project uses the second-generation EZ10 shuttle from the French manufacturer EasyMile 
(Figure 4). The shuttle is classified by the manufacturer as an automation level 4 vehicle – how-
ever, as described above, it actually only corresponds to automation level 2. The dimensions of 
the shuttle are 4.02 x 2.00 x 2.87 metres (L x W x H). It has six passenger seats, is electrically 
powered and can be manually remote-controlled. The shuttle has a technical maximum speed 
of 45 km/h, although it is only approved for this project at speeds of up to 20 km/h. In operation, 
however, it travels at a maximum of 15 km/h (cf. EasyMile 2019a). By means of GPS, a correction 

Figure 4: The EZ10 shuttle in operation 

Photo: www.autonv.de
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signal, inertial sensors, odometry and a pre-stored map, the shuttle bus can localize itself and 
adhere to the specified trajectory (cf. EasyMile 2019b). The map, including trajectory and route 
environment, is generated in the course of numerous test drives prior to operation. For this pur-
pose, the shuttle bus scans its route environment while in manual operation mode (cf. Rutanen/
Arffman 2017). The bus uses roof-mounted lidar sensors for localization and stores all scanned 
geometric features in the corresponding positions on the map (cf. Regional Transportation Dis-
trict 2019). By comparing the stored geometric features with the data detected in real time, the 
shuttle bus can locate itself by recognizing these features, known as landmarks. The vehicle 
detects obstacles at a height of 35 centimetres by means of its four safety lidar sensors, which 
enable 360-degree obstacle detection (cf. ibid.). 

4.2 CHOICE OF ROUTE, INFRASTRUCTURE ADAPTATION AND ORIENTATION OF 
THE SHUTTLE BUS 

With regard to the area used for testing the automated shuttle bus, an initial delineation in 
the project outline was already made by defining the rural district of Ostprignitz-Ruppin as the 
test area. To further narrow down possible areas of application, all superordinate traffic nodes 
(PlusBus and rail traffic) in the district were subsequently recorded in order to provide appropri-
ate connections for the automated bus line. This line thus became part of the public transport 
network of Ostprignitz-Ruppin, and through this integration can make a contribution to securing 
provision of public services. 

In view of the technical requirements, to date only the last mile has come into consideration for 
operation of the bus. For this purpose, the next step was to assess the demand on the basis 
of population figures for the localities and structural data. With these two steps, 25 potential 
routes throughout the district of Ostprignitz-Ruppin were examined and then assessed in ac-
cordance with further criteria such as traffic density, route length, road category, maximum 
speed, mobile network and the need for adaptation. This process yielded two suitable routes, 
of which that in the municipality of Wusterhausen/Dosse was finally selected. 

The route selected for operation of the automated bus line has a total length of 8 kilometres 
and connects the railway station of the municipality of Wusterhausen/Dosse, which is located 
outside the town to the east and also has a PlusBus connection (local public transport service), 
to the town centre, the supermarkets located there, the nursing home, a housing estate outside 
the town centre, and the lake landscape on the northern edge of the town. Taking into account 
the technical capabilities of the vehicle, the introduction of the route was realized in three stag-
es or sections (yellow, red, green), on the basis of which the length of the route can be 2, 4 or 
8 kilometres (Figure 5 on the next page). 

As a preparatory measure for the respective sections, the vehicle manufacturer (EasyMile) pro-
vides an assessment, including recommendations for adaptations of the infrastructure. Using 
the example of the second route section (shown in red in Figure 5), a description of these 
adaptations with regard to infrastructure and the orientation of the shuttle bus is given in the 
following. 

According to the Road and Transportation Research Association (FGSV; FGSV 2006), the sec-
ond section, Berliner Straße, is a local access road in the town of Wusterhausen with an av-
erage daily traffic volume of 646 motor vehicles per 24 hours (2018 traffic census) and many 
property access roads. The carriageway is 8.7 metres in width, and parking is permitted on both 
sides of the road. The speed limit is 50 km/h (Figure 6, left: “Initial situation”). Since the trajecto-
ry of the shuttle bus cannot be dynamically changed, it must be ensured that it is not blocked by 



90 | PART I – MOBILITY AND TRANSPORT – ARTICLE 6

parked vehicles. However, it is not possible to shift the trajectory to the centre of the carriage-
way, due to the German requirement to drive on the right of the road. In order not to violate this 
regulation, a one-sided stopping ban was introduced for the western side of the road during 
operation and longitudinal parking spaces were marked on the eastern side. The southbound 
trajectory can thus run along the edge of the road and the northbound trajectory adjacent to the 
parking strip. This prevents conflict between oncoming vehicles in the streetscape of Berliner 
Straße, since the shuttle bus no longer has to anticipate the behaviour of oncoming vehicles. In 
addition, the speed limit was lowered to 30 km/h due to the problematical road surface condi-
tions, at times resulting from damage and cobblestones. The plan for the no-stopping zone and 
parking space markings (red line) is shown in the middle of Figure 6 and the situation following 
implementation at the right. 

The cross sections in Figure 6 show the safety spaces specified by FGSV (2006) and those for 
the shuttle bus (cf. Rutanen/Arffman 2017). In the cross section on the right, it can be seen that 
the specifications lead to overlapping of the safety spaces, which in turn necessitates a speed 
reduction for the shuttle bus at such points. Introduction of a no-stopping zone on both sides 
was not feasible due to the high requirement for parking space. 

For the orientation of the shuttle bus, static geometric features in the surroundings of the route 
are essential in view of the localization process based on landmark recognition. In view of the 
position of the localization lidar sensor on the roof of the shuttle bus and its small aperture an-
gle, geometric objects at a height of approx. 3 metres were required (cf. EasyMile 2019b). Build-

Legend
Section 1
Section 2
Section 3

Direction of travel

Figure 5: Overview of the automated shuttle bus route in the municipality of Wusterhausen/Dosse 

Source: www.autonv.de/fahrplan-strecke
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ings or corners of buildings, which are normally to be found on inner-city streets, can serve this 
purpose. The southern part of Berliner Straße, however, included an area devoid of buildings 
where no landmarks were present. After consultation with the manufacturer EasyMile, three 
artificial landmarks in the form of signs were set up in this area. In order to interfere as little as 
possible with the streetscape, these were attached to existing lampposts. The initial situation, 
plan with dimensions, and implementation are shown in Figure 7. The third road section also 
includes areas without buildings; here, however, trees at the edge of the roadway served as 
landmarks, since they fulfilled the requirements. 

Figure 6: Overview of the infrastructural adaptation for route section 2, Berliner Straße in Wuster-
hausen/Dosse, in the three phases initial situation, plan and implementation

Source: the authors; left photo 17/4/2018, right photo 4/7/2019; photos: Holst/Egoldt 

Initial situation Plan Implementation

Figure 7: Overview of the road surroundings adaptation for orientation of the shuttle on route section 
2, Berliner Straße in Wusterhausen/Dosse, in the three phases initial situation, plan and implementa-
tion 

Source: the authors; 17/4/2018, photo at right 4/7/2019; photos: Holst/Egoldt 

Initial situation Plan Implementation
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4.3 REGISTRATION AND OPERATION 

As with any vehicle used on public roads, operation of the automated shuttle bus required reg-
istration, For this project, exemption from this requirement was granted in the form of a special 
permit. To obtain such a permit in Germany, an expert assessment from an official testing cen-
tre is required. Since the route and the time span of the project must also be specified in this 
assessment, both the special permit and the registration of the shuttle bus are restricted to the 
nominated route and time span. Once approval was granted, the route concession was applied 
for. For this purpose numerous documents had to be submitted, such as the exact route of the 
line including the positions and names of all bus stops, along with registration documents for the 
vehicle. According to German law, it was only possible to put the line into operation once the 
route concession was granted. In addition, however, approval was also required from the vehicle 
manufacturer, which only gave its consent to operation once the infrastructural modifications it 
had previously specified had been implemented. 

For operation of the shuttle bus, test runs without passengers were carried out in the first few 
days following the release of one section, so that all road users and especially the accompany-
ing personnel could get used to the driving characteristics of the bus. The accompanying per-
sons are necessary not only for legal reasons; they also have to carry out driving tasks. At com-
plex intersections, driving must be specifically activated by the accompanying person so that 
the shuttle bus can proceed. Due to the safety space for the shuttle bus, on roads with standard 
cross sections according to RASt 06 (cf. FGSV 2006) braking is always initiated when oncoming 
traffic is encountered, as the oncoming vehicle then enters the safety space of the shuttle bus. 
Dynamic overtaking manoeuvres by other road users, followed by cutting in directly in front of 
the shuttle bus, likewise lead to delays that affect the operation of the bus and were perceived 
as negative by the passengers. 

4.4 INSIGHTS GAINED 

Described above are the approval procedure, selection and adaptation of the route, and an 
assessment of operations after around six months of experience gained. The choice of manu-
facturer is important for the project, as this factor plays a major role both in the choice of route 
and in the specification of infrastructural adaptations. The needs of the users are also highly 
significant. The wish for an extension of the route was already expressed at the time of release 
of the first section, above all on the part of the elderly population. However, it became clear that 
a local transport system in a small town must likewise cater to the needs of the passengers, es-
pecially in terms of time: firstly, an adjustment of travel speed and an increase in reliability is nec-
essary; and secondly, the timetable must be coordinated with user demand. The provision of a 
demand-oriented timetable makes it all the more difficult to establish a traditional bus route for a 
small town in a rural area and requires alternatives to be examined. To ensure smooth operation, 
infrastructural measures are also currently required, which however could become obsolete 
with the ongoing development of automated driving functions and should therefore be avoided
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5. OPERATION AND INTEGRATION OF AUTOMATED SHUTTLE 
BUSES IN PUBLIC TRANSPORT SYSTEMS 
 
based on the example of the “MyShuttle” project in Zug, Switzerland 
Zoltán László 

As part of the “MyShuttle” project, various possible applications of automated vehicles and 
associated service concepts were analysed, developed and subjected to extensive field tests 
in the city of Zug (around 30,000 inhabitants) in Switzerland using an automated shuttle bus. 
The point of departure for this project was the radical transformation of passenger transport 
triggered by automated driving. In particular, the opportunities opened up by automated driving 
for a more customer-friendly, efficient, environmentally friendly and cost-effective overall trans-
port system – as a convergence of public and individual transport, with a focus on car- and ride 
sharing services – motivated the Swiss Federal Railways (SBB) to prepare for these changes so 
as to be in a position to offer customers a suitable range of services in the future. 

With these considerations in mind, the “MyShuttle” project was launched by SBB, Switzerland’s 
largest passenger transport company, together with the Swiss company Mobility Carsharing, 
the transport operator Zugerland Verkehrsbetriebe, the City of Zug as the local partner, and the 
Tech Cluster Zug. The operational testing focused on three main areas: (1) the ability of auto-
mated vehicles to be integrated into the existing public transport customer information system, 
(2) specific experience regarding the technical maturity of the available software and hardware, 
and (3) customer acceptance of automated shuttle services. The one-year pilot operation was 
launched in January 2019, after a year and a half of planning and preparation. “MyShuttle” was 

Figure 8: The EZ10 shuttle in operation in Zug 

Source: SBB (2020: 1)
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thus the first automated shuttle bus in Switzerland to operate in mixed traffic on a public road 
with a constantly high traffic volume. In the following, the operation and integration of the auto-
mated shuttle bus into the existing public transport system is examined in more detail. 

5.1 THE SHUTTLE BUS AND ITS OPERATION 

Prior to the project launch, none of the leading technology providers or vehicle manufacturers 
in the field of automated vehicles had agreed to test vehicles in Switzerland or to participate as 
partners in a pilot project. For the “MyShuttle” project, the responsible parties therefore took 
a pragmatic approach and procured the most suitable automated shuttle bus available for pur-
chase from the point of view of this project: the EZ10 model from the French start-up EasyMile 
(Figure 8, previous page). 

Figure 9: Overview of the automated shuttle routes in the city of Zug 

Source: SBB (2020: 12) 

Train station

Metalli 
shopping centre

V-Zug 
Company

Route 1 Test route, ZVB site 
Route 2 – Option A Round trip, ZVB site 
Route 2 – Option B Round trip, ZVB site 
Route 2 – Option D Round trip, ZVB site (during construction) 
Route 3 Short loop, Metalli shopping centre 
Route 4 City Garden test route 
Route 5 Metalli – V-Zug – Metalli (30 km/h zone) 
Route 6 Metalli – V-Zug – Metalli (via Industriestraße) 
Route 7 Metalli – V-Zug – Metalli (via Baarerstraße) 

Property of City of Zug 
Property of Canton of Zug
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In this project, the automated shuttle bus was mainly used to serve the first and last mile within 
the city of Zug, especially between the railway station and the V-Zug company site. Figure 9 
gives an overview of the routes for the shuttle bus in Zug. While Routes 1 to 4 were only used 
for functional tests of the vehicle or for brief demonstrations, the regular, public operation of the 
automated shuttle bus took place on Route 5 (pink) between the railway station or the Metalli 
shopping centre and the V-Zug location, and on Routes 6 and 7 (purple and green), each of 
which is an adapted, partly shortened form of Route 5 (Figure 9). 

EasyMile, the manufacturer of the automated shuttle bus, worked hard to meet the requirements 
of this project. As a result, it was finally possible for the bus to run in mixed traffic between the 
station and the V-Zug company site. However, operation of the automated shuttle repeatedly 
met with challenges: reliably recognizing traffic lights, anticipating the flow of traffic, avoiding 
obstacles, driving in heavy rain and autonomously “learning” from new traffic situations could 
not yet be mastered by the vehicle model in the course of operation. Sensor malfunctions due 
to pollen, turning left at intersections, problems caused by vegetation growth and construction 
sites necessitated the presence of safety drivers on board. In view of the technical complexity, 
in the course of this project it was also not possible for EasyMile to offer a demand-driven zon-
al service (on-demand service within a selected area, where passengers can board or alight 
at any location). Passengers could only board or alight during intermediate stops at fixed bus 
stops along the route. 

5.2 INTEGRATION INTO PUBLIC TRANSPORT CUSTOMER INFORMATION SYSTEMS 

One main focus of the project was to investigate possible integration of the shuttle bus into 
the customer information systems of the SBB – and therefore into the existing public transport 
landscape in Switzerland. For this purpose, the project cooperated with Bestmile, a company 
that provides scheduling and fleet management systems for automated vehicles. The aim was 
to integrate the automated shuttle bus into the various public transport customer information 
systems, e.g. displays of (1) departure times on monitors at bus stops, (2) ongoing connections 
on board trains or (3) departure times in the SBB apps. 

Customer information systems inform passengers about the availability of and changes to 
transport services. Switzerland is a pioneer in this field for public transport: on behalf of the 
Federal Office of Transport (FOT), SBB bundles information on the majority of public transport 
services and makes it available to the industry and to customers. 

In very simplified terms, these systems are oriented towards current forms of public transport 
services, i.e. on predefined routes with fixed stops and long-term timetables. As long as services 
with automated vehicles – such as the line-bound shuttle bus with fixed stops as implemented in 
this project – adhere to this logic, they can be easily integrated into the current system landscape 
and communicated to customers. The decisive factor here is not the degree of automation of the 
vehicle, but whether it runs according to a timetable or is offered on demand. In the course of this 
project, the subsequent public transport connections were displayed on a monitor in the shuttle 
bus (Figure 10, left). The scheduled departure times of the shuttle bus from Zug main station were 
also shown on the departure displays at the station (Figure 10, right). For this purpose the shuttle 
bus, running as a classic scheduled service, was integrated into the public transport timetable 
and customer information system as Line 17 and a timetable for the shuttle bus was drawn up. 

As mentioned at the outset, automated vehicles open up great opportunities for new forms of 
offer, especially on-demand transport services. Thanks to their automation, these vehicles can 
be ordered to arrive at a defined location at a certain time, whereby it is possible to be brought 
to one’s destination without changing. Such an offer would make ownership of a private car 
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Figure 10: Display of ongoing connections on board the shuttle bus (left) and indication of the shuttle 
bus on the departure screen at Zug station (right) 

Source: SBB (2020: 32)

superfluous. If a number of journeys are then also bundled to increase efficiency, this new form 
of offer combines the advantages of public transport with those of owning a car. The result is 
known as public individual transport. 

To enrich the strong Swiss public transport system with these new forms of service, initial at-
tempts were made in the “MyShuttle” pilot project to integrate such a public individual trans-
port offer, e.g. a shuttle bus with flexible stop requests, into the customer information system. 
The required chain of information between the existing SBB customer information system, the 
scheduling or fleet management system of Bestmile and the vehicle is shown in Figure 11. The 
timetable from the public transport systems is transmitted to the control or scheduling system, 
which divides the time schedule into individual trips and conveys these in sequence to the 
vehicle (mission management). The vehicle reports all positional, speed and further data back 
to the Bestmile scheduling system. The control and scheduling system then calculates the 
discrepancy between the real position of the vehicle and that indicated on the timetable and 
reports this back to the customer information system in order to inform customers accordingly. 

PT in 
Switzerland Bestmile EasyMile

Customer 
system (SBB 
passenger 
information) 

Fleet 
management 
monitoring and 
control 

Vehicle 
manufacturer 

Figure 11: Schematic depiction of the information chain between customer information system, 
scheduling system and vehicle 

Source: the authors, based on SBB (2020: 32)
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A significant aspect is therefore that the scheduling system sends driving orders, so-called 
missions, to the vehicle, which it then carries out. The scheduling system must also be able to 
implement changes to the mission, e.g. in the form of a requested stop of the shuttle bus, dur-
ing a journey. Due to the technical complexity involved, in the course of the pilot operation of 
the shuttle bus EasyMile was not able to provide an interface that could process a mission and 
handle such changes, or provide an on-demand zonal service that enables customers to board 
and alight at any place. According to EasyMile, as things stand, externally accessing a vehicle 
in the form of a mission is critical for security and safety reasons and is subject to abuse. 

To investigate the integration of such forms of service into the existing customer information 
system, (1) fictitious vehicles were then “generated”, i.e. simulated, in Bestmile’s scheduling 
system for proof of concept, and (2) the functionality of flexible stops for the shuttle bus was 
evaluated by the safety drivers using an app developed by Bestmile (City of Zug on-demand 
app) for end customers.

For (1) the proof of concept, the experts set about establishing a link between the SBB customer 
information system and Bestmile’s scheduling system. This was necessary because the formats 
of the customer information system are currently based on fixed stops and predefined routes 
and timetables, whereas the scheduling system is designed for a demand-based zonal service. 
These tests were carried out on test systems; SBB’s actual productive systems and customer 
information systems were not available for this purpose. 

For the tests, the Bestmile system and SBB’s customer information system (CUS – customer 
system) were connected by an adapter, which unites the logics of these two systems, and 
subsequently by a router (MetaRouter) and by the information channels of SBB’s MIKU (mobile 
information tool for customer contacts) or KIB (customer information at the station, i.e. loud-
speakers and screens; see Figure 12). 

However, CUS reached its limits here. As long as operations remained within the framework of 
scheduled services, the vehicles simulated by Bestmile could be successfully displayed in the 
core information systems for public transport (see also the successful implementation of sched-

Figure 12: Information flow for integration of public transport and proof of concept, and thus for the 
adapter between SBB’s customer system (CUS) and Bestmile

Source: the authors, based on SBB (2020: 26) 
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uled shuttle bus services into departure displays at the station, mentioned above); an upstream 
logic recognized and even appropriately displayed bundled journeys (grouping together of 
several bookings from the MetaRouter for assignment to a single vehicle). However, as soon 
as operations went beyond scheduled service to include zonal services without timetables, 
or attempted to simulate this feature (trips and stops on demand), the system could no longer 
process and display the information. 

To test the functionality of flexible stop requests (2), Bestmile developed an app for the City of 
Zug (Zug On-Demand), whereby stop requests were transmitted to the safety driver via the app 
alone. These then appeared in the app of the safety driver, who could manually accept or reject 
the displayed requests (Figure 13). 

While use of the app to transmit stop requests to the safety driver helped to test the functional-
ity of flexible stop requests, some problems were encountered – especially in view of the lean 
design of the app due to the short development time: addresses were not correctly recognized 
and at times assigned to the wrong stops, for example, so that customers unnecessarily had to 
walk long distances. In addition, a destination could only be changed when the bus was sta-
tionary. It was thus possible that customers were assigned to a trip but the vehicle, which had 
already set out on its journey, failed to stop to pick them up. All in all, rudimentary on-demand 
functionalities could be accommodated in the project, but the software provided by Bestmile 
did not have the necessary degree of maturity at that time. 

Figure 13: “Train On Demand” app (top) and driver app interface for journey and stop requests  
(bottom) 

Source: SBB (2020: 32) 
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5.3 INSIGHTS GAINED

While the project did not achieve all the originally formulated goals, the overarching learning 
objectives were nevertheless exceeded. Within SBB, essential know-how was built up in this 
field and customer acceptance of automated driving was reinforced, especially in terms of its 
integration into the public transport system. To establish automated shuttle buses as a new 
form of service in public transport, they should be available for ordering, along with the appro-
priate customer information, via classic public transport channels (e.g. the SBB app). The use 
of flexible shuttle buses in line with demand must also be planned to match the arrival and de-
parture times of superordinate public transport media. However, the tests showed that today’s 
core public transport systems, which are geared to fixed stops, lines and timetables, cannot yet 
deal with on-demand transport (without fixed timetables), route changes or flexible stops, but 
can only handle shuttle buses that operate in scheduled service. This calls for new systems for 
the integration and development of standard application programming interfaces (APIs) that 
can be processed by the core public transport systems. 

Overall, however, the project was able to provide important insights into new types of services, 
so that an economically optimized, customer-oriented service for Switzerland can be put in 
place once the automation technology reaches market maturity. In particular, the findings from 
the project with regard to the integration of automated shuttle buses or of automated on-de-
mand services into the customer information systems of SBB and other public transport servic-
es are now being used to make the above-mentioned systems fit for this new type of mobility. 

6. CONCLUSION 

Automated driving enables a wide range of possible applications for new forms of service in 
public transport that could be integrated into the existing public transport system. By merging 
traditional public transport with more individual forms of service that focus on car- and ride 
sharing offers, public transport can be made more personalized and flexible in future, and a 
temporal and spatial densification of the overall service can be achieved. This could ultimately 
meet the needs of customers more broadly and effectively. 

To evaluate the requirements for the best possible use of new, automated forms of service, exten-
sive trial operations are needed – not only with regard to the technological functioning and ongoing 
development of automated vehicles, but also in order to gain experience in integrating these vehi-
cles into the existing public transport system and in their interaction with the local surrouindings. At 
the focus of current debate regarding automated vehicles in the sphere of public transport are pilot 
projects for the operation and integration of automated shuttle buses. These projects are located 
in various types of area or spatial setting (e.g. on the outskirts of a large city, or in small towns and 
villages), make use of different operating concepts and also place greater or lesser emphasis on 
specific aspects (e.g. technological, organizational-operational or economic feasibility). Many of the 
pilot projects also serve to demonstrate power of innovation and to provide a future-oriented image 
for the actors involved, such as public transport companies or municipalities (cf. Perkins et al. 2018: 
10). However, these example in-depth studies demonstrated that participating in research into future 
mobility options in public transport and testing them in practice also offer further advantages and 
potential for those involved. For example, pilot projects with automated vehicles, and in particular 
with automated shuttle buses in public transport, can serve to 
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 ■ test possible operating concepts in practice, 

 ■ enable various stakeholders to gain experience,

 ■ involve users in the operation and to determine their acceptance,

 ■ acquire know-how with regard to operation, repair and service, and 

 ■ create appropriate data infrastructure (e.g. operational and analytical data sets, definition 
of requirements for data transfer, interfaces etc.) that will be relevant for the evaluation of 
test operations carried out to date and for future projects. 

The pilot projects “autoNV OPR” and “MyShuttle” have shown that the automated shuttle buses 
used still have limitations in terms of operation, above all regarding aspects of technological 
and organizational-operational feasibility. 

Technological feasibility 

 ■ Trouble-free use and operation of the shuttle buses would at present be challenging with-
out modifications to the infrastructure (e.g. installation of artificial landmarks in the form of 
signs, introduction of no-stopping zones, etc.). 

 ■ At complex intersections (especially when turning left), driving must be specifically activat-
ed by the operators so that the shuttle bus can proceed. Problems are also encountered 
in reliably recognizing traffic lights, anticipating the traffic flow, avoiding obstacles, deal-
ing with (sensor) malfunctions due to pollen, vegetation growth or construction sites, and 
when driving in heavy precipitation. 

 ■ Overtaking manoeuvres by other road users, followed by cutting in directly in front of the 
shuttle bus, result in deceleration that passengers perceive as negative. 

Organizational and operational feasibility 

 ■ Integrating automated shuttle buses into existing core public transport systems is currently 
only possible if they operate in scheduled service (with fixed timetables and stops). De-
mand-based operation of automated shuttle buses, with flexible stops, is hardly feasible as 
a part of today’s core public transport systems.

Overall, it is worthwhile for public transport operators and urban stakeholders to invest financial 
resources in the testing of automated vehicles or in pilot projects with automated shuttle buses, 
as new insights and important know-how can be gained by this means. However, actually being 
able to use automated shuttle buses as a fully-fledged mobility option to supplement existing 
public transport services, e.g. in areas of low demand, necessitates the following framework 
conditions and measures, taking into account the results from the example projects: 

1. Further development of the vehicle technology to enable stable operation and higher 
driving speeds: More intelligent and more anticipatory vehicle technology is necessary 
for the operation of automated shuttle buses in order to reduce possible delays and the 
need for intervention by the operator, and to ensure stable operation. The driving speed 
of the automated shuttle bus is an important aspect for the use, attractiveness and op-
eration of the vehicle and should be increased in line with further development of the 
vehicle technology. This aspect is not as important in the finely detailed development of 
smaller residential areas, where the automated shuttle buses do not necessarily have to 
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travel at high speeds, but above all in cases where larger areas are to be developed or 
where facilities or locations have to be connected over greater distances and the auto-
mated shuttle buses tend to travel on larger-capacity roads. 

2. No extensive adaptation of the infrastructure, or only where other modes of transport 
(e.g. cycling, walking) would also benefit: Adaptation of the infrastructure, which is 
already being carried out to a small extent in the course of tests with automated shuttle 
buses, should also be kept to a minimum in the course of further tests. Extensive in-
frastructural modifications (whether structural or digital, e.g. “vehicle-to-infrastructure”) 
should be avoided, since the infrastructural requirements of the vehicles can rapidly 
change, and the costs for such modifications are relatively high. Moreover, the public 
space is already characterized by conflicts of use, and further land consumption or ob-
struction of the public space by infrastructure for automated shuttle buses should be 
avoided. Extensive modification of the infrastructure should therefore only take place 
where this would be of benefit not only to the automated shuttle buses, but also to pe-
destrian and bicycle traffic. 

3. Giving in-depth consideration to linking automated forms of service and the environ-
mental network (public transport, cycling, walking): It is essential to link automated 
(and networked) forms of service with other modes of transport, especially the existing 
public transport network. To integrate on-demand automated shuttle buses with flexible 
stops into existing public transport customer information and booking systems, new sys-
tems and standard interfaces or APIs are required that can be processed by the core 
public transport systems; these must also be adhered to on the part of the providers. 
With a view to customer convenience, booking rides should be as simple as possible 
and largely digital. Particular attention must also be given to ensuring compatible con-
nections between the superordinate public transport media and the automated shuttle 
bus (orientation of demand-based, flexible shuttle bus operation to the arrival and depar-
ture times of the superordinate media; cf. SBB 2020: 62ff.). 

Further framework conditions and measures are also important: 

1. Orientation of the operating concepts to the transport demand and settlement struc-
ture of the respective area: The use of automated shuttle buses should always be ori-
ented to the transport demand and settlement structure of the respective area in terms 
of operating time, frequency, route, area coverage etc. It can be advisable to link the use 
of these buses to the demands and goals described in the respective transport develop-
ment plans and to integrate them accordingly. 

2. Spatial integration into existing public transport services: Integration into or linking 
with existing public transport services is necessary not only from a technological point 
of view, but also spatially: the focus here should be on flexible and alternative forms of 
service as feeders to the classic scheduled services and on so-called “transit-oriented 
developments” (TODs), i.e. above all the functional enrichment and development of a 
settlement in the vicinity of the bus station should be promoted. The use of automated 
shuttle buses as feeders to rail services is necessary to prevent automated private ve-
hicles from assuming this function (cf. Sinner 2019) – on the one hand since the space 
requirements at stations and transfer points are much lower in the case of on-demand 
buses and feeder services than for automated private vehicles or car sharing services 
(cf. Sinner et al. 2018), and on the other hand because a spatially facilitated transfer 
between transport modes can shorten overall travel times and intermodal travel can 
become more attractive for users (see Chap. 8 by Bruck et al. in this volume). 
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3. Involvement and participation of relevant stakeholders: In the context of further pi-
lot projects with automated shuttle buses, the relevant stakeholders and agents of the 
municipalities and related administrative units should be involved. Furthermore, oppor-
tunities should be created for the local population to participate, in order to align the 
research and development process with local requirements and goals. 

There is also a need for further research into the use of automated vehicles, and especially of 
automated shuttle buses, in public transport with regard to the following aspects, which should 
be investigated in the course of further pilot projects: 

 ■ Costs: Investigation of possible cost reductions through the use of automated vehicles, 
and of possible newly arising costs (e.g. scheduling systems, accompanying personnel, 
protection against vandalism, more frequent cleaning). 

 ■ Infrastructure: This aspect deals with infrastructure necessary not only for the actual oper-
ation of the vehicles, but for many further factors in connection with their use, e.g. charging 
infrastructure or bus stops (traffic areas). 

 ■ User acceptance: Acceptance by users is relevant not only with regard to the technology 
itself (e.g. travelling on the shuttle bus, comfort, quality), but also specifically at night (feel-
ing of safety) and regarding the question of whether accompanying personnel are needed 
at certain times. 

 ■ Dimensioning of fleets: Investigations must be carried out regarding the profile of the 
required automated vehicle fleet, e.g. in terms of bundling potential, routes or scheduling.
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Barillère-Scholz, M., C. Büttner and A. Becker 2020. “Mobilität 4.0: Deutschlands erste autonome 
Buslinie in Bad Birnbach als Pionierleistung für neue Verkehrskonzepte”, in Autonome Shuttle-
busse im ÖPNV. Analysen und Bewertungen zum Fallbeispiel Bad Birnbach aus technischer, ge-
sellschaftlicher und planerischer Sicht, ed. by A. Riener, A. Appel, W. Dorner, T. Huber, J. C. Kolb 
and H. Wagner. Wiesbaden: Springer Vieweg, 15–22. 

BMVI (Federal Ministry for Digital and Transport) 2016. “Mobilitäts- und Angebotsstrategien in ländli-
chen Räumen. Planungsleitfaden für Handlungsmöglichkeiten von ÖPNV-Aufgabenträgern und 
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1. INTRODUCTION

Urban freight transport is assuming an increasingly important role in the field of urban mobility as 
well as in urban transport policy, as e-commerce is booming: with the advance of digitalization, 
goods are increasingly being ordered via the internet, with a resulting sharp increase in delivery 
transport volumes (cf. Muschkiet/Schückhaus 2019: 358; German Federal Government 2019: 44f.). 
New sustainable solutions and concepts are therefore needed in urban logistics, with the last 
mile in particular posing a major challenge due to a lack of bundling and the great effort involved 
(cf. Gerdes/Heinemann 2019: 399; Buthe et al. 2018: 30; Lierow/Wisotzky 2019). At the same time, 
new delivery media are emerging, such as delivery robots (cf. Baum et al. 2019: 2455; Jennings/
Figliozzi 2019: 317), which are seen as having great potential for the last mile. 

To date, the development and use of delivery robots have been driven above all by logistics 
companies and technology developers, without consideration of the municipal perspective. 
This raises the question of whether and to what extent delivery robots are at all compatible 
with urban public spaces. This is all the more important since public space is already under 
increasing strain due to new forms of mobility, adaptation to climate change, rising population 
figures in cities and the resulting pressure of use. Conflicts of use and interest are inevitable 
in particular when automated delivery robots are on the move on pavements or in pedestrian 
zones (cf. Buthe et al. 2018: 121). In view of the necessary transformation of public space from 
being a transit space to an area with quality of stay, the diverse implications of delivery robots 
are therefore discussed and options for (transport) policy and planning identified. 

2. E-COMMERCE AND DELIVERY TRAFFIC ON THE RISE 

Online trade – also known as “e-commerce” or “distance trade” – is booming. But delivery 
offers in stationary trade have likewise led to steady market growth for courier, express and 
parcel (CEP) services in recent years. In Austria, for example, the number of parcels delivered 
increased by around 69% between 2009 and 2018, and the corresponding global figure more 
than doubled between 2014 and 2018 alone. Similar developments can also be seen in Ger-
many (cf. BIEK 2020: 11). Forecasts are predicting a further increase in the number of parcels 
delivered both in Austria and worldwide (cf. Umundum 2020: 151; Buchholz 2019). E-commerce 
sales volumes in Austria also recorded a significant increase of 21% in recent years, between 
2015 and 2019, with an online share of total retail sales in Austria of currently already more than 
5% (Fig. 1; cf. WIFO 2019: 15). 

As a result of increasing delivery traffic, the need for action by cities and municipalities to pro-
actively develop strategies and concepts for municipal freight transport, but also to plan and 
implement appropriate measures, is likewise increasing (cf. Schönberg et al. 2018: 4): since 
very many end users are served in urban freight transport, this results in a high number of small 
individual deliveries, which in turn leads to high mileages (cf. Vienna Business Agency 2016: 5). 
The result is an increase in particulate pollution and in CO2 and noise emissions (cf. Muschkiet/
Schückhaus 2019: 366), but above all conflicts in public space that are manifested in many 
ways as competition for space, personal endangerment, but also “commercialization of public 
space”. 
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In view of the predicted increase in the volume of consignments – in Austria, for example, the 
number of parcels delivered is expected to increase by around 14% in 2020 over the figure for 
2018 – the cost-intensive last mile will continue to gain significance, with all the negative effects 
on public space (cf. Leerkamp 2017: 12; Umundum 2020: 151). 

3. NEW DELIVERY CONCEPTS FOR THE LAST MILE 

The last mile, i.e. the final stage of delivery of goods to the customer’s premises, is still one of 
the most pressing problems in urban freight transport: the degree of utilization of transport car-
riers in supply and disposal decreases with proximity to the destination, and bundling becomes 
increasingly difficult over the last link of the supply chain (cf. Just 2018: 5; open4innovation 
2019). More than 50% of costs in parcel delivery are incurred in the last mile (cf. Schnedlitz et 
al. 2013: 251; Schocke 2019). Particularly outside the effective delivery window, i.e. when the 
probability of the recipient being at home decreases, efficiency is even lower due to the need 
for multiple trips. 

New logistics concepts are being implemented in the area of conflict between commercial 
efficiency on the one hand and the demands by municipalities for traffic avoidance and dis-
placement and environmentally compatible delivery on the other: these concepts should help 
to achieve bundling effects, increase the “stop factor” in end-customer business and reduce 
transport requirements (Buthe et al. 2018: 30). A promising logistics concept is delivery to col-
lection points – so-called city hubs – in the urban core zone by a small number of large lorries 
from the periphery. From there, the parcels are delivered over the last mile either directly to the 
customers or to micro-depots and parcel boxes. Various vehicle and drive concepts or delivery 
by (e-)cargo bike are suitable for covering the last mile (cf. Wittenbrink et al. 2016: 79f.; Leer-
kamp 2019: 21; Gerdes/Heinemann 2019: 406). 

Automation and digitalization, and the delivery concepts based on these, are driving innovation 
(cf. Umundum 2020: 157). In addition to delivery drones, tests have recently been carried out 
with electric delivery robots – so-called automated “delivery bots” – in the USA for example, 
but also in Europe. Last-mile delivery is often seen as one of the first areas of application for 
automated driving, as these robots travel at low speeds and in a perhaps simple operational 
design domain (ODD), for example on pavements in a residential area on the outskirts of a city 
(cf. Soteropoulos et al. 2020; Mitteregger et al. 2022; Leitner et al. 2018: 22). 
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4. OPERATING CONCEPTS OF AUTOMATED VEHICLES IN LOGISTICS 

Automated vehicles are by no means new to the field of logistics: they have already been used 
for a long time, especially in internal logistics. These vehicles have been used to transport 
goods in production and logistics systems since the 1950s, mainly for transport without a driver 
(1) indoors or within the demarcations of buildings, (2) in private outdoor areas, e.g. on company 
premises or at container terminals, and (3) in hazardous or barely accessible areas (cf. Flämig 
2015: 378; Hörl et al. 2019: 35; Paddeu et al. 2019: 9ff.; Hofer et al. 2018: 11ff.). 

Today transport within company premises is still the typical domain of automated driving in 
logistics, e.g. in the autonomous yard logistics of Austrian Post, and is subject to specific frame-
work conditions in terms of infrastructure and processes (cf. Clausen 2017: 16; Muschkiet/
Schückhaus 2019: 374; Umundum 2020: 156). As a result of progress in automation and digi- 
talization, increasing attention is now also being given to applications in distribution logistics. In 
addition to automated lorries in long-distance transport (e.g. platooning – although some tests 
in this field have been discontinued, e.g. by Daimler; cf. Daimler 2019) and automated delivery 
concepts with goods delivered by drones, the use of delivery robots in the public spaces of 
cities and municipalities is now also being tested (cf. Baum et al. 2019: 2457; Howell et al. 2020: 
36; Schröder et al. 2018: 7; Hofer et al. 2018: 14ff.). Figure 3 gives an overview of the operational 
concepts of automated vehicles in the field of logistics. 

AUTOMATED LORRY IN 
LONG-DISTANCE TRAFFIC

DRIVERLESS TRANSPORT 
SYSTEMS INDOORS OR WITHIN 
DEMARCATIONS OF BUILDINGS

DRIVERLESS TRANSPORT 
SYSTEMS IN PRIVATE OUTDOOR 

AREAS (E.G. ON COMPANY 
PREMISES OR AT CONTAINER 

TERMINALS)

DRIVERLESS TRANSPORT 
SYSTEMS IN HAZARDOUS OR 
HARDLY ACCESSIBLE AREAS 

(E.G. MINES)

AUTOMATED DELIVERY BY 
ROBOTS TO PRIVATE 

HOUSEHOLDS

Source: the authors

Figure 3: Overview of different delivery robots 
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5. DELIVERY ROBOTS

Delivery robots are driverless, often electric transport vehicles that assume the last mile of 
delivery from an inner-city warehouse or stationary retailer to customers within a defined per-
missible area (cf. Vogler et al. 2018: 152; Leerkamp 2017: 17). Their applications include special 
shipments that need to be delivered flexibly, rapidly and cheaply in a local environment, same-
day or same-hour delivery, food consignments and home deliveries of medical products (cf. 
Hofer et al. 2018: 17). Some logistics concepts also involve lorries taking delivery robots to a 
large delivery area, where they carry out final delivery to customers (cf. Jennings/Figliozzi 2019: 
321; DHL 2014: 32). 

Various different types of delivery robot are now being developed by numerous companies (cf. 
Baum et al. 2019: 2457; Steer 2020: XVIII; and Fig. 4 below). 

5.1 DELIVERY ROBOTS FOR OPERATION ON PAVEMENTS 

This type of delivery robot is not suitable for operation on the carriageways of public roads, but 
is used on pavements and in pedestrian zones, where the speed is limited to 6 km/h. These 
robots are currently used in office parks (e.g. in Mountain View, USA) or other special areas: the 
requirements on the automated driving system are not as high in such places as for operation 
on public roads (cf. Hern 2018). In addition, these robots usually only have a small loading vol-
ume (cf. Leerkamp 2017: 17). 

a) Delivery robots for autonomous delivery 
These robots are suitable for the autonomous delivery of individual items within a short time-
frame (20–30 minutes), particularly in dense city districts. The manufacturers of these delivery 
robots include Starship Technologies, Kiwi and Marble. The robots usually have a small con-
tainer in which parcels can be placed (cf. Marks 2019: 13ff.). In its current version, the delivery 
robot from Starship Technologies for example can transport a maximum of two parcels, each 
measuring 35 x 34 x 15 cm (cf. Ninnemann et al. 2017: 86). Once the delivery robot arrives at its 

without 
“follow-me” function 

with 
“follow-me” function 

Automated delivery robots for operation 
on pavements 

Automated delivery robots for operation 
on public roads

Figure 4: Overview of different delivery robots 

Source: the authors
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destination, the customer can open the lid of the container at their front door using a one-time 
PIN that is sent to them via smartphone (cf. Vogler et al. 2018: 152). 

b) Delivery robots with “follow-me” function 
Delivery robots that drive on pavements can also support distribution logistics by means of a 
follow-me function; i.e. loaded with the parcel, they follow the recipient or orderer of the deliv-
ery, who is thus relieved of the burden. An example is the PostBOT delivery robot from the com-
pany Effidence S.A.S., developed together with Deutsche Post. Unlike delivery robots, which 
carry out their deliveries autonomously, the follow-me models are usually somewhat larger. The 
PostBOT, for example, has six package containers and can transport consignments weighing 
up to 150 kg (cf. Gerdes/Heinemann 2019: 411). 

5.2 DELIVERY ROBOTS FOR OPERATION ON PUBLIC ROADS 

Delivery robots that drive on public roads travel at speeds of up to 40 or 50 km/h and due to 
their size have a larger load volume than the models described above. They are typically used 
for autonomous delivery of individual items within a short timeframe (20–30 minutes), especial-
ly in areas with high customer density. Examples of this type of delivery robot are the Nuro R1 
and its successor Nuro R2, or Robomart and Udelv (Baum et al. 2019: 2458; Marks 2019: 22). 
The Nuro R2 recently received the first nationwide temporary exemption from the U.S. Depart-
ment of Transportation for testing on public roads without a driver (USDOT 2020: 5). These 
vehicles are not only suitable for last-mile delivery: Waymo, for example, recently announced 
that in the course of its ongoing test operations in Chandler, Arizona, its vehicles will also be 
used to deliver packages from local UPS shops to a UPS package sorting facility; however, de-
livery of packages directly to customers is not yet planned (UPS 2020). In the typical suburban 
areas of the USA where these vehicles are on the roads, with very wide streets, single-family 
homes and only few pedestrians and cyclists (e.g. Nuro R2 in Scottsdale, Arizona, or Houston, 
Texas; cf. Nuro 2020), it is much easier for customers to pick up their goods from the vehicle 
at the kerb or in special areas where the robots are permitted to stop (so-called “self-driving 
pick-ups”) than in corresponding neighbourhoods in Europe, which often have narrower streets 
and higher densities.

6. SELECTED EXAMPLES OF TESTS WITH DELIVERY ROBOTS 

Numerous countries are testing delivery robots in pilot trials. While most of the robots being 
tested in Germany, Austria and Switzerland are not intended for use on public roads but only 
operate on pavements and in pedestrian zones (cf. Baum et al. 2019: 2459; Hofer et al. 2018: 
17), tests and pilot trials with delivery robots have already been carried out on public roads in 
the USA. Table 1 on the next page gives an overview of selected examples. 

With the exception of Switzerland, the test areas were mostly in the centre or business district 
of a large city. The follow-me delivery robot was tested in the small town of Bad Hersfeld, but 
here too in the central, commercial district. In the USA, the road-going model was tested on 
public roads in residential and commercial areas on the outskirts of cities and in suburbs. 

The tests served to determine how safe, practicable and economical the operation of delivery 
robots can be from the perspective of the logistics companies. In addition to the postal service, 
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the test users include CEP services and retail, restaurant and supermarket chains. However, no 
comprehensive evaluation or scientific monitoring took place aside from the companies’ own 
interest in gaining knowledge. The tests did not address important issues such as conflicts of 
goals and use in the public streetscape, or especially interaction with other road users. By way 
of exception, however, the tests in Switzerland took more detailed account of these aspects, 
although they were not subjected to comprehensive scientific evaluation.

7. “PAVEMENT-COMPATIBLE” DELIVERY ROBOTS AS A SOLUTION 
FOR THE LAST MILE? 

As the analysis shows, developments worldwide are mostly concerned with robots that travel 
on pavements and/or in pedestrian zones (cf. Baum et al. 2019: 2459); the following remarks 
therefore focus on this use case (see also Fig. 5). 

As mentioned, much is expected of “pavement-compatible” delivery robots in high-density ur-
ban areas for delivery of individual items within short timeframes; however, significant eco-
nomic potential can only be exploited once the robots no longer have to be accompanied by 
humans, but merely be remotely monitored by a human operator due to legal requirements (cf. 
Hermes 2017b). On the other hand, it remains to be clarified what requirements the legislators 
will place on this monitoring and what tensions will arise regarding the precision and type of 
monitoring and the resulting personnel costs – e.g. with or without simultaneous monitoring of 
several vehicles. Delivery robots with a follow-me function, on the other hand, could reduce 
the physical burden on delivery personnel, with the additional advantage that these persons 
could intervene in the event of malfunction or conflict. If the vehicles are electrically powered, 
this could bring about a reduction in CO2 and noise emissions, although well-founded impact 
analyses are still lacking here. Only Jennings and Figliozzi have established in comparative 
simulations that the combination of delivery robots and conventional delivery vehicles makes 
for reduced delivery times, mileage and costs, especially in areas with high customer densi-
ty, as compared with the use of delivery vehicles alone (cf. Jennings/Figliozzi 2019: 324). For 
delivery companies, the costs for acquisition and operation of a delivery robot are more than 
offset by the transport revenue that can be generated over the last mile (cf. Hofer et al. 2018: 
48). Delivery robots are currently still too expensive, which is why only pilot trials have been 
implemented so far in German-speaking countries (cf. Hermes 2017b, Marazzo/Mischler 2018: 1; 
Wittenhorst 2019). Even in the long term, it remains to be seen to what extent aspects such as 
customer density, settlement density or purpose of use would yield a positive cost-benefit ratio, 
as the delivery robots only have a relatively small load volume (cf. Hofer et al. 2018: 48). In ad-
dition, security aspects (vehicle theft) and vandalism would have to be taken into account in the 
operation of these vehicles (cf. Paddeu et al. 2019: 32; Kunze 2016: 292; Hofer et al. 2018: 18). 

The pilot tests also reveal specific technical problems such as limited battery power or us-
er-friendliness of the user interface. The delivery robots also require a powerful LTE mobile 
network, which is not always available in all areas (Hermes 2017a; Marrazzo/Mischler 2018: 2). 
However, these problems are expected to be solved in the near future. 

The situation is different when it comes to the challenges encountered in the interaction be-
tween humans and delivery robots in public spaces. These involve lack of acceptance, specific 
disruptive effects and hazards: 
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 ■ Delivery robots restrict the freedom of movement of all pedestrians, but especially of peo-
ple with limited mobility – above all those with walking aids (cf. Lenthang 2019; Hofer et al. 
2018: 48), and of children and the elderly (cf. Marks 2019: 14). 

 ■ They can pose a hazard in public spaces if pedestrians cannot avoid them in time to pre-
vent a collision due to impaired reactions, mobility, etc., or if they unexpectedly change 
direction. 

 ■ This effect is amplified on narrow pavements or pedestrian crossings with a high number 
of pedestrians walking at different speeds and in various directions (cf. Leerkamp 2017: 17; 
Marazzo/Mischler 2018: 4; Hsu 2019). 

Conflicts are inevitable especially in the following driving situations that delivery robots con-
stantly have to master (cf. Keesmaat 2020: 9; Groot 2019: 64): 

 ■ driving around obstacles, 

 ■ crossing lanes at a pedestrian crossing or traffic lights; Marazzo and Mischler (2018: 4) 
report for example that the green phase was too short for the delivery robot and accom-
panying person to cross, 

 ■ overtaking slow-moving pedestrians, 

 ■ contact with a playing child, a group of children or a large crowd of people, and 

 ■ driving onto/off a kerb or ramp (cf. Leerkamp 2017: 17). 

Automated driving of the delivery robot in dense mixed traffic, which involves interaction with 
numerous and diverse road users, is a relatively complex driving task that only allows travel at 
low speeds (cf. Hofer et al. 2018: 49; cf. Fig. 6). It also remains largely unclear what technical 
requirements the pavements must fulfil in view of the above-mentioned conflicts in driving sit-
uations, especially with regard to kerbstones, pedestrian crossings at intersections or walking 
and cycling paths designated with different colours. 

There are also numerous barriers to be overcome in the delivery process. For example, the 
logistics concept must determine how consignments are to reach customers who are not at 
home – or how deliveries are to be made in multistorey buildings, since the robot cannot climb 
stairs. Drop-off or parcel boxes that are accessible to delivery robots at ground level currently 
only exist in a few places. 

At present, the legal framework for operation of delivery robots on public roads is relatively 
rigid and restrictive in Germany and Switzerland as compared to some states of the USA (cf. 
Jennings/Figliozzi 2019). No automated delivery robot may be operated in public spaces with-
out an accompanying person. In Germany, an exemption is usually granted for this purpose 
in accordance with the Road Traffic Code (StVO) and the Road Traffic Licensing Regulations 
(StVZO), which include specific conditions and requirements for the operation of delivery ro-
bots (cf. Brandt et al. 2018: 7). Data protection also plays a role here, as delivery robots use 
image-based sensors to record their surroundings and also collect “critical” personal data of 
other road users in order to recognize objects. The issue here is compliance with national data 
protection laws and the European General Data Protection Regulation (GDPR), especially Ar-
ticle 25 (data protection through technology design). It must be ensured that in the course of 
recognition of other road users by the delivery robots, only personal data are processed that 
are necessary for this purpose (cf. Brandt et al. 2018: 8; Hoffmann/Prause 2018: 11). This also 
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applies to possible remote video-based monitoring of the delivery robots by the operators. In 
particular, the requirement that the delivery robot be accompanied by an attendant at all times 
in public spaces makes the use of such robots unprofitable for the operating companies. Rather, 
the tests with automated delivery robots serve above all to gain practical experience with new 
technologies as a basis for exploring scope for action from the perspective of the companies 
(cf. Ninnemann et al. 2017: 138), so that they can advocate for their interests more specifically, 
for example to gain authorization for operation without an accompanying person. However, 
these interests stand in contrast to the major challenges experienced in the public space. 

8. IMPLICATIONS FOR PLANNING 

Initial experience from tests with automated delivery robots gives rise to hopes of economic 
potential for distribution logistics over the last mile. In the future, however, further detailed and 
spatially differentiated analyses will be needed to determine what areas offer what potential 
for covering the last mile. The experience gained in the tests also demonstrates the problems 
and risks posed by delivery robots in operation on public spaces, especially on pavements. The 
aspects that need to be considered for planning and (transport) policy, along with the existing 
scope for action, are therefore briefly outlined in the following. 

Strengths Weaknesses

• optimized delivery of individual consignments in 
short timeframes

• increased efficiency by supporting the delivery 
agent (parallel execution of other tasks)

• reduction of CO2 and noise emissions through 
electric drive 

• technical problems: battery power, user interface, 
flexibility of the system, complex mixed traffic

• poor economic efficiency due to the need for an 
accompanying person, high purchase price, low 
payload

• inability to climb stairs
• special drop-off boxes needed for the recipient if 

no one is at home

Opportunities Risks

• remote monitoring by a human operator, enabling 
exploitation of economic potential

• reduced physical burden on delivery personnel 
due to delivery robots with follow-me function

• in combination with delivery vehicles, lower 
delivery times and costs compared to delivery 
with conventional vans alone (especially with 
high customer density) and possibly also reduced 
mileage (but more journeys/mileage may be 
necessary due to low loading capacity)

• impaired freedom of movement for all pedestrians
• danger to pedestrians, especially persons with 

limited mobility, children, the elderly, etc.
• potential for conflict when crossing a carriageway 

at pedestrian crossings or traffic lights, when 
overtaking slow-moving pedestrians or when 
encountering a large crowd of people

• security aspects (e.g. vehicle theft) and vandalism
• collection of personal data

Figure 5: Overview of strengths, weaknesses, opportunities and risks of automated delivery robots 
driving on pavements for the last mile 

Source: the authors
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In addition to the distribution of goods, already today there are a number of further demands 
on the public streetscape in urban areas that imply conflicts of use and interest (cf. Buthe et al. 
2018: 121). Delivery robots – together with scooters, loading areas, etc. – additionally increase 
the already high pressure of use on public space particularly in dense urban neighbourhoods, 
above all on pavements. Public space is not only traffic space, but also a place to stay and 
meet people (cf. Stadt Wien 2018: 11), especially on pavements in the area of transition between 
buildings and the streetscape, where people talk to each other, look into shop windows, etc. 
The competing space requirements on the part of delivery robots to use pavements for driving 
and parking gives rise to conflict, especially in densely populated urban neighbourhoods (cf. 
Peters 2019: 76). This is all the more problematical since (1) it is precisely here that delivery 
concepts with robots are better suited by their very nature, due to the high customer density 
and thus economic efficiency; and (2) delivery robots operating on pavements will always have 
a low loading capacity (the vehicle width can hardly be greater than the scope of movement 
of a human, and requirements on the automated transfer of items from the robot to the parcel 
box, e.g. involving sorting the parcels in reverse order of delivery, do not allow optimal use to 
be made of the robot’s storage space). A greater number of vehicles are therefore expected 
to be required than with the use of conventional delivery vehicles, and also in comparison with 
cargo bikes. 

This also contrasts with the desire to “reclaim public space” by reducing traffic areas and in-
creasing recreational areas for better quality of life and an attractive living environment. De-
livery robots from commercial providers also restrict the free use of public space by all and 
contribute to a “privatization of public spaces” (cf. Marks 2019: 14; Wong 2017): the pavement 
clearly belongs to pedestrians. 

If delivery robots become established, an additional need for adaptation of the infrastructure 
can be expected, along with further costs. Delivery concepts using robots require parcel boxes 
for households, for example, since personal delivery on the doorstep is hardly feasible due to 
the robots’ inability to climb stairs. The green traffic light phases for pedestrians would also 
have to be extended if the delivery robots move more slowly than pedestrians. This raises the 
question as to who would bear the costs and ultimately also the responsibility for implementa-
tion (cf. Hofer et al. 2018: 48). 

Even though the technological development is not yet sufficiently advanced to allow delivery 
robots to operate in public spaces on pavements at all times and under all conditions, it is nec-
essary to give thought now to delivery robots in terms of planning. Firstly, we are living in an age 
of transformation of public spaces – away from traffic space, towards open space for all – and 
secondly, the qualities of public spaces must be secured at a very early stage. If this does not 
happen now, a blend of rapid technological advances in delivery robots and a marked increase 
in deliveries as a result of e-commerce could raise the political pressure to act so quickly that 
the regulatory measures outlined below would take effect either too late or not at all. 

At the strategic level, data protection law and road traffic law – as a part of national (or EU) leg-
islation – influence whether and in what ways delivery robots can be deployed in public spac-
es. Cities and municipalities can influence national legislation through their associations or by 
means of the countervailing principle in terms of spatial planning, but they also have planning 
levers of their own. To this end, it is necessary to address the topic of delivery robots in strate-
gic concepts related to public space (e.g. the specialized concepts “Public Space” and “Mobility 
in the Planning Context of Vienna”). Furthermore, the required responsibilities, competences 
and resources must be established within the administrative sphere. Real experiments initiated 
by municipalities, which take into account conflicts of use and the effects of delivery robots, 
appear to be a first important step towards assessing possible applications in the urban space. 
It is important that the cities and municipalities take the initiative here. 
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Specific traffic planning measures that cities and municipalities could implement as regulatory 
instruments include “geofencing” – the spatially and temporally differentiated regulation of 
restricted zones – wherever the compatibility of delivery robots in public space cannot be en-
sured. A further measure would be the licensing of delivery robots in urban areas, in order to 
limit their number and to impose conditions on their operation. The measure of real-time pricing 
is a market-based instrument that levies dynamic charges based on the spatial and temporal 
compatibility of the delivery robots in public spaces. How these measures can be specifically 
devised and adapted to spatial situations, and how they can optimally complement each other, 
is currently still open and requires further research. 

9. CONCLUSION 

E-commerce is gaining an ever-greater share of the market, with a rapid increase in the number 
of deliveries to households. Logistics companies benefit from automation and digitalization 
whenever they succeed in optimizing the processes of the “last mile” – especially in terms of 
costs, but also of delivery times. High expectations are placed here in delivery robots. Even 
though numerous technological matters are yet to be resolved, delivery robots are already on 
the roads today in some cities and will be in seen more cities in the future. Low speeds for the 
delivery robots, combined with a simple operational design domain (ODD), favour early deploy-
ment. To what extent pavements can provide simple ODDs is the subject of much speculation. 
While unambiguous traffic regulations apply on carriageways, with defined directions of motion 
for road users, pavements are characterized by dynamic rules of distancing and walking behav-
iour: pedestrians arbitrarily change their speed and direction of motion. As pedestrian density 
increases, so too do the demands on the delivery robots’ ability to navigate, with the result that 
simple design domains on the pavement become highly complex (cf. Keesmaat 2020: 16).

What deployment scenarios are conceivable for delivery robots? A possible, and in fact proba-
ble scenario is that they will not encounter much conflict in loosely built-up suburban areas or 
on very wide carriageways with little traffic (since issues such as passing stopped vehicles play 
a less significant role here), although the economic viability is doubtful. Real-time pricing based 
on pedestrian density and/or regulation by means of licensing would be possible as control 
measures in traffic planning. 

The other scenario of using delivery robots in densely built-up urban areas entails much higher 
risks and negative impact. Strong regulation by means of exclusion zones, licensing, etc. seems 
necessary here. Pavements should really not be used; the delivery robots should only travel on 
the carriageway or in the vicinity of parking spaces (alternative use of parking lanes). 

However, current pilot tests show that developments are focusing on delivery robots travelling 
on pavements. This trend is diametrically opposed to the use of public space for more stay 
and less transit. Pavements are highly important parts of the public arena that fulfil a variety of 
functions as linear open spaces: meeting people briefly, resting, waiting, playing, walking, ob-
serving, looking and sitting are part and parcel of everyday urban life. These qualities are often 
underestimated today, as frequent parking on pavements has shown. 

Delivery robots – whether travelling on the pavement or parked at pick-up stations, charg-
ing stations or on the pavement – give rise to more pressure of usage, intensify competition 
for space and endanger passers-by. They are therefore especially critical in crowded spaces 
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The robots take up a 
lot of space, especial-

ly in front of the 
parcel shops. It’s 

almost impossible to 
get past them.

There’s another one of those 
slow delivery robots that 

often stop in the middle of the 
road even when the light’s green 

for me.

The robots not only drive on the 
pavement, their charging stations 

also take up a lot of space.

We really need a delivery person. 
How can the robot get to me on 

the 3rd floor? Like in many 
houses, there’s hardly any room 

for drop-o� boxes on the 
ground floor.

First there were e-scooters on 
the pavement, and now those 

little delivery robots are 
everywhere too.

All these delivery robots make it even 
harder to get around in a wheelchair. 
My visually impaired girlfriend also 

keeps telling me about problems with 
the delivery robots.

Sometimes a delivery robot gets tangled 
up in my dog’s leash. 

I really wonder how the parcels are 
supposed to get here on time with 

the delivery robots. Especially during 
rush hour, there are often so many 
pedestrians around that the robots 

can hardly get through.

Figure 6: Overview of the various usage demands and possible conflicts in the public space when using of delivery robots 

Source: the authors 
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where many people are on the move, and inconvenience above all people with limited mobility, 
children and the elderly. 

The pilot tests carried out to date have not adequately addressed these important aspects 
and focus solely on the “drivability” and economic efficiency of delivery robots. The real test 
of whether deployment is appropriate must be the quality of public space. Here, there is a 
great need for interdisciplinary experimentation and research in these “real-life laboratories” 
in order to take adequate account of the complexity of public space. The key questions focus 
on what and how the streetscape-related, spatial, situational, social, etc. conditions determine 
the acceptance of delivery robots and new logistics concepts on the part of passers-by and 
customers (cf. Groot 2019: 64). The effects of traffic planning measures are also of particular 
interest here, so that cities and municipalities can prepare themselves for this future task. There 
is currently a lack of comprehensive analyses of the impact of logistics concepts with delivery 
robots in terms of traffic and the environment, and of their consequences for the quality of 
public spaces and road safety; a differentiated approach to social spaces is needed here, with 
a strong focus on the user (Soteropoulos et al. 2019: 163). The vehemence with which commer-
cial interests are asserted in this connection must be countered with an orientation towards the 
common good, which is to be integrated into processes of democratic discourse. 

10. AN INTERVIEW BY MARTIN BERGER AND AGGELOS 
SOTEROPOULOS WITH BERT LEERKAMP 

1. What developments are you expecting for the next few years in the field of 
e-commerce? What is the impact of the current Covid-19 crisis? 
 
Bert Leerkamp: According to various forecasts, B2C deliveries will continue to grow at a rel-
atively high rate of 5% to 10% annually over the next ten years. The online food trade is char-
acterized by high growth rates, although currently at a very low absolute level. In extreme 
cases, where the costs are not passed on to consumers, this could partly eliminate the “buff-
er stock” function of refrigerators in favour of widespread on-demand ordering – but this is 
yet to come about. Other areas of the non-food sector also still seem to have above-average 
demand potential. However, a distinction must be made here between online sales, which 
includes “click and collect” (collection by the customer from a stationary retailer), and parcel 
delivery in B2C. 

2. Freight transport in cities was long given rather scant attention in municipal transport 
and urban planning. Is this still the case? Where do the major challenges lie in terms of 
transport policy and planning? 
 
BL: In Germany, the public debate surrounding climate protection and clean air – and with it 
the establishment of various funding programmes on the part of the federal and state gov-
ernments – has led to a marked increase in attention and a great deal of activity in urban 
logistics. As I see it, the major challenge in transport policy consists in regaining the quality 
of public spaces in terms of urban planning and design, which has been lost in many cities as 
a result of increased orientation towards cars and is now only improving gradually and very 
laboriously. It will be challenging to reach a social consensus for this urban redevelopment 
that goes beyond the elimination of these problems and requirements for action that are 
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the subject of current debate on air pollution, and which is described as a comprehensive 
transport transformation. The climate protection argument is perhaps neither forceful nor 
persistent enough to bring about this transformation. But other European metropolises may 
well lead the way here and thereby gain highly effective competitive advantages in attract-
ing technology-oriented companies, which will compete for highly qualified workers. This 
could give a boost to urban redevelopment, which must go hand in hand with changes in 
mobility behaviour. 

In my opinion, the logistics of urban supply and disposal do not face any really major chal-
lenges as a result of such a transport transformation. Logistics is accustomed to finding 
optimal solutions under the given conditions and constantly optimizing itself. Conversely, 
this means that cities must define these conditions unambiguously, clearly and reliably. For 
example, changes to the accessibility of inner-city areas for delivery traffic, as we outlined 
in the current guideline “Liefern ohne Lasten” (delivering without burden; publisher: Agora 
Verkehrswende 2020), must be announced in advance and implemented in a binding man-
ner and with sufficient lead time. On the other hand, in the process of exchange between 
municipal planning, trade, services and the transport industry it must be ensured that no 
counterproductive measures are planned. 

3. Why is the “last mile” of delivery so cost-intensive for logistics companies? Will this cost 
factor change over the years? What are the trends that influence cost dynamics? And 
how great is the motivation of logistics companies to save costs? 
 
BL: To name just a few examples, the following factors have contributed to rises in costs or 
will do so in the future: 

1. the constantly increasing distance between the last transfer points (forwarding and 
CEP depots) and the delivery destinations, which necessitate longer journeys and there-
fore also increased deployment of personnel and vehicles (outsourcing of logistics loca-
tions from the city centres) and 

2. increasing requirements on service, especially deadline deliveries, which reduce the 
scope of bundling consignments. 

3. The diversification of the range of goods in the consumer sector and, at the same time, 
emerging competition from online retail have forced retailers to keep increasing their 
responsiveness; this involves more frequent deliveries from a greater number of send-
ers with smaller consignment sizes, so here too there are negative effects on bundling 
capability. 

4. In online retail, deadline deliveries also have a cost-driving effect: existing, well-found-
ed delivery timeframes in the cities mean that the CEP service providers have to drive 
into city centres with several delivery vehicles at once during the short morning delivery 
timeframe – which is further shortened due to the trend towards later shop opening times 
– in order to successfully deliver all their consignments. The remaining consignments are 
then distributed in the wider city area; this reduces area-based bundling capability. 

5. Further CEP volume growth in B2C overburdens the capacities of the logistics compa-
nies, leading to negative economies of scale: additional volume generates disproportion-
ately increasing handling costs, with no increase in revenue per consignment. 

6. The cost reduction potential has been exhausted – also as a result of wage dumping 
and outsourcing to subcontractors – and can no longer absorb the cost increases. Wages 
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will rise in future due to a shortage of personnel. The procurement of e-vehicles follow-
ing the introduction of zero-emission zones will likewise lead to higher costs. 

4. How do you assess the technological development of delivery robots? What is the 
current focus of research? Is much progress being made? What are the biggest 
technological hurdles facing economical operation in practice? Which development 
path is likely to be pursued – towards operation on roads or on pavements? 
 
BL: The projects I know of often seem to me to be demonstration projects with a gen-
erous share of marketing intent – companies like to come across as being innovative 
and show that they are part of the solution to existing problems. I still fail to see any 
independent, comprehensive (holistic) assessment of the technological impact. In my 
opinion, the regulatory frameworks are kept more or less in the background; it is all 
about technical feasibility, and the impression to be conveyed is that autonomous vehi-
cles could assume a large part of the delivery operations. Positive environmental effects 
are sometimes wrongly attributed, or it is assumed that they are a specific feature of 
autonomous vehicles. In fact, however, these effects are due to the electric drive, and a 
comparison with other solutions such as the cargo bike is lacking. 

The autonomous or automated technical systems must function reliably under “chaotic” 
conditions, since highly diverse combinations of individual disturbances are encountered 
in practical operation. Humans quickly find acceptable solutions in such situations; tech-
nical systems, on the other hand, must be programmed to come up with solutions to all 
sorts of malfunctions occurring individually or in combination. In addition, functionable 
systems must include redundancies in their safety-relevant features. This all reduces the 
economic efficiency of the systems and makes them more susceptible to technical fail-
ure (e.g. of sensors, mechanics or energy supply). The monitoring and maintenance, and 
interventions in case of malfunction, give rise to additional costs. 

Conditions of the system environment – in this case public space – that can be created in 
the laboratory are often not able to be transferred to reality. For example, I think it would 
be difficult to navigate a delivery robot only on a pavement, and not on an adjacent cycle 
path if this is not very clearly marked – what sensor system could do that? Demands for 
designing public spaces to suit the technology are to be viewed with scepticism – who 
should bear the costs, and who would benefit? This would not be practicable on a wide-
spread basis. 

In “mass transport”, i.e. parcel delivery in densely populated areas, deliveries will still 
largely be carried out by humans because this is more economical. In very sparsely 
populated areas, I could envisage (ground-based or airborne) automated or autonomous 
systems in special situations, for example delivery of urgent goods to islands by drone, 
or delivery to individual farmsteads in mountainous regions; as I’ve mentioned, niche 
operations will be carried out on the carriageways rather than on pavements, because 
there are simply no pavements in these areas. 

5. Conflicts between delivery robots and pedestrians in the streetscape are 
inevitable. What are the most critical issues here? What problems of acceptance 
are encountered? In your view, should the pavement be taboo for delivery robots? 
Do you see any areas that are more suitable for delivery robots, and any that are 
particularly problematical? What criteria should apply here? 
 
BL: People will not accept obstruction by technical systems, as this would be seen as an 
unfair distribution of individual benefits in favour of the recipients and the logistics com-
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panies, and as a collective burden. Already today, the pavements of typical main roads 
are too narrow and force people to come into close contact with each other. If technical 
systems are to interact, presumably the only solution can be that they must evade hu-
mans, but this would impair the operation of the autonomous systems. 

In practice, pavements are taboo for the above reasons, besides being unsuitable from 
a technical point of view. Criteria for use are: unconditional compatibility with the current 
environment (no requirement on the part of the environment to adapt to the system), and 
no obstruction to pedestrians, bicycles, or to persons with impaired mobility, vision or 
hearing, economic advantages under the overall conditions mentioned above, no nega-
tive effects on road safety.

6. As e-commerce gains increasing market share and brick-and-mortar retail is on 
the decline, pedestrian shopping is also decreasing in volume. How do you assess 
this shift from physical to virtual mobility? Are there now fewer pedestrians on the 
pavements who can “hinder” delivery robots, resulting in their further proliferation? 
 
BL: From mobility surveys, it is possible to estimate what proportion of pedestrian traffic 
serves the purpose of shopping. Although this is concentrated in commercial areas, only 
a small part of pedestrian traffic can be transferred to online retail. In any case, people 
are likely to spend the time they save by not having to go shopping with a visit to a café 
– and will thus still travel on foot. So all in all, the effect is marginal and rather theoretical. 
And do we want streets devoid of people? 

7. For many years, efforts have been undertaken to give more room to pedestrians 
and cyclists in public space – but as yet with only moderate success. However, 
in the course of the Covid-19 crisis carriageways and parking spaces have been 
temporarily reallocated to pedestrians and cyclists in numerous cities such as Berlin, 
Vienna or Brussels. Can this crisis be seen as a tipping point – as an opportunity to 
actually bring about a redistribution of public space? 
 
BL: In my experience, municipalities have been very hesitant to take up this opportunity, 
although Berlin is an exception here. People often point out existing concepts and be-
moan a lack of work assignments from city councils, thus implying that there is no basis 
for action. At the same time, I have noticed that the matter of redistribution is being 
raised more and more frequently and emphatically by a larger number of population 
groups. This should hopefully become sustainable even without Corona and influence 
political decision-making. 

8. Municipalities and cities are important stakeholders when it comes to locally 
implementing new mobility solutions such as delivery robots. What framework 
conditions are required at the other political levels? Is the problem being perceived 
and discussed at the level of local politics and administration? What protagonists are 
pushing this issue? What are their interests and motives? How do you perceive the 
vehemence with which commercial actors are asserting their interests? 
 
BL: The Road Traffic Act, which is administered by the federal government in consul-
tation with the states, is decisive in Germany. The Federal Ordinance on Very Small 
Electric Vehicles (eKDV), which was only recently introduced, would have to be mod-
ified. In local and national politics, I have noticed that the concepts discussed here 
(delivery robots) are often seen in an undifferentiated way as innovative solutions with 
a fundamentally positive connotation. At times I gain the impression that the focus on 
and the undifferentiated welcoming of autonomous delivery systems serve to distract 
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from a need for action that does not align with people’s own objectives and would be 
more inconvenient to implement (primacy of technology versus an integral approach to 
the transport transformation). Commercial protagonists in logistics are approaching this 
topic very gingerly and, in my estimation, see little potential in this regard. Recently, in 
a working group on urban logistics in Düsseldorf, none of the CEP companies in attend-
ance mentioned delivery robots as a possible solution. 

9. Does it make sense for municipalities and cities to act now and regulate the use of 
public spaces by delivery robots, or are the conditions still far too uncertain? Is the 
development of regulatory provisions keeping pace with technological progress? 
What regulatory innovations are being discussed, how do you rate the chances 
of these being implemented, and what risks are involved? In San Francisco, for 
example, licences are issued to individual providers for the operation of delivery 
robots. Would this model also be conceivable for municipalities and cities in German-
speaking countries? 
 
BL: An early signal from the municipalities regarding their preferences for the use of 
pavements may be helpful for those who take a purely technical view of the whole issue 
and ignore the problematical framework conditions. I don’t have an overview of where 
which regulatory innovations are being discussed. Municipalities in Germany are cur-
rently having ambivalent experience with licensed sharing systems (e-scooters). There is 
a great need for regulation and subsequent adjustment (e.g. prohibited areas), and the 
contributions to sustainable transport that are of benefit to municipalities are in conflict 
with observable negative effects (e.g. widespread abandonment of e-scooters on pave-
ments, use for fun at night with disturbance of the peace, etc.). The municipalities would 
have to venture into new legal territory here. The relationship between the basic right to 
general and unrestricted use of public space on the one hand and licensing (i.e. restric-
tion of use) on the other would have to be fundamentally clarified. 

10. What alternatives are there for covering the last mile apart from the use of 
delivery robots? Are there any other technological developments with potential, 
such as drones? Or would this necessitate social and organizational innovations? 
Do customers need to change their behaviour, or are technical or infrastructural 
measures sufficient to ensure the quality of public spaces? Could “nudging” – 
influencing people’s behaviour (e.g. by displaying CO2 consumption for the various 
different delivery options) – prove useful here? 
 
BL: I would give priority to two options: (1) CEP service providers could work with micro-
hubs, from where they deliver consignments by cargo bike, and (2) forwarding agents 
working for the receivers could bundle consignments by area: a sender would write the 
address of such an agent on the package, which then serves as the delivery address for 
the CEP service provider. The receiving agent then bundles consignments for delivery 
on the basis of the recipients’ addresses. This system is being successfully used by the 
company ABC-Logistik in Düsseldorf with around 150 retailers; it bundles B2B package 
consignments for trade operators and large office locations. A cargo bike is also used 
for this purpose. 

11. Where do you see the need for research at the interface of public space and last-
mile logistics, with or without delivery robots? Should the public sector actively 
regulate innovations such as delivery robots, or rely on the market? 
 
BL: At present, I see a need for transformative research that would support or enable 
change and would test, evaluate and then disseminate good solutions. I don’t see any 
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need for the public sector to initiate research in order to promote the use of delivery 
robots, since I don’t think the economic potential for their use in cities, or their positive 
effects for society, are sufficient. 
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With or without connected and automated transport – the streetscape is the scene of a collision 
between two fundamental needs that characterize a functioning and habitable city. On the one 
hand, a steady stream of goods and people must find its way into, through and out of the dense 
conurbation, while on the other hand, the streetscape plays a decisive role in determining the 
residential quality of a city. Where no space is available for greenery and recreation, and where 
no sense of security can evolve, the streetscape loses its function as a public space and a 
city loses its much-cited human quality. For this reason, every intervention in the streetscape 
is rightly viewed with a critical eye – whether it be the right of free expression in protests or 
a new means of transport. Connected and automated vehicles must therefore prove them-
selves on two counts: new transport options encounter city-dwellers in the limited space of the 
streetscape. The contributions selected for this section, “Public space”, provide a multifaceted 
overview of the opportunities and risks involved, along with possibilities for design. The contri-
butions all point out how important it is to critically evaluate this new technology from the per-
spective of public space: the qualities of the streetscape have invariably determined the intrin-
sic character of a city. There is no reason to assume that this will be any different in the future. 

In their chapter Control and design of spatial mobility interfaces: Considerations in the light of 
automated driving, Emilia M. Bruck, Martin Berger and Rudolf Scheuvens discuss the possibil-
ities of shaping interfaces in a partly connected and automated mobility system. The authors 
demonstrate that the question of where and how transfer between (automated) modes of trans-
port will take place in the future is likely to hinge on three key factors: technological maturity, 
the forms of service in operation and (local) control measures. The authors speak in favour of an 
integrated view as a point of departure for this essential planning task of the future. They take 
on this view themselves in their article, in order to draw up an initial catalogue of requirements 
for the design of interchanges and stops. Differentiating according to urban, suburban and 
rural contexts, they point out the demands that are already starting to be placed on these new 
typologies already today in terms of urban planning, and outline what can be done to enable 
connected and automated vehicles to be used as an extension of the public transport system. 

In their chapter Transformations of European public spaces with AVs, Robert Martin, Emilia M. 
Bruck and Aggelos Soteropoulos present concepts devised by the Danish firm JaJa Architects 
especially for this volume. JaJa Architects deliberately position their designs in contrast to ex-
isting, modular design maxims, to which they attest a “twist” in the direction of “total design”. 
With the metropolitan region of Copenhagen, the firm has chosen an icon of sustainable mo-
bility. The privately owned car no longer plays a role in their vision of the future: it is replaced 
by even more active mobility, along with a public transport system extended by automated 
mobility services. JaJa Architects illustrate their concept of the public space of the streetscape 
with three examples: a residential street in the suburban area of the metropolitan region (in the 
little finger of Copenhagen’s well-known “Finger Plan”); a railway station forecourt (also in the 
suburban area); and finally a busy inner-city street in the urban centre. The possible future of 
Copenhagen is impressively illustrated in visualizations and diagrams.

Lutz Eichholz and Detlef Kurth discuss in their chapter Integration of cycling into future urban 
transport structures with connected and automated vehicles the role and opportunities of in-
corporating cycling into a future transport system. They give some initial insights into “RAD-
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AUTO-NOM”, a research project at TU Kaiserslautern. Taking the existing (legal) regulations as a 
point of departure, the authors first present a traffic-based perspective on the streetscape. They 
demonstrate that conflict-free coexistence of bicycles and automated vehicles could trigger 
pressure for action in terms of infrastructure. Cyclists are fast, agile and nimble when moving 
through urban space – behaviour that is likely to remain a difficult obstacle for the algorithms 
of automated vehicles to overcome in the long term. On the basis of selected traffic situations 
– overtaking manoeuvres, intersections and “shared spaces” – they point out the problems 
and opportunities of a streetscape that allocates appropriate space to both modes of transport. 

Steven Fleming takes a different approach: in his essay Against the driverless city, he extends 
the vision of a bicycle city from his publication Velotopia. Fleming opposes urban planning that 
he sees as being “intoxicated with the glamour of the new”. He contrasts current plans for and 
with automated vehicles with a radically different city: everything in Velotopia is tailored to the 
bicycle – from the streets to the living space. The ground undulates in places where cyclists are 
to brake or accelerate. The network of cycle paths is canopied throughout to keep out inclem-
ent weather, and instead of staircases there are ramps. Here too, the reader is guided through 
Velotopia with illustrations and diagrams. The author almost positions his image of the future 
among the icons of architectural history: the designs of Le Corbusier and Frank Lloyd Wright – 
authorities to whom we still look (critically) today when it comes to the city and the car – or the 
visions of the British urban planner Ebenezer Howard, who developed his garden city on the 
basis of rail transport; this is still a fixed element of curricula in architecture and in urban and 
transport planning. Time will tell whether this comparison holds. 

In his chapter At the end of the road: Total safety – how the safety concept of connected and 
automated driving systems is changing the streetscape, Mathias Mitteregger identifies a prob-
lem area generated by the quest for increased road safety through automation and networking 
of road traffic: constant surveillance and subtle influence could fundamentally change the public 
space. Road safety is now the main argument used in promoting the development of automated 
driving systems and digital infrastructure. The author demonstrates that the intended effect is 
likely to remain very limited in local terms: more automation and networking will only enhance 
road safety on a small fraction of the road network, and only in wealthy countries. The author 
sees the decisive moment along the path already taken in a transition from passive to active 
safety systems. This would transform not only the safety concept of a vehicle, but also a funda-
mental principle of public life: a space generated by mutual respect becomes an environment 
with top-down control. Mitteregger points out the potential impact of such a transformation and 
emphasizes the far-reaching consequences for the cities of the future.
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1. INTRODUCTION

This chapter deals with the changes in public space that accompany digital networking and au-
tomation in the mobility sector. The focus here is specifically on spatial mobility interfaces. This 
refers to locations characterized by interaction, by the interplay of different transport modes and 
by transitions in public space. Due to the increasing diversity of mobility offers and new usage 
requirements, the design of spatial interfaces is already acquiring importance in urban planning, 
especially since the locations of access to platform-based mobility offers often turn out to be focal 
points in the public space. In view of the possible introduction of self-driving vehicles, spatial inter-
faces – as thresholds between traffic space and pavements, and between motion and stationary 
usage – are expected to acquire intensified relevance as formative elements in a townscape: firstly 
because the introduction of automated mobility could contribute to a decline in private car owner-
ship and a proliferation of sharing offers (Zhang et al. 2015), and secondly because is it assumed 
that automated vehicles will not necessarily park at their initial destinations, but can then continue 
autonomously to remote parking garages (Zhang/Wang 2020). In both cases, the requirement for 
parking places in the public space would decrease, while there would be increased demand for 
options for boarding and alighting, for changing to other modes and for delivering goods. 

Against this background, it is important to think beyond the purely functional solution of spa-
tial-physical networking and to take into account the interactions with the specific context – ur-
ban profile, usage neighbourhood, traffic volume and accessibility – in holistic approaches to 
planning. Possible approaches in design would for example involve designating stopping zones 
and gathering points in the public space, extending existing tram or bus stops and stations, or 
enhancing mobility points with the addition of supply functions so that they could gain signifi-
cance as local centres. 

Although it is currently unclear as to whether and under what circumstances automated vehicles 
will be widely used, it is crucial from an urban development perspective that future regulations 
for automated transport are drawn up on the basis of spatial control and usage patterns from 
the transition phase (Marsden et al. 2020). Rather than allowing traditional planning approach-
es – in which the automobile dominates the mobility system and public space – to be merely 
replicated for automated systems, it is important to determine at an early stage to what extent 
these can be overcome with the introduction of new forms of mobility. Consideration of small-
scale modifications to accommodate automated mobility thus raises questions not only regard-
ing the future linking of and interaction between different transport modes, but also regarding 
diversity of use in public space, a smooth transition to surrounding functions and the renewal 
of urban qualities. Last but not least, thought must be given to what consequences the applica-
tion of new mobility solutions would have for the objective of implementing high-quality public 
spaces, which are invariably characterized by unplanned and unforeseen new developments. 
The authors’ intention is to make a practical contribution to the discussion of appropriate forms 
of urban and mobility planning in the context of automated mobility. To this end, the ambivalent 
mechanisms of new mobility technologies are first discussed and eight considerations relevant 
to planning are then presented, which are concerned with two levels of action:

 ■ strategic framework conditions of spatial interfaces and 

 ■ small-scale design of multimodal public spaces.

This chapter should also be understood as a plea: since public spaces are acquiring the sta-
tus of increasingly contested terrain in view of automated driving, planning approaches must 
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be finely adjusted in order to preserve the urban qualities of a location (Schmid 2016). To this 
end, and in view of new mobility offers and self-driving vehicles, these analyses emphasize the 
relevance of integrated approaches in order to promote intermodal routes and active mobility – 
especially since spatial design is a significant external factor influencing the choice of transport 
mode (Konrad/Groth 2019). 

2. THE IMPACT OF AUTOMATED DRIVING ON PUBLIC SPACES 

2.1 THE SITUATION 

As a result of networking and automation, urban and regional mobility systems are undergoing 
a gradual transformation. Station-independent ride-sharing services (e.g. Uber or Lyft) in par-
ticular, which have also spread to large and medium-sized European cities in recent years, are 
seen as harbingers of automated transport (Soike et al. 2019, Erhardt et al. 2019). In view of the 
superior convenience of door-to-door transport, these services trump conventional local public 
transport in areas with high densities of population and demand. Factors relevant to planning, 
such as travel time or the spatial efficiency of the system, are receding into the background, 
while the flexibility, availability and individual adaptability of these services are gaining signifi-
cance.

With highly automated vehicles (SAE Level 4 according to SAE International 2018), as the indus-
try promises, travel experience could be further enhanced in terms of comfort, safety and effi-
ciency: travelling in automated vehicles would benefit those who cannot drive a conventional 
private vehicle themselves, i.e. persons with impaired mobility, children or the elderly (Gavanas 
2019); furthermore, the automation of public offers and private mobility services is expected 
to extend the range of transport media available to those who live in car-dependent areas or 
cannot afford to own a car. Accordingly, especially for suburban and rural or peripheral areas, 
it is hoped that cost-efficient coverage can be ensured through savings in operating and per-
sonnel costs brought about by self-driving feeder services, local buses and village connections 
(cf. Jürgens 2020: 40). 

In the meantime, however, with a widespread switch to ride-sharing services, traffic volumes 
in North American inner cities have drastically increased and unregulated stopping along the 
kerb has led to conflicts of use with public transport media and cyclists (Schaller 2017, Erhardt 
et al. 2019). The accompanying increase in boarding and alighting manoeuvres exemplifies 
the intensification and diversification of usage demand in public space (Marsden et al. 2020) 
that go hand in hand with the emergence of delivery services, micromobility offers and plat-
form-based ride-sharing services. In addition, at times conflicting interests are arising, since the 
above-mentioned technological solutions foster the establishment of new companies, while 
awareness for an environmentally compatible mobility transformation is on the rise and there 
are increasing calls for the deconstruction of streetscapes in favour of soft mobility (see Fig. 1).

In addition to the above-mentioned risks regarding interaction in traffic, a widespread increase 
in boarding and alighting in public space can have a negative impact. Double parking and the 
spatial spread of traffic reduce permeability and accessibility. With regard to automated driving, 
it can be assumed that this effect will be exacerbated. High penetration rates of automated 
vehicles may give rise to additional trips and congestion due to boarding and alighting, which 
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in turn could significantly reduce opportunities for crossing certain streetscapes. This would 
clearly disadvantage weaker road users, and public spaces could lose their quality of stay. In 
addition, a dense spacing of stopping points could lead to intensified demand for automated 
vehicles on short routes due to the enhanced comfort they provide, with a resulting further in-
crease in traffic volume (González-González et al. 2020, Kondor et al. 2020, Cavoli et al. 2017). 

A widespread increase in boarding and alighting situations must also be viewed critically inso-
far as the desired spatial benefits of automated driving can only be realized if a large proportion 
of vehicle-kilometres is covered in shared rides. In this context, it has been shown that the bun-
dling of journeys and higher occupation rates are enhanced by driving to dedicated collection 
points, with an overall decrease in mileage (Stiglic et al. 2015). 

Against this background, it is clear that with automated driving, urban planning is faced with the 
challenge of reconciling increasingly diverse forms of usage and at times conflicting interests 
within the public space. The increasing need for temporary stopping points must be taken into 
account here along with the demands of road safety, efficient traffic flow, climate compatibility 
and quality of urban space.

Figure 1: The transformation in usage within the public space 

Source: the authors
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2.2 POINTS OF FOCUS

In view of the problem of increased competition for room in public spaces and the need for 
integrated planning approaches, the following questions will now be considered: 

 ■ Where do spatial and modal interfaces arise? What should be taken into account when 
planning areas of operation and station networks? 

 ■ What “rules” are needed to make interfaces visible in public space and to design them with 
a view to heterogeneous forms of mobility and usage demands? 

 ■ To what extent can mobility interfaces provide positive impulses for urban development 
and serve as pivot points in the urban fabric? 

Furthermore, the effects and the approaches for action must be seen in a differentiated light 
depending on the settlement structure, urban space and adjacent uses, since the potential and 
limitations of automated driving differ between inner-city, suburban and rural areas. In this con-
text, not only must existing factors such as the settlement structure, the cross section of the 
streetscape or the intensity of use of the surrounding ground-floor zones be taken into account, 
but also the potential for urban space that can only become effective with a redistribution of 
mobility-related spaces, involving for example upgrading the perceptibility and quality of stay 
of public space. In the following analysis, a differentiation is made between urban, suburban and 
rural areas. 

3. STRATEGIC FRAMEWORK CONDITIONS OF SPATIAL INTERFACES

One space-related opportunity for connected and automated mobility concepts is based on 
the bundling of trips (Greenblatt/Shaheen 2015, Zhang et al. 2015): this can take the form of 
car-pooling among colleagues, pooling services or the integration of passenger and goods 
traffic. However, in order to realize associated spatial benefits (e.g. reduced parking demand, 
freeing up of existing space or transformation of existing structures), modes of control need to 
be strategically defined. In the context of automated driving, measures such as priority for ve-
hicles with high occupancy rates, mileage-based pricing or restrictive parking management are 
typically mentioned as means of counteracting the individual use of vehicles (Sousa et al. 2018, 
Zhang 2017). However, spatial strategies can also be used to promote the bundling of transport 
flows – for example by providing appropriate mobility infrastructure or by concentrating offers 
and activities, thereby combining routes in terms of space and time. In both cases, spatial inter-
faces are created in which different requirements need to be reconciled and existing elements 
rendered compatible with future systems. 

The locations where new spatial interfaces emerge and the extent to which they will shape 
structures of settlement and urban space is influenced at a superordinate level by the strategic 
guiding principles and underlying modes of control of automated driving. This primarily con-
cerns the areas of application of automated fleets, whereby the suitability of the various forms 
of service  in particular requires spatially differentiated consideration. Furthermore, integration 
of automated services into a network is a prerequisite for planning the locations of stops and 
transfer points. As mentioned, while modelling studies have shown that the establishment of 
collection points can facilitate the bundling of trips in automated mobility services (Stiglic et al. 
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2015), on an international scale – apart from individual pilot projects – regulatory approaches 
for the strategic planning of dedicated stopping zones and collection points are lacking (ITF 
2018: 58; Schaller 2019). Last but not least, the development of centres in the vicinity of new 
hubs and the long-term adaptability of infrastructure and urban spaces must also be considered 
at the strategic level. These aspects are analysed in more detail below.

3.1 INTEGRATING ASSESSMENTS: AREAS OF OPERA-
TION, MODES AND PERMISSIBLE SPEEDS 

In view of a possibly long transition phase during which auto-
mated vehicles will only be used in appropriate areas, a spatial 
assessment and prioritization of areas of operation, modes and 
permissible speeds is necessary (see also Chap. 5 by Soteropou-
los in this volume). In addition to the classic criteria for the use of 
different means of transport, the spatial effects of digital network-
ing and automation must also be taken into account here; these are dealt with in existing stud-
ies in approaches for inner-city areas, whereby no systematic differentiation is made between 
urban space types or road typologies. González-González et al. (2020: 9), for example, describe 
a future vision in which so-called “Core Attractive Mixed-use Spaces (CAMS)” are designated in 
urban core areas. Within these zones, automated driving would only be permitted to a limited ex-
tent and public space would be reclaimed instead. The definition of spatially delineated zones of 
this kind has a fundamental influence on the location of spatial interfaces. Both within the area of 
operation and on its fringes, a need arises for transfer points and transition zones where various 
modes of transport are coordinated spatially, temporally and in terms of charges. 

To identify possible areas of application under consideration of urban spatial effects, the suit-
ability of new mobility concepts must be understood in terms of spatial structure. In transport 
planning, the following criteria are normally taken into account when deciding on the use of 
transport modes: cost-efficiency, functionality (travel speed and capacity), the hierarchy of ser-
vices and suitability for use in settlements (Weidmann et al. 2011). To evaluate this last factor, 
population density and density of usage are named as the most important parameters, in ad-
dition to settlement sizes and core usage densities. According to Weidmann et al. (2011), these 
parameters can be used to determine which types of spatial structure favour the use of certain 
transport systems. For example, high-capacity transport systems (e.g. underground or com-
muter trains) are suitable in settlement areas with a high population density and differentiated 
corridors. On the other hand, dispersed areas do not normally justify rail transport in view of 
low demand or difficult topography, but instead require smaller vehicle units for connection and 
distribution systems along with feeder services linking to higher-ranking nodes (Weidmann et 
al. 2011). Here in particular, automated forms of service are seen as a solution, since higher eco-
nomic efficiency and flexible forms of service can be assumed. Furthermore, in the integrated 
development of urban centres and mobility, the degree of functional blend is given high priority. 
In this connection, for example, potential for development within the catchment areas of public 
transport services can be sounded out, and the relationship between the surrounding area 
of a station and transport demand can be investigated (Bertolini 1999). The use of automated 
services and the planning of interfaces should therefore be evaluated in relation to structural 
factors, such as population and workplace densities or the diversity of surrounding usage, but 
also factors such as the availability of public transport and alternative modes. 

In view of the above-mentioned suitability criteria, two major transformational trends should be 
taken into account in connection with automated driving that make an assessment of its ap-
propriateness more complex. Firstly, the appearance of new players on the mobility market is 

U
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increasingly blurring the distinction between public and private services (Lenz/Fraedrich 2015; 
Mitteregger et al. 2022: 44). A competitive situation is now arising between scheduled public 
services and flexible on-demand services from private providers, which in certain areas could 
lead to a decrease in demand density that is necessary for public transport operations. To main-
tain the public transport network as the backbone of mobility, areas of operation for automated 
mobility services should be designated on the basis of the existing public transport network, 
and settlement areas should be prioritized in which existing gaps can be closed or weak points 
strengthened in accordance with demand. Especially for areas of medium to low density, this can 
mean that the catchment areas of interurban transport hubs should be expanded to include the 
range of automated feeder services, with newly designated routes accorded priority as transfor-
mational and development areas. This also implies the need to spatially integrate new interfaces 
as transitional points and nodes, in order to facilitate the use of intermodal routes for users. 

Secondly, the appropriateness of automated services should be assessed with a view to their 
possible impact on the public space, which can vary depending on the type of area and street-
scape. For this purpose, streetscape compatibility can be analysed at the neighbourhood or 
district level (see Chap. 5 by Soteropoulos in this volume). It should be examined, for example, 
to what extent the approval of individual modes and vehicle speeds can lead to barrier effects 
in the form of greater difficultly for pedestrians and cyclists in crossing the road in certain street 
typologies (e.g. residential streets, district streets, access roads/main roads, connecting roads, 
etc.); the space requirements that could result from an increase in short stops and parking by 
vehicle fleets also need to be identified. Both of these factors should be assessed in relation 
to the existing demands for space usage on the part of surrounding functions. For example, an 
inner-city neighbourhood street with a concentration of retail and gastronomy services gives 
rise to different usage densities and spatial requirements (e.g. road-crossing opportunities, 
pavement cafés, lingering spaces, etc.) to a purely residential street or a main axis on the out-
skirts of a city. On this basis, it will have to be examined whether certain applications, such as 
automated delivery traffic, should be excluded either entirely from certain categories of road 
due to conflicts of use or only at certain times (see Chap. 7 by Leerkamp et al. in this volume). 
In this connection, it should be considered to what extent it could be expedient to allow plat-
form-based ride-sharing services to operate in designated bus and taxi lanes. While this can 
serve as an incentive to use mobility services rather than private vehicles during the transition 
phase, in certain streetscapes it can cause obstruction to public transport vehicles and make 
crossing more difficult for pedestrians and cyclists. 

Spatially differentiated consideration 

Urban space 
In high-density areas it will be important to prioritize existing PT services, and only 

to supplement these with automated on-demand buses in selected peripheral 
areas and at off-peak times.

Suburban space 

In suburban interurban areas, flexibly deployed forms of automated service could 
help to cover detailed accessibility throughout the area and create an alternative to 

the car (Mitteregger et al. 2022). There are greater opportunities for spatially and 
temporally bundling routes here than in rural areas.

Rural areas 

Since transport routes in low-density settlement areas are spatially and temporally 
diverse, flexible forms of service with automated shuttle buses provide an 

opportunity to close existing gaps in the PT network and secure public connections  
(Jürgens 2020).

Table 1: Integrating assessments: areas of application, modes and permissible speeds

Source: the authors
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3.2 EXTENDING THE STATION NETWORKS: ADDING 
STOPPING ZONES AND COLLECTION POINTS 

In view of the increasing mobility options, cities are called upon 
to coordinate various forms of service and to integrate collec-
tion points into their strategic network planning. A differentia-
tion must be made here between classic creation of a network 
for local public transport, with individual lines integrated into a 
mostly hierarchical route network, and homogeneous network 
coverage with flexible (demand-oriented) forms of service (Schnieder 2018). The latter has the 
objective of offering direct connections between origins and destinations and accordingly re-
quires a finely detailed distribution of collection points throughout the area. A possible ap-
proach has been investigated in a modelling study on the impact of flexible sharing services on 
the streetscape (ITF 2018). For an economic and commercial centre in an inner-city area of Lis-
bon it was established that in order to meet the demand, an even distribution of stopping zones 
would be required at places of origin and destinations throughout the road network. The levels 
and duration of congestion during the day were taken as indicators of transport demand (ITF 
2018: 70). Accordingly, in this model stopping zones for boarding and alighting were located at 
the beginning and end of each block, in the middle of very long streets and at places of high 
transport demand (e.g. shopping centres or schools) in order to achieve the highest possible 
network coverage (Fig. 2). 

Integration into existing station networks 
Similarly to the areas of operation, the density of collection points must also be planned in 
accordance with the specific context. The various settlement structures and road typologies 

Figure 2: Locations of pick-up and drop-off points for shared mobility services in Lisbon

Source: ITF (2018: 67)

Legend

           Area investigated

           Pick-up and drop-off points 

           Road network
0 200 400 600 m



139 | PART II – PUBLIC SPACE – ARTICLE 8

must be taken into account here, along with utilization densities and availability of the public 
transport network. In dense settlement areas with well-developed public transport networks, 
integration into the existing network hierarchy is crucial, in addition to orientation towards 
source and destination locations and places of high demand (e.g. airports, business districts or 
shopping centres). The distance between stops influences not only the hierarchical allocation 
of functions within the overall transport system, but also potential usage rates. Dense station 
networks, such as that proposed for Lisbon with a spacing of 100 to 200 metres, thus tend to 
generate higher demand. When it comes to prioritizing environmentally compatible forms of 
mobility, a network concept with comparatively short distances between stops can definitely be 
seen in a critical light. In inner-city areas, this could lead to a weakening of local public transport 
and especially of active mobility, whereas in fringe locations and areas with low public trans-
port coverage, it is advisable to seek ways of filling gaps in the network by means of densely 
planned collection points. 

In inner cities, existing station networks in particular should therefore be extended to include 
stopping zones for new mobility services. These usually consist of higher-ranking stations (rail-
way and underground/commuter rail stations), medium-sized and smaller nodes (tram stops 
and line intersections) and individual stops. At these locations, various interfaces are created 
that require integration in terms of urban development and settlement structure and can be fun-
damentally diverse in terms of design (Fig. 3 on the next page). In contrast to the development 
of rail transport in the 19th century and the construction of railway stations, this creates not so 
much a new “type” of infrastructure buildings, but rather the need to spatially and digitally con-
nect the wide variety of mobility offers. Nevertheless, it cannot be ruled out that locations such 
as parking garages, which to date have been given little attention, will be transformed into new 
nodes through enriched usage. 

The space requirements for the stopping zones and collection points of automated services 
can vary drastically depending on the type of use and demand. A study of Swiss regional rail-
way stations found for example that the stopping zones for automated bus systems require 
a significantly smaller overall area than if automated private vehicles or car-sharing were to 
become established as feeders (Sinner et al. 2018). This is due on the one hand to the smaller 
number of vehicles that an automated bus system would require, and on the other hand to the 
possibility that scheduled arrival and departure times would allow stopping zones to be dimen-
sioned in accordance with actual demand (ibid.). However, the amount of stopping and parking 
space identified for a system based on automated car-sharing hardly appears sustainable over 
the long term. The enormous space requirements would ultimately restrict the spatial opportu-
nities for upgrading higher-ranking intersections as centres that can be reached on foot.

Extending networks by means of automated services 
In suburban and rural or peripheral areas, which are often difficult to access due to low net-
work coverage, automated forms of service enable existing station networks to be extended, 
whereby existing centre structures must be given special consideration in route and network 
planning. Rather than bypassing old town centres in favour of efficiency, a balance between 
provision of service and avoidance of barrier effects can help stabilize and upgrade existing 
structures (cf. Angélil et al. 2012). However, since in many places the demand for mobility fluc-
tuates strongly depending on the time of day, it must be examined to what extent certain route 
sections can be served at specific times, and access points provided on a dynamic basis. For 
example, dedicated collection points can be served mainly during the day to facilitate bundling 
of trips, while convenient door-to-door service is offered at off-peak times. Wherever the public 
transport network is supplemented by means of demand-responsive automated shuttle buses 
or extended operating times, safe boarding and alighting as well as convenient transfer to a 
bicycle or pedelec must also be ensured. Integrated mobility management and cooperation be-
tween the public sector and private mobility service providers are essential prerequisites here. 



140 | PART II – PUBLIC SPACE – ARTICLE 8

Figure 3: Integration of spatial interfaces at various types of station, categorized according to traffic space type 

Source: the authors, based on Ram et al. (2013: 100) and Matthes/Gertz (2014: 61) 
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3.3 STRENGTHENING CENTRALITIES: LINKING MODES 
OF USAGE, ROUTES AND DESTINATIONS 

With a view to creating a “city and region of short distances” 
(Beckmann et al. 2011: 63), station networks of automated ser-
vices should also be planned in an integrated manner with the 
development of mixed centres – especially since automated 
driving bears the risk of promoting land consumption through in-
creasing urban sprawl due to the above-mentioned advantages 
of convenience. Risks of induced traffic (e.g. due to shifts in mobility patterns or newly acquired 
user groups) must be counteracted by traffic avoidance strategies (Hörl et al. 2019). Similarly 
to the extension of commuter train lines, which in the past often gave impetus to the inner 
development of areas close to stations (ARE 2004, Weidmann et al. 2011), the extent to which 
newly developed structures can be functionally enriched and developed as centres must also 
be considered in view of automated mobility networks. Functional densification in the vicinity of 
transport hubs can contribute to the upgrading of a location and provide an incentive for using 
sharing services. At the scale of a neighbourhood or district, it should be examined to what 
extent the potential for infrastructure to divide a neighbourhood can be mitigated and new spa-
tial connections created. Particularly in suburban and rural-peripheral areas, where automated 
mobility is expected to bring about the greatest gains in accessibility, the planning of mobility 
nodes at the interfaces of settlement areas could provide impetus for the development of a 
settlement (cf. Kretz/Kueng 2016, Bruck 2019). 

The development of centralities is also gaining significance in the form of attractive inter- 
changes and acceptance of intermodal routes. In addition to short walking distances, an ag-
glomeration of everyday usage in the vicinity of mobility nodes should also be taken into ac-
count. Time is saved when the purposes of individual trips, for example buying groceries and 
going to work, can be combined in an uncomplicated way, and the location also gains signifi-
cance in the everyday networks of individual people (Kretz/Kueng 2016: 46). 

By integrating a variety of different usages, a mobility hub can be enlivened and made expe-
rienceable at various different times of day (cf. ibid.). Opportunities for synergies also arise 
in view of the increasing trend towards using digital networking to transfer urban functional 

Spatially differentiated consideration

Urban space
In dense settlement areas, stopping zones for automated forms of service  

should be integrated into the existing PT station network and new  
collection points only added where necessary.

Suburban space 

The often inadequate connections to suburban areas calls for an attractive 
densification of the station network throughout an area. With automated 

neighbourhood buses, gaps between axes can be served tangentially on the basis of 
a finely meshed station network.

Rural areas
In rural or peripheral areas, remote settlement areas in particular should be made 

accessible by demand-oriented services. For an attractive design of automated 
services, stops and collection points should be planned in residential areas.

Table 2: Extending station networks: adding stopping zones and collection points

Source: the authors
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spaces and processes to outlying areas. The establishment of co-working spaces and of hybrid 
office and service offerings, for example, is gaining importance in the context of polycentric de-
centralization and increasingly flexible lifestyles; in view of automated mobility, this should be 
given consideration as an element of the integrated planning of new station networks, vibrant 
centres and strong settlement fringes. 

3.4 ENSURING ADAPTIVITY: OPENNESS TO FUTURE 
CHANGES IN USAGE 

In view of the uncertainties surrounding future developments and 
the consequences of automated driving, adaptivity is an essential 
planning principle. This entails an unreserved openness to future 
developments and to the mutability of urban spaces and their 
modes of use (Taut 1977, Kretz/Kueng 2016). Since it is currently 
impossible to determine which scenarios and forms of automated 
mobility will prevail, the challenge consists in planning for various different future scenarios. 

With regard to spatial interfaces of future mobility networks, this means that a high degree of 
adaptability or even deconstructability of mobility infrastructures, public spaces and building 
structures must be provided. It must be ensured, for example, that today’s park-and-ride facilities 
and elevated garages can be converted for other uses in the future. Should a widespread shift in 
mobility to ride-sharing services and environment-friendly transport result in a reduction in park-
ing space requirements, charging stations for electric fleets or decentralized logistics centres 
could be provided in these places (cf. Lewis/Anderson 2020: 104; Bienzeisler et al. 2019) – also 
because local distribution centres are an important prerequisite for delivery of goods over the 
last mile using environmentally friendly forms of mobility (González-González et al. 2020). In 
the long term, however, entirely new functions could also give rise to space requirements that 
cannot be anticipated from a current perspective. This requires space reserves in the vicinity of 
these charging stations, and leeway must be secured for future usage requirements and densi-
fication processes. 

At the small-scale level of public space, structural and usage-related adaptability can be regu-
lated by modular design or by ordinances based on time of day. By avoiding excessive determi-

Spatially differentiated consideration

Urban space

As a rule, areas of high settlement density already have a large number  
of centralities. In inner cities, it may therefore be necessary to relieve the burden  

on existing centres, or to interconnect them more effectively, by relocating  
collection points. 

Suburban space

In suburban areas, the freeing up of parking spaces (see Chap. 15 by  
Mitteregger and Soteropoulos in this volume) can create spaces of  

opportunity to functionally remix the areas adjacent to mobility nodes,  
redensify them and enhance them with open spaces.

Rural areas
In addition to the challenge of separation by long distances, rural areas are often 

beset by a trend towards exodus and vacancy. Here too, the strategic upgrading of 
mobility nodes can provide an important impulse for small-scale centres. 

Table 3: Strengthening centralities: linking modes of usage, routes and destinations

Source: the authors
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nation of public spaces in terms of design, a flexible framework for designation of usage can be 
provided, with an interplay of permanent and temporary activities. For example, a streetscape 
can serve as a spatial extension of a schoolyard at certain times of day when driving is prohib-
ited, or it can be made available for markets and cultural events on certain days of the week 
(Bendiks/Degros 2019). If opportunities for digital networking are then also integrated into a 
space, for example, stopping zones could be made available on a dynamic basis in line with 
demand; vehicles could be informed of this digitally, which could enable flexible routing during 
off-peak hours or facilitate alternative use of space at times of low demand. 

4. SMALL-SCALE DESIGN OF MULTIMODAL PUBLIC SPACES

Changes to public space require not only strategic framework conditions, but also the definition 
of clear-cut design approaches and goals. The ongoing transformation of mobility gives us cause 
to rethink the current distribution of public space usage with a view to more sustainable mobility. 
Rather than adapting urban space to the technological characteristics of automated vehicles, as 
is now under discussion with a view to installing uniform lane markings and sensors for example, 
municipalities can play a role in influencing the development of this technology by establishing 
spatial requirements and objectives. Traffic installations, open spaces and surrounding buildings 
are therefore seen as integral elements of public space, so that an integrated view can be taken 
of both the functionality of automated forms of service and approaches to their implementation. 

In the short term, the changes with the most significant spatial impact mainly concern the organ-
ization of brief stopping and of transfer options in public spaces – firstly, because the already 
increasing demand for boarding and alighting options will probably continue to rise with the intro-
duction of automated door-to-door mobility. Secondly, it is particularly significant from a municipal 
perspective that automated mobility services can make the greatest contribution to fortifying the 
public transport network when the use of feeder services reduces overall travel time in public 
transport (Sinner/Weidmann 2019). Quality of connection security is crucial not only for increasing 
the efficiency of the system, but also in order to make transfers more attractive to users (verkehr-
splus 2015). 

Spatially differentiated consideration 

Urban space

Adaptable and open design of public spaces plays a significant role in view  
of the high pressure of use and low availability of space in inner-city areas.  

The variety of different requirements can only be accommodated by  
largely avoiding specific functional designation.

Suburban space

In view of the enormous consumption of resources in suburban areas, particular 
attention must be given to the adaptability of structures for multiple usage. This 

includes, for example, the future transformation of park-and-ride facilities, extensive 
parking areas and former railway installations. 

Rural areas
In rural areas, there is potential for structural, functional and landscape reactivation. 
Vacant structures can be revitalized through improved accessibility and conversion 

and be made experienceable as elements of cultural landscapes.

Table 4: Securing adaptivity: open to future changes in use

Source: the authors
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Since mobility options are expected to become increasingly diverse as a result of new tech-
nologies and business models, it will be advisable in future to differentiate between various 
forms of temporary stopping and to prioritize spaces accordingly. In light of this, a monomodal 
orientation of streets and public spaces no longer seems appropriate, and it is therefore up to 
the municipalities and planning departments to initiate the change from long-term parking to 
diverse usage options and flexible allocation of space. 

In view of the increasing pressure of use, various methods of control are being discussed for 
the regulation of temporary parking in public spaces. Pricing strategies are repeatedly men-
tioned here as an obvious measure for prioritizing different modes of usage and imposing time 
limits (ITF 2018, NACTO 2019, Marsden et al. 2020). This raises the fundamental question of 
the usability of public space: this firstly relates to the question of who may charge fees for what 
purpose (cf. Marsden et al. 2020: 8); secondly, it must be fundamentally clarified which user 
groups would benefit from modifications to the streetscape and to what extent. For example, 
simply converting parking spaces on the street into stopping zones could lead to a significant 
loss of revenue for the public sector, while free access would bestow above-average benefits 
on private mobility service providers (ibid., Mitteregger et al. 2019). 

In the following, we shall mainly focus on design measures, which along with fiscal instruments 
provide considerable scope of action for municipalities and city authorities to both regulate 
public spaces and make them available for a wide variety of activities. The focus is therefore 
on the qualification of spatial interfaces, i.e. places where different modes are interconnected 
and the spatial demands of new mobility services become apparent, and which – as spatial 
thresholds – influence the accessibility of surrounding neighbourhoods.

4.1 MULTIMODAL PUBLIC SPACES: UNBUNDLING AND 
BUNDLING OF MODES 

The proliferation of mobility offers in the streetscape confronts 
planning with the familiar challenge of reconciling safety demands 
with those of quality of stay and ecological sustainability (green 
spaces, provision of shade, desealing of surfaces). Understanding 
this as a municipal design task is becoming increasingly urgent in 
view of the advance of digitization and automation in the sphere of 
mobility: firstly, since the automation of vehicles is being developed on the basis of existing road 
traffic regulations and the prevailing road traffic culture. Largely established rules of behaviour, 
such as the priority of modes, generally accepted speeds or individual vehicle use, will therefore 
be incorporated into future systems and reproduced by them. Secondly, municipalities have a 
direct influence on urban design and can therefore control the speed, flow and direction of traffic 
at the level of the streetscape by means of spatial measures (NACTO 2019). In terms of multimod-
al public spaces, the most important consideration is to ensure the safe coexistence of different 
modes. Streetscapes hitherto dominated by parked cars should be reassigned in favour of pave-
ments, cycle paths and green spaces, and be extended with the addition of designated loading 
areas for short-term stops. 

Depending on street typology and surrounding usage, the designation of loading areas can serve 
various purposes (e.g. public transport stops, boarding and alighting points for mobility services 
and private vehicles or delivery of goods) and they can take various forms. Coordination with sur-
rounding usages is necessary, particularly since these place differing demands on public space, 
often depending on the time of day. When planning specific locations, or restrictions on use at 
certain times of day, consideration must therefore be given to local peaks of activity such as the 
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start of school in the morning, in addition to mobility needs. On narrow roads and in traffic-calmed 
areas such as shared spaces, brief stops for the purpose of boarding and alighting may even be 
permissible on the carriageway itself. 

While studies have shown that this may impede the flow of traffic and result in longer travel times 
for automated mobility services, the reduced attractiveness of motorized transport may favour 
active mobility (Elvarsson 2017, ITF 2018). Alternatively, stopping zones can be located at the side 
of the road and be identified by lane markings or a distinctive road surface. Such designation 
promotes the spatial concentration of short-term stops and safe interaction with pedestrian and 
bicycle traffic. On roads with wider road cross sections, dedicated stopping bays can also be 
provided, which would require vehicles to depart from the lane of traffic and would have the least 
impact on traffic flow (ITF 2018: 70). Depending on the user environment, lay-bys can be planned 
as an element of multifunctional roadside strips; this would facilitate connection to the pedestrian 
and cycle network and the integration of supplementary mobility infrastructure, green spaces and 
amenity areas. 

In the planning of stopping zones, attention should also be given to the existing public transport 
station network. Making intermodal transfer and access to other modes as low-threshold as possi-
ble calls for an efficient configuration of spaces, with short distances between stopping zones for 
automated mobility services, public transport and micro-mobility offers (e.g. e-scooters or cargo 
bikes). To this end, a number of functional requirements must be considered (verkehrplus 2015): 

 ■ simple orientation, 

 ■ clarity, 

 ■ a logical sequence of facilities such as ticket machines, waiting areas and information 
services, 

 ■ several lines should use the same stops or stopping zones, 

 ■ several providers should use the same stops or stopping zones, and 

 ■ transfer points should be close together. 

Spatially differentiated consideration  

Urban space

The pressure on public spaces is highest in dense settlement areas. It is important 
here to replace street-bound parking spaces with stopping zones, encounter spaces 

and green areas. The different usage requirements must be coordinated with the 
surroundings and activities, and stopping zones should be integrated into existing 

public transport stations where possible.

Suburban space

In suburban areas, extension of the cycling infrastructure should also be considered 
when planning stopping zones for automated mobility services. Both modes of 

transport can fulfil important feeder functions for higher-ranking public transport 
media and require corresponding infrastructure facilities and enhanced visibility.

Rural areas
In rural areas, stopping points for automated mobility services should be planned as 

part of interconnected pavement and cycle path networks and be made highly visible 
as places with quality of stay. 

Table 5: Multimodal public spaces: unbundling and bundling of modes

Source: the authors
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4.2 FLEXIBLE DIMENSIONING OF SPACES: BY DEMAND 
OR BY TIME OF DAY 

Determining the appropriate amount of space for stopping zones 
requires demand modelling; space can be designated for exam-
ple on the basis of activity patterns, i.e. the traffic generation 
rates of surrounding usage and the expected mobility behaviour 
in relation to structural parameters (e.g. population and employ-
ment density, accessibility of public transport or modal split) of 
the respective catchment area (Schwartz 2017, Bruns et al. 2018). However, it can be assumed 
that automation of vehicles will encourage the mobilization of previously mobility-restricted 
groups of people and can thus trigger a latent increase in traffic volume. Basic assumptions, 
e.g. that a stopping area can serve up to 80 boarding and alighting operations per hour, each 
lasting 45 seconds (ITF 2018: 66), must be verified and adjusted on the basis of local demand 
surveys. The dimensioning of spaces can also be approached differently, depending on their 
position along the course of a road. In the case of lay-bys, for example, additional areas for 
boarding and alighting must be provided, although these require less space if they are suitably 
located on the near or far side of an intersection (Fehr & Peers 2019: 19). 

As studies on the requirements of automated services for parking space have shown, the space 
demands for short waiting times between individual trips must also be taken into account in 
addition to stopping zones for boarding and alighting (Kondor et al. 2020: 17). Especially as an 
increased number of empty trips are to be avoided, these can constitute a decisive share of the 
future parking space requirements of automated fleets (ibid.). It must be taken into account that 
the required space can increase with settlement and demand density and the maximum wait-
ing time for passengers, since the number of vehicles waiting at the same time could then also 
increase. Among other factors, the location density of stopping zones and the catchment area 
of mobility fleets are decisive here (ibid.). Both of these factors can be regulated by means of 
various measures on the part of the public sector, such as the definition of service areas, usage 
fees or a maximum number of usable parking spaces. 

It must also be taken into consideration that space requirements can vary depending on the 
time of day and network capacity. With an appropriate database and real-time data collection, 
stopping zones could be designated dynamically in future and the public space could be used 
outside of peak times for leisure and active mobility. This would particularly benefit places with 
a high usage density such as schools, office buildings or cultural venues, where temporary ex-
tension areas could provide relief at times of peak activity (Fehr & Peers 2019). Stopping areas 
for delivery transport, mobile services or outdoor catering (food trucks) could also be restricted 
to specific times of day or night in order to make the required areas available in the most re-
source-efficient way (NACTO 2019: 120). Access to stopping zones can be regulated by means 
of usage fees that can vary depending on demand, type of use, occupancy rate and propulsion 
system. 

The potential reclamation of public spaces ultimately depends on the prioritization of space re-
quirements. Cities and municipalities will have to clarify which mobility types and usage groups 
are to be given priority in future and to what extent priority should be given to unhindered stop-
ping opportunities for ambulances or ride services for mobility-impaired persons in addition to 
public transport stops. With regard to a comprehensive reallocation of parking spaces, public 
acceptance will be decisive. Future planning processes will have to give particular consider-
ation to negotiation of usage claims between public and private mobility providers, residents 
and local businesses. 
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4.3 SMOOTH TRANSITIONS: PERMEABLE, WITH  
QUALITY OF STAY 

Since automated vehicles could give rise to increased space 
requirements and spatial barrier effects (see Chap. 5 by Soter-
opoulos in this volume), specific design approaches are needed 
to ensure that public spaces retain their permeability and quality 
of stay in future. The design of “smooth transitions” (Gehl 1971: 
183), with a view to a relationship between order (in the sense of 
traffic safety) and freedom (in the sense of unregulated lingering 
and subjective appropriation) that is appropriate to the situation, is a key task of urban planning 
(cf. Bormann 2014). 

On a small scale, this first of all concerns the need for pedestrians to cross the road, which is 
proportionate to the activity density of the surrounding area – the concentration of trade, gas-
tronomy and public facilities. To enable safe interaction with pedestrian and bicycle traffic, low 
speeds for motorized vehicles should be specified, depending on the contextual conditions 
and the location within the transport network. In addition, measures appropriate to the specific 
road typology, such as narrower lane widths, flexible traffic islands and multipurpose lanes or 
different road surface materials, can help to ensure that streetscapes can be crossed and visi- 
bility spaces are created (Larco/Tierney 2020, NACTO 2019). Consequently, stopping zones 
and lay-bys should also be designed with barrier-free accessibility from several sides. Last 
but not least, large-area crossing opportunities as shared spaces enhance the permeability of 
a public space; they are particularly suitable in inner-city zones and in areas with high centre 
quality, which normally have an above-average need for crossing opportunities (Ghielmetti et 
al. 2017). Other factors that favour the designation of shared spaces include narrow road cross 
sections and low traffic volumes. When the permeability of a public space is ensured for pedes-
trians, this can have many positive effects: shorter distances for pedestrians, increased pedes-
trian frequency along surrounding ground-floor installations, higher continuity of traffic and the 
absence of negative effects on road safety (cf. Ghielmetti et al. 2017: 14). 

In order not to reduce spatial interfaces to mere functional transit points, they should also be 
seen as spaces to linger and interact. In addition to spatial accessibility in the form of direct 
access and exit routes, this also calls for the provision of attractive rest areas where opportuni-

Table 6: Flexible dimensioning of spaces: dependent on demand or on time of day

Source: the authors

Spatially differentiated consideration  

Urban space 
Particularly in inner-city areas, dynamic stopping zones designated on the basis of 
real-time data could provide relief in places of high usage density or before/after 

major events as a supplement to static spaces.

Suburban space
In view of the lower usage densities, the provision of static stopping zones is 
expected to be sufficient in suburban areas. Here too, however, prioritization 

according to time of day must be coordinated with the respective surrounding usage.

Rural areas 
Due to the low residential density of rural areas, low space requirements for boarding 

and alighting can be expected, so more space can be allocated to supplementary 
functions (e.g. passenger information, parking facilities or parcel delivery) as standard.
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ties for encounter can arise. According to the narrative of the IT and automotive industries, the 
digital networking and automation of mobility systems serve among other things to establish 
“seamless mobility”. This describes a future scenario of integrated processes that facilitate op-
eration, along with door-to-door mobility for maximum convenience. 

If a public space is oriented purely towards fast coming and going, however, activities of longer 
duration that significantly contribute to its lively character would disappear (Gehl 1971). Smooth 
transitions in this sense also mean reduced logic of efficiency and more deceleration, so that 
different activities can take place simultaneously in the vicinity of stopping zones and gathering 
points: waiting, sitting, borrowing, booking, picking up/dispatching, repairing, informing, learning, 
exchanging, meeting, refreshing. The stopping zone or collection point thus serves not only as a 
node in the transport network, but also as a space of social encounter (Soike et al. 2019). 

The extent to which the social demands of stay and communication are taken into account ulti-
mately influences quality of life in public spaces (cf. Weidmann et al. 2011). In view of the trend 
towards de-spatialization associated with digitalization, this aspect is becoming increasingly 
important. Contrary to some fears that the liveliness of public spaces could lose significance 
due to the internet, it is precisely phases of technological acceleration – such as the exception-
al situation triggered by the Covid-19 pandemic in early 2020 – which make it clear that social 
interaction and movement within built space are an elementary counterpoint to the navigation 
of digital spheres (Banerjee 2001). This ultimately lends increased importance to design quality, 
which encourages lingering, safe play and outdoor encounter. 

4.4 AMENITIES AND ADDRESS GENERATION: INTERPLAY 
WITH THE SURROUNDINGS 

Depending on location, usage requirements and the space availa-
ble, various amenities and items of equipment need to be integrat-
ed at spatial interfaces. Stopping zones can also be supplemented 
with a number of structural fixtures such as seats, roofs, light and 
information columns, parking facilities for bicycles and scooters, 

Spatially differentiated consideration 

Urban space 
In dense settlement structures, the most important factor is the permeability of public 
spaces. Maintaining neighbourly relations and a high quality of stay for public spaces 

should be prioritized in view of increasing human-machine interaction.

Suburban space 
In suburban areas too, public spaces should be upgraded as shared spaces to 
facilitate crossing by pedestrians. Diversity of usage and quality of stay can be 

enhanced with low speeds for automated vehicles and ground-level design.

Rural areas

Especially in rural areas, the design quality of public spaces is a key element in the 
revitalization of town centres. Smooth transitions between the road and surrounding 

usage, stopping zones flush with the carriageway and integrated opportunities to 
linger can significantly enhance the character of a town centre.

Table 7: Smooth transitions: permeable, with quality of stay 

Source: the authors

KIOSK
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and charging stations for electric vehicles. A modular design of these elements can promote 
long-term adaptability (Lehmann 2011). It is important that the bundling of mobility offers can 
contribute to the orderliness of stationary traffic and improve quality of stay. To enhance the 
public visibility and acceptance of mobility offers, existing concepts for multimodal mobility 
points also rely on a uniform system of identification, with distinctive colouring and signage for 
the various stations (Schlump et al. 2014: 81, Stadt Wien 2018). When establishing dedicated 
stopping zones and collection points for automated services, attention will likewise have to be 
given to attractive equipment and address generation in order to promote public perception 
and user acceptance. 

For an assessment of the suitability and structural integration of “function-supporting infrastruc-
ture” (Schlump et al. 2014: 10), coordination with the immediate surroundings is crucial: adja-
cent public spaces (e.g. parks, squares or markets) and ground-floor usage of the surrounding 
buildings (e.g. residential, education, commercial or tourism) must be taken into account in a 
strategic selection of equipment to be installed. Especially in inner-city areas, pavements not 
only enable active mobility and access to other modes, but also function as public spaces con-
necting adjacent ground-floor zones. As Jane Jacobs stated (1961), public space is enlivened 
by the public character of accompanying usage (e.g. businesses, service facilities, cafés and 
restaurants or cultural venues). A positive relationship between indoor and outdoor areas can 
influence both the sense of security and the diversity of activity in public spaces. Structural fix-
tures should therefore be located in public spaces in such a way as to contribute to their clarity 
and promote permeability for pedestrians and cyclists (Ghielmetti et al. 2017).

To relieve the burden on public spaces, it should also be examined to what extent adjacent 
ground-floor zones can be brought into play as elements of mobility points. Especially garage 
areas facing the streetscape or vacant premises would lend themselves to mobility-promoting 
facilities such as charging stations, repair workshops or rental services. Direct access allows 
activities to flow out into and enrich the public space, which could thus be kept free from the 
spatial requirements of new mobility and delivery concepts and instead be designed so as to 
be open to a wide variety of uses.

Spatially differentiated consideration 

Urban space 

Especially inner-city areas are faced with the challenge of  
integrating heterogeneous usage demands into the public space.  

In view of the high settlement density, installations such as e-charging  
stations or parcel stations should ideally be relocated to adjacent  

ground-floor areas to relieve the burden on streetscapes.

Suburban space

Suburban areas offer potential for creating new places of encounter by  
enriching the usage of stopping zones and collection points  
(e.g. rental stations or local supply depots), as long as these  

are made sufficiently experienceable by means of spatial design. 

Rural areas

Rural areas can also benefit from enhanced visibility of gathering points; 
architectural-cultural accents in particular can serve here to generate 

a sense of local identity (Kaltenbach 2013). These not only have a 
distinctive visual impact on the landscape, but can also promote tourist 

activity and thus have a stabilising effect.

Table 8: Amenities and address generation: interplay with the surroundings

Source: the authors
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5. SUMMARY AND OUTLOOK 

Even with automated driving, the quality of life of public spaces is the outcome of a process 
of design in which the areas of application and objectives of new mobility concepts are deter-
mined (cf. Weidmann et al. 2011). The ongoing heterogenization of mobility requirements and 
the urgency to respond to climate and health crises make it clear that appropriate consider-
ation of the partly conflicting demands for usage in public space is a key challenge for urban 
planning. The phase of transition towards automated mobility adds complexity to this formative 
remit: firstly because the course to be taken in actual technological introduction currently re-
mains unclear, and secondly because the spatial effects of the transition phase (e.g. changes in 
parking space requirements) have hardly been researched on the basis of scenarios of mixed 
traffic, in which the streetscape is shared by pedestrians, cyclists and (automated) vehicles 
(Zhang/Wang 2020). Nevertheless, addressing the potential impact of automated driving at an 
early stage offers the opportunity to call into question and re-evaluate the planning principles 
and space requirements that underlie the current development of public spaces and are about 
to shape the future course of automated mobility. 

The observations presented here make it clear that urban planning will be even more chal-
lenged in the future to coordinate the control approaches of traffic management with the control 
and design approaches of urban development, and to take their interaction into consideration. 
It is essential in this connection to evaluate the developments in mobility from the perspective 
of public space, as the design quality of spatial interfaces has an impact on mobility behaviour, 
urban profile and settlement development – especially since the extent of spatial change can 
vary depending on urban space, density, traffic volumes and accessibility (Larco/Tierney 2020). 
This calls for spatial differentiation in the course of further debate and research, for example 
on the basis of types of urban space and street typologies, with specific spatial case studies in 
urban to rural areas. 

With a view to the future of automated driving, a strategic definition of areas of application is re-
quired, along with spatially differentiated approval of transport modes and travel speeds. Urban 
planning therefore has the important task of refining possible approaches by evaluating urban 
compatibility and spatial added value. There is also a need for public debate on the matter of 
how to achieve flexible and temporary use of public spaces. To what extent can the provision 
of infrastructure for shared mobility services and future automated transport already be tested 
today in pilot projects? What types of usage should be given priority in view of the increasing 
diversity of space requirements? Under what conditions can a dynamic distribution of usage 
be advantageous? And to what extent can this issue be integrated into existing planning strat-
egies and concepts so that medium-term projects can be aligned with existing development 
initiatives? The task at hand for municipalities consists in coordinating the various time hori-
zons and arriving at a suitable balance between openness and strategic control, with a view to 
reinforcing the character of public spaces that incorporate automated driving as versatile and 
transformable living spaces.
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1. INTRODUCTION

Connected and automated driving is one of several emerging mobility trends that will fun-
damentally 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 kerb (Larco 2018: 50; Erhardt et al. 2019). Similar effects 
were caused by recent waves of dockless micromobility options, such as free-floating bikes or 
e-scooters, which temporarily led to congested pavements 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 holis-
tically, encompassing 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 de-
signs and what transport modes are given priority. While industry and policy representatives 
emphasize traffic advantages, such as safety and efficiency gains, spatial and social implica-
tions of automated use cases remain highly uncertain (see Chap. 2 by Bruck and Soteropoulos 
in this volume).

While a number of design studies have been made that envision how public spaces could be 
transformed with automated vehicles, the majority of them refer to North American cities or 
no specific urban context at all (e.g. NACTO 2019, Schlossberg 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 the incremental growth of cities and pluralist deci-
sion-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 struc-
tures and compact historic cores. Many of those cities have urban transportation 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 cy-
clists and pedestrians. While this applies to inner-city districts, it is less the case in urban exten-
sion areas developed since the 1950s and ’60s or low-density suburban developments where 
public transport is often difficult 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 car parks that enclose suburban shop-
ping 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).
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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 vehi-
cles and rely significantly on connected services (Mitteregger et al. 2022, 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 for strategies to manage the reallocation of kerb space, a reclassi-
fication 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 coordinated planning, decision-making 
and development and ensure that public spaces remain a common spatial infrastructure con-
tributing 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 vary-
ing urban areas within Copenhagen, 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.

2. COPENHAGEN DESIGN EXPERIMENTS ON THE SUSTAINABLE 
DEPLOYMENT OF AVS

The following design experiments take place within the northern European capital city of Co-
penhagen, 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 al-
ready 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 enviable, 
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 municipal boundary (Fig. 1). Subsequent investments in an underground metro 
system, as well as an extensive bicycle path network in the city centre, have led to the Munic-
ipality 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 allocated for cycling, cars and public transport 
create continual backlashes and conflicts over street space, and the introduction of new mobil-
ity modes means that modal distribution is in constant flux (Henderson/Gulsrud 2019). How the 
introduction of AVs into this debate will affect modal share will be a result of social acceptance, 
policy, and spatial intervention.
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As one moves along the fingers outside the municipal boundary, one finds a significantly dif-
ferent urban environment. Whereas only 7% of the residential building stock in the Copenha-
gen Municipality are single-family dwellings, this figure rises to 44% in the surrounding metro-
politan region (Statistics Denmark 2019a). This dramatic change in spatial typology reflects a 
higher rate of car ownership (Statistics Denmark 2019a), sparser population density (Statistics 
Denmark 2020), and double the amount of space dedicated to road infrastructure per capita 
(Statistics Denmark 2016). 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 re-
gion by the introduction of AVs, the authors have chosen a future scenario that is radically dif-
ferent from how transport is today. In this scenario, privately owned automobile use has been 
virtually non-existent 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 tai-
lor-made Mobility-as-a-Service (MaaS) package that includes, among other offerings, an on-de-
mand, free-floating AV shuttle that provides a last-mile connection to nearby public transport 
nodes. The technological development of AVs has reached a bottleneck and, therefore, they 
have only been deployed with Level 4 capabilities (SAE International 2018). This technical bar-
rier 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, motorized/conventional cars remain necessary for edge-case sit-
uations where AVs cannot operate, and traffic may be a mix of AVs and traditional automobiles.

Figure 1: Copenhagen metropolitan plan with project locations. Municipality of Copenhagen high-
lighted in dark purple with commuter rails (unbroken lines) and metro (lines). 

Source: JAJA Architects
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To visualize 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, approximately 10 km north of the city centre, and 
investigates how a shift to a shared AV system may offer spatial opportunities to dissolve spa-
tially segregated boundaries and provide communal amenities in an otherwise highly privatized 
monofunctional 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 multimodal transport system. The final design study 
investigates a modal space reallocation in an inner-city street where an increase in micromo-
bility traffic places pressure on the spatial demands of a traffic artery used for a fixed-route AV 
shuttle.

2.1 RETHINKING THE SUBURB

While inner Copenhagen enjoys low car use, this dramatically changes as one moves into the 
surrounding suburbs where population density falls as single-family dwellings replace apart-
ment 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 suburbanization of Lyngby has created an urban condition wherein 
all functions occur within the boundary of the block, hidden behind high hedges or fences (Fig. 
7). 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 passing car, idling service 
van or visitor’s parked car (Fig. 2). 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 actually physically touch the public domain, entering their vehicle within the 
boundary of their property before driving away to their destination.

Figure 2: Existing residential street. High hedges and narrow sidewalks represent a public space that 
is designed only for automobile use.

Source: JAJA Architects
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JAJA’s proposed adaptation to the street attempts to dissolve the suburban rationality of sep-
aration by spatially repurposing the abundant space given to automobiles in the road for new 
public amenities (Fig. 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 kerb (Fig. 4.), the 
road width is limited to that of a conventional single-vehicle lane for both traditional and auton-
omous vehicles.

The road then undergoes a series of manipulations to ensure that a right of access to all exist-
ing driveways remains so that residents still have the option to own a private car, and that there 
is space for vehicles travelling in opposite directions to give way or pass each other (Fig. 5). 
The residual space provides opportunities to install fixed amenities that both foster community, 
such as vegetable gardens, outdoor dining areas, community houses or sports facilities, and 
support the new multimodal transport system, such as a covered waiting area for AV shuttle 
services and parking space for shared micromobility devices. The boundary of these new facil-
ities is not limited to a demarcated area. Instead, through safely negotiated and temporal use, 
the facilities can spill out into the road area, better utilizing the space for active functions that 
can stop when a vehicle passes.

Through an increase in public amenities, an opportunity arises to renegotiate the threshold be-
tween public and private. With more functions becoming shared, the abundance of open space 
behind individual boundaries, especially adjacent to the street, is rezoned to create new ancil-
lary dwellings (Figs. 6 and 8). 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 population would drive demand for AV shuttles, reducing the operating 
costs of the system while increasing the efficiency and desirability of the system.

Figure 3: Proposed residential street. Life returns to the street as redundant road areas are trans-
formed into communal amenities. Fenced boundaries are dissolved as properties reconnect with the 
street’s activities rather than blocking them out.

Source: JAJA Architects
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Figure 4: Existing street design

Existing street axonometric. The  
majority of the streetscape is  
dedicated to car use.

Figure 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 designated for 
communal amenities.

Figure 6: Programming

New ancillary dwellings are placed 
adjacent to communal activity areas to 
dissolve the boundary between public 
and private along the street.

Source: JAJA Architects
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Figure 7: Existing site plan. A grid of single-family homes and garages separated by a field of fences 
and streets.

Source: JAJA Architects

Figure 8: Proposed site plan. Newly inserted buildings and functions operating at different scales 
disrupt the grid and create a gradient of zones with different levels of privacy.

Source: JAJA Architects
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2.2 FROM TRAIN STATION TO MOBILITY HUB

Multimodal 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 destination. 
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 transporting commuters to 
network nodes in lower-density suburbs is referred to as the first/last-mile gap. Shared AV shut-
tle systems, as used in the previous design example, are often discussed as one solution to this 
common problem. Conceptually, this system operates similarly to already established car-pool-
ing 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 concentration 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 shuttle 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 infrastructure 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 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 cen-
trally located within the suburb but is spatially segregated from the suburb’s high street and 
mass of urban functions by a large bus terminal, two lanes of traffic, car parks and an elevated 
highway to the east (Figs. 9, 11 and 14). The station’s entrance is located underneath the high-
way, where it is also connected to a shopping centre with 15 retail stores, including two super-
markets.

Figure 14: Existing site plan. The station is separated from the suburb’s high street (running from top 
left to right of image) by multiple roads, parking lots, a bus terminal and an elevated highway.

Source: JAJA Architects



166 | PART II – PUBLIC SPACE – ARTICLE 9

Figure 9: Existing street view at Lyngby station. Commuters are separated from the station entrance 
by a series of roads that must be crossed in sections.

Source: JAJA Architects

Figure 10: 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.

Source: JAJA Architects



167 | PART II – PUBLIC SPACE – ARTICLE 9

Figure 11: Existing station design

The existing station axonometric 
highlights the many obstacles to 
entering the station.

Figure 12: 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.

Figure 13: 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 revenue from 
the development can be utilized by the 
municipality to fund public programmes.

Source: JAJA Architects
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The primary design challenge for this proposal was to create adequate space for the pick-up 
and drop-off areas for commuters arriving by AV shuttles. While many advocates for AVs sug-
gest that excess parking space will be released by 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 decision made in the design is to consolidate the seven lanes of traffic that run in both 
directions adjacent to the station into one 150 m long designated area for transfers (Fig. 12). 
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 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 accessible 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 utilized by constructing a 
mixed-use development of residential apartments, commercial space, public amenities, as well 
as parking facilities for micromobility devices adjacent to new separated bicycle paths (Fig. 13). 
The proposed development takes its form by closing the urban block to the east, creating a 
series of public and semi-public courtyards of varying scales that respect the existing pathways 

Figure 15: Proposed site plan. A new mixed-use development completes the urban block, utilizing 
the former bus terminal. AV shuttle pick-up and drop-off areas have been consolidated to be directly 
adjacent to the station and on the reduced-capacity highway.

Source: JAJA Architects
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between the station and the high street (Fig. 15). The final move is to relocate the shopping  
centre from underneath the highway to the new mixed-use development. The now vacant 
space is transformed into a permeable covered thoroughfare that gives access to the station 
platforms directly from the pick-up/drop-off area. There are also seated waiting areas and digi-
tal wayfinding screens that help commuters find their designated shuttle (Fig. 10).

2.3 A NEW DYNAMIC STREETSCAPE

Unlike the suburbs of Copenhagen, where road space is abundant 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 invention of the car. Subsequent additions of 
transport modes have constrained pavements and cycle paths to minimal widths. At the same 
time, two-way roads, car parks and bus stops occupy the majority of the space between build-
ings. 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 to increasing the city’s incred-
ibly high levels of cycling (Danish Parliament 2016). Unfortunately, it is simply not an option to 
widen cycle paths on arterial 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/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.

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 micro-
mobility devices has resulted from the banning of privately owned vehicles in the city centre. 
The street under investigation is Gammel Kongevej (Fig. 16), which is one of the principal shop-
ping 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 utilizes a three-lane system to accommodate 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 kerbside parking and for buses to stop (Fig. 
18). While this system provides space for vehicle modes, it is an underutilization of space (Fig. 
19), and the spatial implication of these fixed infrastructures means that cycle lanes along the 
street are below the legal minimum width at only 1.5 m (Fig. 21; 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?
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Figure 17: 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 his 
designated area.

Source: JAJA Architects

Figure 16: Existing street view along Gammel Kongevej. A man quickly enters a stopped bus mo-
ments before cyclists are due to pass

Source: JAJA Architects
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Figure 18: Existing street design 

Existing zone plan of the street 
highlighting the spatial preference for 
automobiles over bicycles regardless of 
their equal modal share.

Figure 19: Functional requirements 
 
Analysis of function demand. Fixed  
spatial infrastructures underutilize  
the space.

Figure 20: 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.

Source: JAJA Architects
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This design proposal utilizes advancements in the Internet of Things (IoT), where embedded 
sensors, lights and transmitters allow vehicles to communicate with the road infrastructure. 
Rather than having fixed street infrastructure that designates 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 redistributed to widen the 
cycle lanes to 3.5 m in both directions (Fig. 22). AV shuttles do not have fixed stopping points 
but are free to stop anywhere along the road (Fig. 20). 

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 right of way, although half of their expanded lane will now 
be demarcated as a buffered passenger zone (Fig. 17). Enforcement of this buffered zone is 
enabled through sensors in the road that track infringements through in-vehicle unique identi-
fiers (UID). These road sensors monitor the user’s duration in the buffered zone, and the road 
surface only returns to normal once the user has left 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 right of way, while AV shuttles will stand on the 
road rather than adjacent to the kerb, knowing that other connected AV shuttles will anticipate 
the stop and wait or reroute if necessary.

Figure 21: Existing street plan. Commuters entering and exiting the bus are placed in conflict with 
cyclists. Although cyclists are required to give way to commuters, this law is often ignored because of 
lost inertia.

Source: JAJA Architects



173 | PART II – PUBLIC SPACE – ARTICLE 9

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 transportation 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 seg-
regated boundaries and provide communal amenities in an otherwise highly privatized 
monofunctional area in the suburb of Lyngby

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

3. How the reallocation of space towards active travel modes could take shape in an in-
ner-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 develop-
ment related to the introduction of automated mobility services may vary significantly according 

Figure 22: 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 tempor- 
ary buffered zones to allow users to safely enter and exit AV shuttles that still allow bicycles to pass by.

Source: JAJA Architects
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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, position 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 generate greater demand, the pressure 
on street designs to facilitate higher numbers of vehicles per hour could increase (Larco/Tier-
ney 2020). Thus, competing demands for street space might be aggravated in the future. The 
urban design challenge will rest even more than today on finding a suitable balance between 
catering to demands for more efficient movement and demands for attractive spaces. This is 
especially the case in inner-city streets where competing spatial demands are already high 
and heterogenous. 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 interventions are highly contextual, both in 
material and political terms, and therefore require well-attuned solutions. To this end, local de-
sign 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 potentials. As cities need 
to re-evaluate the prioritization 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 multimodal transport system, as shown in the design experiment on the transfor-
mation of the Lyngby train station into a mobility hub. Visualizing 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 leading towards 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 
strategies for kerb management, prioritizing pick-up and drop-off zones over on-street park-
ing, increased cycling and micromobility lanes, as well as enhancing the integration between 
shared mobility and transport 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 regarding any 
trend’s durability prevail. As a means of acting in uncertainty, cities are increasingly adopting 
pilot projects. Not merely to test AVs (see Chap. 6 by Soteropoulos et al. in this volume), but 
also in order to test night-time pick-up and drop-off zones (Washington DC), clearing kerbs of 
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).

What is lacking are more comprehensive programmes that would usher in the transition from 
public spaces characterized 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 the spatial require-
ments 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 activities or short-term parking need more thorough investigation through simulation 
and modelling. However, these should be developed in collaboration with design methodolo-
gies and visualizations that are better able to integrate the context of local development goals 
and neighbourhood characteristics.
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“ A major aspect of media effects and development appears in the case of 
the road as a means of transportation. Like writing or radio the ‘content’ of 
the road is always another medium or other media, whether pedestrians, 
equestrians, wagons or cars. Depending on the type of vehicle-medium, 
the nature of the road-medium alters greatly” (McLuhan 1960, Part III, 15).

1. ROAD SAFETY AS A DRIVING FORCE 

Presentations that promote the development of self-driving cars often begin with what in 
Michel Foucault’s words could be called a “theatre of pain” (Foucault 2012: 42).1 While photos 
show demolished school buses and cars torn in half, the presenter intersperses these drastic 
images with figures: 1.2 million people are killed on the roads every year, making road acci-
dents the leading cause of death for 15- to 29-year-olds worldwide (WHO 2015: 2). Automated 
driving systems are to put an end to end this tragedy: humans must hand over control of the 
vehicle to learning algorithms that are superior to human skills and are never tired, distracted 
or drunk. 

Road safety is the main argument put forward – above and beyond economic interests – in as-
serting the added value bestowed on society as a whole by connectivity and automation of the 
transport system. Numerous acceptance studies throughout the world attest the fundamental 
importance of safety for implementation of the overall technology, and it would be difficult 
to find a policy paper in which this aspect is not repeatedly emphasized. Not even accidents 
with test vehicles or overrated assistance systems in production vehicles can detract from this 
view. 

This chapter looks at road safety as driven by connectivity and automation, from the perspec-
tive of the streetscape – with all its participants. It is argued that this development, which has 
already set in, is bringing about a turnaround that could in fact turn the concept of road safety 
“upside down”. Such a reorientation would not only affect road safety as such. In this chapter, 
it is argued that this could undermine the principle of the public sphere, which is based on 
visibility, and replace it with a new form of curated coexistence. 

1.1 MOBILE ROBOTS AS THE KEY TO SAFETY 

Connected and automated driving systems must be safe – or at least safer than today’s cars. 
This is seen as a basic prerequisite for broad-based social acceptance of this technology (La-
zarus et al. 2018). This aspect transcends cultural boundaries and has been demonstrated on a 
global scale. “Safety” was the most commonly used term in all studies surveyed in a review of 
the literature (Jing et al. 2020). On the one hand, this perpetuates the current situation, since 
vehicle safety is already today a major factor in decisions to purchase a new car (Vrkljan/Anaby 

1 The most dramatic presentation of this kind for me was “Advancing the AV opportunity” by Mark 
R. Rosekind, Chief Safety Officer of ZOOX, at the Automated Vehicle Symposium in San Francis-
co on 12th July 2018. The presentation is not available online; the content is described in part in 
Shladover et al. 2019.
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2011). On the other hand, the bar is not set very high when one considers how much more dan-
gerous passenger cars are, for example, than buses used in public transport in the European 
Union (ERSO 2019: 26). 

Even scientific studies are at times unreservedly optimistic; this is especially true of older stud-
ies. Fully automated vehicles are idealized and popularized as the “crashless car” (KPMG 2012, 
Allesandrini et al. 2015). They became the technological embodiment of “vision zero”, the goal 
of eliminating road fatalities entirely. This idea was soon rejected in view of the unchanging 
physical limits (Winkle 2015). Even simulation studies that documented increased traffic vol-
umes as a result of fully automated car-sharing vehicles nevertheless insisted on the claim that 
“improvements in road safety are almost certain” (ITF 2015: 6). Here too, a fundamental contra-
diction was ignored. The relationship between the frequency with which road users are on the 
move or encounter each other and the risk of accidents, referred to as “exposure”, has been 
well documented for several decades. More activity leads to more accidents (Elvik et al. 2009: 
35). Greater restraint has now been called for, since the idea that “autonomous” vehicles would 
bring about absolute road safety has already fuelled expectations among future users that are 
seen as untenable and highly problematic (Georgieva/Kolodege 2018). 

These days, the wording is normally more restrained: in policy and strategy papers and in tech-
nical development publications, a connection between automation and increased (not absolute) 
road safety is no longer taken for granted, but on the contrary is seen as a prerequisite for the 
former’s approval. Many policy papers emphasize that the expected benefits of automation can 
only be realized with additional connectivity (in the context of C-ITS – Cooperative Intelligent 
Transport Services; cf. “Declaration of Amsterdam” 2016, European Commission 2017a, STRIA 
2019, Meyer 2019). The authors point out that one should first of all speak of potentials that can 
also bring about new risks and misgivings (Feigenbaum et al. 2018). In terms of misgivings, the 
field of “cybersecurity” is usually emphasized. Hopes remain high despite these more recent 
relativizations, and each and every new technological add-on increases the need for invest-
ment and development. The view thus continues to be expressed that market entry should not 
be postponed for too long. Since connectivity and automation could potentially already save 
lives (if vehicles equipped in this way were already somewhat safer than conventional cars), 
compromises must also be made: “We can’t wait for the perfect” (Foxx in Shladover et al. 2019: 
4). While this standpoint applies to assistance systems that support drivers, as will be shown 
below it cannot be transferred to levels of automation in which people are mere passengers. 

1.2 PERSPECTIVE ON ROAD SAFETY: WHO BENEFITS? 

Scientific discourse has now begun to focus not only on the potentials, but also specifically on 
the technological limitations (Mitteregger et al. 2022, Soteropoulos et al. 2020). An automated 
driving system that can reliably perform all driving tasks mastered by humans is now seen also 
by the industry as becoming feasible only many years into the future, if at all (Krafcik in Marx 
2018). It follows that possible contributions to road safety are likewise unevenly distributed.

The advance of new technologies and the accompanying sociotechnological transformation 
is a complex sociological process (Schumpeter 1939, Geels/Schot 2007) and in particular a 
communicative process (Rogers 2003), which to date has repeatedly been accompanied by 
new spatial and social inequalities (Grübler 1992, and Chap. 19 by Dangschat in this volume). In 
the case of automated driving systems, small-scale disparities are also evident that arise due 
to the differing technological requirements of streets and situations with varying degrees of 
complexity. The more homogeneous and monitored a road section is and the more is invested 
in its maintenance, the better suited it is for automated driving systems. In other words, mo-
torways – preferably newly built, in highly developed industrial societies and with a good data 
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network – are their ideal field of application. Slow-moving shuttles used as an extension of pub-
lic transport services are an exception here, but they also call for accompanying infrastructural 
measures (cf. Chap. 14 by Allmeier et al. in this volume). These limitations can be compared 
against road accident statistics to differentiate the effectiveness of the “crashless car”. It has 
already been pointed out that for operation as an extension of public transport services, the bar 
of road safety is set incomparably higher than for a mere continuation of automobility as such. 
The European rail system would even fall into the category of “ultra-safe systems”, for which 
fundamentally different, at times paradoxical conditions for the use of new technologies would 
apply (Amalberti 2001). 

Of the more than 1.2 million fatal road accidents that are repeatedly cited to highlight the social 
benefits of automated and also connected driving systems, young, poor people in low- to mid-
dle-income countries are disproportionately represented. This group accounts for 90% of road 
fatalities worldwide (WHO 2015: 4). The situation is the worst in Africa, above all as a result of 
the relatively low level of motorization. Pedestrians and cyclists are the most vulnerable group 
there, with a combined share of more than 43% of road traffic fatalities (WHO 2015: 8).

Automation
The development of connected and automated vehicles is diametrically opposed to this initial 
situation. In the countries and regions most affected, no significant testing is carried out, nor are 
virtual test environments in place for the training of learning algorithms. For the development 
of sensor technology, only one publicly available dataset exists, which however is exclusively 
oriented towards optical sensors (Mitteregger et al. 2020, Kang et al. 2019).

Differentiation is also possible with regard to potential areas of application in existing road 
networks. In Austria – one of the leaders in road safety – motorways and expressways account 
for 8.8% of road fatalities. The majority of fatal accidents occur on former federal roads (204 
fatalities), state roads (104) and other roads (66; BMI 2020). The total length of the Austrian road 

Figure 1: Symbolic image from the WHO of vulnerable persons in road traffic, and Google’s test 
operations in Chandler, Arizona.

The images shown here are explicitly excluded from the Creative Commons licence of the text. The 
rights remain with the authors. Sources: left: WHO (2015: VIII); right: Google (2020).
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network in 2010 was 114,590 kilometres, of which about 2,185 kilometres were motorways or 
expressways, corresponding to a share of around 2% (BMVIT 2012). In Austria, and especially in 
other countries with a high level of road safety, it is also evident that the safety level of vehicle 
occupants has increased, while that of road users outside motorized vehicles has decreased 
or remained constant. The number of fatal accidents involving cyclists, for example, has also 
been increasing in Austria in recent years, while the corresponding figure for passenger cars 
has fallen (Statistik Austria 2017: 11). The accident rate – the number of accidents per kilometres 
travelled – is 6.7 times higher for pedestrians and 9.4 times higher for cyclists than for drivers 
of cars (Elvik 2009: 56). 

In summary, it can be said that a great deal of technological and economic effort is only likely 
to bring about an increase in road safety in the medium term, only in countries that are already 
privileged, and here again only on a fraction of the road network. From a current viewpoint, 
the genuine global problems of road safety lie entirely outside the projected development of 
automated driving systems. Furthermore, no serious efforts are discernible to take the actual 
initial situation into account in technological developments. 

Connection
The connection of vehicles in networks is intended to increase road safety in two areas. Firstly, 
connected and automated driving systems will be supported in detecting their environment. On 
certain stretches of road (e.g. at intersections, on motorways or at roadwork sites) or in condi-
tions under which a driving system is overburdened (e.g. snow, rain or an accident scene), the 
sensors installed in the infrastructure, or those of other vehicles, provide additional information 
on the surroundings so that the vehicle can continue to be driven (Carreras et al. 2018, STRIA 
2019). The use of sensor technology, especially on motorways, is currently under discussion. 
The aim is to specifically enhance the suitability of the road network or to close gaps on individ-
ual routes by investing in the infrastructure (Fig. 2). If, for example, the performance of automat-
ed driving systems deteriorates on a section of road that is in principle suitable for their use, the 
infrastructure steps in to compensate (Fig. 2, right). This necessitates networking of the vehicle 
and installation of appropriate sensors as part of the digital infrastructure. 

Although a uniform standard is still lacking, some stretches of road are already equipped with 
sensors in order to provide so-called “day-1 services” (e.g. information about roadworks or vehi-
cle breakdowns). The relevant information is passed on to the driver via the networked vehicle 
(ASFINAG 2019, European Commission 2017a). 

Day-1 services are also paving the way for the second area in which networking is to enhance 
the road safety of automated vehicles. With their help, accidents or incidents (and the driving 
system’s reactions to them)2 – and, in the more distant future, the current state of the vehicle 
surroundings and the driving system – can be comprehensively documented in real time. With 
communication between the driving systems or via a control centre, current information could 
be exchanged and taken into account for traffic control or route planning. In addition, connect-
ed and automated driving systems learn from each other (Casademont et al. 2019). It would thus 
be possible for the connected and automated vehicles from a specific manufacturer or those 
used by a specific transport operator – or even the entire transport system – to be optimized 
step by step. Such networked systems would become increasingly superior to humans with 
every kilometre covered, since according to the vision “all the unborn cars get born with the full 
wisdom of their forefathers” (Thrun in Shakland 2016).

2 It appears questionable as to whether the reaction mechanisms and decision-making principles 
of a system as complex as a highly automated vehicle or a networked fleet, which are based on 
learning algorithms, can ever be fully understood (Castelvecchi 2016).
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In any case, the necessary digital infrastructure would generate considerable costs that could 
be passed on to the general public via the authorities (Polis 2018, Mitteregger et al. 2019). A 
comparable dynamism of externalizing the costs of an elitist system also existed at the begin-
ning of the automotive era (McShane 1994: 203–228). Also on the part of the digital infrastruc-
ture, above all problems in the area of cybersecurity have been highlighted so far (Landini 
2020).

1.3 AN ENTIRELY NEW APPROACH

“The future of this new technology is so full of promise. It’s a future where 
vehicles increasingly help drivers avoid crashes. It’s a future where the 
time spent commuting is dramatically reduced, and where millions more –  
including the elderly and people with disabilities – gain access to the 
freedom of the open road. And, especially important, it’s a future where 
highway fatalities and injuries are significantly reduced” (Elaine L. Chao in 
NHTSA 2017: i).

The path that has now been taken with connectivity and automation of road vehicles is being 
described as a fundamentally new concept of road safety. The new goal is to use technical sys-
tems to prevent accidents occurring at all (cf. Rosekind in Shladover et al. 2019: 4). In essence, 
this amounts to a transition from passive to active safety systems: passive safety systems such 
as seat belts, bumpers or airbags reduce the severity of an accident (for the occupants), while 
active safety systems such as emergency brake assist or adaptive cruise control prevent an 
accident from occurring in the first place.

This logic corresponds to that of aviation, which makes comprehensive use of this principle. 
For the safety of passengers in the event of potentially catastrophic events, the seat belt or the 
characteristics of the fuselage play a merely subordinate role. Regular civil aviation owes its 
high level of safety to a system that has been created to detect the principal external risk factors 
and to prevent known causes of accidents resulting from human error. The main components of 
this system are seamless air traffic control and comprehensive weather data. Specifically, this 
means that passengers are not first and foremost adequately secured for flying through a thun-
derstorm, but that the thunderstorm is detected or anticipated and then avoided. Comprehen-
sive assistance systems also support the pilots, who in many cases only assume a monitoring 
role. What would this logic mean for road traffic, and for the streetscape in particular? 

Figure 2: Making a section of road suitable for automated driving systems by means of digital infra-
structure

Source: the authors, based on Alkim in STRIA (2019: 21).
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B

A section of the route is not suitable 
for automated driving. 

Following adaptation of the infrastructure, the 
whole route can be covered by automated 

vehicles.
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Connected and automated driving systems are still only in the early, formative phase of techno-
logical development (Anderson/Tushman 1990; Bergek et al. 2008; Mitteregger et al. 2022: 67f.). 
When we speak today of the effects of connected and automated vehicles, a discussion arises 
about the potential of conceptual designs: their actual function corresponds to that which would 
be expected for this early phase of development. Even under ideal conditions, the performance 
of sensors is either equivalent or inferior to that of humans in most aspects. In addition, their 
functioning is greatly impaired when the surrounding conditions are not ideal (poor visibility, 
worn road markings, etc.; Schoettle 2017). But even under favourable conditions, their perfor-
mance is still limited: a study that evaluated tests in California demonstrated that rear-end colli-
sions are more likely under test conditions when the automated driving system is activated and 
no human safety driver is behind the wheel (Boggs et al. 2020). This discussion carried out in 
the media and among the public at large is relevant, because fundamental aspects of operation 
are negotiated even at this early stage in the propagation of new technologies (Rogers 2003, 
Foucault 1981; cf. Chap. 4 by Manderscheid and Chap. 19 by Dangschat in this volume).

Current discourse on road safety is placing fundamental demands on connected and automat-
ed driving systems; these can be summarized as follows: 

1. High theoretical capabilities (potentials) are ascribed to the concepts of connected and 
automated driving systems in terms of road safety. 

2. This is supported by the assumptions that automated driving systems:

 a.  could function more reliably than human drivers and  

 b.  will be cognitively superior to humans. 

3. Connectivity could enhance surroundings detection and compensate for possible weak-
nesses of an automated driving system.

4. Finally, connectivity enables comprehensive reporting (of accidents, near-accidents, in-
cidents and near-incidents), which would allow all parts of a system to learn from each 
other for further improved performance.

Figure 3: Safety as a shell (passive safety) and safety as attentiveness (active safety)

Source: the authors

before after
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Finally, connectivity enables comprehensive reporting (of accidents, near-accidents, incidents 
and near-incidents), which would allow all parts of a system to learn from each other for further 
improved performance. The idea of a connected and automated transport system as a perfect 
passive safety system would require a genuine paradigm shift. This has been clearly formulated 
by the European Commission: road safety (and traffic flow) were for a long time organized by 
drivers and other road users. The system relied on observance of traffic regulations and traffic 
control measures. Connected and automated transport is turning this logic upside-down: a bot-
tom-up system is now becoming a top down system (STRIA 2019: 8).3 

It is inconceivable that such a fundamental reorientation would not lead to corresponding 
changes in the streetscape. This safety system, designed for perfection, would also influence 
all other activities that take place in the streetscape apart from transport. Herein lies the differ-
ence to aviation, whose safety systems are being adopted. This aspect of connected and auto-
mated road traffic concerns not only road safety in the narrower sense. What is at issue is the 
principle that is to be chosen by a society and that can secure safety in the public streetscape. 
This affects a wide range of subordinate aspects that cannot be reduced to a traffic-related 
discussion alone, nor can they be solved by technological means – as is the frequently prob-
lematized field of cybersecurity.

2. ROADS: TRANSPORT ROUTES AND LIVING SPACE 

Reducing the streetscape to a function of mere physical circulation is a reductionism with well-
known far-reaching consequences. Streetscapes are also valuable living space, and this dual 
significance inextricably links them to the very concept of “city” (Marshall 2009). The signifi-
cance attributed to roads in an evaluation of the history of the city is outlined below. 

The movement of things through and in streets enables the metabolism of dense human set-
tlements: it has a primarily biological component when it comes to the steady flow of consumer 
goods. But it also has a decidedly cultural component when it comes to an exchange of works 
that are designed to outlive their makers. And finally, cities do not only live from the move-
ment of objects. The flow of ideas in and through streets allows things to be communicatively 
called into question and one’s own circumstances to be created – the social component, which 
arises in an exchange with one’s vis-à-vis, the traveller (Arendt 1958; Reki 2004; Simmel 1908: 
509–512). The flow (and stagnation) of people, things and ideas organized via streets sustains 
cities and urban societies and makes it necessary to constantly redefine one’s own position. 

Without the public space of the streetscape, dense conurbations would be uninhabitable 
or – as alternative concepts revealed by archaeologists show – would have to be funda-
mentally rethought (Hodder/Pels 2010). There is a functional aspect here too, because the 
inhabitants of dense urban spaces need attractive public spaces (the importance of which 

3 “In road transport, e.g. where safety and efficiency have been organized for long time [sic] with 
the driver and other road users in charge of complying with traffic rules and traffic management, 
connected and automated road transport turns this concept from bottom-up to top-down: If the 
electronic control systems embedded in the vehicle take decisions instead of the human driver, 
the cognitive capabilities of an automated vehicle are determined by the performance of its per-
ception systems, algorithms and knowledge base” (STRIA 2019: 8).
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is further increasing in view of the global climate crisis and was recognized again during 
the Covid-19 pandemic) which can be used as an extension of residential and living space 
for sitting, talking or playing (Gehl 2009, EEA 2009). These two often competing demands 
on the streetscape – transport on the one hand and lingering on the other – have invaria-
bly shaped the development of streets and cities. However, this conflict of usage ultimately 
enables streets to be seen as “institutionalized human movement” (Rykwert 1986), with their 
design and usage revealing dominant power structures, identities and ways of life (Sheller/
Urry 2006, Cresswell 2011: 551). 

2.1 THE SIGNIFICANCE OF THE STREETSCAPE FOR URBANITY

“[C]ities are their streets. Streets are not a city’s veins but its neurology, its 
accumulated intelligence” (Gopnik 2016).

In terms of quality of life, the significance of streetscapes as living space is not adequately 
described by a merely functional attribution. Ever since ancient times, streetscapes have been 
seen as part of the public space, which is what transforms the city (“polis”) from a collection of 
stones (“urbs”) into a community of people (“civitas”) that acts according to certain principles 
(Fustel de Coulanges 1979). Entering the public space of the street means venturing out from 
the controlled security of private space: what is in the public domain can be looked at, criticized 
and modified – provided it is perceived by the public eye (Arendt 1958: 95). The social space of 
the streetscape is thus constantly created anew and modified (Massey 2005). It changes with 
its protagonists over the course of the day, through the seasons, on the basis of legislation and 
also with technologies that enable new ways of living (Gerhardt 2012: 32f.). This is the founda-
tion of the “open, readily mutable nature of streets” (Appleyard 1987: 1). 

As part of the public space, the streetscape is the scene of the formalized and spontaneous 
events and happenings of changing urban societies – where executions, music, protest, a foot-
ball match or love can take place. Every modification to the streetscape thus has consequences 
for the city as a whole and for its society. The street thus becomes the stage of cultural strug-
gles: wherever the right to protest is restricted, or access to the streetscape is denied to sec-
tions of society or the space is redistributed between pedestrians, cyclists and cars, the entire 
concept of the city is affected. Accordingly, a critical discourse concerning new technologies in 
public space is more than warranted, since – taking into account specific local characteristics 
– these can globally transform the streetscape through space demands, emissions and neces-
sary new regulations. The passenger car is the best-known example. 

2.2 SAFETY AND PUBLIC LIFE

In the search for “anthropological commonalities of mobility behaviour”, Cesare Marchetti 
makes use of a biological determinism: humans live with an inherent tension that arises be-
tween a “cave instinct” on the one hand and the “fundamental instinct to expand their territory” 
on the other (Marchetti 1994: 75). Leaving the cave is thus invariably “arduous”, since striving 
to move outside not only entails physical effort, but also carries the “danger of being attacked 
by predators or enemies” (ibid.). This bleak view of human existence raises the question of how 
animals endowed with such instincts were able to create settlements and develop villages into 
metropolises, which Marchetti then uses to substantiate his theory in the course of his text. 

Some of the most frightening scenes in literature are based on an upheaval in the “mutable 
nature of the street”, whereby the mass becomes a mob and turns against the individual or a 
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minority. And even the freedom of public space always remains a privilege that can never be 
granted to all (Arendt 1958: 51). The cruel reality that results is that while homeless people, 
members of minorities or discriminated groups of people are in public space, their presence is 
ignored and their actions – and also their safety – are accordingly restricted (cf. Simmel 1903). 

Marchetti’s notion of a Hobbesian natural state of mobility remains questionable. However, the 
theory of constant time budgets thereby supported has resurfaced in discussions of the pos-
sible impact of automated vehicles (Almeida Correia et al. 2016, Maia/Meyboom 2018, Newman 
et al. 2016). What it shows, however – regardless of its inherent agoraphobia – is the impor-
tance of safety for the use of public space, because as significant as the streetscape may be as 
a transport and living space for cities, the protection it offers remains fragile. 

“The street has always been the scene of [...] conflict, between living and access, between res-
ident and traveler, between street life and the threat of death” (Appleyard 1987: 9). Contrary to 
Marchetti’s thesis, the exposure or visibility necessarily associated with the public sphere has 
been linked to a certain form of security, based namely on density and diversity. Are humans 
not social animals that cannot survive on their own (Aristotle, Politics 1253a1–11)? And would 
the street bustling with cafés and bars not be preferable to the dark alley on one’s way home 
at night in the vast majority of cases?

Immanuel Kant went so far as to declare the public sphere to be a constituent principle of his 
philosophy, according to which it functions as a critical “audience” and exposes all behaviour 
in which the individual acts to their own advantage and restricts or endangers others in their 
actions. All that must be done only in private, according to Kant, has a “fear of light”: if such ac-
tions were to become public, there would be a risk that “the resistance of all would be provoked 
against my intention” (EwF 391, EwF 386; Gerhardt 2012: 163f.). It is thus necessary to encounter 
each other on an equal footing. Venturing into the public arena means taking a certain risk, 
since I myself will be dependent on the attention of others, and my actions will be critically ex-
amined. In return, with my attention I determine what is scrutinized and who is protected. Equal 
conditions only prevail where the watchful gaze can be returned. 

2.3 EYES ON THE STREET 

The best-known proponent from the sphere of urban planning of the position that visibility, 
safety and the public realm are intertwined is Jane Jacobs. She reminds her readers that safe 
streets cannot be the product of a centralized system of power, but are created by the individ-
uals who use them. “Sidewalks and those who use them are not passive beneficiaries of safety 
or helpless victims of danger. Sidewalks, their bordering uses, and their users, are active par-
ticipants in the drama of civilization versus barbarism in cities” (Jacobs 1961: 30). For Jacobs, 
there must be “eyes on the street, eyes belonging to those we might call the natural proprietors 
of the street” (ibid.: 35), i.e. people in the streetscape and the surrounding buildings. Together 
they provide the safety that makes life on the street – and thus in the city – at all possible. 

Jacobs, too, bases her argumentation on a parity principle: it is the public itself that creates 
civilized coexistence. Where such a coexistence of equals has been breached, “no number of 
policemen, however large, can restore civilized coexistence” (ibid.: 31). Jacobs’ fundamentally 
democratic stance is evident in her insistence on the principle of equality – and in her view that 
this also applies to the streets of New York’s upper class, which are populated by all manner of 
servants, porters and dog-sitters (and now surveillance cameras to an increasing extent), who 
however are only there because they are paid for their activity. In truth, according to Jacobs, 
these places lack all incentives that would draw anyone into the streetscape of their own free 
will (ibid.: 40). The crucial point is that safety and security can only lead to “civilization” if they 
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are generated by the public rather than being enforced by an institutionalized apparatus of 
power. All technical mechanisms and institutional bodies violate this principle. 

In Being and Nothingness, Jean-Paul Sartre presents a detailed argumentation that is in keep-
ing with Jacobs’ subsequent observations on the streets of Greenwich Village in New York. 
Sartre insists that equality and liberty only exist where a gaze is returned (1962: 356). This dy-
namic of power loses its equilibrium when, for example, a person peers through a keyhole and 
sees without being seen. The architectural expression of this principle is the panopticon, which 
Foucault referred to as an icon of modern surveillance mechanisms (Foucault 2012). 

2.4 THE END OF EQUAL CONDITIONS 

Jacobs’ aversion to the passenger car is closely linked to this line of argument. Her participa-
tion in the protests against urban motorways such as the Lower Manhattan Expressway, which 
the city planner Robert Moses wanted to cut through Manhattan, is legendary (Gratz 2010).

Jacobs’ insistence on a connection between visibility on an equal footing, publicity and safety 
makes it clear that a car-centred urban structure not only affects road safety in the narrower 
sense, but also reveals a more profound effect that was responsible for “perhaps the greatest 
transformation of the city in the last thousand years” (Marshall 2005: 3): motorized individual 
transport has undermined the principle of parity of public space in practically all cities. While 
the occupants of a car of course perceive people in the streetscape, all visual encounter is 
drastically shortened. The form of a person in the vehicle is partly obscured from others by 
reflections in the windows. Voices heard from the outside are muffled by the vehicle’s body; all 
sound that enters the interior has to compete with the noise of the engine. The person inside 
the vehicle is protected and lays claim to a space of at least ten square metres, while all oth-

Figure 4: Lower Manhattan Expressway, New York City (model)

Photo: Paul Rudolph, Lower Manhattan Expressway, New York City, c. 1970. Model, perspective; Library 
of Congress, www.loc.gov/item/2010647138/.
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ers are confronted by tonnes of steel. Under these unequal conditions, the situation that had 
existed up until the onset of motorized individual transport, in which the busiest streets were 
invariably also the most important places of social encounter in a city, came to an end (ibid.: 3f.).

A serious attempt to restore the safety of the road that was lost due to the car thus would not 
only bring about a reduction in road accidents, it would help restore equal conditions through-
out large parts of the road network and thus a spatial situation in which safety encourages 
public activity. A look at the past, however, tells a different story. Since changing concepts 
of freedom have been accompanied by changing opportunities for mobility, new mobility has 
gone hand in hand with new forms of surveillance throughout the course of history.

3. FROM SURVEILLANCE TO SOCIAL ENGINEERING 

“[The] movement of persons and of ‘things‘ (goods) will become the focal 
points of the transport system. All people will be connected to the transport 
system, as will be all goods (via the ‘Internet of Things‘), and they will col-
lect and share information” (European Commission 2017b: 10).

In the feudal system, all those who could not be assigned to a particular lord were branded. 
Statistical census methods and prisons became widespread at a time when nation states were 
emerging and mobility was increasing, even for the poor. The passenger car, as a private space 
on public ground, is said to have helped the judiciary make increasing inroads into previously 
private spheres of life (Cresswell 2006, Foucault 2007, Seo 2019). 

With increasing mobility, the principle based on reciprocity of social controls in societies was 
gradually taken over by institutions and technological innovations. In a future scenario pub-
lished in part in Mobilities (Urry 2007), John Urry reflects on connected and automated vehicles 
and mobility in a “digital panopticon”. Urry later also regarded this scenario as “increasingly 
necessary” in view of the global climate crisis (Adey/Bissel 2010: 6) and speculated that Singa-
pore could become the first place to attain this condition. Contrary to Urry’s thesis, it is argued 
here that not a sudden appreciation of the fragile ecosystem, but a reformation in road safety 
could be the driver of such a scenario.

3.1 THE NEVER-PERFECT SYSTEM 

What would such a system look like? As Urry also emphasizes, this connected and automated 
transport system would be exclusive (cf. Urry 2008: 273f.). As pointed out above, firstly, the 
considerable investments necessary on the part of the public sector would be a limiting factor, 
and secondly, medium-term technological feasibility would restrict its use to a mere fraction 
of the existing road network. For John Urry, automobility is losing significance in favour of the 
climate. The line of development reconstructed here does not give high priority to such a trans-
formation. 

According to the current discourse, automation and networking are contributing to the disap-
pearance of established boundaries – such as those between public and private transport or 
between freight and passenger transport – in the course of a “hybridization” (Lenz/Fraedrich 
2015, Mitteregger et al. 2022: 44). Ultimately, the question “Does a certain route require the 
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presence of a human, or can it be delegated to machines?” will therefore take precedence 
over today’s fundamental question “Which means of transport do people choose for a certain 
route?” (Mitteregger et al. 2022: VIII). Already today (and especially as a result of the Covid-19 
pandemic), a wide variety of mobile robots are in use, with which people delegate not only 
routes but also tasks – and here especially in the area of safety – to machines (Mitteregger 
2020). In this connection, the technological limitations described above arise from the com-
plexity of the streetscape, but apply to the small, slow-moving robots used on pavements only 
to a much lesser extent if at all. 

However, this is not a “trend book”, but the excess of existing principles. One goal that is already 
emerging is that of uniting the production and quality standards of the automotive sector with 
the capabilities of IT companies, thereby creating a new standard for all manner of automated 
mobile applications. Safety is seen as an essential factor here and is mentioned as a possible 
USP – “automotive safety” – at conferences of the technology developers (cf. Kopetz 2020). 

A traffic system designed for active safety, in which vehicles can comprehensively access his-
torical and current data, could be designed to avoid intersections, streets or neighbourhoods 
for example that are not considered safe. These would be bypassed, just like thunderstorms 
in air traffic. Ideal routes would pass along streets with easily predictable conditions. In the 
streetscape, the probability of predicting the behaviour of other people and objects plays a 
similar role to that of physics for autopilots in aviation. The entrance to a school, where masses 
of people not normally guided by reason alone are encountered twice a day, would be given 
a wide berth by this system. What approach should be taken towards individuals or groups of 
people that the safety system classifies as displaying problematic behaviour?

Paradoxically, in such a system more traffic could actually lead to more safety. To make better 
predictions of people’s behaviour in the streetscape, the density of measuring points within the 
space would have to be increased so that behaviour could be better predicted or manipulated. 

Figure 5: A selection of current applications of connected and automated driving systems

The images shown here are explicitly excluded from the Creative Commons licence of the text. The 
rights remain with the authors. Sources: 1: Australian Centre for Field Robotics (2017), 2: the authors, 

3: knightscope (2021), 4: Casei (2018), 5: peloton-tech (no date)
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If such measurements are not performed by sensors installed in the infrastructure, they could 
be carried out by a large number of mobile robots. 

In this connection, the purely traffic-related aspect of safety in the streetscape has long played 
a subordinate role. New fissures in society would be inevitable as a result of targeted avoid-
ance or as a result of a multitude of sensors at neuralgic points (or times). These would no 
longer be comprehensible to humans, however, since they have their origins in opaque data-
sets that serve for the training of artificial behaviour (cf. Castelvecchi 2016).

For security systems that rely on comprehensive reporting, it has been shown that in the course 
of the complete recording of data, every incident and even every near-incident can be present-
ed “apparently convincingly” as a problem (Amalberti 2001: 113). The underlying understand-
ing here has long been critically viewed: a technological concept promises highly theoretical 
potential for performance and safety, while faulty human behaviour has a negative effect on 
performance and must be controlled or eliminated. To date, in the transport sector this logic 
has been restricted to delimited fields such as industrial, mining or logistics locations, and air 
and rail traffic. With connected and automated driving systems, it would affect the public space 
of roads for the first time.

3.2 A NEW ROAD MEDIUM 

The streets of the modern age, which still constitute most of our built environment today, are 
in many ways the perfect stage for the innate striving of this era for “absolute movement” (Jor-
makka 2002). Our epoch has been shaped by the tension inherent in this paradigm – the ven-
eration of speed, rationality, grand narratives and plans on the one hand, and a constant drifting 
of the desired order into chaos through ever-increasing movement on the other. The street of  

the 21st century may emerge under the paradigm of “total safety” (Zuboff 2019: 398–415). As 
already stated, this is not something fundamentally new, a departure from existing paths driven 
by external parameters, but is the exaggeration of a familiar principle. Connected and auto-
mated mobility services, which enable situation-dependent, spontaneous and flexible forms 
of usage, are exacerbating the rift between chaos and control. The development path shown 
here does not lead in a direction that sets out to solve existential problems of our time such as 
climate change or social and economic inequality. The streetscape of this new safety system 
would not be built in concrete as in our modern era. Control and order are achieved through 

Figure 6: Modified choice of route for avoiding unsafe traffic situations

Source: the authors, based on Alkim in STRIA (2019: 21). 

A section of the route causes unsafe tra�c 
situations. 

Following modification, the entire route can be 
covered with automated driving.
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data and endless “nudging” (Thaler/Sunstein 2009; for a critique see Stickler/Sodl 2019) – a 
gentle influencing of people’s behaviour in the streetscape. The public space of the street in 
this curated world would be unrecognizable. 

Hannah Arendt was at pains to point out that a coexistence of people that is designed for 
communality needs a “common world” which can be seen as a basis and point of departure 
for critical reflection (Arendt 1958: 52–55; Madanipour 2003: 114–151). This common basis can 
comprise things, conventions, or a shared history and laws. There is a need for a “we” that 
structures coexistence and that can never be dogmatic, but serves as a basis for critical reflec-
tion. Where order is established through the targeted, personalized influencing of behaviour, 
it may be assumed that this basis will dissolve. Whoever defines the goals of such a system 
must accept that their attainment will remain turbid. People in the public space of the streets-
cape would become mere objects, and the asymmetry of the knowledge generated would be 
immense (Zuboff 2019). 

The public sphere and resilience 
Venturing out into the public sphere calls for an “experimental attitude”, since “life is prob-
lem-solving” (Gerhardt 2012: 221). The goal of total safety, implemented in a top-down safety 
system in the streetscape, undermines this principle in a hitherto unknown quality. Automobility 
has already shaken the foundation of this principle. Streets that are seen as vibrant and diverse 
nevertheless continue to offer equality, freedom and safety, since it can be expected that all 
behaviour will be subject to critical public scrutiny. 

Similar to Urry’s scenario, the conditions that favour implementation of such a system can be 
created in the “competition of cities” based on a reward system of “city rankings”. A curated 
juxtaposition, familiar to date mainly in the form of gated communities, could even fare better 
in these rankings than a public sphere characterized by hustle and bustle and disorder. Ever 
since the emergence of sedentary cultures, human development has invariably been linked 
to the development of large cities. The constantly increasing complexity of settlements has 
made the search for solutions to urban problems a major driving force (Hall 1998: 7). Cities with 
advanced economies have departed from manufacturing and the turnover of goods in favour 
of service production, and have further developed into information societies (Castells 1989, 
Hall 1995, Hall/Pain 2009). We speak today of complexity and creativity as being the central 
resources of these cities. They are distinguished from cities and regions that are dependent 
on raw materials, are specialized and susceptible to market dynamics, and usually prosper for 
only a short time. Where public space is deprived of its mutable character and an external entity 
holds sway – extensively shaping, evaluating and exploiting – these places likewise become 
the plaything of external forces.
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1. INTRODUCTION

One of the greatest challenges facing the development of connected and automated vehicles 
(CAVs) today is that of anticipating the movements of other road users (Kahn 2018, Mingels 
2019). Carlos Ghosn, former CEO of Renault-Nissan-Mitsubishi, commented as follows on the 
matter of cycling and the ongoing automation of motor vehicles: “One of the biggest problems 
is people with bicycles [...], [they] don’t respect any rules usually [...] from time-to-time they be-
have like pedestrians and from time-to-time they behave like cars” (Reid 2018). This statement 
describes the conflicts that can arise from the close encounter between two modes of transport 
that differ greatly in terms of both propulsion and practical operation. 

How the upcoming challenges for bicycle traffic can be solved if automated driving becomes 
much more prevalent in cities is being investigated by TU Kaiserslautern in the interdisciplinary 
research project “Concepts for the integration of cycling into future urban traffic structures 
with autonomous vehicles – RAD-AUTO-NOM”. The Institute for Mobility & Transport (imove), 
the Division of Electromobility and the Chair of Spatial and Environmental Planning are jointly 
analysing the effects of this development in terms of traffic, technology and urban space. The 
research project is being funded by the Federal Ministry of Transport and Digital Infrastructure 
(BMVI) in Germany from June 2019 to May 2022. 

This chapter discusses the first partial results of the work packages carried out at the Chair of 
Spatial and Environmental Planning. It specifically deals with the opportunities and risks that 
arise for urban bicycle traffic in interaction with CAVs. Based on analyses of the current traffic 
situation and of the design of traffic areas and public space, we derive the conditions under 
which automated vehicles can be integrated without conflict. A crucial question is how urban 
planning can ensure that liveable cities with a high quality of stay and of urban design can be 
maintained for all in a future characterized by CAVs and a high share of bicycle traffic. 

2. THE FRAMEWORK CONDITIONS FOR CYCLING

For CAVs to operate accident-free and without unnecessary stopping, traffic must be predicta-
ble. The “edge case”, a situation that in fact rarely occurs, describes the intuitive riding style of 
cyclists in the open streetscape; CAVs can only react to this with difficulty. 

In German metropolises, the share of bicycles in all journeys made rose from 9% to 15% be-
tween 2002 and 2017; for other large cities the increase was from 10% to 14% (Nobis 2019: 21). 
It is still difficult to determine what consequences the Corona pandemic will have on transport. 
The current trends towards active transport are expected to intensify, with more people using 
motorized private transport (cf. Amelang 2020, Klein et al. 2020). These trends lend emphasis 
to the fact that CAVs must learn to interact with cyclists without conflict. 

In the following section, we shall outline how cycling is legally regulated in Germany, how riding 
styles are to be classified, what types of cyclists there are and what conflicts and accidents oc-
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cur in the current traffic scenario. We partly differentiate here between bicycles and pedelecs1. 
Other types of cycles such as cargo bikes, bicycles with trailers or tandems have requirements 
similar to those of classic bicycles. 

2.1 THE LEGAL SITUATION

Where a dedicated infrastructure for bicycles is lacking, cyclists in Germany must travel on the 
far right of the road. In this mixed traffic with motor vehicles, a distance of 0.8 to 1 metre from 
the edge of the road is appropriate. This distance can be modified in hazardous situations (e.g. 
car doors being opened). Cyclists may overtake other road users on the left as long as a suffi-
cient clearance can be maintained. In safe situations, they may also overtake motor vehicles on 
the right (ADFC 2018a). On some one-way streets, cyclists may travel in the opposite direction. 
It is permissible to ride faster than walking pace in traffic-calmed areas. Up to the age of eight, 
children must ride their bicycles on the pavement; to the age of ten, they may then choose 
whether to use the cycling infrastructure or ride on the pavement (section 2 par. 5 StVO). 

Where infrastructure for cycling is provided, a distinction is made as to whether it is located 
on or next to the carriageway. Protected lanes and cycle lanes are marked on the carriageway. 
Protected lanes are indicated by a broken line, and cycle lanes by a solid line. Protected lanes 
constitute part of the carriageway and may also be used by other vehicles if necessary, but 
only as long as cyclists are not endangered. Cycle lanes may not be used by other vehicles 
(ADFC 2018a). Some protected cycle lanes and dedicated cycle paths are physically separated 
from the lanes for motor vehicles (ADFC 2019). Cycle lanes with compulsory use must always 
be indicated by an appropriate sign and have a minimum width of 1.6 metres (ADFC 2018a: 8; 
FGSV 2006: 84). 

Cyclists have two legal options for turning left: they can leave their lane in good time ahead of 
the intersection (even in the case of compulsory cycle lanes) and turn from the centre of the car-
riageway; in doing so, they may adhere to cycle guidance markings where provided, although 
this is not mandatory. Alternatively, they can turn indirectly by first crossing the intersection 
straight ahead and then turning from the right-hand edge of the road (ADFC 2018a; section 9 
StVO). 

2.2 DRIVING BEHAVIOUR AND ACCEPTANCE OF RULES

The statement “As a device the bike is so closely attuned to the body that it is almost as agile” 
(Fleming 2017: 57; cf. Chap. 12 by Fleming in this volume) aptly describes cyclists’ approach to 
riding: they are fast, agile and manoeuvrable, normally have no turn indicators or brake lights 
and can navigate through motorized and pedestrian traffic. In addition, they sometimes do not 
behave in accordance with the rules. In a survey, 62% of cyclists stated that they did not always 
obey all traffic rules (BMVI 2019a: 29). The fact that cycling infrastructure is often in poor condi-
tion or even lacking entirely is one reason for the fluctuating acceptance of rules on the part of 
cyclists (Huemer/Eckhardt-Lieberam 2016, Schreiber/Beyer 2019). 

Cycle lanes, and protected lanes that comply with the standard widths, are used by 86% and 
88% of cyclists respectively. Where the lanes are narrower than standard, the frequency of use 

1 Pedelecs (“pedal electric cycles”, e-bikes) are bicycles with an auxiliary motor that only cuts in 
during active pedalling. The electric motor provides support up to a speed of 25 km/h. The same 
regulations apply to pedelecs as to bicycles without motor assistance (ILS 2013: 9f.).
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Area category 
Unlawful riding on the left or crossing of roads occurs more frequently in the 
vicinity of buildings that are important destinations for cyclists.

Source: the authors

falls by around 15% (Richter et al. 2019: 77). Long red phases lead to more traffic-light violations 
(Schwab 2019). Riding on the left of the road in violation of the rules occurs mainly in the vicinity 
of significant destinations, e.g. shopping centres (Alrutz et al. 2009: 30). 

The highly agile and manoeuvrable nature of bicycles is also evident in a comparison of braking 
distances for motor vehicles, e-scooters and bicycles. Assuming that motor vehicles travel at a 
speed of approx. 50 km/h in normal traffic and bicycles at a maximum of approx. 20 km/h, the 
stopping distance of a car is around five times that of a bicycle due to their speed and mass. 
Even an e-scooter travelling at the same speed as a bicycle requires a longer stopping distance 
(ADAC 2019): 

 ■ motor vehicle (50 km/h): reaction distance 14 m + braking distance 14 m = 28 m 

 ■ e-scooter (20 km/h): reaction distance 5.5 m + braking distance 8 m = 13.5 m 

 ■ bicycle (20 km/h): reaction distance 5.5 m + braking distance 4 m = 9.5 m 

It can be assumed that the reaction distance of CAVs is shorter than that of vehicles with  
drivers. Nevertheless, the stopping distance from a speed of 50 km/h is still significantly greater 
than for bicycles. The bicycle is thus the transport medium with the shortest braking distance. 
This is one factor that leads to unpredictable driving manoeuvres. 

In summary, the following factors have an influence on the riding behaviour and acceptance 
of rules on the part of cyclists: cycling infrastructure, complexity of the traffic space, subjective 
safety, type of cyclist and category of area (cf. Fig. 1).

Cycling infrastructure 
Cycling traffic facilities must be not only safe, but also attractive and purposeful 
in order to be accepted and used.

Subjective safety 
Infrastructure that is perceived as unsafe is used less often and  
encourages cyclists to ride where they perceive the safety level as high, 
regardless of regulations (pavement instead of narrow protected lane, pedestrian 
zone instead of road).

Complexity of the traffic space 

Intuitive comprehensibility vs. 
many choices and excessive complexity.

Figure 1: Factors influencing cyclists’ acceptance of rules and riding style

Type of cyclist 
Different types of cyclist have divergent riding styles: from slow and compliant to 
fast, taking the direct route regardless of legal requirements.
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2.3 TYPES OF CYCLIST

The various types of cyclist represent an important indicator in assessing riding style and the 
demands placed on infrastructure and public space. In the Netherlands, cyclists are classified 
into six groups: the defining criteria are riding skills and motivation to cycle, along with physi-
cal and occupational factors. The groups can be described as follows (Woolsgrove/Armstrong 
2020): 

 ■ “Everyday Cyclist”: rides to work or school, takes direct routes, wants to ride undisturbed 
with as little stopping as possible; 

 ■ “Sporty Cyclist”: sees the bicycle as an item of sporting equipment (also mountain bike, 
racing bike), rides long distances and fast; 

 ■ “Recreational Cyclist”: rides for pleasure, rides together with others, often stops at cafés 
or attractions; 

 ■ “Attentive Cyclist”: wants to cycle safely, knows and observes the traffic rules, wants clear 
traffic signs and safe intersections; 

 ■ “Vulnerable Cyclist”: (mostly children, the elderly and people with disabilities) wants to cy-
cle safely and not be overtaken by other road users (including other cyclists); infrastructure 
must be forgiving of mistakes; 

 ■ “Courier Cyclist”: wants to reach their destination very quickly (time pressure), needs more 
space (cargo bike, trailer). 

Roger Geller, Bicycle Coordinator at Portland Bureau of Transportation, also analysed the stress 
tolerance of cyclists in traffic. This results in four types of cyclists that take into account different 
attitudes of the general public towards cycling: 

 ■ Strong and Fearless, 

 ■ Enthused and Confident, 

 ■ Interested but Concerned, 

 ■ No Way, No How (NRVP 2019). 

These “four types of cyclist” are now recognized categories. Each category is associated with 
specific conditions that must be fulfilled for the respective group of users in order for them to be 
mobile on a bicycle (ADFC 2019, Dill 2015). Geller’s typology has been scientifically confirmed 
in several studies at Portland State University and further developed. According to this scheme, 
60% of the population are “Interested but Concerned”, 5% are “Enthused and Confident” and 
2% are “Strong and Fearless”. The remaining 33% are non-cyclists in the “No Way, No How” 
category (Geller 2009).

In many classifications, acceptance of rules on the part of the individual types of cyclist is not 
explicitly addressed. In the Dutch categorization, acceptance of rules can be considered the 
lowest for the “Everyday Cyclist” and the “Courier Cyclist”. In Geller’s typification, the desig-
nation “Strong and Fearless” already suggests a flexible attitude towards adherence to rules. 
Traffic ecologists at TU Dresden attest “Enthused and Confident” cyclists a low level of rule 
acceptance (Francke et al. 2018: 10). This can be applied to many further cyclist type models. 
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It is difficult to predict to what extent the algorithms of CAVs will be able to identify the various 
types of cyclist in future. However, as the different types have different riding styles, CAVs 
could possibly predict which riding style (e.g. offensive, defensive, compliant) to expect on 
this basis. 

2.4 ACCIDENTS INVOLVING CYCLISTS  

Accident statistics
According to the Federal Statistical Office, a total of 88,472 accidents involving bicycles or 
pedelecs occurred in Germany in 2018. From 2017 to 2018, the number of accidents involv-
ing cyclists in Germany increased by 11% (Destatis 2019). The percentage rise in fatalities 
among cyclists and pedelec riders is even greater, with an increase from 382 in 2017 to 455 
in 2018 (+16%; ibid.). According to accident researcher Siegfried Brockmann, the overall risk 
of death while riding a bicycle or pedelec is three times higher than in the case of cars or 
motorbikes. The likelihood of serious injury is seven times higher (Burger 2019). 

Accident patterns
90% of accidents involving cyclists occur in built-up areas (Destatis 2019). Accidents occur-
ring outside built-up areas usually have much more severe consequences: 40% of these 
accidents have fatal consequences (BMVI 2012: 28). A large proportion of cycling accidents 
recorded by the police occur at junctions, or when turning into or crossing the carriageway 
(DLR 2015, Schreck 2016, GDV 2016). Cycling accidents involving a single direction of travel 
are caused by tailgating, overtaking by other road users – often with insufficient clearance 
distance – or obstruction by parked vehicles along cycle infrastructures (LAB 2014, Richter 
et al. 2019, Tagesspiegel 2019, Schreiber/Beyer 2019, DVR 2019). Further frequent causes of 
accidents are failure to give way and misjudgement of the speed of other road users (GDV 
2015). When a collision occurs, the passenger car is the main cause of the accident in 75% 
of cases (Destatis 2019). 

Accidents involving parked vehicles
A study by the German Insurance Association (GDV) from 2019 found that along with marked 
cycle infrastructure (cycle lanes and protected lanes), parked vehicles have a significant 
influence on the frequency of accidents involving bicycles. According to this study, 65% of 
accidents in cycle lanes or protected lanes occur as a result of car doors being opened (so-
called “dooring”; Schreiber/Beyer 2019): the fact that 16% of car drivers fail to look back over 
their shoulders when opening their doors greatly increases the accident risk for passing 
cyclists (DVR 2019). On these sections of road with parking spaces, the accident frequency 
is about four times as high as in areas without parked vehicles. 

Even without accidents, however, parked vehicles are a major impediment for cyclists, espe-
cially when they are parked on cycle paths – and thus incorrectly. Such obstruction hinders 
efficient and safe cycling: according to a study, 40% of 40,000 evaluated cyclists in protect-
ed lanes are affected by such hindrances. In a survey of 35 cycle lanes and 47 protected 
lanes, numerous parking violations by cars were detected: 6.1 parked and 10.1 temporarily 
stationary cars were registered per kilometre and hour in protected lanes, and 1.1 parked and 
4.5 temporarily stationary cars in cycle lanes (Richter et al. 2019). Overall, the GDV found 
that almost one in five accidents involving cyclists were related to parking (GDV 2020).
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3. FRAMEWORK CONDITIONS FOR CONNECTED AND AUTOMATED 
VEHICLES

It is difficult to predict when CAVs can be introduced in Germany. Statements from IT and 
automotive companies regarding technical feasibility are extremely varied in nature and are 
influenced by the competitive situation. 

In a study published in early 2019 by the Fraunhofer Institute for Systems and Innovation Re-
search, it is expected that new automation technologies will initially find more widespread use 
in local public transport (LPT) vehicles and lorries, and that higher-priced private cars will be 
the first to use them. Regardless of transport mode, the study assumes that even in 2050, Level 
42 automated vehicles will still be in the minority (ISI 2019: 109–119). CAVs are expected to find 
widespread use throughout Germany, but their distribution will vary greatly between cities and 
other areas: in complex environments, CAVs will only be able to travel slowly or not at all (cf. 
Soteropoulos et al. 2020; Mitteregger et al. 2022: 80–83). 

3.1 DRIVING BEHAVIOUR OF CONNECTED AND AUTOMATED VEHICLES

Connected and automated vehicles provide an opportunity for full enforcement of traffic reg-
ulations (Beckmann/Sammer 2016: 4; Rothfuchs/Engler 2018: 569). How such vehicles should 
react when there is a risk of collision is an ethically controversial matter that has not been 
conclusively determined (cf. Bonnefon et al. 2016). With regard to the safety of cyclists, con-
sideration must be given as to how CAVs should be programmed for situations in which they 
have to decide between protecting themselves and protecting others. This can give rise to new 
points of conflict and accident risks for cyclists, if for example a CAV has to swerve to avoid an 
oncoming lorry and enters a protected or cycle lane (Awad et al. 2018). 

In the research project, it is assumed that CAVs in Germany will have the following driving 
characteristics: 

 ■ Speed limits are not exceeded; this also applies during overtaking. 

 ■ The legally prescribed safe clearance distance to other road users is maintained at all 
times. Where this is not possible, the vehicle stops or slows down until the distance can 
be adhered to. 

 ■ Exceptions to traffic regulations can only be made when their observance would cause an 
accident. In critical situations, stopping is given the highest priority. 

 ■ CAVs cannot communicate digitally with all other road users. They must visually perceive 
other road users and obstacles. 

 ■ The algorithms used in CAVs aim to accord the safety of their own occupants the same 
value as that of all other road users. 

2  In this chapter, “level” refers to the respective automation level according to SAE standard J3016 
(SAE International 2018).
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In view of the legally prescribed clearance distances for overtaking, CAVs will adopt a defen-
sive driving style. Since the 2020 amendment to the Road Traffic Act, a minimum clearance of 
1.5 metres applies in Germany for overtaking cyclists in built-up areas (section. 5 par. 4 Road 
Traffic Act). Furthermore, the introduction of a new traffic sign has been resolved that prohibits 
cars from overtaking bicycles in certain places (BMVI 2020). 

3.2 EFFECTS OF CONNECTED AND AUTOMATED TRANSPORT ON TRAFFIC VOL-
UMES AND ON NUMBERS OF PARKED PRIVATE VEHICLES 

To what extent public space and streetscapes can be redesigned in the “century of the see-
ing vehicle” (Dickmanns 2020) largely depends on whether motorized private transport (MPT) 
volumes are expected to increase or decrease in future. Many studies dealing with this topic 
currently assume that private transport volumes will increase with increasing automation (Hein-
richs 2015, 2017; Botello et al. 2019; Millard-Ball 2019; Lee et al. 2019; Weert/Ruhrort 2019; 
Mitteregger et al. 2022: 37). The reasons for this include higher demand on the part of newly 
acquired user groups (e.g. people with driving impairments), increased attractiveness of private 
transport and, in the future, empty trips (Heinrichs 2015, 2017; Botello et al. 2019). The increas-
ing scepticism towards shared transport media or public transport as a result of the Covid-19 
pandemic in 2020 could lead to a rise in the use of MPT in the medium term – depending on 
the future development of the virus and the possibilities of containing it.

With traffic consisting only of connected and automated vehicles, urban traffic areas would 
theoretically have higher capacities than with driver-operated vehicles. This is a result of faster 
reaction times when moving off from standstill or travelling in a convoy, and in dense config-
urations with only a small distance between individual vehicles (Heinrichs 2015; Beckmann/
Sammer 2016: 4; Rothfuchs/Engler 2018). A drawback is that these advantages only come to 
bear for CAVs when they do not have to interact with driver-operated vehicles and other road 
users. This would require widespread installation of new infrastructure. An alternative would be 
to exclude other road users in certain areas, which would mean a return to the principle of the 
car-friendly city (cf. Dangschat 2018). 

The demand for parking space for CAVs could be greatly reduced, although it is difficult to pre-
dict to what extent. Studies that assume a theoretical value of 100% CAVs forecast a reduction 
in the number of parked vehicles by up to 90% if CAVs are shared by several users at the same 
time (Heinrichs 2015; Rothfuchs/Engler 2018; Ritz 2018; Lemmer 2019: 26–29; Millard-Ball 2019: 
5; Mitteregger et al. 2022: 73). Other researchers expect a significantly lower level of savings 
(Skinner/Bidwell 2016, Alessandrini et al. 2015). It should be noted for the various studies that 
significant reductions in parking volumes are only expected to come about once high propor-
tions of Level 4 and 5 vehicles are in operation with high occupancy rates. 

Even though these assumptions regarding cost and space savings with CAVs relate to a rela-
tively distant future, cities must already plan for this future today. Measures should be devel-
oped that promote active traffic, electric mini-vehicles and public transport, taking into account 
the increasing proportion of CAVs (ISI 2019: 157). Appropriate measures would be the provision 
of more and better-quality space for active mobility, toll systems for core and inner city areas, 
designation of roads or lanes that favour cars with more occupants, and extension of public 
transport systems – especially of PT on demand. A major opportunity for CAVs lies in the fact 
that their systems will first become established in high-priced cars, in buses and in lorries (ibid.: 
109–119). In this transitional phase, public transport can develop much greater user-friendliness 
and cost efficiency, since much less personnel is needed and on-demand systems can be in-
troduced more easily with an automated public transport system. In addition, gaps in the public 
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transport network can be closed by means of on-demand services, with reduced dependence 
on both automated and driver-operated motorized individual transport. 

3.3 SAVINGS IN TRAFFIC SPACE THANKS TO CONNECTED AND AUTOMATED VEHICLES

As described in the previous section, especially spaces currently used for parking will no longer 
be required when CAVs are in operation. This can only come about if more trips are shared in 
future. To illustrate these possible changes to traffic space, the current distribution of spaces 
must be determined. 

Only a few surveys relating to the distribution of road space in cities exist. In 2014, an analysis in 
Berlin set out to determine what portions of traffic space are allocated to the various transport 
media. The outcome was that 58% is reserved for cars, including 19% for parked vehicles, and 
33% of the space is taken up by footpaths, while only 3% of the traffic space is allotted to bicycles 
(Agentur für clevere Städte 2014). In Copenhagen, the bloggers from Copenhagenize.com exam-
ined how the traffic space is divided up on Hans Christian Andersen Boulevard. The outcome was 
that most of the space is allocated to motorized traffic (54%, including 12% for roadside parking); 
pedestrians use 26% and cyclists 7% of the space (Copenhagenize.com 2017). Random sampling 
carried out in our research project using online city maps yielded similar results on seven streets 
and at four intersections in Kaiserslautern, Mannheim and Karlsruhe. 

In the Guidelines for the Design of Urban Roads (RASt 06)3, parking spaces are included in 59 of 
the 97 recommended road cross sections. Areas for parked vehicles are only lacking in the sam-
ple cross sections for residential streets and roads with no building development. On average, 
14% of the traffic area of all sample cross sections is reserved for stationary vehicles (parking and 
clearance areas; own evaluation of RASt 06, based on FGSV 2006: 36–62, cf. Table 1). 

3 “Richtlinien für die Anlage von Stadtstraßen” (RASt 06) is a set of technical regulations valid 
for Germany, published by Forschungsgesellschaft für Straßen- und Verkehrswesen (Road and 
Transportation Research Association) in Cologne; they are recommended for use in all federal 
states.

Table 1: Recommended road cross sections according to RASt 06 (FGSV 2006)

Source: FGSV (2006), the authors and assessment based on Louen (2020)

Carriageway Parking

Residential street 4–6.5 m
Partly without (4 of 9) 

14–30% of overall width 

Collector road 5.5–7.5 m
Partly without (3 of 8) 

23–31% of overall width 

Neighbourhood street 5.5–7.5 m
Partly without (1 of 5) 

19–26% of overall width 

Local entrance street 6.5–7.5m
Partly without (2 of 7) 

13–23% of overall width 

Main shopping street 6–13 m
Partly without (4 of 13)
11–21% of overall width
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On the basis of these few surveys and the evaluation of RASt 06, it can be assumed that in Ger-
man cities around 15% of traffic surface is available for parked vehicles (cf. Fig. 2). The proportion 
varies greatly depending on the type of street. There are hardly any streets without parking 
areas.

Parking spaces could be dispensed with where CAVs are used for ride-sharing and are thus 
almost constantly on the move. However, this scenario is not likely to become reality in the 
near future. It should therefore be assumed that the gradual introduction of CAVs will initially 
only mitigate the space requirements of parked and moving vehicles to a limited extent. An 
inner-city traffic concept geared towards avoidance of parked vehicles can already begin to 
promote street profiles with a higher quality of stay and an equitable distribution of space be-
tween public transport, private motorized transport and active mobility. This can free up space 
for decentralized, high-quality open areas along with spaces for cycling infrastructure. Rather 
than only making space available to private motor vehicles, it would also be possible to provide 
sport and recreation spaces, playgrounds and greenery, along with extensive inner-city outdoor 
catering areas.

4. KEY OBJECTIVES OF THE GERMAN FEDERAL GOVERNMENT FOR 
CYCLING AND FOR CONNECTED AND AUTOMATED VEHICLES

4.1 KEY OBJECTIVES FOR CYCLING

The promotion of cycling makes an important contribution to attaining environmental goals 
and solving traffic problems in inner cities. Many European cities are recording increases in the 
share of cycling (Schreiber/Beyer 2019); such an increase is also to be achieved in Germany. 
The National Cycling Plan (NRVP) 2020 lists safe infrastructures and a pronounced sense of 
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safety among cyclists as important aspects. The NRVP lists eight key objectives. Many of these 
are aiming for a significant increase in the share of cycling among all age groups and forms 
of usage (leisure, work, goods transport). A further goal calls for a comprehensive cycling net-
work with low-conflict infrastructures in order to increase the subjective and objective sense of 
safety and to improve the quality of stay in cities. These goals are to be reached by means of 
digitalization and effective planning (BMVI 2019b). 

4.2 KEY OBJECTIVES RELATING TO CONNECTED AND AUTOMATED VEHICLES

The Federal Government’s strategy for connected and automated driving sets out to establish 
Germany as the lead provider and lead market. Testing of CAVs is to be made possible at an 
early stage in trials and regular operation. The Federal Government expects that connected 
and automated mobility (CAM) will increase efficiency and safety, with lower emission levels, 
and will strengthen Germany as a location for innovation and industry. To make this possible, 
the following key objectives were defined in 2015: “adaptation of the national legal framework, 
in particular amendments to the Road Traffic Act; adoption of a plan of measures to create ethi-
cal rules for driving computers; establishment and coordination of test fields for connected and 
automated driving in real traffic; support for research and development of CAV solutions from 
basic to applied research; and active shaping of regulations and standards in administrative 
bodies at European and international level” (BMVI 2015). 

To avoid negative effects of CAM, the Federal Government’s advisory body, the National Plat-
form Future of Mobility, demands that private motorized transport should not increase with the 
spread of automated mobility. The reasons mentioned for a possible increase in the use of 
private vehicles include empty trips and transfer effects from other transport modes such as 
cycling and public transport (NPM 2019: 5). 

The Federal Government has formulated the goal that Germany is to be the world’s first country 
to allow the use of autonomous motor vehicles in regular operation, throughout the national 
scope of validity (Seibert 2020).

5. CRITERIA FOR THE DRIVABILITY OF CONNECTED AND 
AUTOMATED VEHICLES IN INTERACTION WITH CYCLISTS

Whether automated driving functions can be used depends to a great extent on the environ-
ment in which a particular vehicle is travelling (Soteropoulos et al. 2020, Mitteregger et al. 
2022, SAE International 2018). The criteria that allow CAVs to operate in a setting shared with 
cyclists are derived from the previous sections. 

The following criteria result from a consideration of the riding behaviour of cyclists and the 
associated demands on the infrastructure: road width, type of cycling infrastructure, speed of 
road users, possibility of assessing the behaviour of cyclists (clear lines of sight), type of cyclist, 
and the number and type of road users (cf. Fig. 3 on the next page). 

Road width, the number of cyclists, type of cycling infrastructure and speed of traffic have the 
greatest influence on a successful coexistence of CAVs and cyclists. With a uniform speed of 



208 | PART II – PUBLIC SPACE – ARTICLE 11

20 to 30 km/h, safety clearance distances can be greatly reduced; and unobstructed lines of 
sight must be ensured over short stretches of road. According to RASt 06, lateral clearance 
distances within the space can be halved if the speed of travel is reduced from 50 to 30 km/h 
(FGSV 2006: 88).

CAVs cannot overtake cyclists on narrow roads and must adapt their speed accordingly. The 
way cyclists ride is influenced not only by the infrastructure, but also by the surroundings. If 
there are houses or other buildings adjacent to the road that are important destinations for 
cyclists, the likelihood of unpredictable riding manoeuvres increases. This makes it difficult for 
CAVs to operate without conflict and in accordance with regulations. 

The heterogeneous nature of streetscapes presents CAVs with challenges of varying complex-
ity. When many cyclists with different riding styles are on the move at the same time and can-
not always be detected due to a lack of clear lines of sight in narrow streetscapes, drivability 
is severely limited. Streetscapes of this type are to be found above all in historically evolved, 
densely populated urban structures with a varied usage profile. More spacious roads used al-
most exclusively by motor vehicles are much better suited for CAVs. This type of road, on which 
only a small number of cyclists are currently encountered, is mainly found in outer suburbs and 
rural areas; examples are commercial, industrial, trunk and local access roads. This differentia-
tion is similar to the drivability categorization complied by Soteropoulos based on the example 
of Vienna, according to which older, above all centrally located neighbourhoods pose a greater 
challenge for CAVs than peripheral, car-friendly urban areas (Mitteregger et al. 2022: 80–83). 
In summary, it can be stated that in dense inner-city neighbourhoods with a high proportion of 
cyclists, CAVs must adapt their speed to that of the bicycles moving freely in the streetscape. 

Road width 

Assessment of cyclists’ driving  
behaviour possible

Cycling infrastructure Speed of road users

Type of cyclist

Number of lanes

Adherence to rules (presence 
and quality of cycling 
infrastructure, type of area, 
type of cyclist)

Safety clearance distances 
and compliance with the 1.5 m 
overtaking distance possible

Clear view (no obstruction 
from parked cars, vegetation 
infrastructure)

1,5m
None, mixed traffic 
(protected lane, cycle 
lane), surmountable and 
insurmountable separation

Number and type of road users

Cyclists, electric mini-vehicles, 
goods deliverers, pedestrians

Quality of infrastructure 
(standard width provided, 
pavement quality)

Vehicle (pedelec, cargo bike, 
bicycle with trailer)

Braking distances

Riding style (defensive, 
offensive), type of bicycle

Figure 3: Overview of criteria for the drivability of connected and automated vehicles in interaction with cyclists

Source: the authors
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6. SUITABILITY OF CYCLE LANES FOR CAVS: MIXED OR 
SEPARATED TRAFFIC?

In Germany, cycling in streetscapes is regulated above all by four forms of traffic management: 
without a specific infrastructure (A), on marked protected lanes (B) or cycle lanes (C), or on sep-
arated cycle lanes (D; cf. Fig. 4).

Major differences in interaction between CAVs and cyclists only arise when cycling lanes are 
separate from the remaining carriageway. In addition to the various forms of traffic manage-
ment, different streetscapes and neighbourhoods are also differently suited for the coexistence 
of cyclists and CAVs (cf. previous section). 

The advantages and disadvantages of separated lanes for cyclists are the subject of controver-
sial discussion among planners and accident researchers. The possible effects of the two traffic 
systems on the coexistence of CAVs and cyclists are outlined in the following section (cf. Table 
2). First, the consequences of separating cycling and motorized traffic are described. Cities with 
a distinct separation between these transport modes are to be found for example in Denmark 
and the Netherlands (Gehl 2010: 213; Bernold et al. 2017; Milde 2017). In most other countries in 
Western Europe, bicycles are largely integrated into mixed traffic. Cities such as Paris, Brussels 
or Berlin are now starting to increasingly provide separate cycle lanes, especially on main roads. 

For cyclists, a positive effect of separating bicycles from motorized traffic is that it increases 
their subjective safety (NRVP 2019, FixMyCity 2020); this can motivate a large portion of the 
population to cycle (Sinus 2017: 67, 70–72, 140), which in turn can lead to further safety gains 
for cyclists. The numbers of accidents involving cyclists are significantly lower in countries with 
a high proportion of cycling. This is “safety in numbers”: motorists who expect to encounter 
cyclists are less likely to cause accidents involving them (Jacobsen 2003; Dutch Cycling 2019; 
Gehl 2010: 216; Woolsgrove/Armstrong 2020: 6; Greenpeace 2018: 10). To what extent this also 
applies to CAVs remains to be clarified. 

For types of road frequented by a large number of different road users, structurally separated 
cycle lanes are the only way for CAVs to autonomously reach their maximum permissible speed 
(Taub 2019, Heinrichs 2015). This is due to the legally prescribed minimum clearance distance 
for overtaking and the difficulty for CAVs to anticipate cyclists’ movements (Randelhoff 2017, 
Mingels 2019). 

A: Without infrastructure B: Protected lane C: Cycle lane D: Separated cycle lane

Figure 4: Forms of traffic management for cyclists

Source: the authors
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Separated cycle lanes are largely lacking in inner cities in Germany, so new infrastructure would 
have to be installed on a large scale. Depending on how a structural separation is effected, this 
can restrict the permeability of streetscapes and quality of stay and accessibility in cities, and thus 
detract from the guiding principle of a mixed and lively city. The public space and traffic space 
would also have to be significantly modified. New areas for separate cycle lanes can be created 
by reallocating the areas currently allotted to parked vehicles and moving motorized traffic. 

Mixed traffic has the advantage that the infrastructure and public space require only little modi-
fication or reconstruction. Open streetscapes, in which all road users are active on an equitable 
basis and show mutual consideration, reflect the diversity of the bustling European city. They 
enable the liveliness and openness that characterize liveable cities, and thus contribute to a high 
quality of urban life. In mixed traffic, all road users that adhere to the rules must adapt their speed 
to each other, which would result in significantly lower speeds overall. The risk of serious or fatal 
accidents drastically decreases with slower traffic. The City of Oslo, which specifically slows down 
its motorized traffic and provides separated lanes for cyclists on main roads, did not record any 
road fatalities among cyclists or pedestrians in 2019 (Bliss 2018, Walker 2020).

Mixed traffic situations are very challenging for CAVs, as they have problems reacting to the intu-
itive movement patterns of driven vehicles and bicycles in the open streetscape. The defensive 
riding style of cyclists often slows them down, and overtaking is rarely possible while maintaining 
the legally required clearance. For cyclists to be correctly overtaken, either a second lane or a 
single lane with a width of 5.5 metres is needed (cf. FGSV 2006: 27, section on legal classification 
of bicycle traffic). Analysis of existing roads and the recommendations from RASt 06 show that 
existing road networks often make overtaking in compliance with the rules difficult. Correct over-
taking is normally impossible in two-way traffic (cf. Table 2). 

According to the current state of research on the advantages and disadvantages of separated 
and mixed infrastructure, different road types can be specifically developed to enable efficient 
transport for liveable cities. A separate cycling infrastructure is the best option on relatively wide 
main roads, especially where motor vehicles travel faster than 30 km/h. As far as possible, the 
space for this infrastructure should be reallocated from surfaces currently assigned to parked ve-
hicles and moving motorized traffic. Mixed traffic is suitable on secondary roads where the speed 
of motorized vehicles is limited to 30 km/h. With an increasing share of bicycles, this would cause 
CAVs to adapt their speed to that of cyclists due to a lack of opportunities for overtaking, making 
the entire traffic situation safer. 

Separated traffic

Strengths Weaknesses

• CAVs have fewer problems interacting with other 
road users

• Large-scale installation of new infrastructure 
required 

• High subjective safety for cyclists • Much space required; not possible on streets 
with small cross sections 

• More people are motivated to cycle; this can 
increase safety for all cyclists 

• Depending on the type of separation between 
transport modes, accessibility in cities is 
restricted 

Table 2: Cycling and connected and automated vehicles in mixed or separated traffic: strengths and 
weaknesses 
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7. THE SIGNIFICANCE OF INTERSECTIONS

Intersections are often places of encounter, with great significance for urban life. At the same 
time, they are black spots for accidents, often involving bicycles and motor vehicles. Accidents 
can be prevented with design variants such as protected intersections4, or intersections where 
cyclists are more readily visible due to stop lines positioned in front of those for motorized 

4 An intersection where cyclists and pedestrians are separated from motor traffic and cross using 
separate lanes at the side of the carriageway (cf. Darmstadt fährt Rad 2020).

Mixed traffic 

Strengths Weaknesses

• No new infrastructure needed • Major problems for CAVs in urban traffic 

• “Open” streetscapes with a high quality of stay • In limited streetscapes with mixed traffic, highly 
and fully automated vehicles will probably have 
to switch to manual mode or travel at walking 
pace

• All road users adhering to the rules must travel 
more slowly: fewer serious accidents and 
increased potential for active mobility

• Low subjective safety among cyclists; however, 
this can increase with a high share of CAVs, as 
these travel and overtake according to the rules 

• Mutual consideration is essential and makes for 
traffic on an equal footing

• Correct overtaking of cyclists is not possible 
at all, or only with difficulty, on most inner-city 
roads in Germany 

Source: the authors

Figure 5: Intersection with provision for indirect left turns

Source: the authors, based on RASt 06 (FGSV 2006)



212 | PART II – PUBLIC SPACE – ARTICLE 11

traffic in combination with an earlier green traffic light phase. As the sensors of CAVs are po-
sitioned in such a way as to eliminate blind spots, this could prevent many accidents. Just like 
driver-operated vehicles, CAVs need a clear field of vision in order to detect cyclists under 
all conditions. It is therefore advisable to prohibit parking at intersections and instead find 
configurations that allow a clear view of the entire intersection for all road users. In addition, 
CAVs could better anticipate the riding behaviour of cyclists if these are restricted in their 
possibilities. Intersections where indirect left turns are supported (cf. Fig. 5 on the next page) 
or where cycling infrastructure comes to an abrupt end make it difficult to anticipate cyclists’ 
movements.

8. CONCLUSION 

Cyclists are agile, nimble and are subject to special traffic regulations. Accordingly, the sharply 
growing share of cyclists on the roads, not only since the Corona pandemic, presents CAVs with 
great challenges. Provisional results of the work packages of the Chair of Urban Planning in the 
research project “Concepts for the integration of cycling in future urban transport structures with 
autonomous vehicles – RAD-AUTO-NOM” show that without modifications to the infrastructure 
or to speed of travel, it will be difficult for CAVs to move through dense neighbourhoods fre-
quented by a large number of cyclists. 

The rising frequency of accidents involving cyclists, with far too often fatal consequences, shows 
that there is urgent need for action in order to make urban traffic space safer. This is a great 
opportunity for CAVs to make traffic less hazardous: unlike driven vehicles, their systems will be 
absolutely compliant and maintain a generous safety clearance to cyclists. This can prevent the 
majority of accidents for which passenger cars are currently largely accountable. Reducing the 
number of stopped and parked vehicles on the roads can have the same effect, since one fifth 
of all cycling accidents involve parked cars. 

Where the infrastructure is adapted to the needs of cyclists, they are more willing to accept 
the rules. This is especially important for traffic with CAVs, as a lack of acceptance of rules can 
become a significant point of conflict for regulated and controlled automated driving (intuitive 
driving versus regulated and intolerant systems). 

The urban environment and the design of streetscapes and public space have a major impact on 
quality of life in cities and the safety of their road users. Dense, compact cities can avoid a high 
proportion of private motorized traffic and create more shared-use zones in the public space. 
Especially as a result of the Corona pandemic, urban mobility is being rethought worldwide. The 
streetscape is seen as an “urban terrace” – a large “shared space” where catering, queues and 
large crowds have their place on at least an equal footing with car traffic. This transformation 
can only succeed where there is more equity regarding space in cities and the lion’s share of 
the traffic area is no longer set aside for motorized private transport. In many streetscapes, the 
space allocated for parking alone would be sufficient to provide adequate areas for more active 
mobility. 

Bicycle-friendly cities in Denmark and the Netherlands, which are seen as European pioneers in 
terms of cycling, are better prepared for a future characterized by bicycle and CAV traffic. Due 
to their partly separated infrastructure specifically installed for bicycles, the acceptance of rules 
among cyclists is higher; this could make their behaviour more predictable for CAVs. 
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Another way to make cycling more predictable is to modify roads in such a way that the legally 
prescribed overtaking clearances to cyclists can be maintained. Barriers for cyclists and pedes-
trians can also discourage crossing on selected roads, although such measures would have a 
decidedly negative impact on streetscapes and make cities significantly less liveable and di-
verse. This would realize the “[f]undamental contradiction: high-quality public space and CAM 
at higher speeds” (Mitteregger et al. 2022: 134) and be tantamount to a new car-friendly city.

Although key objectives have been defined for cyclists and for CAM in Germany’s transport 
policy, the ways in which cities must adapt to CAVs and to the generally changing framework 
conditions of transport depend to a great extent on future legal regulations. An important goal 
for urban planners is not to allow “islands of autonomy” – areas or streets where automated 
driving becomes possible at an earlier stage – to spontaneously arise. The aim should be to 
take the planned use of CAVs as an opportunity to design streetscapes in an equitable way for 
all road users, especially in settlements on the outskirts of a city. Automated public transport 
should also be taken into account here. Lower maximum speeds for private cars and more 
room for road users with smaller space requirements (public transport, cyclists, pedestrians and 
electric mini-vehicles) are important measures for ensuring liveable urban neighbourhoods with 
public spaces open to all parts of the population. 

The increase in cycling traffic and the gradual introduction of connected and automated mo-
bility have little influence on the fundamental priorities for the shaping of lively cities with safe 
transport spaces. Significant guidelines are for example: 

 ■ maintaining clear lines of sight for all road users, 

 ■ sufficient space for the various transport media that travel at low speeds, and 

 ■ a compact, mixed-function urban structure that makes for reduced traffic volumes. 

To enable automated driving in urban spaces with a high share of cycling, maximum speeds 
should normally be adapted accordingly. This applies above all to narrow streetscapes fre-
quented by many different road users. In the course of the mobility transformation, especially 
as a result of the Corona pandemic, speed reductions have already been introduced in some 
inner cities (e.g. Brussels, Mainz or Bilbao). The entire public space could thus serve as an “ur-
ban terrace” and a shared space, with a significant reduction in accident figures.

9. OUTLOOK AND REQUIREMENT FOR RESEARCH 

In the further course of the research project, specific recommendations and design approaches 
are being drawn up to prevent conflict between cyclists and CAVs. To this end, the Institute for 
Mobility & Transport (imove) at the Technical University of Kaiserslautern is conducting surveys 
and driving tests to determine functional safety requirements using methods from the transport 
sciences. The Division of Electromobility is setting up a simulation environment to evaluate the 
interaction between traffic planning concepts and technical systems. For this purpose, move-
ment profiles of cyclists are analysed using machine learning methods to enable recognition 
and prediction. The Department of Spatial and Environmental Planning will develop urban plan-
ning concepts for the design of cycling infrastructure in public spaces under CAV conditions. 
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The matter of how cities take account of the increasing share of CAVs on the roads in their plan-
ning is giving rise to a number of additional research requirements: in this article, little mention 
has been made of the increasing differentiation of micromobility (cyclists, electric mini-vehicles, 
pedelecs, cargo vehicles, etc.) and the impact of this trend on CAVs. Intersections are also of 
enormous significance for conflict-free traffic. Particularly in view of their importance for urban 
space and traffic, they should be the subject of a differentiated examination. Differences be-
tween the various types of intersection in terms of automated drivability are an important factor 
here. It should be discussed how the levels of automated driving can be more strongly adapt-
ed to different streetscapes and the coexistence of different traffic modes (cf. Stayton/Stilgoe 
2020). This would be helpful in planning where and how CAVs can operate.
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It’s the first rule of marketing: don’t start with the product, start with the customer’s need. The 
customer seeking a drill bit, we are reminded, is really just seeking a hole. 

We could likewise say the person who we think wants a driverless car, doesn’t want that, or 
even a helicopter or teleporter for that matter. They want to be somewhere else. 

If that somewhere else is a place of retreat — a house in the country or isolated beach — then 
maybe, just maybe, an autonomous car is the answer. But how many trips are to get away from 
other people? Most trips are not to places per se. Most trips are to meet people or join groups. 
We move for the sake of new unions.

None of us wants a driverless car, any more than we want a new drill bit. What we really want 
is to regroup. From the group we’re a part of at breakfast — our family, let’s say — we might 
want to join a work team, crew, gang, committee, cohort, jury, class, board, panel, etcetera, 
in time for the start of the workday. Before returning to the group we began with, we might 
have joined audiences, choirs, class reunions, sports teams, or any of hundreds of possible 
groupings. 

Many groupings, of course, involve only two people: a server and a diner, a doctor and a 
patient, a customer and a shop assistant, or simply two friends. Whatever their size, the pos-
sibility of many such groupings in a day is the raison d’être for cities. The form of any city, 
along with its mobility system, is a result of the inhabitants’ wish to group and regroup. It’s why 
central land in a city costs more: times taken to get there are shorter.

Artists’ impressions of future cities, if cities were reshaped to suit driverless cars, appeal to 
our emotions — they are sublime. They hypnotize us with technological possibilities, the way a 
new drill can. If we fall under the spell of those visions, we risk treating our cities like Masonite 
sheets in the hands of weekend handymen with new drill bits, turning them into pegboard for 
no reason except that their drill bits allowed.

We’ve seen how our ancestors got carried away with the car. They went crazy remodelling 
human settlements to suit the new tool, forgetting what settlements are built for, and that is 
to help people group and regroup. We repeat their mistake if we get too excited about the 
new kind of cars, the ones we don’t steer. We start thinking these shiny new tools will let us 
build places of meeting even further apart, never mind what intuition would tell us, that the 
regrouping function is served by compactness. Since we won’t have to drive them, we start 
thinking of cars as buildings of sorts, in which families might sleep or staff might sit in face-to-
face meetings. Since we’re not concerning ourselves with life-cycle analyses, public health or 
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the poor, we might as well go all the way and imagine our bodies as playing cards, and every 
grouping as a dealt hand, and every building as a card dealer, in a world operating as a giant 
machine, built to shuffle people around. 

There are cities like Dubai that function as symbols of wealth. In cities like those, the re-sorting 
of people into teams, boards, crews and the like, could cease altogether and the economy 
would barely be touched. The meeting rooms, classrooms and shops aren’t the engines of 
Dubai’s wealth. The oil fields and gulf are, and those don’t depend on people coming together. 
If any city could sink its surplus into a gigantic experiment that involves driverless cars, and all 
the infrastructure they require, it would be Dubai. 

Most cities aren’t like that. They depend on mobility, even more than the basics, like food and 
water. There’s the countryside for those who are hungry or thirsty. What brings people to cities 
is the opportunity of connecting with people. You only have to look at what social distancing did 
to most economies during the Covid-19 pandemic to know cities’ fortunes depend on face-to-
face groupings, and regroupings, of people. Most cities don’t have the luxury of experimenting 
with city forms that proceed, teleologically, from a new gadget. The gadget’s success could be 
the city’s demise. Thinking must proceed from the problem of regrouping itself.  

Accepting that regrouping is the city’s paramount function, leads us to take a step back for a 
moment and look at the city in such terms alone. As best as we can, we need to look past the 
pegboard mistake of our immediate ancestors who got carried away building settlements de-
pendent on cars. We should also look beyond whatever form our cities took as a result of the 
invention of trams and trains. At a time when some are rushing to imagine how driverless cars 
might reshape the city, we should pause to think in the opposite manner and not even assume 
that historic town centres,, shaped over centuries by the most basic mode, walking, are neces-
sarily more than historical blunders. 

It would be nice to suggest that we think about building a city from scratch, to be the most fluid 
city ever, when it comes to sorting people into new groups. However, we know from the argu-
ments caused by Thomas More’s Utopia or Plato’s projection of an ideal polis in the Laws that 
discussions that aren’t grounded in tangible models can throw up more stumbling blocks than 
they provide answers. 

What we need are examples of actual places, specifically designed to group and regroup large 
numbers of people, that are sufficiently like cities for us to see how their lessons might be trans-
ferred. High schools and Olympic parks would both qualify. However, for their sophistication 
and comparability to cities, airports do the most for our thinking. 

The biggest airports (Hartsfield-Jackson Atlanta, Beijing, Dubai, O’Hare, etc.) regroup more 
people per day than cities of a million inhabitants. At holiday time they manage more than 
300,000 connections per day. If we disregard security checkpoints, which cities don’t have, 
and luggage, which city commuters don’t carry and which in airports is transported under-
ground, then we can see the airport as a place that lets Bob and Mary leave the group of pas-
sengers they arrived with on a plane from Bogota, and a few minutes later–fifteen at the most 
– become members of a group who will be departing on the next plane to New York. That’s the 
time it will take Bob and Mary to walk to the Skytrain, take a short ride, then walk from the train 
to their gate for departure.

On the way, Bob and Mary will have crossed paths with more people than cross their path 
when they commute in their city. However, those strangers will not have turned traffic lights 
red on their way. Those strangers will not have caused crowds to thicken so much that Bob 
and Mary were unable to pass. If Bob and Mary noticed any of those strangers at all, it would 
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have been because they thought they were attractive or strange. None would have been a 
hindrance, like traffic.

It’s just as well elected governments don’t operate airports. Imagine if the mayor of your city was 
given the reigns. Come hell or high water, she would find some way of opening the concourse 
to all the car addicts who gave her their vote, and wouldn’t they love her for that! Instead of a 
concourse where people must walk, they will have one that allows them to drive. They could 
drive right the way through and collect their loved ones at the gate. They could drive around 
looking for parking spots right outside any restaurant or shop. They will have a concourse in 
which there are taxis hustling to drive Bob and Mary from the gate they arrived at to the gate 
they must get to before the plane they must catch goes to New York without them on board. 

It would be madness, but don’t laugh: this very thing happened to the city you live in. 

I’m from Australia where streets use to have porticos extending halfway out to the middle, but 
traffic engineers, using words borrowed from the field of hydraulics, wanted streets that had 
frictionless edges. There’s a sad story in Charles Montgomery’s book Happy City about the 
pioneer of traffic engineering, Miller McClintock. He completed a PhD on the topic in 1924, 
filled with arguments for the removal of cars from the city, but with a family to feed, he took a 
position financed by Studebaker right after university to champion an antithetical line. The new 
line involved the abolition of porticos. Regardless of how they protected pedestrians, the way 
pedestrians in airports have roofs to walk under, the columns of porticos were vulnerable in the 
event of a car crash. Studebaker wanted their customers to have the freedom to crash.  

To different degrees, it’s a similar story all over the world. Right when walking was getting hard 
enough anyway because cities were growing, traffic engineers exposed walking to the weather 
and stopped it with red lights in the shape of stationary men. Now, every few minutes a green 
walking man flashes for a few seconds, then it’s back to vroom vroom. 

Movement got put into cars, which in the city don’t move. It was as though the city was viewed 
as a parade ground for the worship of rich peoples’ automobiles, crawling at a snail’s pace for 
something to do. 

In cities where prosperity derives from the length of a river, the depth of a harbour, a natural 
fortification or access to natural resources, you might argue that mobility doesn’t matter much, 
anyway. What does it matter if cars cause congestion if they are useful as symbols of status!

But cities, these days, don’t function that way. Their fortunes ride on their capacity to assemble 
and reassemble groups sourced from potentially millions of people, all in the course of a single 
workday. Families relocate to cities for the opportunity of sending one member to a specialized 
school, another to a specialized job and of putting another’s specialized service or product in 
reach of millions of potential customers – and all of this during a single workday. Some come 
from rural areas, where there are no jobs, markets or schools. Others come from cities where 
commute times from most neighbourhoods (the poor outer districts, which the bourgeoisie tend 
to ignore) are so slow the city’s millions lack access to opportunities all of them would naturally 
seek. 

The main objection to this definition of cities, as places where millions struggle daily for the 
chance to connect, comes from the modern-day patrician class. Occupying central neighbour-
hoods, a short stroll from the best schools, shops and jobs, they bemoan the plebeians and 
their movement. They define cities as places in which to be still. They say the masses don’t 
need all their movement. They need better cafés, or, as Marie Antoinette might say, instead of 
mobility, they can eat cake. 
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Enough cities in this world are burgeoning despite their terrible coffee, and in some cases, 
barely a park or museum, for us to be certain that niceties like these are not the reason that 
cities exist. Cities exist for the possibility of getting from district to district for education or trade. 
Cities without the finer things – fine public space, for example – may see the disappearance of 
a handful from the upper echelons of society, seeking cities with culture or sun, but cities with 
gridlock lose the struggling masses, who by their sheer weight of numbers matter far more. 
The cities that win them, and the companies keen to employ them, are the cities with decent 
commute times. The airport analogy helps us understand why. 

The world’s biggest airport would be in New York, if hot destinations were what made certain 
airports turn into international hubs. However, scanning the field of international airports, we see 
the really large ones – Dubai, Atlanta, O’Hare – had something else going for them. There was 
efficiency in the way they helped people regroup that wasn’t lost as new terminals kept being 
added. Whichever airport in a region of the world can keep on providing quick transfers as more 
and more airlines choose it as a base, will become a honeypot for even more airlines, which will 
keep coming as long as the concourse and Skytrain can shuffle the volumes of people effectively. 

The honeypot lures all sorts of airlines, from those flying small planes to obscure destinations 
to those filling Airbuses headed to capital cities. The bigger the airport, the easier it is to fully 
book flights. The bigger the airport, the bigger the market to which an airline will have access. 

But the airport must be efficient. If one airport can’t guarantee swift passenger connections, 
there are others that airlines can choose.

The busiest airport in the world is in Atlanta. That’s not because Atlanta is unrivalled in terms of 
its central location to receive international and domestic air traffic, and it’s certainly not because 
millions are clamoring to visit Atlanta itself. It’s because the terminal design was efficient and 
remained efficient as its efficiency led to more growth. 

The same mobility system underpins airports as underpins transit-oriented cities. A mass rapid 
transit system – a Skytrain – moves between terminals, leaving people to walk the last quarter 
mile. To save them cluttering the concourse while schlepping their luggage, suitcases get han-
dled by others downstairs. Meanwhile, to speed up their walking, moving walkways are often 
provided. 

But stop for a moment and think about the ways many staff move around in these places. Be-
cause they are familiar with the environment, they can be trusted on bikes, or in some countries 
Segways or scooters. Whatever the choice of personal mobility device, it will be faster than 
walking, yet equally agile. If passengers were familiar with the environment, they might all be 
trusted to cycle as well. 

For staff with duties covering a whole airport, having fast wheels is essential. In some airports it 
can be as far to walk from one extremity to the other as it is to walk from midtown to downtown 
in Manhattan. Walking would consume their whole day. But agility is important as well. If staff 
made these trips in the golf carts used to help the disabled move around airports, they would 
be slowed down the way carts are slowed down, by pedestrians in their paths. What staff need 
are nimble wheels that allow them to slip between gaps. 

We’ve imagined what would happen to airports if shrinking, populist, grovelling mayors were in 
charge, but what would happen if the CEOs of airports became the mayors of our cities? Could 
they ban cars, remove traffic signals and kerbs, reinstate weather protection and allow as many 
people as could be trusted to speed up their walking with bikes? The first of many questions 
this raises, is whether or not this would be a recipe for crashes. 
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There is a live experiment in the central borough of Amsterdam – a district where 68% of all 
trips are by bike – that absolutely dispels fears that lots of bikes in an airport-like city would 
cause injuries due to bike crashes. In the middle of the craziest crossroads, where north/south 
and east/west bike and pedestrian traffic gets funnelled, the city of Amsterdam has created a 
“shared space”, the gedeelde ruimte between Amsterdam Centraal and the city’s free ferries 
to Amsterdam Noord. The nearest thing you could liken it to are those figure-8 sessions they 
used to run at skate rinks, the ones that always seemed to end with some poor kid breaking 
their arm. The shared space behind Amsterdam Centraal is a pure cluster of madness that no 
planner would want for their city (especially if they cared about the vision-impaired), but it does 
prove one thing without doubt: pedestrians and cyclists mix without hitting. 

That’s not to say no cyclist anywhere in the world has ever crashed into somebody walking; 
those incidents get so much attention from people who think bikes aren’t legitimate transport 
but toys, that no one could be unaware that such accidents happen. What is being argued is 
simply that, where both pedestrians and cyclists are prevalent and known to each other, like 
in the shared space behind Amsterdam Centraal, they miss each other with surprising aplomb. 
They are doing, naturally, what engineers are striving to achieve with autonomous cars. They’re 
automatically engaging in lane formation by following the rider ahead, and they are making 
subtle adjustments to their speeds in order to anticipate, and just miss, all the others crossing 
their paths. 

To anyone with an interest in two and two, and in putting them together with a mind to reach-
ing new and amazing conclusions, a few possibilities arise from this observation. We start to 
imagine cities that don’t have any cars, but that do have weather protection, like supersized 
airports. If we like, we can imagine what might have happened to the world’s prototypical city, 
Rome, if the ancient world had had bikes.

The previously walled centre of Rome was 13.7 square kilometres and was traversed at walking 
speed only. Linearly, cycling is five times faster than walking (15 to 20 km/h, as opposed to 3 to 
4 km/h) and therefore capable of encompassing areas 25 times greater in the same time. Had 
the Romans all cycled, their city could have been 68.5 square kilometres in area and still have 
had the same average trip times. Instead of housing just 450,000 people, the ancient city of 
Rome could have housed more than ten million.

Let’s not quibble about densities, streets widths or how ancient Roman cyclists would have 
made it up the Palatine Hill with no gears. Let’s just acknowledge that if we were starting from 
scratch, with a new city, we could achieve a hell of a lot if we planned it around cycling and 
banished the cars.

What would a city made from scratch, around bicycle transport, be like? Our imaginations 
wouldn’t be too far off target if we pictured 18th and 19th-century cities built around the speed 
and dynamics of horses. What is Amsterdam, if not a city designed around horses, where the 
horses got swapped for bikes? 

We have licence, though, to imagine something tailor-made for bicycle transport. We are well 
within our rights, for example, to imagine a city where the streets are protected from rain. Why 
not! We no longer need rain to wash away horse poo. These days, we have sanitary bicycles 
that we can use – not to mention a plethora of tiny, electric-powered, personal mobility de- 
vices. It’s about time we thought about streets that provide pedestrians and cyclists with 
weather protection. 

It’s time too that we thought about spiralling buildings, buildings that would allow us to cycle 
all the way up and through them. The time is right to think about undulating ground surfaces, 
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where places of stopping and slowing are raised, and travelling paths are all lowered. That way, 
we would not have to brake to slow down or pedal any harder when getting our bikes back to 
speed.

What gives us licence to think in such fanciful terms, about some imaginary, future, bike city? 
We are granted this licence by all those who have been imagining the city of the future if it had 
driverless cars. If it is OK for some to speculate about cities being even more sprawling, or to 
picture the street as a virtual train track, filled with cars electronically coupled so they speed 
along bumper-to-bumper, it is fair that we be allowed to imagine a city planned around bicycle 
transport.

It may just be the case, too, that a city designed around cycling will have even faster connec-
tions, and provide even more comfort, than a city shaped by driverless cars. 

In a moment (on the next pages) we’ll look at three images imagining the city of the future. 
Though they haven’t been published before, the thinking behind them is from my 2017 book 
Velotopia. It was promoted as the book Ebenezer Howard might have written had he cared 
more about cycling than trains, or the book Le Corbusier may have written had he not been 
besotted by cars. 

In Velotopia I express my bemusement that neither of those authors ever mentioned bicycles 
as part of their mobility plans. There was actually a bike boom in full swing when Howard was 
writing about garden cities. As for Le Corbusier, he was a cycling enthusiast himself; you would 
think the bicycle would figure in some measure in his vision for future cities, but like Howard, 
his mind went to enclosed and powered machines. 

In Velotopia I said the problem they must have seen with bikes was all of the horse shit. Streets 
used to be caked in the stuff, meaning people whose jobs were indoors preferred to travel in-
doors, in trains, omnibuses and cars. However, I have come to see an even larger, if less visible, 
factor at play: the factor of money and power. 

It was industrialists who lured millions to cities in the late 19th century, so it was industrialists, 
not politicians or planners, who decided how they would commute. Industry in Victorian London 
took off thanks to steam engines and railways, so as planning proceeded for the population 
to grow to six million by the year 1900, it was done hand in hand with the train. Producers of 
oil and cars were behind the post-war prosperity of American cities like Dallas and Detroit, so 
those cities grew according to a car-dependent model of urban growth. 

Bicycling doesn’t have a small cartel of rail or oil magnates who stand to get rich from more 
cycling. The only ones standing to gain are … everyone else! 

The benefactors of a bicycling city are those of us who are not oil or car companies. We are 
all the small and large businesses, and all the consumers, carers, students and workers. Our 
interests don’t include trains, cars, or even bikes for that matter. All we want is a city where 
everyone gets around quickly, preferably cheaply. Can we squeeze into the cigar room of a 
businessmen’s club and conspire about highways or railways? Hardly! We number in the mil-
lions. We are the masses at large. All we have are representative bodies: the governments 
that we elect. 

The time has come for governments to open their eyes to something no industrialist is likely to 
tell them: that fast machines are obstructions to a fast city. To think fast machines could make 
cities faster, is to misunderstand what cities are. Cities are sorting devices, built to sort, and re-
sort, people into all manner of temporary groups. 
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The city can be likened to a giant bowl full of cornflour and water into which each of us can 
lower a spoon. All of us, simultaneously, can slowly move our spoons to any point in the bowl 
we may wish, and will get to that point in good time. All it takes though, is for one fool to try and 
stir quickly, and the entire bowl of cornflour will freeze.

That fool is the person who brings a car into a city. A hundred years ago, their presence created 
the need for traffic signals, turning movement in the city into a stop-and-start matter. In the fu-
ture that fool will be in a driverless car, thinking each car should be coupled to cars fore and aft, 
all speeding around bumper-to-bumper. It will not occur to this fool that he has turned the street 
into a chainsaw. Lest they be minced, pedestrians will need to be stopped from ever crossing 
the road, with fencing like you see around train tracks. Will the fool care? Of course not! He is 
an heir to the Filippo Tommaso Marinetti spirit, not seeing the city as a delicate re-sorting de-
vice to make ever-changing groupings of people, but as a stage for rocketing bodies between 
removed points on the map. He will never understand that rocketing bodies is a business for 
NASA and SpaceX. He would rather get frozen in oobleck. 

The three large plates in this chapter provide an alternative vision of the city of the future to 
those offered by believers in driverless cars. The first is of an apartment block, designed around 
a bike-friendly access gallery.

Image: Steven Fleming

Plate 1: An apartment building designed to make use of things that have wheels.

The idea here is to eliminate a portion of time in each trip that the automotive industry has  
chosen to discount: the time it takes to get on the road after walking out your front door. Aver-
age car trip times for cities are collated from data recorded in logbooks that study subjects 
keep in the glove compartments of their cars. They don’t capture the time that can be spent 
schlepping children and groceries between cars homes, and destinations. In the building we’re 
about to imagine, that schlepping all disappears. If you wanted to, you could take your children 
in your cargo bike and use the cargo bike as a trolley when doing your shopping. 
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It would not be essential to include an elevator in a building like this. If there was one, it would 
only be for taking you up. Coming down would be faster by bike – the bike you would keep 
inside your apartment if you lived in a building like this. You wouldn’t leave home without it, at 
least not if you were concerned about time. That is because there would be no faster way out of 
this building than on a bike. With the whole building designed around a spiralling escape ramp 
of sorts, leaving would be as simple as riding out your front door and letting go of your brakes. 
The only faster way out of a building would be via a fireman’s pole!

Designer: Matt Sansom

Figure 1: An apartment designed to make use of the bike. 

Photo: Matt Sansom

Figure 2: Most shops could make use of the bike as a trolley.  
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Similarities can be drawn between this proposed new kind of building and: a building called the 
8 House in Copenhagen that has maisonette apartments accessed via a ramped aerial street; 
Park Hill in Sheffield that has horizontal aerial streets extending to meet the hillside where the 
building is sited; and the West Village Basis Yard in Chengdu, a perimeter block with scissored 
bike ramps connecting the access galleries back to the ground. 

Bike access eventually had to be banned in the 8 House due to inadequacies in the detailed 
design, but Park Hill and the West Village Basis Yard remain popular with people wanting to ride 
from high-level apartments directly down onto the ground. The building we’re imagining would 
be even more popular among cyclists, given it provides them the most direct path to the street.

Note how it spirals clockwise from bottom to top. That is because the example we’re looking 
at has been designed for countries like England and Australia, where we drive on the left. The 
idea is to put cyclists who are on their way down, and thus going faster, on the side furthest 
away from the apartments’ front doors. 

However, finessing of that sort doesn’t completely negate the need to make those ramps wider. 
If they’re to handle people walking, people in wheelchairs and people on bikes, the regular 
width of an access corridor would at least need to be doubled.

To save a doubling of the width, causing a halving of the plan’s efficiency (in other words, an 
inordinate ratio of public circulation space to the private floor area of the apartments), it would 
make sense if bike-access apartment blocks had twin-level, maisonette, units. That way, ac-
cess would only need to occur on alternate levels. To really boost efficiency, access could be 
stretched out to every third level. The architect would just need to configure the apartments in 
a manner pioneered by architects Peter and Alison Smithson in a building called Robin Hood 
Gardens. The following drawing shows how two-storey apartments can sit over and under floor 
levels largely given over to ramp space. The only private space on the access level would be 
entry vestibules and single offices or bedrooms connected by private stairs to apartments, one 
stretching over, its neighbour stretching under, the level of entry and access.

Image: Steven Fleming

Figure 3: Access galleries can be widened without reducing floor plan efficiency.   
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Velotopia works through the thinking and planning of various types of ramped bike-access 
apartment blocks, with apartments as small as one bedroom ranging to large ones that inter-
lock like bayonets. There are also slab blocks organized around aerial streets that switch back 
on themselves, the way roads switch back when they’re leading up mountains. 

Lest any scenario be forgotten, there are sections on all kinds of buildings, from office blocks to 
retail and even country retreats. Has there been uptake? As an author, you don’t always know. 
I can say that as a consultant, I have slipped these ideas into masterplans I’ve worked on in 
Norway and China. Also, the City of Bogota had me work there to deliver a competition brief 
for a school and bicycle industry incubator. Initial plans are to give the poor district of Bosa a 
building derived from “Velotopian” thinking.  

The real-world dimension to the work gives it a practical edge, missing from city-of-the-future 
visions with driverless cars. Ramp gradients are not randomly chosen but conform to guidelines 
developed for wheelchairs. Similarly, hard lessons learned in the 1960s, when there was no 
passive surveillance of access galleries, have put limits on what can be imagined as real. 

If there is one contemporary orthodoxy that can’t be acquiesced to, it is New Urbanism’s mora- 
torium on big buildings. An atrium needs at least a 60-metre circumference for a ramp to fit 
in it, and double that if the ramp is to skip alternate stories. There is no way, in old cities, for 
buildings of that size to be squeezed onto small lots, at least not without the amalgamation of 
sites or some inelegant planning. 

Really though, this represents a fairly insignificant point. Old city centres aren’t where humanity 
is struggling to provide housing. Urbanization is playing out on former industrial land, or, in poor 
countries where urbanization is happening at the greatest pace, new buildings are being con-
structed on cleared forests and farmland. Either way, new buildings are big enough to be de-
signed around ramps, instead of high-maintenance lifts. The second of our large plates shows 
what could await a person on a bike as they ride out of their building. 

Image: Steven Fleming

Plate 2: A street that is easy to cycle on, yet hard to drive on, meaning it is easy to walk there and 
use wheelchairs too. 
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The first thing to note is that the street isn’t flat but something more analogous to a skate park. 
Only this skate park is for adults and on the scale of a city. 

The concept derives from a desire to prevent fast-moving, heavy machines from ever dominat-
ing the city. A car or a motorbike would be shaken to bits if it went faster than bike pace on a 
ground surface that goes up and down. 

With fast machines out of the picture, we can imagine the perfect environment for cycling, while 
not forgetting the needs of pedestrians or people in wheelchairs. The inspiration comes partly 
from skate parks, where children stop on elevated plateaus. The elevated plateaus of Velotopia 
are where cyclists slow down before dismounting or riding into the buildings. 

One metre below those plateaus are elevated mounds, positioned at all of the crossroads. The 
idea is to slow cyclists a little where their paths intersect. 

The lowest plane of this undulating terrain is where cyclists would be moving the fastest. 
Test-riding has taught us that a two-metre elevation, from the lowest/fastest point of the road to 
the top of the mounds, is just the right height to bring a loaded cargo bike to a standstill without 
braking, and to get it back to full speed when it heads down. 

The book Velotopia has ideas about grade separation between cyclists, pedestrians and disa-
bled for the busiest parts of our cities – around central train stations, for instance. But in a city 
without transit nodes (subway stations, for example) and where cyclists aren’t funnelled onto 
the few streets remaining after driving has taken the others, movement would be diffused. Few 
streets would have so many cyclists that they couldn’t operate as shared spaces, with pedestri-
ans, disabled people and bicycle riders all crossing paths without hitting.

Based on that assumption, the vision of the future city shown in Plate 2 has paths on diag-
onals, between the plateaus, at a gradient to suit people in wheelchairs or using mobility 
scooters. 

Photo: Charlotte Morton

Figure 4: A stop-motion photo showing ideal elevations for slowing and starting without having to 
pedal or brake. 
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The second thing to note, is that bike routes are covered. Some of the artists’ impressions in 
Velotopia show giant saw-tooth roofs covering all open space: the whole of the street and all 
the courtyards within buildings. The idea would be to let people make beelines, oblivious to 
buildings held aloft on thin columns, and oblivious to rain or snow falling. 

The vision shared here is more modest. Only the travel routes are protected, leaving cyclists 
exposed to a few seconds of rain at the beginning and the ends of their journeys. In this case 
we’re imagining awnings that are parabolic, to capture and harvest rainwater on wet days, and, 
in sunny weather, to tilt to track the sun and focus all the energy on one point for collection. 

Where one might expect the most vociferous critics of covered streets to be drivers, poopooing 
public expenditure on anything except for more parking, the real hatred for this idea has come 
from Dutch bicycle advocates. The same people who in one breath say cycling is transport, 
not recreation, insist that cyclists want the rain on their face to remind them that they are alive. 
What they are saying is that cyclists are different from patrons of other modes, such as car or 
rail travel, all of which provide weather protection. Given that country’s Calvinist roots, it is 
tempting to guess that what these tough guy (and gal) cyclists are saying, is that they are God’s 
chosen ones, predestined for heaven, because they ride bikes in the rain. It’s an us-and-them 
attitude with no place in a city that is lacking any drivers to mock.  

We end this series of three image plates with a view of a plateau with no buildings. It’s a raised 
space, which means our wheel-borne population naturally slow, or come to a stop, when they 
get here. While they are on this stopping plateau, they are storing potential energy, by virtue of 
their slight elevation. When they leave and head down, that potential energy will be converted 
into the kinetic energy they will use to join their next group.

Image: Steven Fleming

Figure 5: An undulating ground surface would thwart driving, be better for wheelchairs and unleash 
the convenience of bicycle transport.
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Like all three of the plates, it is rendered in high enough definition that details in the back-
ground ask to be seen. Key among them is the permeability of a city, where buildings can all 
be passed under. 

Image: Steven Fleming

Plate 3: Their elevation would make cyclists naturally slow down before arriving at building entries 
and public spaces like this. 

Image: Steven Fleming

Figure 6: Cyclists’ and pedestrians’ inherent ability to cross paths means buildings could be raised 
and everyone could make near-perfect beelines to their destinations in a bike-centric city.
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Perhaps the most important chapter in Velotopia is the chapter estimating trip times. They 
come out better for a city of six million cycling than for the six million driving in the Dallas–Fort 
Worth metroplex – an example often held up in support of car transport. Granted, my trip time 
calculations are for an “ideal” bicycling city, having no hills, a high population density and noth-
ing to make cyclists slow down. What I would say about my ideal, though, is that it is far easier 
to achieve in real life than the ideal of a car city. It doesn’t need a lot of things added, like bil-
lion-dollar freeways or cross-city tunnels. The main task is taking things away, namely the cars, 
which since they have wheels, should not cost very much to remove! 

All this leads us to the first of two basic questions: which should we build for, the bike or the 
driverless car? Where cities are rapidly expanding, or being built out of nothing, the opportun- 
ity exists to make cities cheaply, with no elevators or heavily engineered roads, and where the 
costs to individuals are equally low – bikes retail for US$50 in poor countries, about as much 
as motorists spend every time they refuel their cars. Once you factor in the cost to life from 
having populations sitting, not exercising, when they commute, and the cost to the planet of 
heavy modes of transport compared to light-weight bicycling, the car city looks like a hideously 
expensive proposal. When it comes to new urban districts, therefore, or whole new cities con-
structed from scratch, the case for purpose-building for cycling begins to look strong. 

The main objections to cycling – that it is slow and puts people out in the weather – are moot 
when we construct our cities for cycling from scratch. When we think about bike trips being all 
under cover, then using the bike to schlep children and loads the whole way, and not obstruct-
ing cycling with traffic lights or the detours we subject it to by routing it clear of car traffic, we 
begin to imagine a city that is just as comfortable, convenient and time-saving as any we can 
build around driverless cars, but without the price tag or externalized costs to public health and 
the planet. 

Next comes the more vexed question of adapting existing human settlements so they group 
and regroup people more quickly. If any role can be imagined for the driverless car, it might 
be in completing the task of making the countryside a part of that story, in other words, letting 
people live in the country but still have access to the opportunities that come from fast connec-
tions to millions of people.

What an absurd proposition! Houses built for tilling the land will not be drawn together – at 
least not in their millions – until we actually do have personal flying contraptions, or teleporters. 
The cost of the roads would be greater than the cost of the buildings – that is, if we’re serious 
about giving people in the countryside equal access to the specialized education and jobs that 
populations of millions can offer. For the sake of a relatively small percentage of the world’s 
current dwellings, connecting the countryside using driverless cars would be as wasteful of 
cities’ resources as it would be wasteful of car manufacturers’ R&D funding. 

The fact that R&D into driverless car technology is persisting, is evidence, on its own, that the 
automotive industry has its eye on more than the country. It expects its products will be wel-
come in actual cities, on streets that need to accommodate all people’s movement between 
all the densely packed buildings. The cost of that R&D work is itself proof that the automotive 
industry isn’t angling to provide driverless car technology on a supplementary scale. It must 
work at an economically viable scale to the automotive industry. In other words, they are hop-
ing existing urban areas will be retrofitted so that driverless cars become the dominant mode. 

Anyone who might be concerned about the slight dangers inherent in a rise in bicycle trans-
port, would have to view the car industry’s plan as an absolute nightmare. The polite visions 
they’re promoting right now, of cars stopping for kids chasing puppies out onto the street, are 
to establish a foothold for driverless cars in the city. Once they have that, their profit motive will 
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compel them to lobby, year after year, for measures that will make driverless cars more prolific. 
Since capitalism knows no limits to increased profits, the goal must be for driverless cars to 
take over. By the time car companies have recouped the R&D outlay that they’re spending right 
now, and turned a speculative investment into real profit, they will have convinced us to fence 
off our streets the way we’ve fenced off our railways, so cars can be coupled like rail-cars. The 
only opportunities for crossing the street, since intersections will be optimized for cars to sift 
through without touching, will be via over- and underpasses, paid for by the public and herding 
us via circuitous routes. The most practical means of just crossing the street, will be to pay for 
a ride in a driverless car. We’ll be slaves to an industry that doesn’t sell holes, it sells drill bits. 

I would urge anyone being swept down this path by arguments pointing to the short-term bene-
fits of driverless cars, to pause and engage with the Velotopia vision. While bicycle-centric, it is 
pro-walking and pro-public transport in ways the car city cannot be. Also, while it starts with a 
discussion of a city for six million, built out of nothing on a flat plain, it is ultimately focused on 
actual cities, with their existing car dependence, rail infrastructure and hills. 

The lofty idea of a perfect bike city for six million people is offered merely to balance the scales. 
When a highway is planned, we all know the vision we are building towards. It was pushed on 
the world right through the interwar period in Le Corbusier’s Plan Voisin, Frank Lloyd Wright’s 
Broadacre and, most influentially, Norman Bel Geddes’s Futurama exhibition of 1939. When we 
build a railway with transit-oriented settlements clustered around the new stations, we have 
Ebenezer Howard’s garden city model to tell us what we are setting out to achieve. We similarly 
know, when we plan a pedestrian-centric new township, that a plethora of ideal models, ranging 
from those systematized by Kevin Lynch and Jane Jacobs, to actual medieval town centres, are 
the long-term goal of our efforts. Despite being fast, safe, cheap, healthy, sustainable, nimble 
and able to carry things for us, the bicycle never had a city model defined as a goal. Velotopia 
has corrected that error and shown in the process that bicycle-centric built environment plan-
ning could lead to faster average commute times than any of the other models just mentioned.

Velotopia’s downfall is that no powerful group is ever likely to champion it for their own profit. 
Selling a bike to each person will not make the bike industry as rich as the car industry became 
by selling each family one, two or three cars. Getting everyone cycling won’t make a few in-
fluential landowners rich the way landowners get rich when train stations are built near their 
holdings. In a bicycle city, all but the most peripheral land is equally accessible, in terms of 
average trip times. We also know from the way land prices evened out in cities in China after 
the arrival of dockless bike sharing systems, that anyone owning land in a central location, 
who might be expecting it to exponentially appreciate as the city expands, could turn against 
cycling when they see its levelling effect on land values. None of these traditional profiteers 
from mobility systems, or the lack of them, will use their power and influence to champion the 
Velotopia model. 

The challenge in promoting a bicycle city, is not finding the ears of the rich and influential but 
of the people at large, because it is they who will reap the fast trip times and comfort. We just 
have to show that cycling is worth building for, to the exclusion of shiny distractions, like driver- 
less cars.
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Mobility, transport and settlement structure are inextricably linked. That it is not the technol-
ogies alone that shape space and spatial structure but that planning and mobility culture, for 
example, play a decisive role is revealed by a comparison: despite their many similarities, the 
car has not had anywhere near as profound an influence on the European continent as it has on 
North America. Generalizing terms like “suburbanization” serve only to obscure this fact. Con-
sequently, the chapters in Part III, which focuses on spatial development, always take both fac-
tors into account: technology and planning. On different levels, they show what targeted spatial 
development approaches might look like and which influential variables need to be considered.

In their article Strategic spatial planning, “smart shrinking” and the deployment of CAVs in 
rural Japan, Ian Banerjee and Tomoyuki Furutani show how connected and automated driving 
systems are embedded in what is probably the world’s largest transformation strategy in this 
context. With its national spatial strategy, Japan is tackling the island nation’s major problems: 
the radical depopulation of entire swathes of the country, population ageing and the associat-
ed impacts on both society and the economy. Automated mobility services have a fundamen-
tal part to play here and are thus explored in conjunction with transport infrastructure. The 
authors reveal the affinity between this transformation strategy, which is organized on three 
hierarchical levels, and Walter Christaller’s central place theory: the mobility hub becomes the 
nucleus of settlement development, whether as a small station, as an integrated regional hub 
or in collaborative core urban areas. In rural regions, all the services offered by a central town 
are concentrated in such hubs, thousands of which are due to emerge throughout the country 
over the coming years. The catchment areas around these nodes are supplied by automated 
vehicles running on local transport routes.

In Integrated strategic planning approaches to automated transport in the context of the mo-
bility revolution: A case study in suburban and rural areas of Vienna/Lower Austria, Mathias 
Mitteregger, Daniela Allmeier, Lucia Paulhart and Stefan Bindreiter present strategic planning 
approaches created during a transdisciplinary process in which representatives of four exam-
ple communities and regions worked together with planners and automated mobility experts. In 
every example the aim was to make attractive mobility services possible in suburban and rural 
areas by connecting and automating transport. The result was multilevel strategic planning 
approaches that highlight the opportunities – as well as the limitations – of this technology. In 
each case, connected and automated driving was promoted hand in hand with the develop-
ment of active mobility. On the basis of this transdisciplinary work, the authors make the case 
for a strategy that is problem-centred and tailored to the target group; in all the transport and 
spatial constellations considered, this leads to connected and automated vehicles first being 
used for specific mobility needs.

In their chapter Opportunities from past mistakes: Land potential en route to an automated mo-
bility system, Mathias Mitteregger and Aggelos Soteropoulos contemplate another spatial as-
pect of transforming the mobility system. The authors argue that the much-discussed reduced 
need for parking spaces due to the advent of automated mobility services has thus far only 
taken into account a small proportion of the land that could potentially be converted. A move 
away from owned mobility and towards spontaneously used mobility services would trigger a 
systemic change that would affect the entire product life cycle of motorized private transport 

 PART III
Spatial development

Mathias Mitteregger, Rudolf Scheuvens



236 | PART III — SPATIAL DEVELOPMENT

and all its associated functions – from the car dealership to the car wash. Here too, the area  
under consideration is the metropolitan region of Vienna/Lower Austria; the authors investigat-
ed every site that might come into question with the aid of a GIS-based analysis. They show 
that significant opportunities arise in the area of brownfield development, but that for these to 
be tapped a major overhaul of planning processes is required.
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1. INTRODUCTION

The experiments taking place around connected and automated vehicles (CAVs) in global inno-
vation networks today are largely technological in nature. This research takes a relational view 
of CAVs by investigating how they can be conceptualized within the larger context of strategic 
spatial planning. To do so, it takes Japan as a case study and explores how the current govern-
ment is applying the tools of its new National Spatial Strategy (NSS) to strategically steer the 
development of its main economic and social sectors, including transport and the deployment 
of CAVs. All sectors of national innovation programmes, including those for CAVs, are guided by 
the ideas and principles of the grand narrative of change envisioned by the new NSS (see Fig. 1).

In the first AVENUE21 publication, Tokyo was presented, along with San Francisco, London, 
Gothenburg and Singapore, as one of the pioneering regions for CAVs (see Mitteregger et al. 
2020: 85–90). This research returns to Japan to take an in-depth view of the dynamic relations 
co-evolving between the country’s new instruments of the NSS and the societal context of de-
ploying CAVs. The main aim of this analysis is to find out if and how the device of a national spa-
tial strategy can be helpful to conceptualize the potential deployment of CAVs. This research of-
fers less a critique than an analysis of the rationale behind the newly adopted approach towards 
spatial planning in Japan, and the “new thinking” the government is struggling to embrace in 
order to cope with the country’s daunting socio-economic crisis. It spans an arc from the macro 
level of national spatial planning to the micro level of CAV tests conducted in rural Japan.

Before looking at an exemplary set of experiments conducted with automated mobility in rural 
Japan, we take an expansive view of the thematic issues and policy positions in the country. 
We argue that in order to understand the logic underlying the conceptualization of the potential 
deployment of CAVs in Japan, it is essential to understand the country’s overall demographic, 
spatial and economic predicament, and how the government wants to address the country’s 
challenges with new ways of thinking about its future, new planning concepts and new ideo-
graphic narratives.

Strategic spatial planning has often been criticized for being inherently neoliberal and autocrat-
ic, promoting gentrification and large-scale, profit-oriented urban development projects. How-
ever, planning theorists have also pointed to its potential to be inclusive, emancipatory and 
innovative in socio-territorial terms (Swyngedouw et al. 2002, Moulaert et al. 2003, Bornstein 
2007). This research seeks to explore its emancipatory potential, albeit in the very specific so-
cietal and cultural context of Japan. Despite the fact that the concept of strategic spatial plan-
ning has existed for many decades and has been proficiently practised in countries of both the 
Global North and the Global South, it is difficult to find a shared definition. For this research, we 
adopt the view of Oosterlinck et al. (2011) who define strategic spatial planning as “[…] a method 
for collectively re-imagining the possible futures of particular places and translating these into 
concrete priorities and action programmes” (Oosterlinck et al. 2011: 1; see also Albrechts 2004, 
2006; Healey 2004). We look at strategic spatial planning not as conventional master planning 
pursued through passive control and zoning (Albrechts 2006) but as a “[…] transformative and 
integrative, (preferably) public sector-led socio-spatial process through which visions, coher-
ent actions and means for implementation and co-production are developed, which shape and 
frame both what place is and what it might become” (Oosterlinck et al. 2011: 3, adapted from 
Albrechts 2006; see also Healey 1997, 2007). We also pursue an “institutionalist” understanding 
of planning, which is based more on a social-science-oriented planning theory than one that 
is planner-client oriented. This approach draws more attention to planning practices and the 
complex institutional dynamics connected to a place, changes in social relations and the ways of 
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collective decision-making (for more, see van den Broeck 2011: 54). We assert that the concep-
tualization of the deployment of CAVs is shaped by the dynamic interlinkages between global, 
national and particularly local factors. Its analysis on the local level is a challenging exercise in 
disentangling its cultural and institutional threads, and not to forget the threads of power and 
vested interests (see Chap. 18 by Stickler in this volume).

The reason for choosing Japan for this exploration is due to the opportunity it offers to study 
a nation’s ongoing response to the severe demographic crisis it is facing today, with both 
the instruments of a comprehensive national spatial strategy (NSS) and the resolve to deploy 
CAVs. The way the conceptualizations of new forms of mobility, including those of CAVs, are 
embedded in the larger framework of the country’s new NSS makes Japan stand out among the 
pioneering regions for CAVs.

The demographic crisis that Japan, the third-largest economy in the world, is facing today is ex-
pected to reduce the country’s current population by 30% by 2060. Given the current trend and 
pace of depopulation in most parts of the country, the provision of utilities such as water, gas, 
public transport, etc. may become impossible to maintain in the coming decades. Ageing and 
radical depopulation of most of the countries’ prefectures are already creating a substantial de-
crease in agglomeration potential and the loss of workforce. The crisis is unprecedented in his-
tory in terms of its magnitude and complexity. This seeming impasse has fuelled the Japanese 
authorities’ fear of economic downfall and partial collapse of the country’s regional infrastruc-
ture. As in many other countries, response to depopulation has been slow; however, the current 
government has finally placed the topic as a key item on its national policy agenda. Japan’s 
main political objective today is to secure its national prosperity by revitalizing its economy 
and to create sustainable settlement patterns that react to depopulation in creative ways. The 
political resolve to respond to the challenge manifested itself in the watershed year of 2014, 
when a number of ambitious economic and spatial restructuring strategies were simultaneously 
presented by various governmental institutions. This new thrust forward by the Japanese gov-
ernment has sparked considerable global interest in its policies. Japan is believed to be at the 
forefront of innovations addressing the challenges of ageing and shrinking in concerted ways – 
with mobility strategies and CAVs playing key roles therein (Roland Berger 2018, OECD 2016a).

This paper examines the government’s response to the country’s challenges along three analyt-
ical dimensions: spatial planning, governance and mobility. It puts them in relation to each other 
after taking a historic view of the country’s evolving approach towards planning, particularly 
taking into account the country’s 60-year-long experience with the instruments of national spa-
tial planning. The first section of this paper outlines the demographic challenge faced by Japan 
and the process of depopulation on the regional level. The second section reviews the evolu-
tion of national spatial strategies with a focus on the new grand narrative of a radically “com-
pacted and networked” country inscribed in its two most comprehensive strategic responses: 
the National Grand Design 2050 (2014) and the 2nd National Spatial Strategy (2015). The third 
section examines the changing notion of governance by looking at how a consensus has been 
found among policymakers to transform Japan’s traditionally centralized form of government 
into a multilevel form of governance by encouraging nationwide processes of participation from 
the bottom up. Finally, the fourth section looks at the new institutional set-up created for the 
development of CAVs with a focus on their deployment especially in rural areas. It looks at how 
locally specific tests are conducted in rural and mountainous regions of the country, and at how 
a variety of factors are influencing the experiments with CAVs in these areas.

The research for this paper is based on a literature review and field experiences. We have 
drawn particularly on the comprehensive review of the new policies in Japan made by the 
OECD (2016a), the resources of the Ministry of Land, Infrastructure, Transport and Tourism (MLIT 
2014, 2015, 2017, 2019) and the learnings from experiments conducted with CAVs at the Keio 
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University in Tokyo. The presentations and discussions at the international conference SIP-
adus Workshop in Tokyo in November 2019 (SIP-adus 2019a) have also helped to sharpen the 
authors’ picture of Japan’s approach to connected and automated vehicles in comparison with 
other proactive countries in the field.

On the discursive level, this paper wants to contribute to the exchange of ideas between Japan 
and Europe. The necessity of learning from each other is timely for two pertinent reasons: both 
regions are facing the challenge of ageing (Reuters Graphics 2020) and the difficulty of serving 
their elderly population in rural areas; and both regions are interested in revitalizing their rural 
areas by making them more attractive places to live and work by, for example, deploying new 
mobility services such as those with CAVs.

2. JAPAN’S DEMOGRAPHIC CHALLENGE

2.1 POPULATION IMPLOSION

After the devastations of World War II, Japan surprised the world by swiftly rising to become the 
second-largest economy in the world, only to be recently overtaken by China. Here are some 
indicators of its success (for more, see Diamond 2019: 294–298): today, Japan accounts for 
8% of global economic output; in the last decades, it has continuously managed to be among 
the top ten in the Global Competitiveness Index of the World Economic Forum; it is the world’s 
leading creditor nation with the second-highest foreign exchange reserves (even though its 
high domestic debt draws more global attention); it has the world’s best roads and one of the 
densest infrastructure systems; it has the second-highest number of patents per million inhab-
itants; it makes the world’s third-largest absolute investment in R&D (after China and the USA); 
it is one of the cleanest and safest countries in the world, and the third-most equal country in 
terms of wealth distribution (after Denmark and Sweden).

After five decades of its spectacular display of techno-economic success, Japan now faces a 
composite crisis of a magnitude it has not seen since the beginning of the Meiji Restoration in 
1868 (for more, see Diamond 2019). The 11th-most populous country in the world (as per 2019) 
has today the highest proportion of elderly citizens of any country in the world, followed by Italy 
and Germany (Population Reference Bureau 2019). Ageing, the highest life expectancy in the 
world (80 years for men, 86 for women), the dramatic fall in fertility rates and the subsequent 
shrinking of its regions have trapped the country in a series of chain reactions that are threaten-
ing to disrupt its economy, social contract and geopolitical influence. Japan’s population grew 
from 33 million in 1868 to 128 million in 2008 (Fig. 2). After 60 years of growth, it is expected to 
shrink to 107 million (16%) by 2040, to 97 million (24%) by 2050 and to 86 million in 2060 (IPSS 
2014, Funabashi 2018). After peaking around 2010, Japan’s population is expected to fall back 
to around 50 million by the end of the century (Funabashi 2018); 40% of that population would 
be over 65. The increase in the “oldest-old”, namely those aged 75 and above, will more than 
double from 11% in 2010 to 27% in 2060 (IPSS 2014, 2017). The demographic transition taking 
place in the country is unprecedented in human history (OECD 2016).

After at least two decades of neglect, the so-called Masuda Report appeared in 2014 to “galva-
nize a large part of the political elite” (OECD 2016: 194), particularly those living in the regions 
suffering population decline. The Masuda Report, with the original title of “Stop Declining Birth 
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Rates: The Local Revitalization Strategy”, was named after the chairman of the Japan Policy 
Council (JPC) Hiroya Masuda, the former head of the Ministry of Internal Affairs and Commu-
nications (MIC). It triggered an impassioned nationwide debate and a call for radical action on 
governmental and institutional levels. The report sent out the warning that 826 local govern-
ments, which is roughly half of the total, risked “extinction” by 2040 (OECD 2016: 195). The 
Masuda Report succeeded in transmitting its key messages with the help of succinct narratives. 
Its title “Stop Declining Birth Rates” pointed to the problem while at the same time making 
a plea for change. The second part of the title, “The Local Revitalization Strategy”, offered a 
solution to the problem and a recommendation for action, which, in principal, was about mak-
ing “regional cities attractive to young people” by building “new structures of agglomeration” 
(OECD 2016: 195). It advocated the creation of “core regional cities” with 40,000 inhabitants 
connected to others with new information and transport technologies. These cities were to be 
attractive enough to function as “dams” against the outflow of young people into larger cities. 
The idea closely resembles the building blocks of the new National Grand Design 2050 that 
would follow that same year (see 3.4.2).

Four years after the Masuda Report, a scientific publication followed up on the same topic, 
carrying the title: “Japan’s Population Implosion: The 50 Million Shock” (Funibashi et al. 2018). 
The editor, Yoichi Funabashi, backed by over a dozen authors, identified the policy failures of 
the last three decades and the lost opportunities to avert the impasse, making a passionate 
appeal for radical structural measures. It is one of the most comprehensive accounts of the 
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demographic and social dilemma currently threatening Japan. The authors painted a dystopi-
an picture of a coming catastrophe, showing how it had already begun in many regions. They 
pointed out that even though the population decline is tied to a multitude of other problems 
in Japan, it is not merely one problem among many but the key to understanding the principal 
structural deficiency afflicting the country (Webb 2018).

While there are many reasons for population decline (see Diamond 2019), some, like Funibashi 
et al. (2018), link the central cause of the chronically low fertility rate in Japan to the lack of 
work-life balance and the intense stress factors citizens are exposed to in their everyday lives, 
leading to “[…] a sense of fatigue […] in Japanese workers, especially young workers with long 
commutes, extensive overtime, and ambiguous personnel evaluation systems” (Funibashi et al. 
2018: 104). They argue that Japan’s birth rate will not recover without a fundamental reform of 
the social structures that are threatening interpersonal relationships and deterring citizens from 
marriage and childbirth (Funibashi et al. 2018: 103).

2.2 “DISAPPEARING MUNICIPALITIES”

Socio-spatial data shows that the population decline in Japan has been relatively slow and 
spatially uneven in the last decades. Between 1985 and 2010 it was less than 10% in five pre-
fectures with the highest rate of decline. Some prefectures even saw an increase in their pop-
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ulation during this period. It was only after 2008, when the population started to plummet as a 
whole, that it became prevalent for almost all of Japan. The term “disappearing municipalities” 
is commonly used in the discourse to concisely depict the fate of a large number of municipali-
ties affected by depopulation and ageing. Most prefectures in Japan will only have 50% to 70% 
of their 2010 population count by 2060 (Funibashi 2018: 52). According to Japan’s Regional 
Population Projections (IPSS 2014), the rate of decline in 42 prefectures (out of 47) will be more 
than 10% between 2020 and 2040.

The reason for the drop in regional population, in addition to the general drop in fertility rates, 
is largely due to rural-to-urban migration. After World War II, a large number of young people 
started to migrate to three large metropolitan regions: (1) Tokyo, Chiba, Saitama and Kanagawa; 
(2) Aichi, Gifa and Mie; and (3) Osaka, Kyoto, Hyogo and Nara. Today, roughly half of Japan’s 
population lives in these three regions. With their rapid industrial growth and global economic 
success, these three regions started to attract large numbers of young people from rural areas 
– a trend that continued until around 2005. During the high growth era of the booming 1960s 
when Japan grew into a global economic powerhouse, more than 600,000 graduate students 
would flock to these three regions every year (Funibashi 2018: 54). Today, in 2020, the number 
is around 100,000 per year. The aged population ratio will start to affect these mega metropol-
itan areas slightly later than rest of Japan, that is, from around 2030 (Kaneko/Kiuchi 2018: 11). 
This will be the time when Japan will have “a real sense of population decline” (Funabashi 2018: 
52). By 2060, the population is expected to be less than or equal to half of the current level in 
about half of the municipalities nationwide. 70% of all municipalities are likely to see a reduction 
of around 20%. Forecasts show that the smaller the size of the municipality, the faster the speed 
of decline will be (Fig. 3). Towns and villages with 10,000 or fewer inhabitants are expected to 
have approximately 40% of the current figures by 2060 (Funabashi 2018: 54).
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Urban population decline is known to create a dangerous chain of events that usually triggers a 
sustained downward spiral (OECD 2016: 233). It can lead to migration, erosion of human capital, 
the downsizing of services, reduction of opportunities available locally, reduction of real estate 
values, etc. The pressure on financing public services will mount as local tax revenues decline 
and the per person cost of providing services rises. This will then lead to the closure of schools, 
hospitals and public facilities (see Fig. 4).

3. EVOLUTION OF NATIONAL SPATIAL PLANNING

3.1 ACHIEVING BALANCED GROWTH: COMPREHENSIVE NATIONAL  
DEVELOPMENT PLANS (1962–1998)

Over the past 60 years, Japan has experienced profound changes in its socio-economic condi-
tion including rapid acceleration of industrialization and a fast increase in its population. During 
this period, while the country soared to become the second-largest economy in the world, 
the Japanese government practised national-level spatial planning with the aim of alleviating 
spatial disparities and steering the country’s economy in a balanced way. The first Comprehen-
sive National Development Plan (CNDP) was published in 1962, with three subsequent CNDPs 
following in 1969, 1977 and 1987. The strategic plans generated idealized visions of the Japa-
nese territory, addressing issues like land use, industrial locations, social infrastructure, culture, 
tourism, natural resources, human resources, etc. For 50 years, the CNDPs remained the main 
steering instrument for Japanese national and regional land policies (Ono 2008), leading the 
country into an era of unprecedented wealth.

3.2 FIRST RESPONSES TO DEPOPULATION: GRAND DESIGN FOR THE 21ST  
CENTURY (1998–2008)

Fifty years of high growth rates and relative regional stability of the population and settlement 
structures in Japan ended in the 1990s. After the collapse of the dot-com bubble in 1993, the 
Japanese economy started to slide into stagnation and by the end of the century, the spectre of 
depopulation had started to emerge in the public discourse. At this turning point, the concept 
of CNDP was sidelined and a new framework for the country’s spatial strategy was presented in 
1998: the Grand Design for the 21st Century. The Grand Design was not only a spatial strategy 
but also addressed a broader range of issues such as the consequences of globalization, the 
revolution in information technologies and very importantly, the country’s demographic situa-
tion (OECD 2016: 86). Also, it advocated a multiaxial development plan as a long-term vision, 
marking for the first time a departure from the excessive dependence on the economic engine 
of the Tokyo megaregion (Ono 2008). Also for the first time, it began to promote wider citizen 
participation (Ono 2008).

3.2.1 Compact city and transport-oriented design (TOD)
The 1998 “Act on Vitalization in City Centers” was the first attempt to strategically incentivize 
the concentration of urban functions and invigorate commercial activities in city centres while 
striving to minimize the role of the central government.
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The first tangible and design-oriented spatial policy that responded to depopulation started 
with the increasingly popular metaphor and concept of the “compact city”. While national and 
local governments started debating various ways to enact new laws to reinvigorate shrinking 
city centres, Aomori City (population: 287,000) and Toyama City (population: 415,000) were the 
first cities to respond proactively to the situation (Kikodoru et al. 2008: 16). Based on the idea 
of the compact city, they drew up master plans in 1998 that would incentivize the concentra-
tion of urban functions in city centres in order to save the costs of maintaining public facilities, 
conserve energy and prevent further urban sprawl (OECD 2012, Kaneko/Kiuchi 2018). These 
attempts demonstrate the early adoption of transport-oriented design (TOD) in Japan, which 
focuses on creating public transport and new urban centres along the transportation axes of 
railways and buses and encourages the building of housing and medical services near stations 
and bus stops. Toyama City in particular promoted “active mobility” by encouraging urban de-
velopment that facilitates access to functions within walking distance.

In 2005, the Sectional Committee on Urban Planning and Historic Landscape of the Panel on 
Infrastructure Development wrote an initial report on the need for “urban restructuring” by 
replacing existing urban structures with “concentrated” urban structures. They proposed the 
concentration of commercial, administrative, medical, cultural and other functions to ensure ac-
cessibility without reliance on cars (Kaneko/Kiuchi 2018). Three revised acts strengthened the 
involvement of local governments to set and evaluate measurable targets.

3.3 A TURNING POINT: FIRST NATIONAL SPATIAL STRATEGY (2008)

Despite the initial efforts to concentrate urban functions, the outcomes of the new measures 
remained limited and urban sprawl continued. After the first Grand Design, which had sketched 
out a broader view of the country’s future, in 2005 the 1962 legislation of CNDPs was funda-
mentally revised and renamed the National Spatial Planning Act. The new act constituted an 
important shift: from a growth-driven planning regime to one concerned with demographic 
decline and the sustainable use of national territory (OECD 2016). Most significantly, the new 
strategy also started to look at how to promote more autonomy for local governments. In 2006, 
eight local regions were defined and asked to prepare their own regional spatial plans (RSPs; 
ONO 2008), which were to be subsequently integrated into the National Spatial Strategy (NSS). 
The 1st National Spatial Strategy was finally adopted in 2008. With the depopulation debate 
in full swing and the economic stagnation turning into a serious problem, this marked a major 
turning point for Japan.

3.3.1 Low-carbon city (2012)
In November 2012, the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) presented 
directions for a new policy with basic guidelines towards sustainable development by promot-
ing “regional intensification” by encouraging the construction of green buildings and the use 
of low-carbon and recyclable systems. This led to the enactment of the Act on Promotion of 
Low-Carbon Cites in December 2012 (Kaneko/Kiuchi 2018). Thus, two policy narratives, the 
“compact city” and the “low-carbon city”, began to shape the urban discourse in the country. 
The new plan allowed local governments to create their own ways to promote the low-carbon 
city in so-called “Urbanization Promotion Areas”. Reduction in income tax, relaxation of certain 
regulations and financial support through subsidies were offered as incentives. By October 
2014, 16 cities had been designated to be low carbon.

The two cities in Japan that are often mentioned as a reference in this context are Maebashi 
City and Kochi City. Maebashi City produces around 40% more annual CO2 emissions per per-
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son in the transportation sector than Kochi City. The reasons for this difference lie in the differ-
ent forms of the cities and their different degrees of spatial compactness (Kaneko/Kiuchi 2018: 
22). This comparison is often brought forward as an argument for promoting a combination of 
the low-carbon city and the compact city concepts.

3.4 THE SEARCH FOR A GRAND NARRATIVE OF CHANGE

3.4.1 Scenarios of hope: Reframing the problem
The reluctance to accept the grim prospects of shrinkage as something permanent, as ob-
served in other parts of the world, may be due to electoral reasons or simply because of a 
natural human unwillingness to believe oneself to be part of a declining community (Schlappa/
Neill 2013). A large number of medium-sized cities in OECD countries are facing similar chal-
lenges, yet there is a remarkable lack of good practices to be found in the field. The dominant 
narrative of growth has created an all-pervasive paradigm and institutional mindset that drives 
the vested interests of the infrastructure industry of most countries through the “iron triangle” 
linking bureaucracy, politics and business (Adams 1981). This may also be a contributing factor 
to why governments are slow to respond to the situation.

As the image of the forbidding reality of depopulation started to trickle down into the con-
sciousness of Japanese society, policymakers found themselves compelled to create scenarios 
that conveyed some elements of hope to bring back confidence into a society growing progres-
sively pessimistic. The year 2014 marked a watershed moment for the generation of such sce-
narios of hope. That year, while the scathing Masuda Report was circulating, the government 
proposed a number of ambitious spatial and functional restructuring strategies. It is interesting 
to see how these strategies could reframe the bleak forecasts of recent years with narratives of 
opportunities and potentials. For example, “disappearing municipalities” and “shrinking cities” 
became “smart shrinking” or “rightsizing cities”. Population decline, undoubtedly a daunting 
challenge, was framed in a way that it could offer new opportunities. This narrative shift was an 
important step towards sparking community action and institutional change within a wide range 
of social networks.

3.4.2 A culmination point: National Grand Design 2050 (2014)
Two decades of debates on depopulation and economic stagnation culminated in a framework 
for a coherent and long-term spatial development strategy that, finally, squarely addressed 
Japan’s socio-demographic crisis: the “National Grand Design 2050: Creation of a country gen-
erating diverse synergies among regions” was unveiled by the Ministry of Land, Infrastructure, 
Transport and Tourism (MLIT) in 2014 (OECD 2016, Funabashi 2018). The new Grand Design 
identified the main trends and challenges as the ageing population, depopulation, ageing infra-
structure, increasing competition between cities, natural disasters, technological change and 
threats to food, water and energy supplies (MLIT 2014). It formulated its key strategies based 
on a new population count founded on a national grid, of which more than 60% was assumed 
would lose half its population. 20% of these grid squares were forecasted to become uninhabit-
ed by 2050 (MLIT 2015). Based on the identified trends and challenges, the Grand Design 2050 
created the principles for a long-term spatial strategy up to 2050. These were subsequently 
integrated into all other government plans, including the most important – the 2nd National 
Spatial Strategy – to be adopted the following year.
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3.4.3 Smart shrinking: The principles of the National Grand Design 2050
The two main ideographic narratives of the strategy are “compact” and “networks”. The new 
Grand Design suggests the “rightsizing” of cities and the creation of new types of functionally 
connected regions. It proposes a spatial restructuring of the entire Japanese territory with 
three types of spatio-functional building blocks and three corresponding models of services 
(Amano/Uchimura 2018, OECD 2016). These are: (1) villages with “small stations”, (2) mid-sized 
cities with “integrated regional hubs”, and (3) a “super megaregion” around Tokyo with “collab- 
orative core urban areas”. Before elaborating on the spatial building blocks, we shall have a 
look at the key components and principles underlying the strategy.

Compacted and networked
The two principal ideas underlying the strategy are: (a) to make the country spatially more 
“compact” in order to make public service delivery efficient and supportable; and (b) to stra- 
tegically interlink the compacted areas into larger functional “networks” with the hope of creat-
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ing more innovation by intensifying processes of exchange between neighbouring regions. It is 
assumed that this will help to maintain or regain the agglomeration effects lost by depopulation 
and to nurture the engines of growth by radically improving the connectivity infrastructure be-
tween the regions.

The principal ideas of the Grand Design mainly take their cue from studies in economic ge-
ography and location theories. They are based on research showing that the doubling of the 
population living within a radius of 300 km can increase productivity by 1.0% to 1.5% through 
various forms of spillover (OECD 2015). While there is overwhelming evidence that economic 
benefits can increase with city size, there is also evidence that smaller cities can benefit by 
“borrowing” agglomeration from neighbouring cities (OECD 2016: 84). Agglomeration effects 
are believed to result not only from population density but from “the ease with which agents 
can interact and transact with a large number of other agents” (OECD 2016: 84). Also, studies 
show that these interactions do not necessarily have to take place only in close vicinity – many 
highly innovative regions are successful by being part of international linkages despite having 
moderate populations.

The principles of the Grand Design also remind us of central place theory (CPT), a highly in-
fluential yet disputed theory put forward by the German geographer Walter Christaller in the 
1930s (Christaller 1933). Based on the analysis of existing human settlements in Southern Ger-
many at the time, Christaller proposed an idealized model for planning settlements based on 
the concept of centralization as the ordering principle. He asserted that settlements existed 
as “central places” to host services for surrounding areas. According to Christaller, people 
purchased goods and services from the closest places, and in the transportation model this 
ordering could minimize the network length and maximize the connectivity of the centres to be 
served (Agarwal 2009). Building on this, he argued it would be possible to calculate the size 
and number of settlements, evenly distributed across the entire territory, using the hierarchical 
order of space built on hexagons. While there are striking similarities between the principles 
recommended by the new spatial strategy in Japan and CPT, it is notable that the precondition 
of Japan is radical shrinking, while CPT was conceptualized in times of growth.

Diversity and collaboration
As the subtitle of the Grand Design suggests, it is about the “Creation of a country generating 
diverse synergies among regions” (MLIT 2014). Diversity and collaboration are seen here as pre-

Village

City

Town

Figure 6: The hierarchic ordering of space according to the central place theory of Walter Christaller

Source: Ian Banerjee, adapted from Christaller (1933)



250 | PART III ‒ SPATIAL DEVELOPMENT ‒ ARTICLE 13

conditions for regional development in times of depopulation (MLIT 2014; OECD 2016b: 10). Re-
gions and towns are encouraged to identify their specific natural, cultural, economic and social 
assets and understand their potential to attract people and investment: “This very diversity of 
endowments and strategies creates the possibility for collaboration, because it gives rise to the 
possibility of identifying potential complementarities among places and building strategies to ex-
ploit them” (OECD 2016b: 10).

Economic diversification in regions along with intensified interactions are expected to lead to more 
“constructive dialogues” between people and places (MLIT 2015: 31): “As the population declines, 
competition among regions and cities for people and resources will intensify, largely because they 
have similar endowments, needs and aspirations. However, it is their diversity that may offer the 
best hope for the future” (OECD 2016b: 10). The new strategy recommends experiments with mod-
els of governance that foster new types of political cooperation between regions (see Section 4).

Rural revitalization and the “sixth industry”
The main reason for migration to big cities in Japan (and most other countries) is the lure of jobs 
and lifestyle. The only way to prevent this is believed to be the revitalization of rural areas with 
the creation of non-agricultural jobs and the provision of lifestyle options attractive to the younger 
cohorts. As a response to this challenge, the Grand Design has taken up the narrative of “rural 
revitalization”. The “compacting” of territory is not seen merely as a defensive measure to stream-
line services for shrinking regions; instead, it urges regional governments to embrace innovative 
approaches towards building new foundations for economic activities in rural areas (OECD 2016: 
81; MLIT 2015). This also includes strategies around stimulating senior entrepreneurship known as 
the “silver economy” and the “sixth industry”.

The sixth industry is essentially about “the formation of integrated value chains encompassing pro-
duction, distribution and marketing by linking agriculture, forestry and fisheries producers to those 
with expertise in the secondary (processing) and tertiary (marketing) sectors […]” (OECD 2016: 213). 
Such strategies are built on local assets exemplified by the logic of strategies like those used in 
France to market products such as French wine or local cheeses. A number of lighthouse projects 
in Japan provide good examples of how small towns have been able to reinvent their economies 
and even create new regional identities by tapping into their local resources. For example, the 
Seiwa area in Mie Prefecture was able to create a buzz around environmental innovation; Ama-
Cho in Shimane Prefecture has been able to shine with food technology and education; and very 
prominently, Kamiyama in Tokushima Prefecture has found success with IT companies and art. All 
have established a basis for future prosperity and created conditions that are attractive to young 
people, without the unrealistic desire to “bounce back” to their previous population counts.

Attractive rural landscapes and amenities, combined with good external connectivity, are leading 
to the rise of a growing number of start-ups in the field known as “knowledge-intensive service 
activities” (KISA). This trend can be also observed across many OECD countries (OECD 2016b: 
17). The sixth industry and KISA are not expected to have a substantial macroeconomic impact 
in Japan, but it is anticipated that “small niche activities could still make a big difference in thinly 
populated areas” (OECD 2016a: 211). A considerable part of the process of reimagining the future 
of Japan will be about how to create prosperity with fewer people.

Intensifying urban-rural linkages
Making rural life attractive to younger cohorts is seen as an essential task by the government. The 
Grand Design recommends strengthening relationships between rural areas and urban residents 
by creating stronger “urban-rural linkages”. The experience of new types of rural life is actively pro-
moted by initiatives such as “Attractive Rural Areas – Make Coming Back to Rural Areas Real”, put 
forward by the Ministry of Agriculture, Forestry and Fisheries (MAFF) in 2015. It is broken down into 
very simple projects, such as enhancing children’s understanding of rural life by offering experi- 



251 | PART III ‒ SPATIAL DEVELOPMENT ‒ ARTICLE 13

ence-rich tours or encouraging direct exchanges of goods and services between various sectors 
and industries.

3.4.4 The three spatio-functional building blocks
The Grand Design 2050 reimagines the reconfiguration of Japanese territory with three types 
of spatio-functional building blocks based on three spatial scales and three models of social 
services. They are conceptualized as follows.

Villages served by “small stations” (serving 10,000 inhabitants)
It is recommended that the villages, where most of the population decline is expected to take 
place, are interlinked into networks of villages of a defined size and served by centralized com-
munity service delivery hubs called “small stations”. These stations have two functions: to offer 
services and to help gather people, goods, money and information to create new value. They 
offer life services such as childcare, health/elderly care, government information, etc. Each of 
these small stations could serve up to 10,000 inhabitants in the village network. Estimates show 
around 5,000 to 7,000 of them would need to be constructed across the country (OECD 2016: 
82). For example, Kochi Prefecture on the island of Shikoku plans to build 130 such stations, 
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positioned 4 to 5 km from each other, within a catchment area of 54 km2. Studies by the Na-
tional Institute for Land and Infrastructure Management (NILIM) have mapped out the measures 
necessary to push forward the “systematic shrinking of urban areas”, which might be necessary 
when restructuring the urban areas through these small stations (Kaneko/Kiuchi 2018: 22). The 
politically and socially difficult question of relocation has often been discussed but mostly re-
jected by citizens (SIP-adus 2019a).

The deployment of CAVs with different capacities and ranges is expected to help create mobil-
ity services for these small stations. It is important to note that the aim of the strategy is to re-
duce car dependency and urban sprawl; the strategy promotes the concentration of key urban 
functions along with the extension of public transport networks (OECD 2016).

Mid-sized cities served with “integrated regional hubs” (serving 300,000 inhabitants)
The strategy recommends the integration of mid-sized cities into functional urban areas (FUAs) 
with a combined population of at least 300,000. This rationale is based on the assumption 
that a population of 300,000 is necessary to offer and maintain high standards in education, 
medical care and employment opportunities. They will be served through “integrated regional 
hubs”, also called “urban compact hubs”. These hubs will be connected with each other within 
one hour of travel (“high-grade city links”). The strategy estimates Japan would need 60 to 70 
such regional hubs (Amano/Uchimura 2018: 23).

A “super megaregion” served by “collaborative core urban areas”
The aim of creating a “super megaregion” is to enhance the agglomeration potential of Tokyo. 
Against the backdrop of the country’s stagnating economy, this is of particular national interest. 
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As often mentioned in the urban discourse, along with New York and London, Tokyo is one of 
the world’s top three “global cities” (Sassen 2001). It represents a crucial aspect of the country’s 
economic competitiveness and its cultural landscape. The future of Tokyo is an important and 
sensitive topic for national spatial planning in Japan. The idea put forward by the strategy is to 
create more intense physical and digital connectivity between the three metropolitan regions 
of Tokyo, Nagoya and Osaka by connecting them with high-speed internet and an ultra-high-
speed train (maglev) called Chuo-Shinkansen. This will make them physically reachable within 
an hour. With 64 million inhabitants, this will be the largest functional urban region (FUR) in 
the world. To maintain their competitive edge in logistics, innovation and knowledge creation, 
these regions are expected to need the services of a wider range of specialized forms of finan-
cial, business and producer services. The new strategy aims to achieve a higher concentration 
of such high-level urban services by building “collaborative core urban areas” situated near 
railway stations and other central locations (OECD 2016: 158).

3.4.5 2nd National Spatial Strategy: A comprehensive planning device (2015–)
The 2nd NSS, adopted by the national government in 2015, currently serves as the most impor-
tant socio-economic planning document for Japan (for an English summary, see MLIT 2015). It 
integrates the building blocks of the National Grand Vision 2050 and outlines a comprehensive 
spatial strategy addressing all sectors of development. Also, with reference to Japan’s geopo-
litical interest, it recommends the intensification of transnational exchanges with other regions 
in Asia, particularly with Southeast Asia (for more, see MLIT 2015).

Its overarching objectives are: (a) revitalizing regional and rural economies, (b) creating new 
settlement patterns by “smart shrinking”, and (c) strengthening the global competitiveness of 
the major metropolitan areas. The architecture of the 2nd NSS reflects a consistent, long-term 
vision of the government’s response to population decline. It formulates the nation’s priori-
ties and objectives while ensuring the coherence of the main sectoral policies, including the 
above-mentioned eight regional spatial strategies. In particular, the NSS includes the country’s 
economic strategies, such as the National Special Strategic Zones (NSSZ). In 2014, the same 
year as the Grand Design was presented, Japan approved the creation of six NSSZs with dif-
ferent specializations, such as medical innovation, agriculture, tourism, etc. (see Fig. 1). The six 
zones are flanked with “regional innovation strategy promotion areas” such as the Industrial 
Cluster Programme, the Knowledge Cluster Initiative, and the Regional Innovation Strategy Pro-
gramme. Notably, with regard to depopulation an explicit aim of the NSS is to stop the net inflow 
of currently around 100,000 persons per year from the rural areas to the Tokyo region (OECD 
2016, MLIT 2015) and to encourage flows back to villages and smaller towns.

Despite the accomplishments attained by Japan’s top-down national strategic spatial planning 
that has been applied over the last 60 years, there are growing doubts about the efficacy of its 
practice in the new millennium. The recurrent phenomena of industrial centralization and urban 
sprawl have shown how the location choices of both industry and households have consist-
ently challenged the government’s objectives of balanced growth and sustainable settlement 
patterns. This outcome has indeed created some degree of disillusionment with national spatial 
plans (OECD 2016).

However, withstanding all critique, the importance of coordinated, national-level strategic plan-
ning remains an imperative in Japan. In fact, at the beginning of the 21st century, in times of rap-
id change and insecurity, and “[…] at a time when government is devoting enormous energy to 
overcome traditional sectoral approaches to policy in favour of an integrated, government-wide 
approach to the challenges of demographic change, such a coordinating device is indispen-
sable” (OECD 2016: 87). Also, it is believed that when national strategies are the outcome of 
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extensive participatory processes, they can strengthen communication between stakeholders 
(OECD 2016). Drawing from this belief, the process of developing a national strategic plan is 
now considered in Japan to be as important as the plan itself – if not more so. This is also one 
of the reasons for the government’s search for governance models that will enable more partic-
ipatory decision-making processes in planning.

4. GOVERNANCE

The need to engage with local municipalities and the requirement to work with multiple levels 
of government have contributed to two specific shifts in viewing governance in Japan. This 
section briefly outlines these two shifts. It is by no means a critique or a comprehensive review 
of citizens’ (dis)contents; however, it points to a major shift taking place in this field (for more on 
new approaches towards governance, see Chap. 16 by Hamedinger in this volume).

4.1 STRUCTURE OF TERRITORIAL GOVERNMENT

The structure of the territorial government in Japan is built on the complex relationship be-
tween the central government and the subnational governments (for details, see OECD 2016). 
The Japanese archipelago consists of the main island (Honshu) and three major islands (Ky-
ushu, Shikoku, Hokkaido) with 6,848 lesser islands, totalling 377,960 km2 in area. Adminis-
tratively it is divided into 47 prefectures and 1,742 municipalities as of 1st January 2013. The 
three major metropolitan areas of Kanto (around Tokyo), Kinki (around Kyoto and Osaka) and 
Chukyo (around Nagoya) contain 51% of Japan’s total population (IPSS 2014). Cities in Japan 
have different statuses. With 9.6 million inhabitants (metropolitan region: 37.6 million), Tokyo 
has the status of a prefecture divided into 23 wards, which are seen as independent cities. The 
so-called “designated cities” have a population of over 500,000, the “core cities” more than 
300,000 and the “special cities” over 200,000 people.

Central  
government

Prefectures

Municipalities (1,718)

Metropolitan 
special wards in 

Tokyo
Government-
designated 

cities
Core 
cities
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 cities

Cities

Other 
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Figure 9: Structure of territorial government in Japan

Source: OECD (2016)
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The enmeshment of fiscal structure and the commitment to interregional equity has created 
a very strong influence of the central government on subnational governments (OECD 2016). 
It is beyond the scope of this study to review the complexity of Japanese government and its 
evolution in recent decades; however, for this review, it is relevant to note that the current gov-
ernment is in search of a new approach to government (and governance), which will essentially 
instigate the devolution of power and the empowerment of local municipalities.

4.2 TWO SHIFTS IN THE APPROACH TO GOVERNANCE

The search for new models of governance intensified in Japan after the new Grand Design and 
the 2nd NSS were presented in 2014 and 2015 respectively. The main cause for this search 
was the institutional realization that the new national vision of a “compacted and networked” 
country could only be realized with the intense involvement of local actors and the production 
of local knowledge (OECD 2016). The central government is not expected to have the capacity 
be able to fully understand the specificities, assets or constraints of local regions, let alone 
have the resources to innovate on that level. Two essential moves implied in the strategy are: 
(a) breaking away from the notion of transforming every region into a growth machine, and (b) 
starting from the places and aspirations of the local community (and not solely investing in profit- 
oriented projects implemented in strategic locations).

Such discursive reflections have led to two shifts in looking at governance: (a) the shift away 
from a traditionally top-down approach to planning to one that encourages more bottom-up 
initiatives, and (b) the move away from sectoral to integrated policies.

4.2.1 Top-down meets bottom-up
While the old Grand Design for the 21st Century from 1998 had begun to promote wider citizen 
participation and partnerships, the first National Spatial Planning Act went on to institutionalize 
it in 2005. One of the intentions of this new act (see Section 3.3) was to incorporate mecha-
nisms of decentralization into Japan’s national spatial planning system. It adopted a two-tier 
structure: the overarching National Spatial Plan (NSP) and eight Regional Spatial Plans (RSPs; 
Kenji 2008: 511). This act consequently marked the beginning of the integration of local munici-
palities in the planning process. Based on this, many local authorities began to experiment with 
home-grown strategies, marking the growth of an experimental culture that would later prove 
supportive in developing local strategies for the deployment of CAVs.

After the “wake-up call” of the Masuda Report in 2014, a new consensus started to emerge 
across Japan: in order to respond to the diversity of the country’s geographic, economic and 
social challenges, it was assumed that while maintaining strong leadership from the centre, a 
systematic acceleration of bottom-up processes in local communities was a matter of necessity. 
An important idea put forward by the new strategic approach is to encourage “healthy” com-
petition and simultaneously foster strategic collaboration between subnational governments. 
To this end, the government has embarked on creating instruments to ensure that prefectural 
and local authorities have enough resources, know-how and authority to design and implement 
their own ideas. It has also started a discussion on how new governance structures could im-
prove the traditional tax allocation mechanisms enacted through the country’s intergovernmen-
tal transfer system (OECD 2016).
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4.2.2 Breaking down the sectoral silos
The second recommendation made by the new NSS is to break down the sectoral walls be-
tween governmental institutions.

These efforts are predicated in part on building on a sense of crisis (kikikan) in order to over-
come institutional inertia and the tendency of bureaucratic structures to operate within narrow-
ly defined sectoral policy “silos”. There are important potential complementarities among dif-
ferent strands of public policy that can only be realized with a whole-of-government approach, 
and that is precisely what the government has been working to realize (OECD 2016: 79).

“Breaking down the silos” seems to be an idea that had found its moment in Japan. It corres- 
ponds with another major institutional innovation initiated in the same year by the Council 
for Science, Technology and Innovation (CSTI) – something that would directly affect the pro-
grammes for CAVs (see Section 5.1).

4.2.3 The “Headquarters”: Coordinating sectoral policies
To enable the walls of sectoral silos to be broken down, the Japanese government created a 
new organization, also in the year 2014, called the “Headquarters for Overcoming Population 
Decline and Vitalizing of the Local Economy”, in short “Headquarters”. The mandate of this 
organization is to coordinate the national and regional policy interventions across all relevant 
policy domains and all sectors of the country. It was an organization put in place to build bridg-
es across the deep rifts that exist or tend to grow in due time between sectors, organizations 
and institutions.

The statement made by Prime Minister Shinzō Abe at the first meeting of the Headquarters 
in September 2014 denotes the importance placed in the role of this organization: “The most 
important aspect of measures to be implemented by this Council is that they eliminate vertical 
segmentation and employ one-stop responses […]” (OECD 2016: 88). To further emphasize the 
importance of the organization, a new minister, directly under the aegis of the Cabinet Secre-
tariat, was installed to head the organization. The Headquarters functions on two levels: (a) at 
the political level, it operates through a Council on Overcoming Population Decline and Revi-
talization of the Local Economy chaired directly by the prime minister; and (b) at the working 
level, it operates through a staff of civil servants who support the minister with day-to-day oper-
ations (OECD 20016: 88). The minister is also in charge of the National Special Strategic Zones 
(NSSZ; see Section 3.4.4); thus, he has the responsibility of aligning the country’s population 
strategy, spatial strategy and economic strategy. Also, he has to push and coordinate the local 
governments’ mandate to create their own long-term visions and revitalization plans within the 
framework of the 2nd NSS in a participatory way – involving all key actors, including experts 
and civil society.

What makes the Headquarters interesting is that it is instructed to offer both information (in-
cluding big data) and financial support to local and prefectural authorities. If requested by the 
municipalities, the Headquarters is also obliged to appoint a civil servant with ties to the local 
region, who can for instance act as a consultant and advisor to the respective municipality 
(OECD 2016).
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5. CAVS IN JAPAN

Japan is one of the key actors in the global innovation landscape for CAVs. Together with 
the USA and the European Union, it plays a strong political role in shaping the international 
discourse unfolding around CAVs. This is reflected in the yearly trilateral meetings conducted 
jointly by the three political regions. In this section we shall outline the country’s institutional 
setting that enables the development of CAVs, its relation to NSS and the experiments taking 
place in rural and mountainous regions. 

5.1 THE SIP: AN INSTITUTIONAL CATALYST FOR CROSS-SECTORAL RESEARCH

In 2014, an organization called SIP (Cross-Ministerial Strategic Innovation Promotion Program) 
was created by the Council for Science, Technology and Innovation (CSTI), under the auspices 
of the prime minister and the minister of state for science and technology policy, to facilitate 
transdisciplinary research by cutting through the ministerial silos (SIP 2017, Amano/Uchimura 
2016). The key idea was to create a portfolio of programmes and projects derived from an over-
all set of strategic goals and ambitions. The portfolio is divided into three general policy areas 
and 11 specific fields such as energy, disaster prevention, cyber security, etc. Each of these 11 
fields is equipped with its own budget and ascribed a “programme” led by a programme di-
rector. The programme directors’ main function is to facilitate the cross-sectional coordination 
of the triple-helix movement between government (cross-ministerial), industry and academia. 
They are responsible for the entire chain of activities from initiating basic research to a clear 
exit strategy (i.e. application and commercialization). One of these 11 policy areas, Next-Gen-
eration Infrastructure, is dedicated to automated driving systems (ADS). With the growing im-
portance of ADS, SIP created a new section of its body called Automated Driving for Universal 
Services, in short SIP-adus, in 2014. The main objective of SIP-adus is to coordinate and cat-
alyse research between a wide spectrum of actors, with the broader aim of integrating social 
innovation with technological innovation (Amano/Uchimura 2016). SIP-adus builds on the al-
ready existing national portfolios of Intelligent Transport Systems (ITS), Dynamic Map Planning, 
Human Machine Interface, Advanced Rapid Transit technologies (ART) and the projects of Next 
Generation Transport (for more, see Amano/Uchimura 2018).

5.2 NSS AND CAVS

As argued earlier, the reason for the detailed elaboration of the national spatial strategy is to 
explore how the spatial and functional logic for the deployment of CAVs has been derived from 
its comprehensive ideas of socio-territorial innovation.

Like most countries in the world, Japan’s mobility sector is experiencing deep technological 
changes along with rapid changes in its citizens’ mobility behaviour. However, in addition to the 
globally shared challenges of decarbonization, lack of finance and accessibility, Japan’s trans-
port system is confronted with the challenge of serving a dramatic number of “disappearing 
municipalities” – a condition that is causing more and more transport services to close down, 
particularly in rural areas. In this dire situation, the promises of CAVs have greatly fuelled the 
imagination of mobility experts in the country. CAVs in Japan are seen as a promising solution 
to many of its ailments. This circumstance makes Japan stand out sharply in the global race to 
deploy CAVs. The deployment of CAVs in Japan is not seen as a luxury but a necessity; its value 
is seen less as a private vehicle than as a public service.
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As indicated in the sections above, the new Grand Design and the new NSS have also set the 
stage for conceptualizing the future of mobility in Japan. The new grand notion of a “compact-
ed and networked” country requires an overall conception of new mobility systems – mainly 
on two levels: on one level, it needs to address intraregional mobility within “compacted” 
settlements, involving measures such as the reduction of cars and the promotion of public 
transport. On another level, it needs concepts for interregional mobility – those that will 
connect the compacted regions into strategic “networks”. This will necessitate site-specific 
transit systems of very different types and capacities ranging from “platooning” to advanced 
rapid transit (ART), from personal mobility vehicles (PMV) to automated demand-responsive 
transport (ADRT).

5.3 CAVS IN RURAL JAPAN

5.3.1 Demand-responsive transport (DRT)
Long before the advent of automated vehicles, Japan had been testing alternative concepts 
of mobility in rural areas (OECD 2016a). The proactive attitude of policymakers towards CAVs 
in Japan can partly be explained by the fertile ground that these experiments have cultivated. 
The most significant of these experiments have been conducted around the concept known as 
demand-responsive transit (DRT).

The mobility challenge for rural Japan (as also for similar low-density regions in many other 
parts of the world) is how to deploy quick, reliable, affordable transport options without re-
quiring many public subsidies. To meet this challenge, municipalities started experimenting 
with the DRT model almost 40 years ago. In Japan, its system has evolved into one with three 
types of buses: (a) those with fixed routes, operating only if there is demand; (b) those that offer 
some flexibility in the fixed route; and (c) those that offer relatively free routes. Some places 
integrate taxis with flat rates for door-to-door services, and others offer bus services com-
bined with shared taxis. Some 200 municipalities offer DRT services in Japan today. The rise 
of digital platforms led to a doubling of the provision of DRT between 2006 and 2013 (OECD 
2016a: 238). The 2007 Act on Revitalization and Rehabilitation of Local Public Transportation 
Systems, and its amendment in 2014, gave municipalities more freedom to self-organize. This 
further “unleashed a great deal of local experimentation” in public transport, putting Japan at 
the “forefront of efforts to adapt public transport for rural areas” (OECD 2016: 236). Looking at 
the experiments conducted with CAVs in rural Japan, in fact, reminds us strongly of the DRT 
experience collected in the last decades.

5.3.2 The main drivers for CAVs in rural regions
Japan’s proactive attitude towards CAVs has mainly been sparked by (a) the hope of serving 
the mobility needs of an ageing society (“active ageing”), and (b) the hope of counteracting the 
problem of a growing shortage of bus and lorry drivers.

About 330,000 people aged over 65 years returned their driving licences in 2016, after which 
it was found in a survey that about 70% of them felt a general reluctance to leave their homes 
(MLIT 2017; Amano/Uchimura 2016, 2018). In the context of this situation, the promotion of ac-
tive ageing is, firstly, about how to deploy CAVs in ways that could enable the elderly to play 
an active and productive role in society for as long as they wish. Secondly, it is about reduc-
ing age-related fatalities, as 54% of victims of fatalities are 65 years of age or older (Amano/
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Uchimura 2016, 2018). In fact, they are not only the victims of accidents but also the cause of 
accidents. This makes road safety involving the elderly one of the highest priorities in Japan.

The average share of the aged (65+) in rural areas is currently about 31%, while the national 
average is about 23% (MLIT 2017). This poses the question of how to maintain the provision of 
food, care services, etc. to the elderly in these increasingly depopulating areas of the country. 
As the public transportation market is liberalized in Japan, it is natural that companies should 
withdraw from the places where they cannot maintain profits. More than 13,000 km of bus 
routes have been cancelled since 2007 (MLIT 2017). This situation is aggravated by the fact that 
both bus and taxi companies are finding it more and more difficult to recruit drivers in depopu-
lating areas. The shortage of lorry drivers (more than 40% of whom are aged over 50) has also 
started to make the delivery of daily provisions and other goods increasingly difficult. This has 
made both transit and delivery of goods highly interesting fields for site-specific and tailored 
applications for CAVs.

5.3.3 Experiments with CAVs
Research and field operational tests (FOTs) with CAVs are initiated by SIP-adus along with na-
tional governmental organizations like the Cabinet Office, the Ministry of Land, Infrastructure, 
Transport and Tourism (MLIT), the Ministry of Economy, Trade and Industry (METI) or by local 
municipalities together with private companies and universities (for a full report on all field 
operational tests from 2014 to 2018, see SIP-adus 2019b). In 2018, 14 research locations were 
identified by the national government and 30 locations by local governments, universities and 
private companies (MLIT 2019). A series of extensive tests built on fluid alliances forged be-
tween diverse sectors are currently underway in rural areas (MLIT 2019).

Figures 10–13: CAV tests at Keio University, Tokyo

Photos: Ian Banerjee
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Experimental settings in rural areas
Most of the experiments conducted by MLIT take place with four types of vehicles: two types 
of buses with a capacity of six passengers (10 km/h) and 20 passengers (35 km/h); a passenger 
vehicle for six passengers (12 km/h) and a passenger car for four people (40 km/h; see Table 
1, Figs. 14–17). They are guided by four different combinations of sensors: electromagnetic in-
duction wire (EIW), 3D maps, global positioning systems (GPS) and inertia measurement units 
(IMU; MLIT 2019).

The main purpose of the so-called “social experiments” conducted by MLIT (2017) are to under-
stand the operational design domains (ODDs) and social needs involving (a) the necessary ex-
isting road environments for CAVs; (b) the existing transportation systems; (c) local specificities 
such as climate or telecommunication infrastructure; (d) the potential costs for scaling up the 
services; (e) social acceptance; and (f) the impacts on the lifestyle of especially elderly citizens. 
From a technological viewpoint, the main focus is on how to verify, develop and maintain the 

Type I Type II

Type III Type IV

Source: MLIT (2019)

Level 4 Level 2 GPS IMU 3D map EIW* Passengers Speed

Type I Bus ● ● ● ● 6 10 km/h

Type II Bus ● ● ● ● 20 35 km/h

Type III Passenger 
car ● ● 4–6 12 km/h

Type IV Passenger 
car

● ● ● ● 4 40 km/h

Table 1: Details of vehicles and sensors for tests in rural Japan by MLIT
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dedicated travelling spaces, and also how to improve communication between vehicles and 
road infrastructure (V2I). From a business viewpoint, the feasibility of combining public trans-
port and logistics is of special interest, as is the potential profitability of the respective cases.

“Roadside stations” in mountainous regions
A series of CAV tests conducted in the mountainous regions of Japan exemplify the experimental 
setting of the tests in rural Japan. A number of them are located around “roadside stations” called 
“michi-no-Eki” (compare with the concept of “small stations” proposed in the Grand Design 2050 
and 2nd NSS, Section 3.4.4). Located along main trunk roads, these roadside stations are more 
than just highway rest stops: they offer medical amenities, shopping facilities and other essential 
services for everyday life. In Japan, the total number of roadside stations amounts to 1,167, of 
which more than 80% are located in rural areas (MLIT 2017). The experimental setting (Fig. 18) 
simulates the real-life needs of the elderly in rural areas. The procedure is simple: the automat-
ed vehicles wait for local residents at the roadside station – also the place where the control 
centre is located. Once an order has been placed via an app, a CAV picks up the client(s) from 
their home (or any given location) and takes them to do their errands, such as going to the clinic, 
shopping or leisure activities. The customers are then transported back to their desired location.

5.3.4 Findings 
An interim report published by MLIT (2019) on the social experiments conducted in rural areas 
with hybrid forms of public transport and delivery systems comprises an extensive evaluation 
of the tests undertaken from 2014 to 2018. While no one can say how long it will take to scale 
up the tests, the findings give a clear picture of the thematic issues surrounding the social, 
technological, and financial feasibilities of the deployment of CAVs in rural areas. They can be 
summarized as follows:

Mountainous area

Call vehicles via 
smartphones

Control center of
autonomous vehicles

Autonomous
vehicle stands

Medical 
facility

Roadside 
Station

Administrative 
office

Commercial 
facility

Line recognition 
by camera

Figure 18: Schematic diagram of the setting of social experiments with CAVs in roadside stations in rural regions

Source: MLIT (2017)
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1. Social needs: regarding the possible operational route for automated vehicles as pub-
lic transport, three major types of needs for services are identified: (1) demand-type 
services that are personalized and completely flexible; (2) fixed-type services that are 
semi-flexible, for example, by allowing people to hop on and hop off the vehicles at flexi-
ble stops; and (3) the need for transfers to existing high-speed transit (first mile/last mile).

2. Social acceptance: (a) the perceived reliability of self-driving technology is significantly 
higher after boarding the vehicle than before; (b) people have feelings of uneasiness if 
the amounts of automated delivery are relatively small.

3. Road space: (a) operating on steep slopes in mountainous regions is technically possi-
ble; (b) narrow streets without pavements tend to hold up CAVs; (c) in mixed traffic, two-
lane streets are better for CAVs to handle than single lanes.

4. Technology: under snowy or foggy conditions, and in mountainous areas where GPS 
accuracy is reduced, CAVs utilizing vehicle-to-infrastructure technologies (V2I) such as 
electromagnetic induction wires (EIW) or magnetic markers showed better results than 
those using LiDAR.

5. Business models: (a) to make CAV more socially acceptable, it is necessary to make the 
operating entity, service models and the definition of roles of providers and users more 
transparent; (b) the cooperation and coexistence with existing public transport services 
is absolutely essential (as complementary components); (c) annual budget calculations 
indicate that it is necessary to consider financing CAVs not only through fares and ship-
ping charges, but also through various collaborations with private companies and subsi-
dies from local governments; (d) collaboration with existing delivery and food distribution 
companies can improve the efficiency and cost of delivery of services in a given region; 
(e) it is necessary to educate users about the novel possibilities of using CAVs; (f) it is 
important to illustrate to communities how CAVs can improve their local quality of life.

6. CONCLUSION

This paper has offered an analysis of how the current Japanese government is addressing the 
country’s challenge of an ageing and radically shrinking population with a unified set of policy 
responses. The authors elucidated how the government is applying the instrument of a new 
national spatial strategy (NSS) as a navigational tool to orchestrate the development of the 
country’s key economic and social sectors, including the deployment of technological novelties 
such as CAVs. The country’s problems have led the government to align its entire technological 
funding and innovation programme with the overall orientation of its new NSS. The research 
has shown that a national spatial strategy can be a helpful device to conceptualize a pub-
lic-value-oriented deployment of CAVs – if the strategy has a cross-sectoral and multi-scalar 
approach, and if the strategy is the product of a broad and collaborative reimagining process.

Having peaked in 2010, Japan’s population is expected to plunge 30% by 2060. After two dec-
ades of intensifying debates on shrinking and mounting accusations of neglect on the side of 
the government, the nation’s policymakers have finally found the political resolve to engineer a 
long-term vision for the country’s future and a strategic plan for multidimensional change. Con-
trasting with the pessimistic mood prevailing in the country, the latest grand vision effuses new 
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hope and an optimistic view of the future based on a plausible future scenario of “rightsized” 
cities and the “smart shrinking” of regions. Two intertwined policy frameworks put forward by 
the Japanese government between 2014 and 2015 formulated an integral system of ideas and 
principles that were designed to fundamentally transform the country’s approach to planning 
for the coming 40 years. The new strategy is framed by (a) a set of guiding principles that under-
lie the country’s spatial development plan till 2050 (Grand Design 2050), and (b) an integrated 
national spatial strategy that stipulates the direction for the development of all the major sec-
tors in the country till around 2025 (2nd NSS). All of Japan’s future plans adhere to the system 
of ideas presented in these two key policy frameworks.

The authors investigated two defining features in the Japanese approach that make it an inter-
esting case for studying the deployment of CAVs. The first feature pertains to how the country 
stands out among other proactive countries by the way it defines its experiments around CAVs 
as essential responses to its severe socio-economic challenges – underlining the argument 
that CAVs are not a luxury for the few but potentially a common good for all. This makes public 
investment in the risk-prone technologies of automated driving systems (ADSs) more arguable 
than in countries where relevant challenges are either not politically recognized or CAVs are 
not adequately defined as something that could create public value. The Japanese govern-
ment’s proactive attitude towards CAVs is mainly driven by the hope of meeting the needs of 
a rapidly ageing society, particularly in rural areas, and of solving the country’s acute problem 
of its growing shortage of bus and lorry drivers. In this context, it is interesting to note that the 
experiments taking place around CAVs are usually described as “social experiments” and not 
as technological experiments (MLIT 2017, 2019).

The second distinctive feature highlighted in the study pertains to how the new spatial strategy 
significantly shapes the rationale for the deployment of CAVs in Japan on both local and inter-
regional levels. The case of Japan demonstrates that the deployment of CAV-based operations 
can be easier to conceptualize if a unified policy framework follows a principles-based and 
socio-spatially differentiated logic that responds to the challenges on all spatial scales of the 
country – from villages to megaregions. Such a unified and spatially differentiated logic has 
also made it easier for the Japanese government to deduce the logic for the countrywide de-
ployment of CAVs and to offer guidance to municipalities and local communities that aspire to 
co-create their own CAV-based services. They are encouraged to act locally but think nationally. 
This study concludes by asserting that if an NSS is crafted strictly with the aim of addressing the 
country’s challenges and of serving its public interest, then the deployment of CAVs can poten-
tially be realized without the fear of commercial appropriation of the technology by a monopoly.

Summary of the main elements of the strategy
The authors have identified the following seven points that summarize (a) the aims, principles 
and recommendations put forward by the National Grand Design 2050 and the 2nd NSS and 
(b) the key interim results from the experiments conducted with CAVs:

1. The principle aim of the unified national strategy is to ensure and maintain the country’s 
high level of prosperity with fewer people. The National Grand Design 2050 makes rec-
ommendations about to how to reach this aim by (a) centralizing public services to make 
them more sustainable during the coming period of radical shrinking, and (b) decentraliz-
ing the economy by creating incentives to build a broad range of diversified and localized 
economic activities. The key ideas underlying the strategies’ principles are presented as 
ideographic narratives that can be easily comprehended by all citizens (Fig. 5).

2. The narratives of the two main policy-related principles employ the concepts of “com-
pacting” and “networks”. The long-term aim is to densify cities by “compacting” them 
(“rightsizing”) and subsequently interlinking them into “networks” of cooperation (“smart 
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shrinking”). The compacted centres are encouraged to become centres of social and tech-
nological innovation, networked by connectivity infrastructure of various kinds – this in-
cludes the infrastructure for CAVs.

3. Additional policy catchwords used in the strategy are: “revitalization”, “diversity”, “collabo-
ration” and the “sixth industry”. These terms refer to incentives created by the central gov-
ernment to motivate local municipalities to generate non-agricultural jobs in rural areas by 
encouraging them to tap into their own unique resources. The government has created a 
competitive situation where municipalities have to generate innovative ideas to vie for the 
limited resources provided to support their projects.

4. The unified spatial strategy envisions the restructuring of Japan with three types of spatio- 
functional building blocks based on three spatial scales, and three models of public servic-
es (Figs. 6–7). These are: (a) villages served with “small stations” (for 10,000 inhabitants), 
(b) mid-sized cities served with “integrated regional hubs” (for 300,000 inhabitants), and 
(c) “super megaregions” served with “collaborative core urban areas” (for over 60 million 
people). These three spatial models can be seen as the “spatial DNA” of the strategic 
plan: their permutations and combinations are designed to produce and reproduce the 
socio-economic spaces of human settlements and subsequently shape the entire territory 
of new Japan. It is important to note that this strategy looks at the urban-rural linkages of 
the country as a seamless spatial continuum.

5. New concepts for mobility are currently being reimagined both within and between the 
compacted settlements. The logic of deploying CAVs is closely intertwined with the sys-
temic notion of spatial reconfiguration undertaken with the three aforementioned spa-
tial building blocks. This can involve operational settings ranging from “platooning” to 
advanced rapid transit (ART), from personal mobility vehicles (PMV) to automated de-
mand-responsive transport (ADRT).

6. Experiments with CAVs are currently being conceptualized with the following aims in rural 
Japan: to serve the ageing population; to attract young people by offering high quality of 
life; to make up for its growing scarcity of professional drivers; and to offer sustainable 
public transportation and freight services. Co-creative experiments with various use cases 
are being conducted in rural areas by the central government, municipalities, universities 
and private companies. An interim report indicates that while there are serious “objective” 
needs for CAVs, there are many challenges to be met regarding road infrastructure, tech-
nology, operations, business models and social acceptance.

7. Finally, Japan’s approach to governance is changing in fundamental ways. The two on-
going shifts are: (a) the move away from a traditionally top-down approach to one that 
encourages more bottom-up initiatives, and (b) the move away from sectoral to cross-sec-
toral policies in order to create more synergies between the sectors. A bridging organiza-
tion called the “Headquarters” was formed on the ministerial level to coordinate the task 
of orchestrating and streamlining the entirety of national and regional policy interventions 
and action programmes across all relevant domains and sectors of the country.

While the 2nd NSS may arguably be the most comprehensive and ambitious spatial strategy 
plan proposed by a democratic government today, the results are yet to be seen. Bringing 
together all the country’s key actors to implement the strategy remains a challenging exercise 
for the government. However, for the international discourse – particularly for Europe – it will 
be an interesting exercise to reflect and critically discuss the implementation of the Japanese 
strategy at this early stage as it responds to demographic and socio-spatial challenges that 
have started to afflict many parts of the continent in similar ways and with comparable severity.
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1. TRANSFORMING MOBILITY WITH CONNECTED AND  
AUTOMATED VEHICLES

This article uses case studies to set out specific ways in which connected and automated vehi-
cles can be applied to bring about the required revolution in mobility. More specifically, the aim 
is to present and discuss strategic planning concepts for a selection of local authorities and re-
gions in the Vienna/Lower Austria metropolitan region. These strategic planning concepts have 
been developed to complement existing design concepts and/or action plans that largely re-
main abstract and generic. They are the outcome of a transdisciplinary process: urban planners 
and researchers formed focus groups with policymakers and local government administrators 
from the chosen local authorities and regions, as well as connected and automated mobility 
experts. This partnership produced multistage strategic planning approaches with the aim of 
establishing connected and automated vehicles (CAVs) as an attractive alternative to motorized 
private transport.

Mobility and settlement planners must urgently engage with this technology in a structured, 
proactive (and, at least initially, theoretical) way. A glance at the wide range of relevant initia-
tives being put into action demonstrates why. Around the world, CAVs are being intensively put 
through their paces (for more on this, see the articles in Part I “Mobility and transport” and Part 
IV “Governance”). Moreover, in Europe the legal foundations are already being put in place to 
enable this technology to be regularly used on our roads (Kugoth 2020).

However, there is still some way to go before we see these technologies in our daily lives, and 
the initial euphoria has lessened significantly, at least among some experts. In recent years, 
research on the possible impacts of connected and automated vehicles has become markedly 
more cautious (for more on the early euphoria surrounding “self-driving cars”, see Dangschat/
Stickler 2020). Interviews carried out with experts across Europe confirm this lowering of ex-
pectations: many now think that this technology can only make a positive contribution to the 
mobility transformation if policy is designed to specifically regulate its use from the outset. Yet 
opinion remains divided on what form this regulation should take (Lenz/Fraedrich 2015; Mit-
teregger et al. 2022: 33–46).

These growing concerns have, however, been largely absent from the technology’s ongoing 
development and promotion. Governments the world over have been supporting research and 
development in this field. In the EU, automated vehicles are seen as the key to a “digital single 
market” (Buchholz et al. 2020): funds are specifically being allocated to develop the technol- 
ogy, while the necessary infrastructural expansion, standardization initiatives and alignment of 
legislation are being pursued (STRIA 2019; for more on criticism and perceptions, cf. Dangschat 
2020b for Germany and Manders/Klaasen 2020 for the Netherlands). Cybersecurity and gen-
eral questions concerning liability are the only two areas where a regulatory framework has so 
far been actively put into place (Taeihagh/Lim 2019).

Only if these new technologies succeed in helping to replace privately used cars – the 20th 
century’s dominant mode of transportation – will they have made a meaningful contribution to 
the transport and mobility transformation. The development of connected and automated trans-
port (CAT) should therefore be used to specifically tackle the ecological, social and economic 
challenges we face. It is thus not a matter of encouraging the disruptive development of CAVs, 
but of shaping, nurturing and overseeing a mobility transformation that is partly made possible 
by the connection and automation of transport.
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In Europe, steps have already been taken to make this a reality. In 2019, the European Commis-
sion’s Sustainable Urban Mobility Plans (SUMP; Wefering et al. 2013) were revised to accom-
modate advances in the connection and automation of transport (Backhaus et al. 2019). There 
are also plans and speculative designs that focus – albeit still very optimistically – on the use of 
“self-driving” cars in cities (see, for instance, Harrouk 2020, Ratti et al. 2020).

Transport engineers have developed concepts that explore sophisticated applications. For in-
stance, there are already examples of network plans for automated mobility services (Madadi 
et al. 2019) that only use parts of the road network and are reminiscent of personal rapid transit 
(PRT) networks from the 1960s (McDonald 2012). There is currently a lack of integrated planning 
approaches for integrated settlement and mobility designs that highlight the ways in which con-
nected and automated vehicles can help achieve a mobility transformation and the conditions 
needed for this to happen in specific transport and spatial scenarios, especially in rural areas.

The challenges faced here are considerable. It is improbable that one European city or region 
can single-handedly design a mobility system that is increasingly shaped by automation and 
connectivity. The web of responsibilities is simply too tangled; for instance, regulations for road 
traffic are set at the national rather than the local level. The tasks and issues are so complex 
that it is almost impossible to tackle them adequately with existing resources. If this new mobil-
ity system is to be developed in harmony with the current objectives of the mobility transforma-
tion, a comprehensive dialogue must take place at various transport policy levels and involve 
both new and established actors in (urban) mobility markets, institutions and administrative 
bodies. This is one of the key requirements set out by transformation researchers (Wittmayer/
Hölscher 2017).

Following decades of voices repeatedly making the case for the integrated development of 
space and mobility, a change now needs to occur. Unregulated development that leads to 
additional traffic and thus takes up more land, produces more emissions and creates hazards – 
as cars have now done for the last hundred years – is a scenario that humanity can no longer 
afford at the start of the 21st century.

2. CURRENT DEVELOPMENTS IN CONNECTED AND  
AUTOMATED VEHICLES

At the beginning of the last decade, self-driving cars received a tremendous amount of atten-
tion in the media. This hype was driven by IT companies suddenly taking an interest in the 
mobility sector. As these actors were motivated by other business models, they were able to 
realize technological and organizational innovations, and thus further add to the excitement 
around this new technology. The mobility service providers that appeared during this period 
(Uber, Lyft, Bolt, etc.), numerous sharing companies offering bicycles and e-scooters as well as 
car-sharing services, which have been around slightly longer, are now commonplace in urban 
areas, especially larger cities. This wave of euphoria and uncertainty shaped expectations re-
garding connected and automated vehicles. But now even technology developers are taking 
a more sober approach: a revolutionary scenario whereby a single market actor is able to pro-
duce a fully automated driving system that can handle every situation as adeptly as a human is 
largely regarded as unlikely (cf. Beiker 2015, Shladover 2018, Mitteregger et al. 2022).
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The many passages on sustainable mobility that featured in policy and strategy papers back 
then attest to the huge hopes that were pinned on the technology; now each line is considered 
to need careful review (for instance, STRIA 2019; Kirchengast et al. 2019: 58). The perceived 
positive effects, such as reclaiming parts of the streetscape by freeing up parking spaces, the 
reduction of vehicles by increasing the use of car or ride-sharing, improved traffic safety thanks 
to the superior cognitive abilities of machine learning, reduced energy consumption thanks to 
more efficient modes of driving as well as a broader scope for the use of Mobility as a Service 
(MaaS), are all currently the subject of debate (Dangschat 2019, 2020a; Dangschat/Stickler 
2020; Soteropoulos et al. 2019; Mueller et al. 2020; Pangbourne et al. 2020).

Yet even today connected and automated vehicles largely exist only as concepts. That is why, 
given the current state of connected and automated vehicle development, a study such as this 
invariably includes several untested hypotheses. The theories that have been developed are 
outlined and examined in the following section. 

2.1 EVOLUTION NOT REVOLUTION: AUTOMATED MOBILITY AND  
THE LONG LEVEL 4

Today’s perception of the technological challenges inherent in the development of automated 
vehicles will likely mean a longer transitional phase. In other articles, we have coined the term 
“Long Level 4” to describe this phase. Here we mean “a gradual process […] extending over sev-
eral decades, during which CAVs will be deployed only in parts of the road network. During this 
transition period, conventional means of transport will continue to play an essential but increas-
ingly specialized role” (Mitteregger et al. 2022: VIII).

As connected and automated vehicles are deployed as part of the Long Level 4, negative effects 
may become more visible and appear early in the process. This is primarily due to expectations 
that those areas of the road network that are already predominantly designed around cars will be 
more easily adaptable to CAV use (Shladover 2018; Mitteregger et al. 2022: 80–83; Soteropoulos 
et al. 2020). The roads that are expected to see CAV roll-out first are the result of a technological 
paradigm that has shaped urban development and transport policy since the 1950s. Such roads 
have been designed solely for use by motorized vehicles and their capacity is measured in ve- 
hicle throughput over a specific period (traffic density/volume) or speed limits (in km/h).

For this reason, it is expected that within the complex road networks of Europe’s cities and re-
gions, motorways and multi-lane trunk roads will see the first CAVs, followed by industrial roads 
and business routes. At low speeds, automated parking and services operating within a set 
boundary are conceivable. Until now, roads that serve as more than just transport routes, i.e. that 
are also used and revitalized as public spaces, have been too complex for CAV software, algo-
rithm systems and sensors (Shladover 2016).

2.2 CONNECTED AND AUTOMATED VEHICLE APPLICATIONS  

During this transition period, the fully automated vehicle is effectively fragmented into different 
highly automated applications that develop progressively and whose gradual deployment is 
contingent upon not only the developmental trajectory of the technology but the various com-
plexities of the driving tasks and the infrastructural requirements (cf. ERTRAC 2019, Wachenfeld 
et al. 2015; Fig. 1). For this study, we examined five different highly automated vehicle applica-
tions, which were then used to guide discussions within the focus groups (see Table 1). 
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Table 1: Connected and automated transport system applications 

PARKING ASSISTANT 

Parking Assistant

Parking assistants (or automated valet parking) enable automated vehicles to drive to and from 
a nearby or far-away parking space. These systems are mainly being discussed, and are most 
likely to be imminently rolled out, within the context of park-and-ride facilities (at airports and 
train stations). A system of this kind makes it possible for passengers to call or drop off a vehicle 
in a designated pick-up/drop-off area even before changing their mode of transportation (e.g. 
before leaving the train). Another place where this application could be used are large car parks 
for shopping centres or retail parks. This technology could also enhance car-sharing vehicles. 
There is also the potential to charge battery-powered electric vehicles.

SITE ASSISTANT

Area assistant

Area assistants are designed for use within a limited, usually not publicly accessible area of land. 
There are some well-known applications that have been in place for just over a decade, including 
heavy goods vehicles in ports, in mines or automated reconnaissance vehicles that are used by 
military facilities to conduct security operations. Improved sensors enable new applications and 
access to new spaces: there are numerous companies that are either developing or already 
supplying mobile delivery and security robots for use in spaces within university campuses, 
theme parks, industrial estates, train stations and shopping centres. The most well known is the 
Waymo pilot scheme taking place in the suburbs of Phoenix, Arizona.

MOTORWAY ASSISTANT

Motorway assistant

Motorway assistants are systems that take over driving tasks on motorways or other trunk 
roads. The development of motorway assistants is primarily being encouraged by vehicle 
manufacturers and can also be considered an active safety system. This application is not just 
limited to individual transport: it is also a viable option for HGVs, utility vehicles (e.g. for haulage) 
or long-distance buses. Specially designed lanes are frequently discussed, especially for HGVs, 
to further reduce demands on the driving technology.

AUTOMATED SHUTTLE BUSES 
OPERATING ON ROUTES 

Automated shuttle buses operating on routes 

Automated driving systems on specially constructed routes have been in use for several 
decades. One such example is PRT systems at airports (e.g. Heathrow) or as a last-mile solution 
to enable access to offices (e.g. Rivium close to Rotterdam). There is very little to distinguish 
automated shuttles on routes from shuttles deployed on public roads. It can be assumed that 
automated shuttles, at least at present, only drive on selected, clearly defined and approved 
routes (and lanes) that are protected and designated as such, and that vehicles only call at 
specified stops. On such routes, vehicles are able to operate without a driver; however, similar 
to air travel, they are monitored from a control room by pilots and can be deactivated. There is 
thus some technical crossover with area assistants.

AUTOMATED SHUTTLE BUSES 
ON ROUTES AND ROADS 

Automated shuttle buses on public roads  
 
Automated shuttles are currently being tested predominantly by public transport companies (see 
Chap. 6 by Soteropoulos et al. in this volume). However, the vehicles are yet to operate without a 
safety driver. These automated vehicles are mainly being tested as a possible shuttle service for 
underground and tramlines and thus as a complementary public transport service, for instance 
in suburban areas. The potential to save personnel costs, as well as the more flexible range of 
applications, is believed to make this a more economical option.

Source: Mitteregger et al. (2022), Kyriakidis et al. (2019), Shladover (2018), Perret et al. (2017), Wachenfeld (2015)
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3. SUSTAINABLE MOBILITY AND SETTLEMENT DEVELOPMENT IN 
RURAL AREAS

The objective being pursued by transport policymakers is clear: the climate crisis demands a 
radical transformation of mobility – and past failings mean change must be achieved within a 
short space of time. In the EU, the transport sector has so far failed to reduce greenhouse gas 
emissions. In fact, since 1990, emissions have been rising rapidly (with a sharp surge between 
2005 and 2015); outlooks also remain bleak (IEA 2020). Yet the changes required to success-
fully bring about the necessary transformation have long been known. As early as the 1970s (cf. 
Schwedes 2017), researchers and activists were formulating versions of a strategy that can be 
summarized as follows:

 ■ traffic must be avoided,

 ■ a shift needs to occur away from individual transport options and towards more environ-
mentally friendly forms of mobility (walking, cycling and public transport) or zero-emission 
vehicles, 

 ■ and, lastly, steps must be taken to improve the quality of streetscapes. In towns, roads 
must become much more effective as public spaces (for more on the differences between 
transforming drive, traffic and mobility, see Chap. 4 by Manderscheid in this volume).

3.1 CO
2
 EMISSION REDUCTION TARGETS IN AUSTRIA’S TRANSPORT SECTOR

The path to achieving greater ecological sustainability in the transport sector is still largely de-
fined through targets. The possible approaches to achieving this aim across the EU’s member 
states, however, remain vague, if they have been sketched out at all. By 2030 the European 
Commission aims to have reduced greenhouse gas emissions by 55% compared to 1990 levels 
(European Commission 2020). And from 2050, Europe should be the world’s first “climate-neu-
tral continent”, a goal that will be pursued with a budget of €1 trillion (European Commission 
2019). The Commission is also striving for the EU’s transport sector to stop all net greenhouse 
gas emissions by 2050, all while stressing the economic viability and positive social impacts of 
the overall mobility shift. The current targets being pursued by Austria’s policymakers even go 
one step further: the country aims to be climate neutral by 2040 and thus “play a pioneering role 
in climate protection in Europe” (Austrian Government Programme 2020). 

Such long-term aims have repeatedly been called for by transformation researchers. However, 
given the world’s limited carbon budget, it remains doubtful whether the planet will have by then 
long surpassed the Paris Agreement’s aim to limit global average warming to between 1.5 and  
2 °C. At the current rate of emissions, the global budget to limit warming to 1.5 °C will be reached 
by around 2027; for an increase of 2 °C, the limit will be reached by 2045 (IPCC 2018).

Roughly one quarter of Austria’s greenhouse gas emissions are produced by the transport sec-
tor (Environment Agency Austria 2019). If we look at the greenhouse gases excluded from emis-
sions trading schemes, transport is by far the largest contributor, making up 46% of emissions. 
Austria also exhibits a pattern seen at the wider EU level: while in recent years there have been 
visible reductions in all other sectors – from construction to agriculture – transport has in fact 
seen its emissions rise. Austria aims to reduce its annual transport sector CO2 emissions by 7.2 
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million tonnes to 15.7 million tonnes by 2030 (at present, the figure stands at 22.9). Given that 
emissions have been rising in recent decades, this would mean that emissions must be reduced 
to 1991 levels (Kirchengast et al. 2019). 

3.2 THE ROLE PLAYED BY CONNECTED AND AUTOMATED VEHICLES 

Figure 1 compares the expected market availability of different CAV applications with the Euro-
pean Union’s planned emission reductions. Here the theoretical availability of an application is 
being explicitly discussed and not its widespread use within society.

3.3 THE UNIQUE CHALLENGES OF RURAL SPACES

It is repeatedly stressed that the challenges of the transport and mobility transition will differ 
fundamentally in urban and rural areas (VCÖ 2016, Rudolph et al. 2017, Canzler et al. 2018). It 
is important to remember that this situation is, to a large extent, of governments’ own making: 
in addition to the sectoral restructuring of economies in Europe and the associated social im-
pacts, it is the transport and settlement policy decisions of recent decades that have led to the 
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Figure 1: Necessary greenhouse gas reductions in the European Union’s transport sector (Transport 
& Environment 2020) and the implementation of various CA services. 

Source: the authors based on ERTRAC (2019), Kyriakidis et al. (2019) and Perret et al. (2017) 
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situation currently faced (Sieverts 2018). There is a lack of appealing alternatives to private cars 
in rural areas because public railways in these locations have been scaled back while the local-
ity’s further expansion is either tolerated by settlement policymakers or even intensified through 
incentives at local and national levels (e.g. by using the distribution of funds between the federal 
government, provinces and local authorities to encourage the rezoning of land designated for 
construction, encouraging owner-occupied homes and offering a commuter allowance). Bahn-
straßen (“station roads”) in extensive municipalities that no longer lead to working train stations 
bear witness to this development (see, for instance, Poysdorf in Lower Austria). Transforming 
transport in these locations, where an A-S-I strategy has only been pursued in recent years, has 
been made significantly more challenging.

The Verkehrsclub Österreich (VCÖ) has stated that 70% of the Austrian population live outside 
of large cities and that these areas are responsible for almost 80% of the greenhouse gas emis-
sions produced by passenger mobility (cf. VCÖ 2019: 2). Thus the creation of alternative mobility 
options in suburban and rural areas is undoubtedly necessary for transport to be decarbonized. 

4. APPROACHES TO AND THEORIES CONCERNING STRATEGIC 
PLANNING CONCEPTS IN FOUR AREA TYPES

In the following section, we outline strategic planning concepts developed in a transdisciplinary 
process and based on four selected area types. The aforementioned issues involved in bring-
ing about a more sustainable mobility model in rural areas serve as a basis and have been con-
solidated into specific transport and spatial challenges in each area examined in our analysis. 
In focus groups, multistage development strategies were created to ensure the largest possible 
provision of public transport-type services across settlement zones in each area type in order 
to establish attractive alternatives to private cars. The planning concepts are integrated, i.e. 
transport issues are not only resolved with transport-based solutions. The innovative appeal of 
connected and automated mobility services is to be harnessed not to increase the acceptance 
of connected and automated vehicles but to boost the level of acceptance towards measures 
that will be necessary to bring about the transport and mobility transformation. This can be cru-
cial, particularly in areas where people are heavily impacted by transport policy decisions made 
at the national level (e.g. an increase in fuel prices) due to a lack of real alternatives.

4.1 APPROACHING AND ADAPTING PLANNING CONCEPTS

Throughout the course of several workshops, specific areas around Vienna were selected and 
then further developed into prototypes identified by certain transport and spatial features. Once 
the areas had been chosen, the team examined current planning documents and strategy papers 
as well as obtained geographic and demographic information to paint an accurate picture of the 
current situation in each area type. Using the action plans from our previous study (Mitteregger 
et al. 2022: 141–158), we developed theories for the development potential of these areas. Both 
the assessment of the status quo in each space and its potential were discussed and reviewed in  
focus groups involving stakeholders from the municipalities, regions and the state of Lower Aus-
tria, as well as connected and automated mobility experts. The technical possibilities of connect-
ing and automating transport during the time frame considered as part of the study were com-
piled and edited for the workshop with the help of existing literature (see Figs 2 and 3).
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Building on the results of the focus groups (see list of participants in Fig. A1 in the Appendix), 
strategic planning concepts were defined, each including a multistage development process. 
These are presented as narratives in Section 5. Wherever possible and appropriate, the impact 
of the outlined planning stages was qualitatively and quantitatively evaluated. Due to restrictions 
imposed as a result of the Covid-19 pandemic in the spring and summer of 2020, the second 
stakeholder workshop had to be cancelled. The feedback provided by experts on a rough draft 
of this paper was incorporated into the final version.

4.2 SELECTING THE AREA TYPES AND CASE STUDY LOCATIONS 

The typology put forward by Matthes and Gertz (2014) was used as a basis to categorize the 
chosen areas. This approach explicitly examines the extent to which residents in each location 
can complete everyday tasks without a car. The typology can also be easily applied to other 
studies and was developed using a broad empirical foundation (Table 2).

Figure 2: Work during focus groups with local experts in Vienna during the autumn of 2019. 

Fotos: Lena Hohenkamp

Photos: Lena Hohenkamp

Figure 3: Focus group discussions were aided by reference material compiled prior to the workshops 

Photo: Lena Hohenkamp 
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The selection was chosen based on themes and issues arising in a Long Level 4. Known trans-
port and settlement policy problems were addressed (see Table 4). The aim was to develop 
different automated driving applications as alternatives to “automobility”. One key question 
formed the basis of analysis in each of the chosen area types (see Table 3).

Hierarchy of 
transport  
reduction 

Area type Description (based on Matthes/Gertz 2014) Case study 

Less 
challenging 

Challenging

Outskirts, 
suburban 

centre 

Suburban centres and outskirts are comparatively 
heterogeneous spaces. Designing everyday mobility 
to enable the lowest possible number of car journeys 
is possible to some degree, especially in combination 

with options for cycling, but driving remains dominant in 
these area types, partly due to a lack of car restrictions 

(e.g. there is no shortage of parking spaces).

Vienna South 
(area type A) 

Mistelbach 
(area type B)

Public  
transport 

axis 

Public transport axes differ from the periphery, 
particularly with regard to the accessibility of service 

centres and workplaces by public transport and bicycle. 
Designing everyday mobility without or with just one car 
per multi-person household is challenging but possible. 

Ebreichsdorf 
(area type C)

Periphery

The periphery is characterized by a very low density 
of settlements and workplaces, a lack of local 

amenities and poor public transport access to centres 
and workplaces. Here it is either very challenging or 
impossible to manage without a car on a daily basis.

Bad Schönau 
(area type D) 

Table 2: Systematization, characteristics and hierarchy of case study area types 

Source: the authors based on Matthes/Gertz (2014) 

Area type Question Case study 

Outskirts 
(area type A)

How can the mobility transformation be realized in 
industrial zones and business centres located on the 

outskirts of towns and cities while simultaneously ensuring 
their commercial growth?

Vienna South 

Suburban centre 
(area type B) 

What development options can be made available for 
suburban centres that could become dormitory towns as a 

result of automated driving on motorways?
Mistelbach

Public transport 
axis (area type C) What functions can last-mile automated mobility services 

fulfil along large-capacity regional public transport axes? Ebreichsdorf

Periphery 
(area type D) 

Can automated mobility services improve the mobility 
options open to the residents of peripheral spaces and 

enable the relocation of traffic?
Bad Schönau

Table 3: Area types, example areas and key questions addressed by the case study 

Source: the authors 
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The following table lists the typical problems that characterize the various spaces. The challenges 
included in the table are the result of our analysis of the chosen municipalities/areas (see Table 
4 on the next page). This information was then used to develop theories for potentially desirable 
connected and automated vehicle applications that are consistent with the aim of transforming 
mobility. This overview thus also shows that certain connected and automated transport use cases 
(see Table 1) should be given priority when faced with certain problems.

To respond to the question concerning area type A, a section within the ribbon development to 
the south of Vienna encompassing eleven municipalities was chosen. For area B, Mistelbach, a 
district capital to the north of Vienna, was examined. To answer our question concerning area 
type C, researchers looked at Ebreichsdorf, where a new train station offering an excellent 
transport link to Vienna is being built. Finally, researchers analysed Bad Schönau, a small mu-
nicipality on the border between Lower Austria, Burgenland and Styria, to respond to the query 
posed for area type D (Fig. 4). 

Case study 
(type of area) Challenges characterizing the area Theory on the development potential with 

Level 4 applications

Vienna South 
(outskirts) 

• Dynamic industrial area with excessive 
land use 

• Transit area (traffic flows around large 
cities) 

• High level of traffic and pollution 
• Congestion and stress on infrastructure 

Area and/or motorway assistants create 
relevant criteria to encourage businesses 

to relocate to the area and influence 
new forms of commercial mobility 

management. These spaces are important 
testing grounds. Developments here can 

be groundbreaking. 

Mistelbach 
(suburban 

centre) 

• Strain on existing housing stock 
• Lack of public transport links between the 

surrounding municipalities/urban districts 
and key functions located in the centre 

• Rising commuter traffic towards Vienna 
since the completion of a motorway 

• Urban sprawl in residential areas and 
business sites

The use of automated shuttles can 
improve public transport access to 

centrally located functions. Specific route 
planning and the careful repurposing 
of existing infrastructures would be 

necessary to make this happen.

Ebreichsdorf 
(public transport 

axis) 

• Strain on existing housing stock 
• Creating transport links between the train 

station and the surrounding town and 
village centres (train station outside of 
the city centre) 

• Commuter traffic to Vienna 
• Disused railway line

Spatial features specific to the locality 
(in this case, a disused railway line) can 

become the pavements and cycle paths, or 
CAV access routes, of tomorrow and enable 

connected and automated services on 
specific routes. In this context, connected 

and automated services could also be used 
to help boost local development.

Bad Schönau 
(periphery)

• Insufficient and/or non-existent public 
transport access, especially for scattered 
settlements 

• High dependency on private cars

Connected and automated shuttles could 
be used in synergy with tourist sites to 

optimize accessibility. 

Table 4: Area types, challenges and theories on development potential involving the application of 
connected and automated driving systems

Source: the authors 
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Figure 4: Location of the four area types within the Vienna/Lower Austria metropolitan region, including main transport links 

Source: the authors
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In the following section, the strategic development concepts created during the research project 
are presented as narratives. The concepts are considered in detail and the various stages of each 
transformation are discussed. Specific areas for action in various specialist fields of urban policy 
and planning are subsequently developed.

5. FUTURE CONCEPTS FOR INTEGRATED MOBILITY AND 
SETTLEMENT DEVELOPMENT

5.1 VIENNA SOUTH (AREA TYPE A)

The name “Vienna South” is used to encompass the ribbon development located to the south 
of the city, which is closely linked to the capital both in terms of its locality and functions. The 
area is directly to the south of Austria’s capital and covers 11 municipalities in the districts of 
Baden and Mödling. A green space, the Vienna Woods (Wienerwald), can be found to the west 
of the area. To the east, the area borders a cultural landscape that is mostly undeveloped. The 
municipal boundary with Bad Vöslau was chosen as the area’s southern border (see Fig. 5). 

Given its proximity to Vienna, the availability of space and the area’s good transport links, Vi-
enna South is one of Austria’s most dynamic economic zones. Housing in the historical town 
centres, and particularly on the slopes close to the Wienerwald, is in high demand. A controlled 
and coordinated settlement development of this ribbon zone is the key challenge for land use 
planners. Local regional planning and transport organizations are currently tackling this (these 
are Stadt-Umland-Management, Planungsgemeinschaft Ost and Verkehrsverbund Ost-Region); 
however, they have limited scope for action. 

Vienna South is also a transnational transit space and part of the Trans-European Transport 
Network (TEN-T). Traffic flows from the surrounding area largely head towards the Austrian 
capital. The A2 Südautobahn (South Motorway) is a central transport axis in the east of Austria 
that runs towards Styria and onwards to Carinthia, Slovenia and Italy to the south and towards 
Bratislava and Brno to the north. The Südbahn (Southern Railway) links Vienna to Graz (where 
passengers can travel on to Ljubljana, Zagreb and the port city of Rijeka) or Klagenfurt and Vil-
lach (with connections to northern Italy and the port city of Trieste) in the south (and is currently 
being extended in two locations). The capital also has rail links to Brno and Prague in the north. 
Furthermore, the area is structured around a third transport link: a branch line (“Badner Bahn”) 
connects central Vienna to the district capital of Baden. 

Challenges 
In this area type, the importance of historical centres has dwindled. Vienna South is home to 
Shopping City Süd (SCS), Austria’s largest shopping centre (comprising 192,500 square metres 
of selling space and employing 5,000 staff), and Austria’s top-performing commercial site in the 
shape of the Lower Austria–south industrial hub (IZ NÖ-Süd), which also has 11,000 employees. 
In addition to vehicles transiting through the area, these sites generate considerable volumes 
of traffic. Online shopping is noticeably putting pressure on brick-and-mortar retail (even big-
name stores). Desperate attempts are being made to find opportunities for development. Ef-
forts are also underway to secure the future of commercial sites such as the IZ NÖ-Süd, which 
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TRANSFORMATION STAGE 1   
ON-SITE MOBILITY PLATFORM 

has two road links to the A2 as well as its own on-site depot. Competition between these lo-
cations has increased significantly and new logistics chains mean competitors are now abroad 
as well as at home. The change underway is demonstrated by the growing significance of site 
factors once considered “soft” (design quality, culinary offering) and, above all, public transport 
accessibility (cf. IHK 2020; GVA Mödling 2016; Görgl et al. 2017; Statistik Austria 2017, 2019; 
SUM 2020). 
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Figure 5: Structural plan of Vienna South with a particular focus on the area surrounding the IZ NÖ-Süd industrial site

Source: the authors
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Wiener Süden
VIENNA

The first transformation stage will see IZ NÖ-Süd be-
come a test site for automated mobility. The project 
will be run by businesses operating on the site as a 
public-private partnership with the support of public 
operators (from the province of Lower Austria) and 
actors from the mobility sector. The aim of this first 
phase is to meet the different logistic’s needs of the 
businesses on site. Some of the roads on the IZ NÖ-
Süd site will be specifically adapted to form a network 
suitable for automated mobility services (Fig. A3 in the 
appendix). 

The roads developed for the area assistants will also 
be adapted for use by pedestrians and cyclists. Pave-
ments and cycling lanes will be separated from the 
rest of the road and feature an attractive design. The 
operators of IZ NÖ-Süd will work together with local 
stakeholders to ensure the location’s future. Land at 
the site’s transport links (A2 motorway: Wiener Neu-
dorf exit; IZ NÖ-Süd exit to the Badner Bahn: stops at 
Griesfeld, Neu Guntramsdorf and at the site’s depot) 
will be secured. 

TRANSFORMATION STAGE 1   
ON-SITE MOBILITY PLATFORM 

PRINCIPLES OF THE VIENNA SOUTH TRANSFORMATION1
CA APPLICATION MOBILITY MOBILITY

SITE ASSISTANT CA SERVICES GO HAND IN 
HAND WITH SOFT MOBILITY 

LINK CA SERVICES TO 
OTHER SECTORS 
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TRANSFORMATION STAGE 3  
A MOBILITY PLATFORM IS LAUNCHED AND  
INTEGRATED INTO THE VIENNA SOUTH RIBBON DEVELOPMENT 

VIENNA

The interfaces at the outskirts of the site will now be 
developed into mobility hubs. It will become possible to 
offer attractive services, even for workers on site. CA 
shuttles now transport passengers from the Badner 
Bahn’s stops. An area assistant can now be implement-
ed across the whole of the IZ NÖ-Süd site. Passenger 
transport will primarily be provided by two automated 
bus lines that cross the IZ NÖ-Süd site and stop at the 
mobility hubs (Fig. A3; the existing road network’s suit-
ability for automated vehicles was considered, Fig. A2). 

A visible transformation will be underway: more green 
spaces appear alongside pavements and cycle paths 
and on old car parks. The site thus becomes more ap-
pealing for other sectors. After this phase is complete, 
the motorway can also be used by automated vehicles. 
The on-site mobility platform now also enables syner-
gies on the motorway that lead to greater efficiency 
and less traffic congestion. Companies rethink their 
approach and instead of offering employees company 
cars, they provide flexible mobility. The mobility hubs 
located at motorway junctions are used, similar to 
port areas, as goods handling spaces and are key in-
terchanges for passenger transport. 

TRANSFORMATION STAGE 2  
DESIGNING INTERFACES 

PRINCIPLES OF THE VIENNA SOUTH TRANSFORMATION2
CA APPLICATION MOBILITY SPACE

SITE ASSISTANT ADAPTABLE MOBILITY HUBS 
DESIGNED FOR URBAN 

SPACES

CAR-FRIENDLY SITES CLOSE 
TO THE MOTORWAY BECOME 

PRIME SITES 
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VIENNA

The SCS will also be accessible via automated mobil-
ity services, as will smaller business sites along the 
Brünner Straße and Triester Straße. The focus now 
lies on linking parallel large-capacity routes via an 
integrated local transport network (active mobility 
and automated shuttles are being jointly developed). 
Spaces reclaimed from parked cars are then utilized in 
a range of ways by redesigning brownfield sites. 

TRANSFORMATION STAGE 3  
A MOBILITY PLATFORM IS LAUNCHED AND  
INTEGRATED INTO THE VIENNA SOUTH RIBBON DEVELOPMENT 

Experiences gained make it possible to integrate the site 
into its surrounding area. It is also possible to reduce 
car dependency in other locations along the motor-
way. Regional transformation objectives are developed 
jointly with the municipalities in the area. The mobility 
platform is transformed into a public infrastructure 
service provider. The aim is to develop a region with 
clearly articulated planning goals and in which a com-
plex spatial experience can be carefully designed. 

PRINCIPLES OF THE VIENNA SOUTH TRANSFORMATION 3
CA APPLICATION MOBILITY MOBILITY

CA SHUTTLE BUS CLOSE GAPS BETWEEN 
TRANSPORT AXES WITH

CA SERVICES

UPGRADE FEEDER ROADS 
FOR CAV
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Development strategy: a clear-cut course 
Area types such as Vienna South should be among the first to witness the roll-out of connected 
and automated vehicles and to show visible signs of how effective the mobility transformation 
can be. Such sites can be found close to large cities everywhere and are chosen by businesses 
that are dependent on innovative logistics and are thus constantly moving towards more auto-
mation and connectivity. The following planning stages proceed on the assumption that these 
areas will serve as pioneers and thus play a key role in the transformation of the mobility system.

Discussion and reflection

Vienna South faces considerable volumes of traffic. This is largely a result of commercially 
successful sites such as IZ NÖ-Süd and the SCS that play a significant role both locally and na-
tionally. These locations will, however, invariably and inevitably be transformed. A new host of 
characteristics are coming to the fore. Area types such as Vienna South could be the next niche 
zones from which connected and automated driving takes hold. These locations are thus highly 
relevant as role models and pilot schemes. The transformation of these areas, either brought 
about spontaneously or initiated in a targeted manner, will set the course for developments to 
come. If opportunities to build a transport system around greater sustainability are missed here, 
all further attempts to do so will face a much steeper uphill climb. 

At present, there are hardly any pedestrians or cyclists at these sites. These streetscapes are 
also barely used as spaces for relaxation (for instance, by workers on their lunch breaks). These 
areas thus provide an opportunity to test the waters when it comes to new forms of mobility 
without putting undue strain on the surrounding area. Areas such as Vienna South could also 
give rise to a public freight transport network or an integrated public transport network for 
passengers and goods. The valuable experiences of users and operators could be collected. 
Shifting or pooling types of transport in this way (to avoid unnecessary journeys) can be an 
important step towards ensuring the competitiveness of these locations while also initiating a 
sustainable transformation. 
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5.2 MISTELBACH (AREA TYPE B)

Mistelbach is the capital of a district with the same name and is situated in the north-east of the 
Weinviertel, Austria’s largest winegrowing region. The municipality comprises ten small towns, 
with five forming the functional centre. The Laaer Ostbahn (S-Bahn lines 2 and 7) provides a 
direct public transport link to Vienna. In 2015 an additional transport link was created in the east 
of the city: the A5 motorway is connected via a bypass. 

In recent years Mistelbach has grown due to its good transport links and high reserves of build-
ing plots. With the targeted redevelopment of brownfield sites, the city aims to consolidate its 
existing compact and historical buildings. Overall, the settlement structure is developing to-
wards the east in the direction of the motorway (e.g. business park, shopping centre; see Fig. 6).

Challenges 
As a centre, Mistelbach fulfils key regional functions for a commuter belt with around 120,000 
residents. The town provides shopping, service and administrative functions (for example, it is 
home to the district court, the regional hospital, and primary and secondary schools). Trains 
serving the S-Bahn line north of Mistelbach/Zaya station also operate at high frequency, making 
them attractive for many commuters (trains call at the town’s second station, Mistelbach Stadt, 
less frequently). A branch line runs to the south of the Mistelbach/Zaya train station that once 
connected Mistelbach with a second district capital, Gänserndorf. Today this line is only used 
for goods transport and as a historical railway. 

The regional bus network is unable to compete with individual transport. Although all key local 
municipalities are served, the frequency and timing of services are not convenient. Mistelbach’s 
role as a regional centre will be undermined by a new motorway. Since the new junction was 
opened, commuter numbers (particularly to Vienna) have been rising (Stadt Mistelbach 2014; 
Statistik Austria 2017, 2019; Görgl et al. 2017).

Development strategy: two key criteria 
There is a considerable risk that greater automation along the motorway will mean Mistelbach 
ceases to function as a regional centre and increasingly becomes a peripheral dormitory town 
with no specific function. In the case of Mistelbach, avoiding transport means strengthening 
its position as a centre to avoid as many long journeys to Vienna as possible. To make this a 
reality, this will involve, on the one hand, connecting the town’s key functions and, on the other, 
improving the region’s public transport network.
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TRANSFORMATION STAGE 1 
THE FIRST STEP TOWARDS AUTOMATED  
URBAN TRANSPORT IN MISTELBACH
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Figure 6: Structural plan of Mistelbach (Lower Austria) 

Source: the authors 
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VIENNA VIENNA

The first aim of the transformation is to improve the 
intermodal accessibility of Mistelbach’s key functions. 
An initial line for an automated shuttle, which will 
run from Mistelbach/Zaya station towards the south 
along the settlement boundary, is to be developed as a 
pilot project. This will link a sports and leisure centre, 
an industrial estate and, lastly, Mistelbach-Gänsern-
dorf regional hospital. Pavements and cycle paths will 
also be added and/or expanded along the route. The 
line’s terminuses will offer connections to the region-
al bus network. 

TRANSFORMATION STAGE 1 
THE FIRST STEP TOWARDS AUTOMATED  
URBAN TRANSPORT IN MISTELBACH

To advance the development of the regional public 
transport network, a search is conducted to find po-
tential sites in and around Mistelbach for an automat-
ed shuttle line. This will focus on the train line running 
towards Gänserndorf but primarily also roads in the 
town centres that can be made accessible by lowering 
the permitted speed limit (Fig. A4). 

PRINCIPLES OF THE MISTELBACH TRANSFORMATION 1
CA APPLICATION MOBILITY MOBILITY MOBILITY

AUTOMATED SHUTTLE BUSES 
OPERATING ON ROUTES 

CA SERVICES GO HAND IN 
HAND WITH SOFT MOBILITY 

BRANCH LINES ARE THE CAV 
ROUTES OF TOMORROW 

LINES MUST LINK 
CENTRAL FUNCTIONS 
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TRANSFORMATION STAGE 3  
REGIONAL TRANSIT IN MISTELBACH

VIENNA VIENNA

Once experience has been gained via the pilot pro-
ject and a comprehensive analysis of the infrastruc-
ture for potential routes has been conducted, target 
group-specific services will be developed to access 
functions located centrally (in Mistelbach, see struc-
tural plan in Fig. 6). The aim is to create public servic-
es for everyday mobility to cover a range of different 
needs. The first step entails the expansion of automat-
ed services at off-peak times for commuters and in-
creasingly for young people too. The infrastructural 
analysis has shown that high infrastructural invest-
ment would be needed to establish an extensive auto-
mated transport network. Work will then begin on an 
integrated mobility platform that can be used to access 
all available services. 

TRANSFORMATION STAGE 2  
FROM PILOT PROJECT TO TARGET GROUP-SPE-
CIFIC EVERYDAY MOBILITY

Further pilot projects will begin so that many residents can experience the new 
services. Here the bypasses of recent decades come in useful. Lower speed limits 
are now desired in town centres, allowing a new type of mobility to be trialled. 
Shuttles are implemented in surrounding municipalities following a rotation plan. 
If investments are to be made into road infrastructure, then the focus should be 
on creating high-quality public spaces in town centres. A growing number of func-
tions are linked within Mistelbach’s urban zone. The focus is now on the mobility 
of the town’s school pupils and the elderly. The first integrated mobility hubs are 
created at the train station and the regional hospital. 

PRINCIPLES OF THE MISTELBACH TRANSFORMATION 2
CA APPLICATION MOBILITY MOBILITY SPACE

AUTOMATED SHUTTLE BUSES 
ON ROUTES AND ROADS 

LINK CA SERVICES TO 
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CA SERVICE CATCHMENT 
AREAS WITH HIGH DEVELOP-

MENT POTENTIAL 
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VIENNA VIENNA

Spaces identified as potential sites are prioritized and developed in a 
targeted manner. Mobility hubs are integrated into existing functions. 
Interfaces within the mobility system help boost central locations. The 
features offered within mobility hubs will depend on the location and de-
mand. These may be car-sharing services for leisure mobility, especially 
at weekends, as well as e-scooter and bicycle hire. 

TRANSFORMATION STAGE 3  
REGIONAL TRANSIT IN MISTELBACH A regional development concept is created. The 

municipalities not only develop a joint public 
transport service but pledge to also embark 
on a radical land policy. This involves the de-
velopment of automated services running on 
the motorway to provide express routes to 
Gänserndorf, Laa an der Thaya and Hollabrunn. 
The enhanced technological possibilities of  
automated driving systems now make it more af-
fordable to design such routes. 

PRINCIPLES OF THE MISTELBACH TRANSFORMATION 3
CA APPLICATION MOBILITY MOBILITY SPACE

AUTOMATED SHUTTLE BUSES 
ON ROUTES AND ROADS 

CA SERVICES ONLY 
IN CERTAIN AREAS 

PUBLIC TRANSPORT HUB 
AREAS SHOWCASE SERVICES

CA SERVICE CATCHMENT 
AREAS WITH HIGH DEVELOP-

MENT POTENTIAL 
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Discussion and reflection

Automated driving on a motorway could put immense strain on a regional centre such as Mistel-
bach. If more affordable, comfortable journeys are possible on large-capacity roads, small-
er retail entities, leisure facilities and other establishments will have to contend with greater 
competition. Mistelbach’s expansive commuter belt will likely hinder the large-scale roll-out 
of automated vehicles in the longer term. The pathway proposed in this paper is focused on 
allowing as many people as possible to experience mobility in a new way. If there is a sense 
that everyday journeys to important functions in Mistelbach can be easily completed without a 
car, this would be a crucial step. This case study once again demonstrates just how vital it is to 
generate intensive cooperation between a highly diverse range of actors. 
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5.3 EBREICHSDORF (AREA TYPE C) 

The town of Ebreichsdorf is located in the district of Baden roughly 25 kilometres to the south 
of Vienna. The municipality comprises four small towns (Fig. 7). Mobility in this area is largely 
concentrated on routes towards Vienna: 80% of the working population commutes, with 50% 
travelling to the Austrian capital. Ebreichsdorf has two main regional transport links to Vienna: 
the A3 southeast motorway and the Pottendorfer S-Bahn line. The Pottendorfer line, which 
offers travellers a link to Austria’s eastern railway line towards Hungary, passes through Unter-
waltersdorf; however, passenger transport has been suspended on this line. Ebreichsdorf’s city 
bus network connects the town with the other cadastral communities of Schranawand, Unter-
waltersdorf and Wegelsdorf.

Challenges 
As it is situated close to Vienna and has good transport links to other parts of the country, 
the region is an attractive location for companies from all sectors. Ebreichsdorf is home to 
four large and several small industrial estates. The area’s economy is structured around small- 
and medium-sized craft and industrial companies, as well as service providers. Business traffic 
sometimes passes through the centre of towns and localities.

Ebreichsdorf is also a popular residential town. For years, its population has grown at a faster 
than average pace for Lower Austria. Settlements in the area largely comprise single-family 
homes. What little dense housing there is tends to be concentrated around the town centre 
and along the B16 road to Vienna. Key services are located here, including for residents living 
in the area around Ebreichsdorf. Along with the expansion of the Pottendorfer line, there are 
plans for the specific development of Ebreichsdorf. As a satellite town close to Vienna, some 
of the projected urban growth is to be realized close to public transport links (Görgl et al. 2017; 
Stadtgemeinde Ebreichsdorf 2014; Statistik Austria 2017, 2019).

Development strategy: Strengthening the development of existing structures with lively 
streets 
In Ebreichsdorf, the first stage of the transformation has already begun. The Pottendorfer line 
is currently being expanded and should be finished by 2023. A large section will run on a new 
line roughly one kilometre further east. As part of this, Ebreichsdorf train station will be moved 
from its current central location to a greenfield site, which will also improve the link between the 
Pottendorfer line and Unterwaltersdorf. The former train station and rail line running through 
Ebreichsdorf will be closed down. Once it has been decommissioned, this railway line will have 
major potential for other uses.

The expansion and construction of the train line aims to accelerate growth and elevate Ebre-
ichsdorf to a central hub in the area south of Vienna. The Ebreichsdorf Smart City project has 
also looked at different ways to integrate the new train station and future settlement develop-
ment by drawing up a range of potential scenarios. This urban planning decision will initially 
mean a loss in public transport access for Ebreichsdorf town centre (the considerable drop in 
services is shown in Fig. A5 between transformation stages 0 and 1). 
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TRANSFORMATION STAGE 0  
PREPARATION WHILE THE NEW STATION IS BUILT
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Figure 7: Structural plan of Ebreichsdorf (incl. new train station) 
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VIENNA

TRANSFORMATION STAGE 0  
PREPARATION WHILE THE NEW STATION IS BUILT

The new station is being built to serve an area with a 
radius of roughly 25 kilometres. A park-and-ride site is 
currently still necessary but will be designed so that it 
can be removed at a later date. It will play a role during 
the entire transformation process but its function will 
constantly be changing. The front of the train station 
will mainly be designed around the needs of those us-
ing active forms of mobility. This concerns the proximity 
of parking spaces (or e-bike charging stations) to the 
platform, the route between the two and the attractive 
design of approach roads for cyclists and pedestrians, 
which will feature an abundance of lighting as well as 
greenery to offer protection from the elements. Pave-
ments and cycle paths will be built on a separate lane.

PRINCIPLES OF THE EBREICHSDORF TRANSFORMATION 0
MOBILITY MOBILITY SPACE

PUBLIC TRANSPORT HUB 
AREAS SHOWCASE SERVICES

CLEAR PRIORITIZATION OF 
SOFT LOCAL MOBILITY 

AT PUBLIC TRANSPORT HUBS 

SECURE AREAS AROUND 
PUBLIC TRANSPORT HUBS 

FOR FURTHER DEVELOPMENT
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TRANSFORMATION STAGE 2 
FROM PASSENGER MOBILITY TO INTEGRATED LOCAL TRANSPORT 

VIENNA

TRANSFORMATION STAGE 1 
THE FIRST INTEGRATED CA ROUTE IS BUILT

The prerequisites for the targeted development of  
existing buildings are thus in place: together with the  
local population, concepts will be created detailing how 
the newly generated potential can be used. The roads 
running either side of the old railway embankment will 
gradually be turned into a linear park. Selected vacant 
and former parking spaces along the Rechte Bahnzeile 
road will be secured for future development. 

Transformation stage 1 will see the use of automated 
shuttles made possible through targeted infrastruc-
ture development, and infrastructural requirements 
for active forms of mobility will also be improved. CA 
shuttles will start operating on the approach road 
from the Ebreichsdorf area to the new station. Close to 
the old station, the access road will cross the disused 
railway line, which traverses the entire Ebreichsdorf 
residential area from north to south. There will also be 
integrated development on the route to allow active mo-
bility and CA shuttles. In the town itself, microhubs will 
be built along the access road and the old railway line 
that serve as bridges connecting previously separated 
residential areas to the west and east of the railway.

PRINCIPLES OF THE EBREICHSDORF TRANSFORMATION1
CA APPLICATION MOBILITY MOBILITY SPACE

AUTOMATED SHUTTLE BUSES 
OPERATING ON ROUTES 

CA SERVICES GO HAND IN 
HAND WITH SOFT MOBILITY 

BRANCH LINES ARE THE CAV 
ROUTES OF TOMORROW 

CA SERVICE CATCHMENT 
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MENT POTENTIAL 
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VIENNA

TRANSFORMATION STAGE 2 
FROM PASSENGER MOBILITY TO INTEGRATED LOCAL TRANSPORT 

During this stage of the expansion, the system will 
shift from simply transporting passengers (i.e. enab- 
ling commuter traffic) to a local public transport and 
active mobility network for people and goods. Local op-
erators will benefit from being able to offer their cus-
tomers mobility services. A participatory process will 
be used to turn existing concepts for local develop-
ment planning into a polycentric vision that integrates 
all the cadastral municipalities.

Ongoing technological developments and municipali-
ties’ experiences of running CA shuttles will give rise 
to new opportunities to boost existing centres and 
sites via improved transport links. CA shuttles will 
take over a large part of the city bus network, which 
will then only serve peripheral urban areas. An evalu-
ation of the existing road network’s suitability will be 
used to plan routes. This will allow the frequency and 
timing of services to be vastly improved. Once the CA 
shuttle is operating on Ebreichsdorf’s main square, 
space here will also be reclaimed from cars and  
allocated to active forms of mobility. High-quality pub-
lic space will also be created. 

PRINCIPLES OF THE EBREICHSDORF TRANSFORMATION 2
CA APPLICATION MOBILITY MOBILITY

AUTOMATED SHUTTLE BUSES 
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VIENNA

BADEN

EISENSTADT

WIENER
NEUSTADT

TRANSFORMATION STAGE 3 
A REGIONAL CONCEPT

The park-and-ride site at the train station has now 
been almost fully repurposed. It now hosts business 
and office spaces; a range of sharing services can also 
be used. The next step is the polycentric development of 
the region, which will help relieve some of the consid-
erable traffic flows towards Vienna. For this purpose, 
a joint regional development concept will be drawn up 
with Baden, Wiener Neustadt and Eisenstadt.

The CA shuttle network will be further expanded and 
serve almost all of the residential area, similar to the 
former city bus network but with a much improved ser-
vice. Peripheral sites will have access to a CA ring-
and-ride taxi service. An intricate, integrated local 
transport network for active mobility and CA shuttles 
is now a reality. It will be used for shopping and leisure 
journeys made by tourists, school-children and com-
muters as well as by local businesses. Unlike cars, au-
tomated vehicles only run in certain parts of the road 
network. 

PRINCIPLES OF THE EBREICHSDORF TRANSFORMATION 3
CA APPLICATION MOBILITY MOBILITY MOBILITY 
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Discussion and reflection 

Ebreichsdorf is already a municipality comprehensively engaged in shaping its future. The stra-
tegic planning narratives presented in this paper demonstrate the multitude of options that 
exist to reduce car dependency. Figure A5 (see Appendix) shows the shift in areas accessible 
by public transport during the various phases of this transformation. Furthermore, at the end of 
the process we have set out here, large areas of the municipality (including the cadastral com-
munities) will have access to a network of high-quality streetscapes that are inviting spaces for 
walking and cycling and served by automated shuttles.

We can once again see that comprehensive cooperation is essential for the success of a 
transformation process of this kind as well as the ability to transfer the model to other areas. 
The technology behind automated shuttles is demystified and becomes one of many building 
blocks. Above all, committed action needs to be taken by a range of actors, the local population 
must be involved early on and, most notably, the shared view must be held that the pressures 
caused by the climate crisis represent this century’s biggest challenge in terms of mobility and 
settlement development. 
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TRANSFORMATION STAGE 1  
MOBILITY IN THE “SHARED BUCKLIGE WELT REGION”

5.4 BAD SCHÖNAU (AREA TYPE D)

Bad Schönau is a small spa town in the south-eastern part of the Industrieviertel, a historically 
industrial region of Lower Austria that borders Burgenland and Styria. The dispersed municipal-
ity comprises seven villages, only two of which currently have more than 50 inhabitants. With 
just under 500 inhabitants, Bad Schönau is by far the largest. The few central functions that 
exist are located in Bad Schönau. Residents often travel outside of the municipality to nearby 
localities such as Krumbach and Kirchschlag to use local amenities as well as welfare and ed-
ucational institutions. 

There is no public transport service that covers the whole region. Vienna can be reached by 
car in roughly one hour. Residents in the region are thus highly dependent on motorized pri-
vate transport. Regional buses only run along the B55 federal highway. One of the stations of 
the Aspangbahn train line can be reached by bus in roughly 20 to 40 minutes. However, these 
stations do not offer a frequent service (see Fig. 8). With tourism in mind, Austria’s Bucklige Welt 
region is looking to develop services for e-bikes. 

As a spa town, tourism is the dominant industry in the region. Several healthcare facilities are 
located at the outskirts of the municipality. The majority of jobs in Bad Schönau are either 
directly or indirectly reliant on tourism. The high number of overnight stays (over 200,000 
per year, 550 per day) slightly surpasses the number of residents. Population growth in the 
municipality has been stagnant for a number of years and is now starting to fall in some areas 
(Kurgemeinde Bad Schönau 2020; Statistik Austria 2017, 2019). 

B55

B55

B55 BAD 
SCHÖNAU

KRUMBACH

Kirchschlag in the 
Bucklige Welt

Schönau station to Vienna’s Meidling station: 
at least 1 hour 45 mins

Bus to Edlitz-Grimmenstein station: 23 mins

Regional train to Wiener Neustadt station: 21 mins

Railjet high-speed train to Vienna’s Meidling station: 23 mins

Public transport accessibility ratings 
A very good 
B
C
D poor
Rail link/stations 
Motorway/exits

Figure 8: Public transport accessibility in and around Bad Schönau 

Graphic: Michael Gidam and Lucia Paulhart
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Bad SchönauTRANSFORMATION STAGE 1  
MOBILITY IN THE “SHARED BUCKLIGE WELT REGION”

While other areas are already testing automated vehi-
cles, Bad Schönau is focused on helping children and 
young people become familiar with alternatives to indi-
vidual transport. The automated shuttle’s potential as 
a marketing tool for tourism in the area has been rec-
ognized and efforts are being made to launch a project 
that would take advantage of this opportunity. 

During the first phase of transformation, it is not 
transport automation but connectivity that plays a 
role in this area type. Ongoing efforts within the con-
text of the shared Bucklige Welt region to boost con-
nectivity continue while the objective remains to inte-
grate the various transport services on offer into a 
single platform. This mobility platform would not only 
be for Bad Schönau but cover the entire region. Many 
of the relevant transport and spatial planning actors 
in the three Austrian states involved have been working 
in partnership to make this a reality. 

PRINCIPLES OF THE BAD SCHÖNAU TRANSFORMATION1
MOBILITY

CA SERVICES GO HAND IN 
HAND WITH SOFT MOBILITY 
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TRANSFORMATION STAGE 3  
CONNECTION TO REGIO-TRANSIT WIENER NEUSTADT 

TRANSFORMATION STAGE 2  
AUTOMATED TOURIST MOBILITY 

Cycling will continue to remain popular on the quiet 
roads in the Bucklige Welt but will now be joined by 
shuttles, e.g. carrying passengers to restaurants lo-
cated away from the town. There will also be improved 
links to the Aspangbahn, which will see more frequent 
(at this point, non-automated) services along the  
area’s secondary road.

A mobility concept is developed together with other 
municipalities in the Bucklige Welt. An initial automated 
mobility project is launched in Bad Schönau: a dial-a-
bus service will run between health resorts and other 
tourist sites in the town centre. Tailor-made services 
will also be developed for specific tourist segments.

PRINCIPLES OF THE BAD SCHÖNAU TRANSFORMATION2
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TRANSFORMATION STAGE 3  
CONNECTION TO REGIO-TRANSIT WIENER NEUSTADT 

The cooperation between regions is developed further. 
Existing services and initiatives are merged. Similar to 
the links created for Mistelbach’s surrounding com-
munities, a transport link is established between Bad 
Schönau and the regional centre of Wiener Neustadt. 
As well as tourists in the region, the improved acces-
sibility now also increasingly benefits local residents. 
The regions’ mobility platforms are merged to form 
a single system that can be used for all conceivable 
journeys. To counteract the increased accessibility of 
remote residential areas, a rigorous land policy will be 
implemented.

PRINCIPLES OF THE BAD SCHÖNAU TRANSFORMATION3
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Discussion and reflection

The example of Bad Schönau, with its 500 residents, raises the question of where and at what 
stage it is wise to implement automated mobility services. This has only partly been answered 
with the acknowledgement that the first transformation stage could be implemented without 
any automation, but this may not necessarily be the case for other, larger tourist centres. In 
fact, the opposite may be true. This is because potential users, who visit for leisure or during 
holidays, tend to prefer new experiences, and this interest in the unfamiliar could also be used 
to boost automated driving within the context of transforming mobility. Local recreational activi-
ties are now far more popular as a result of the Covid-19 pandemic, which is why this approach 
could become more relevant, not only in terms of tourism but also, at a later stage, to improve 
the mobility options for populations living in similarly peripheral areas. 
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6. CONCLUSION

This explorative case study has shown that connected and automated vehicles – if they are to be 
instrumental in bringing about a mobility transformation – do not always have to be implement-
ed according to the same rules or a general set of principles; instead, it is vital to understand 
the backdrop to, and motivating factors behind, the technology’s application.  This requires a 
bottom-up approach to the implementation of connected and automated vehicles. If these vehi-
cles can be rolled out in a manner that addresses local problems and challenges, this will also 
increase the probability that the mobility system will be transformed sustainably. 

The narratives playing out in the various area types and during the stages of transformation 
demonstrate that ambitious planning processes are required if a transformation towards a ser-
vice-oriented, sustainable mobility model is ultimately to succeed in a wide range of spatial 
contexts. Our analyses give examples of specific planning requirements that will be essential in 
various transport and spatial scenarios. 

Such a transformation requires the necessary patience to prepare and set in motion the desired 
change based on the technological requirements and (local) acceptance. Even if, for instance, 
automated commercial/internal mobility management or tourist mobility services initially appear 
to have hardly any quantifiable transformational effect, they could provide an opportunity to 
gain initial experience with service-oriented automated transport and thus form the basis for the 
wider application of such services as part of everyday mobility. Ultimately, our exploratory anal-
ysis of each of the four area types has resulted in a final transformational stage that is designed 
around a holistic mobility system and connected and automated vehicles that can be meaning-
fully implemented into the existing mobility offering (MaaS). At the end of this transdisciplinary 
process, we can pinpoint the following dynamics that are shared by all area types: 

 ■ Transformation stage 1: Problem-oriented, target group-specific and spatially confined pilot 
projects allow initial experiences with CAT to be gained. 

 ■ Transformation stage 2: CAT projects are met with widespread support and acceptance 
for the respective activity. As the technology continues to improve, services become more 
entrenched and spread to other areas and are also applied in other fields. 

 ■ Transformation stage 3: The services appeal to a wider range of target groups and can be 
expanded to serve new catchment areas. They integrate existing mobility systems such as 
public transport, active mobility and sharing services. 

The initial steps to bring about each stage of these development plans are made in the respec-
tive area types by various groups of actors (large-scale industry and trade, the municipalities, the 
regions and the tourism industry). However, an intensive cooperation with policy planning actors 
will be required at least by transformation stage 3. This collaboration should ideally take place as 
early as possible. Preparations can be made for measures, such as the integration of a range of 
mobility services and/or providers into a single fare system and the creation of a shared mobility 
platform, without the need to wait for developments in vehicle technology. 

All four case studies outlined here demonstrate that CAT cannot be seen as the silver bullet that 
can resolve every issue. Contrary to initial expectations, the technology will only have a positive 
effect in some areas. If CAT is to contribute to the transport/mobility transformation, automated 
mobility services must then be meaningfully combined with other public transport services as 
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well as active forms of mobility. Finally, it is hoped that this case study will encourage the neces-
sary plans (processes, decisions, analyses to identify potential for action) to be undertaken in a 
range of spatial contexts today. CAT will not be capable of initiating an ecologically sustainable 
transport and mobility revolution all by itself. Bringing major change to transportation seems to 
be an almost impossible task, especially in rural areas. Only if there is a shared interest among 
a wide range of actors to develop CAT not as an end in itself but as part of a high-quality public 
transport system that meaningfully complements active forms of mobility and optimally inte-
grates a range of transport services, does there remain a pathway to revolutionizing transport. 
In this context, local actors should also be given greater and more comprehensive powers to 
develop new forms of cooperation with regard to new mobility and take subsequent steps to-
gether and decisively
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        Figure A2: Suitability of existing roads in Vienna South (area type A)

 Graphic: Aggelos Soteropoulos

 Figure A3: Line network for automated services in IZ NÖ-Süd (area type A)

Graphic: Stefan Bindreiter
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Figure A4: Suitability of existing roads in the Mistelbach region (area type B) 

Graphic: Aggelos Soteropoulos 

Figure A5: Changes in public transport accessibility in Ebreichsdorf (area type C) during the transfor-
mation stages 

Source: the authors
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1. INTRODUCTION

After the initial hype, recent years have seen markedly more restrained assessments of how 
connected and automated vehicle technology will develop. A revolutionary scenario that sees a 
single IT company suddenly launch a successful automated driving system capable of handling 
every driving task as well as a human (Beiker 2015) is now widely considered unlikely, at least in 
the medium term. Instead of this presumed revolution, we are currently facing the challenge of 
a decades-long period of transition – a “Long Level 4” – during which only certain parts of the 
road network will be accessible to automated vehicles (Mitteregger et al. 2022, Soteropoulos 
et al. 2020).

However, researchers still anticipate an extensive urban transformation that will have impacts 
far beyond the transport sector. Past events have demonstrated that the transformation of con-
nected technological systems (cf. Freeman/Perez 1988), such as the one currently taking shape 
as a result of the connection and automation of transport, will trigger a chain of reforms and 
revolutions that will impose considerable changes on societies and also have a visible impact 
on constructed spaces (cf. Headrick 1994, Schmitz 2001, Geels/Schot 2010). The spatial effects 
of this technological transformation will differ substantially between regions considered to be 
leading the way and those presumed to be lagging behind (Grübler 1992, Rogers 2003). Yet 
they will share one fundamental similarity: during the transition from one technology or trans-
port system to another, the old system’s need for land will vanish while its successor will place 
new demands on space (Grübler 1990). For instance, at the beginning of the railway era, land 
was acquired for the new transport infrastructure and a whole host of operational services 
by tearing down buildings in deprived parts of cities (Bruinsma et al. 2008) or by developing 
greenfield sites in suburban areas (Bellet 2009, Bertolini/Spit 2005). 

A similar spatial development dynamic is also expected during the transition to a connected 
and automated transport system. In this article, we systematically examine the fundamental 
aspects of this shift while aiming to understand these elements quantitatively and qualitatively 
with the help of a case study that analyses Vienna’s functional urban area (FUA). In Section 2, 
we present the framework of our analysis. To understand how land is directly used by various 
modes of transportation, we present a model that was developed based on product life cycle 
analyses. This model is illustrated using three types of transport (local public transport sys-
tems, individual transport and transport service providers, such as Uber and Lyft) and outlines 
the characteristic land use for each system’s components. At the end of Section 2, existing 
sites used by transport service companies, who are frequently seen as the forerunners of au-
tomated mobility services, will be examined in greater detail. This analysis of urban planning 
characteristics and facilities will then be used to develop general spatial principles for auto-
mated mobility services and their potential need for land. In Section 3, this transport system 
land-use model will be applied to the Vienna FUA using a geographic information system (or 
GIS)-based analysis. Moreover, a data set from Herold, a company specializing in digital media 
and marketing services that publishes Austria’s telephone directory, was used that locates and 
lists businesses in Austria according to their economic activity classification (otherwise known 
as their ÖNACE category). Here the components of individual transport are considered, while 
public transport components are explicitly excluded. In Section 4, we present the findings of our 
analysis of car-associated businesses, which examines their location and spatial characteris-
tics, thus giving a regional dimension to the theory of sectoral reconstruction of the automotive 
industry. The final Section provides a discussion of these findings and a conclusion, as well as 
considering the extent to which existing spaces (rather than construction on greenfield sites) 
can be used for a potential future transformation. 
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2. THE PATH TO A CONNECTED, AUTOMATED AND SERVICE-
ORIENTED TRANSPORT SYSTEM

Connected and automated mobility is usually described as a subset of shared mobility and 
Mobility as a Service (MaaS), or as the innovative system that could lead to a broad focus on 
service provision in the mobility sector (Shaheen/Cohen 2019). The transport sector is facing a 
considerable change which could see well-established opposites, such as individual vs. pub-
lic transport and passenger vs. goods transport, become obsolete (Lenz/Fraedrich 2015; Mit-
teregger et al. 2022: 43). Previous studies on the possible spatial impacts of this change have 
notably considered land reclaimed from parked cars as the transformation spaces of tomorrow 
(Alessandrini et al. 2015, Heinrichs 2016, Stead/Vaddadi 2019). Numerous simulation studies 
on automated car- or ride-sharing services reach the conclusion that a reduction in private car 
use could lead to demand for parking spaces falling dramatically (by up to 80% or 90%; Soter-
opoulos et al. 2019). 

While discussions concerning potential transformation spaces focus solely on car parks, the 
impact of the transformation of technological systems is underestimated. Firstly, these studies 
have access to limited knowledge as the decreasing need for parking spaces cannot be com-
prehensively ascertained with the models used; moreover, they are often based on a mere-
ly presumed relationship between (privately owned) vehicles that are replaced by automated 
car- and ride-sharing services and disappearing parking spaces (ibid.).1 Secondly, the focus of 
these studies does not go far enough. How the economic effects of the transport revolution are 
assessed illustrates this, with the impacts extending far beyond parking space management. 
If owned mobility becomes situational and consumed, this will affect the entire automotive 
industry (Bormann et al. 2018) as well as the public transport sector (Sommer 2018), together 
with all businesses operating in these two areas. The possible spatial effects of such a trans-
formation thus include not only parking spaces but potentially any space that is directly linked 
to the transport sector, whether it is used for manufacturing or sales, or even maintenance and 
servicing.

2.1 LAND DEMANDS OF VARIOUS MODES OF TRANSPORTATION

To ensure any potential for land transformation is fully taken into account, our analysis includes 
all economic sectors that are essential components of a coherent system to ensure the func-
tioning of a single mode of transport (Fig. 1). For the observations presented here (as well as for 
the selected case study region), it shall be assumed – for reasons of simplification – that this 
transformation will have a lesser impact on companies building, maintaining, dismantling and 
recycling (road) infrastructure. This is because connected and automated driving systems will 
be able to make use of at least part of the existing road infrastructure (cf. the last two lines of 
Fig. 1 as well as STRIA 2019). 

This general product life cycle was then used to create a more specific model for further anal-
ysis (see Fig. 2). Vehicle trading, a key sector, particularly for individual transport, was added 
alongside manufacturing, which plays only a marginal role in the region we are analysing. In the 

1 Here we can see that the established methods and accepted analyses were designed for periods 
of “normal science” and thus do not adequately describe paradigm shifts (Kuhn 1967). 
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following table, which compares individual transport, local public transport and transport ser-
vice providers, the key characteristics impacting land use already become clear. Here, “trans-
port service providers” includes companies such as Uber, Lyft and Bolt (cf. Figs. 5 and 6) as well 
as specialist third-party providers offering services for drivers (e.g. Splend and Drover). 

The comparison of transport modes shown in Figure 2 demonstrates that the components of a 
service-oriented form of mobility that is provided by either public or private transport operators 
will place different demands on space compared to those arising from individual transport, i.e. 
if there is wholesale, retail and used car trading, then it exists only in a radically altered form 
(cf. Bormann et al. 2018: 18). Current developments make clear the dilemmas facing vehicle  
traders in Europe (Eckl-Dorna 2020). The volume of transactions in individual transport af-
ter-sales services (spare parts trading, repairs and services, technical support, etc.), the added 
value of which is mostly generated locally, attests to the scale of the likely regional economic 
impacts (Cohen et al. 2006). In 2017, European turnover in this industry was calculated at €242 
billion (McKinsey 2018) and it is predicted that the mobility transformation would see a com-
pletely new distribution of these sales. 

Recycling

Vehicle

Infrastructure
Mode of transport

Manufacturing Maintenance Disposal

Recycling Used vehicle trading

Construction
Maintenance

Disposal

Figure 1: Diagram of the product life cycle of various modes of transportation  

Source: the authors based on Spielmann/Scholz (2005: 86) 
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Figure 2: Product life cycle of selected modes of transport and their components 

Source: the authors 
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2.2 LAND USE, COMPONENTS AND CHARACTERISTICS OF VARIOUS MODES OF 
TRANSPORTATION

Past events suggest that when one dominant mode of transport makes way for another, land 
conversions arise across all of the components listed in Figure 2. The various opportunities for 
development were exploited in different ways. The rise of the private car caused the railway 
network to shrink while depots and freight yards became obsolete. Workplaces and dormi-to-
ry accommodation for train company staff also disappeared. Wherever the need arose, all of 
these sites became valuable resources for settlement development. Across Europe, new de-
velopments, urban megaprojects and even transport hubs for high-speed trains have taken 
shape where freight yards and depots once stood (Bertolini et al. 2012). Working-class housing 
estates were either torn down or adapted and procured for new uses (cf. Burghart/Hertenberg-
er 2018). In rarer cases, instead of turning these areas into real estate, rail operators decided 
to ensure they were used as open spaces. In the following section, the spatial characteristics 
of different modes of transport are examined in detail based on their operational logic, with 
particular attention being paid to the recently emerging group of transport service providers.

2.3 LAND DEMANDS OF LOCAL PUBLIC TRANSPORT

Local public transport components are typically concentrated along the relevant infrastructure 
and in hybrid operational sites that fulfil functions such as maintenance, transport management 
and parking (Fig. 3). This concentration of functions is primarily a result of local transport opera-
tors needing to design internal processes that are as synergistic and efficient as possible. For in- 
stance, placing multiple functions at a single site makes it possible to utilize applications (e.g. 
spare parts storage for units operating on several lines) or general spaces within buildings (e.g. 
rooms for staff) more effectively. The spectrum of services offered by municipal infrastructure pro-
viders is proof that these synergies extend beyond the transport sector. The electricity generated 
by power stations for tram line, underground and commuter train services is still being fed into 
municipal power grids.

The inaccessibility of the railway network and local public transport operating sites usually means 
they become urban barriers that are gradually engulfed by growing towns and cities. At the same 
time, high passenger numbers at train stations and bus/tram stops boost their appeal for other 
functions, such as retail or office spaces, which has driven the formation of centres (Bertolini 2017).
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Figure 3: Erdberg underground station, Vienna 

Photo: Vienna GIS 
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2.4 LAND DEMANDS OF INDIVIDUAL TRANSPORT

Individual transport inverts the principles that apply to local public transport on multiple levels. 
Privately owned cars, for instance, have led to a rapid expansion of functions that were once 
concentrated and are now spread out along an unevenly dense road network across entire 
settlement structures. The car has thus contributed to the levelling up of spatial differences, a 
uniformity that is often viewed critically by urban planners and researchers, especially within 
the context of suburban space. That this – at least, initially – also meant social and spatial suc-
cess is often overlooked in the relevant discourse (McLuhan 2003: 291–301). 

The emotional weight attached to the car means that the components of individual transport 
(car dealerships, car washes, repair garages and petrol stations) serve not only to fulfil a certain 
function but are an expression of differentiation within the modern consumer society. This is 
because cars and car maintenance are closely linked to a sense of identity, especially in places 
where there are no, or only minimally appealing, public transport alternatives (Manderscheid 
2014: 606f.). The pride associated with this vehicle is not shared collectively across nations or 
regions, as is the case with trains. The fact that businesses providing services linked to individ 
ual modes of transport are spread across entire settlement areas attests to a fragmented, mo-
bile society, whose members are able to decipher the subtle differences between car brands 
and their accessories (Cresswell 2006, Bourdieu 1987). 

In settlement structures, the functions associated with the private car are mostly solitary or act 
as urban barriers. However, this is not just caused by each function’s spatial requirements – be 
it a petrol station, a garage or a car dealership – but rather the combination with an excessive 
use of space caused by the demand for parking. From a historical point of view, this accounts 
for perhaps the most significant disruption to spatial planning to date: the car has reversed the 
relationship between a high concentration of people and centralized places that has been so 
pivotal throughout urban history. In the age of the car, roads with high volumes of traffic can 
no longer also be social spaces within the urban landscape as was the case, for instance, with 
main thoroughfares and boulevards (Marshall 2005: 5). According to this logic, attractors such 
as shopping or retail parks require motorways or wider bypasses, which intersect the space 
and remain isolated as they are surrounded by parking areas. 

Verkehrsflächen
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Figure 4: Locations of businesses offering car-associated services along Triester Straße in Vienna

Photo: Vienna GIS 
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2.5 LOCATIONS USED BY NEW TRANSPORT SERVICE PROVIDERS

Rather than building their businesses around a taxi model, today’s transport service providers, 
e.g. Uber, Lyft and Bolt, actually grew from ride-sharing schemes and car-sharing agencies that 
brought passengers and non-professional drivers together (Chan/Shaheen 2011). Initially, car 
and ride-sharing were primarily arranged through friends, acquaintances or colleagues. It was 
a set-up increasingly used in times when resources were scarce or to save money (for instance, 
after World War II in the US and during the 1970s oil crisis in Europe). This led to ride-sharing 
clubs, noticeboards and phone lists that gradually started to move online during the 1990s. The 
spaces dedicated to such activities, if they exist at all, are just as practically designed as the 
ride-sharing groups themselves: plain tarmac surfaces on motorway feeder roads, bypasses 
and lay-bys.

While modern-day ride-sharing providers corrupted this model of shared use by turning it into a 
money-making enterprise, some of the effects are now becoming apparent in other areas too. 
The success of ride-sharing providers is already having an impact on the flow of traffic and the 
modal split (SFCTA 2018) as well as becoming evident in the new demand for space at airports, 
train stations and shopping centres (Edelson 2017, Leiner/Adler 2019) as well as at the kerbside 
(cf. Chap. 8 by Bruck et al. in this volume). Moreover, little attention has so far been paid to the 
emergence of a new type of hybrid building that serves as a depot, a rest area and a co-working 
space (Greenblatt/Shaheen 2015, Epting 2019) and can offer some indication as to how much 
space automated mobility services might require.

Ride-sharing companies’ global domination has resulted in the creation of operating sites 
where either the transport service provider or specialized companies offer services for drivers 
working in the sector and their vehicles. The table below compares four of these sites and their 
main characteristics (Fig. 5). In all of the examples analysed, similar features seem to have been 
the determining factor for the choice of location; the industry’s history also appears relevant. 
The sites are located on the outskirts of urban zones or in suburban settlement areas close to 
motorway junctions. They are thus all situated outside of areas in which the demand is highest 
for their services (Anair et al. 2020). The location close to motorway exits suggests that rela-
tively long journeys must be undertaken by drivers to reach their customers (to compensate for 
lower basic or rent costs). It is notable that each site offers good local transport links. This could 
be due to the fact that many drivers do not own their own vehicle but must rent a car from a 
transportation service provider or another company (Zwick 2018).

Lyft Driver Hub Uber Greenlight 
Hub

Splend Member 
Support Center Bolt Hub

Location Windsor Park, 
Austin, TX

Bronx,  
New York, NY

Cricklewood, 
London

Chiswick,  
London

Surface area 2600 m2 2800 m2 2300 m2 N/A

Motorway    

Site Suburban Periphery Periphery Periphery

Public transport Bus Bus, underground Bus, commuter train Bus, commuter train

Figure 5: Urban planning features of transport providers’ operating sites  

Source: the authors 
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The characteristic features of the selected company sites reinforce this observation (Fig. 6). 
They clearly show how key services for non-professional drivers and vehicles become internal-
ized. If we follow the logic of local public transportation, the aforementioned functions should 
become inherent to the mode of transport being provided. But in the hands of transport ser-
vice providers, who follow the principles of the sharing economy, they become services that 
generate added value at the expense of drivers. The common practice of seeing employees as 
independent contractors (i.e. non-professional drivers are seen as contract workers, cf. Heller 
2017) makes it possible to create a new hybrid form of working that follows the logic of both 
local public and individual transport, i.e. flexible spaces can be used for leasing businesses, 
training sessions, meetings or community events; one-to-one, sales or consultation meetings 
are conducted in smaller offices with prospective or existing drivers and also result in docu-
mented interdependence (Fig. 7 on the next page). 

Aside from parking spaces that can be used not only by drivers but also for rented cars, numer-
ous functions are offered for the operation and maintenance of vehicles (Fig. 6). Car repair and/
or maintenance are conducted either by the driver (using tools or garages provided on-site) or 
by those operating the sites (Charpentier 2020). The cost is charged directly to the driver or 
drivers must become members to access this service. To ensure an appropriately high work-
load, the services on offer are sometimes made available to other customers. 

The largest transport service providers have made clear that they are already preparing for a 
long transition to automated driving systems. It is expected that an extended period will begin 
during which automated mobility services and conventional services provided by a driver will 
be offered in tandem as part of a “hybrid network” (Chaum 2019, Sheikh 2018). In other words, 
every time a journey is requested, an algorithm will check whether current developments allow 

Lyft  
Driver Center  
(Austin, TX)

Uber  
Greenlight Hub (Bronx 

New York, NY)

Splend Member  
Support Center  

(Cricklewood, London)

Bolt Hub 
(Chiswick, London)

Relaxation rooms    

Sanitary facilities    

Catering, kitchen, 
eating areas    

Meeting rooms    

Rooms for training 
and events    

Help desk    

Medical check-ups N/A  N/A N/A

Insurance   N/A N/A

Car rental    N/A

Parking    

Maintenance and 
repairs    N/A

Figure 6: Facilities of mobility service provider hubs/centres

Source: Hu (2017), Charpentier (2020), Tucker (2019), Ongweso Jr./Koebler (2019), Splend (2019) 
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a route between the starting point and destination that is accessible to automated vehicles. If 
this is the case, a highly automated vehicle will be assigned the journey (unless the customer 
explicitly requests a conventional transport option). If the route is not appropriate for automated 
vehicles, the request will be passed on to a human driver. It is plausible that the number of func-
tions assigned to drivers will gradually start to decrease compared to those that are assigned 
to vehicles. These sites could also potentially be used for new applications, e.g. they could 
become workplaces for dispatchers or personnel who monitor or control one or more highly 
automated vehicles (Yankelevich et al. 2018). 

The maintenance and, here particularly, cleaning of highly automated vehicles will be seen as 
an extremely relevant challenge (Clements/Kockelman 2017: 13; Kucharczyk 2017). Service ar-
eas, such as the one in use at the Lyft Driver Hub, resemble production lines and demonstrate 
considerable future potential for automation. Companies that currently offer “predictive main-
tenance” in niche industries (such as heavy engineering and mining) could someday perform 
this service for transport service providers. Numerous actors (Bosch, Intel, Uptake) are already 
trying to gain a foothold on this market. 

The urban-spatial effect of these spaces is likely to change as automation becomes more 
sophisticated. The need for parking spaces is still creating an integration challenge for ur-
ban planners, which is why these company sites currently feature the same characteristics as 
car-associated locations. However, as automation develops and algorithms take over the reins 
from drivers, parking spaces could also be used differently. For instance, they could only be 
available at off-peak times, although it remains uncertain whether this would still be possible 
at even more remote sites (as is the case for logistics companies) as vehicles currently have to 
travel far to pick up passengers. It is possible that other functions, such as those performed by 

Figure 7: Advertisement on a bus in Chicago for legal specialists offering services specifically for the 
ride-sharing industry. 

This image is explicitly excluded from the Creative Commons licence. In this instance, the author(s) 
shall retain copyright. Photo: Filip Frącz 2017 
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dispatchers, will be outsourced globally. Such applications already exist in the mining sector 
(Frangoul 2018). The separation effect created within the streetscape could be amplified on the 
roads leading to and from sites in the medium term if the infrastructure needs to be upgraded 
for use with automated driving systems (Soteropoulos et al. 2020). 

3. ANALYSING CAR-ASSOCIATED LAND CONVERSIONS WITHIN THE 
VIENNA CITY REGION

To provide a detailed analysis of the space development dynamic that could be initiated by the 
transformation to a connected, automated and service-orientated transport system, we looked 
at car-associated functions and businesses within the Vienna city region and considered their 
location and spatial characteristics. We established which car-associated businesses were 
present in the area using the model presented in Section 2 (Fig. 2). Our focus was solely on the 
transformation of existing spaces (Steen/Ryding 1993) and not any additional need for space 
in previously undeveloped areas (Jolliet/Crettaz 1996). We pinpointed potential transformation 
areas within the Vienna FUA and examined their individual characteristics. Figure 8 provides an 
overview of the methodical steps taken during analysis.

3.1 CASE STUDY: THE VIENNA CITY REGION

The functional urban area of Vienna, as defined by the OECD (2020), was chosen for analysis. 
Beside the city of Vienna itself, the Vienna FUA encompasses additional municipalities with 

Selection of 
region for analysis

Selection of car-associated 
businesses

City region analysis

Analysis in selected 
municipality

FUA Vienna

Site, land use, centrality

Manufacturing and trading, operation, maintenance

Based on city region analysis

Breakdown according to urban-rural typology

GIS-supported analysis

ÖNACE categories

In-depth spatial investigation

1

2

3

4

Figure 8: Steps for the analysis of car-associated land conversions in a city region

Source: the authors 
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significantly different spatial characteristics. However, in terms of its settlement structure and 
integration, the FUA presents similar characteristics to other city regions in German-speaking 
countries and is thus an appropriate candidate for a case study investigating car-associated 
land conversions. The Vienna FUA is a useful example to demonstrate the sites and spatial 
characteristics of these potential transformation areas. It is also relevant (or even applicable) 
to other city regions.

In order to ensure the analysis accounted for a broad range of differentiation, Statistics Aus-
tria’s “Urban-rural rypology” was used as a basis (Statistik Austria 2017). The city of Vienna and 
some surrounding municipalities fall under the “Urban centre (large)” category; however, given 
the Austrian capital’s overall importance and the significant differences in comparison with 
nearby municipalities considered in the same category, the city itself was analysed separately. 
Figure 9 provides an overview of the Vienna FUA as well as the further classification of munic-
ipalities based on Statistics Austria’s urban-rural typology.

3.2 SELECTING CAR-ASSOCIATED BUSINESSES

Car-associated businesses were selected based on a data set provided by Herold, a database 
containing information on businesses and organizations throughout Austria. The ÖNACE cat-
egories were used to identify relevant business and/or organization categories, which were 
then assigned to one of three areas (manufacturing/trade, operation or maintenance) based on 
the model outlined in Figure 2. ÖNACE categories that have some association with car parts 
or accessories were added to the “maintenance” category. Businesses operating in the field of 
disposal or recycling were not considered at all. The ÖNACE categories used as well as their 
applicable area of activity are shown in Figure 10. 

Urban centre (large) (101)

Urban centre (medium) (102)

Urban centre (small) (103)

Regional centre (central) (210)

Regional centre (intermediate) (220)

Rural area surrounding centres (central) (310)

Rural area surrounding centres (intermediate) (320)

Rural area surrounding centres (peripheral) (330)

Rural area (central) (410)

Rural area (intermediate) (420)

Rural area (peripheral) (430)

0 15
km

30

Figure 9: Vienna FUA and area classifications according to Statistics Austria’s “Urban-rural typology” 

Source: the authors based on Statistics Austria (2017) 
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3.3 APPROACH TO THE CITY REGION ANALYSIS

At the city region level, the first step involved an observation of the current location of various 
car-associated functions, particularly in relation to other functions in the same locality. An anal-
ysis was also conducted to establish the type of area in which the businesses were located, i.e. 
in what way the land is used at these locations. For this analysis, land use data were obtained 
from OpenStreetMap (a free platform that collects and organizes freely usable geodata, which 
are provided in an open licence database for general use). Five categories were then estab-
lished: residential, commercial/industrial, area with offices/business parks, area with retail busi-
nesses/shopping centres, and other (cf. Ramm 2019: 17; OpenStreetMap Wiki 2020).

The businesses’ proximity to the nearest town centre was also analysed by calculating the dis-
tance between each site and the closest municipal administrative office (the relevant data were 

ÖNACE Manufacturing and trade Operation Maintenance

29100 Manufacture of motor vehicles and motor vehicle 
engines 

29200 Manufacture of bodies (coachwork) and trailers 

29310 Manufacture of electrical and electronic equipment 
for motor vehicles 

29320 Manufacture of other parts and accessories for motor 
vehicles 

30990 Manufacture of other vehicles 

33170 Maintenance and repair of motor vehicles 

45111 Wholesale trade of motor vehicles with a total weight 
of 3.5 t or less 

45112 Retail trade of motor vehicles with a total weight of 
3.5 t or less 

45200 Maintenance and repair of motor vehicles 

45310 Wholesale trade of motor vehicle parts and accesso-
ries 

45320 Retail trade of motor vehicle parts and accessories 

47300 Retail sale of automotive fuel (petrol stations) 

49320 Taxi operation  

52211 Operation of multistorey and underground car parks 

77111 Leasing of motor vehicles with a total weight of 3.5 t 
or less 

77112 Renting of motor vehicles with a total weight of 3.5 t 
or less 

77120 Renting of motor vehicles with a total weight of more 
than 3.5 t 

85530 Driving and flight schools 

Figure 10: Selected ÖNACE categories 

Source: the authors 
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taken from the Herold data set). Due to the heterogeneous structure of its urban centres, the 
city of Vienna was excluded from this analysis.

The analysis of land used by businesses and functions, as well as their proximity to the nearest 
local centre, was further separated into the relevant spatial context as defined by Statistics 
Austria’s urban-rural typology.

The results of the city region analysis were also used to carry out an in-depth spatial analysis 
in a selected municipality. This involved a detailed examination of car-associated land conver-
sions in terms of their suitability for brownfield development. On the basis of the findings of our 
city region analysis, Vienna’s 23rd district, Liesing, was selected.

4. FINDINGS OF AN ANALYSIS OF CAR-ASSOCIATED LAND 
CONVERSIONS WITHIN THE VIENNA CITY REGION

4.1 CITY REGION ANALYSIS

Categorizing businesses based on transportation system components and urban-rural 
typology
Within the Vienna FUA, a total of 3,082 car-associated business sites were identified. These 
were then categorized according to the table in Figure 2. The majority of businesses came 
under the headings of “Maintenance” (42%) and “Operation” (40%). Slightly less than a fifth of 
car-associated functions (18%) were classified as “Manufacturing and trade” (Fig. 11).

If we examine the breakdown of businesses based on Statistics Austria’s urban-rural typology 
(Fig. 12), we can see that the largest number of car-associated businesses are, as anticipated, 
located in Vienna (1,594 overall), followed by a total of 452 businesses in large urban centres, 
i.e. the ribbon development to the south of Vienna, as well as in the municipalities along the 
Danube situated to the north-west and south-east of the city. Overall there are 365 business-
es located in municipalities classed as “Rural area surrounding centres (central)”. The Vien-

Figure 11: Car-associated businesses and their relevant category (manufacturing/trade, operation or 
maintenance) in %  

Source: the authors 

42%

18%

40%

Manufacturing/trade

Operation

Maintenance



324 | PART III ‒ SPATIAL DEVELOPMENT ‒ ARTICLE 15 

na FUA is largely comprised of such municipalities. The number of businesses located in the 
subsequent three categories is relatively high. These are “Urban centre (small)” (150), “Urban 
centre (medium)” (131) and “Regional centre (central)” (104), which includes the municipalities of 
Wolkersdorf, Gänserndorf and Bruck an der Leitha. The latter are also the municipalities whose 
working populations comprise the highest percentage of commuters (Görgl et al. 2017: 181). 

The breakdown of businesses by sector and their classification according to the urban-rural 
typology demonstrates that a high percentage of companies providing maintenance services 
are located in “Rural area surrounding centres (peripheral)” (58%) and “Rural area (peripheral)” 
(51%). However, a significant number of businesses operating in manufacturing and trade ap-
pear to be present in centres or in areas surrounding centres, particularly in regional centres 
(29%; Fig. 13). 

Figure 12: Number of car-associated businesses according to the urban-rural typology (n = 3,082)

Source: the authors 

Vienna
Urban centre (large/excl. Vienna)

Rural area surrounding centres (central)
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Figure 13: Breakdown of car-associated businesses by sector (manufacturing/trade, operation or 
maintenance) and urban-rural typology (n = 3,082)

Source: the authors 
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Location of businesses within the city region
Figure 14 illustrates the location of businesses in the city region. The diagram shows the num-
ber of businesses and presents this figure in relation to all businesses and/or organizations 
located nearby. The areas that feature both a high number and a considerably high share of 
car-associated businesses, and are thus heavily influenced by this sector, are mainly located to 
the south of Vienna.

Location of businesses according to land use
In terms of the location of businesses according to their land use (Fig. 15), it is clear that across 
the entire Vienna FUA, car-associated businesses are predominantly located in residential are-
as (67%) or in commercial/industrial areas (14%). By comparison, there are only a few businesses 

Number of 
car-associated 

businesses

high

high
0 km 15 km 30 kmCar-associated businesses as a share 

of all businesses/organizations

Figure 14: Number of car-associated businesses as a share of all businesses and/or organizations in 
the Vienna FUA

Source: the authors 
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situated in areas with office blocks/business parks or with retail businesses/shopping centres 
(6% respectively). Regarding the urban-rural typology, the number of car-associated business-
es in commercial/industrial estates is particularly high in central locations, especially in large 
urban centres (26%) as well as in centralized rural areas surrounding centres (17%). Residential 
areas with a higher share of businesses, on the other hand, tend to be located in smaller, pe-
ripheral municipalities, e.g. those that fall under the categories “Rural area (peripheral)” (90%) 
and “Rural area surrounding centres” (88%). It is interesting to note the high share of car-asso-
ciated businesses located in areas with retail businesses or shopping centres in the “Regional 
centre (intermediate)” category (29%). 

Location of businesses based on proximity to the nearest centre
The average distance between a car-associated business and the nearest town centre is 1.3 
kilometres (Fig. 16 on the next page). Particularly in peripheral areas, businesses are relatively 
close to the nearest town centre. This is especially true regarding businesses in the “Rural 
area (peripheral)” (695 m) and “Rural area surrounding centres (peripheral)” (861 m) categories. 
However, businesses tend to be located considerably further away from town centres in me-
dium-sized (1,441 m) and small urban centres (1,496 m), presumably due to the settlement size.

Figure 15: Breakdown of car-associated businesses according to sector (manufacturing/trade, opera-
tion or maintenance) as well as the urban-rural typology (n = 3,082)   

Source: the authors 

8%8%5%
15%

8%6%
13%

5%7%
15%15%

5%

6%2%

8%

4%

2%
29%

8%
7%

7%6%

6%

5%

7%

10%

4%4%
3%

5%

2%2%

2%4%

6%

14%

9%

2%

4%

17%
15%10%

11%

26%

12%

67%

90%

79%

65%

88%
82%

65%62%
70%74%

66%

49%

71%

0%

40%

80%

20%

60%

100%

10%

30%

70%

90%

50%

3%

Residential area

Area with 
offices/business 
parks

Other

Commercial/
industrial area

Area with retail 
businesses/
shopping 
centres

Urb
an

 ce
ntre

 (la
rg

e/exc
l. V

ienna)

Vienna

Urb
an

 ce
ntre

 (m
edium)

Urb
an

 ce
ntre

 (s
mall

)

Regional 
ce

ntre
 (c

entra
l)

Regional 
ce

ntre
 (in

term
ediat

e)

 Rural
 ar

ea s
urro

unding ce
ntre

s (
ce

ntra
l)

Rural
 ar

ea s
urro

unding ce
ntre

s (
interm

ediat
e)

Rural
 ar

ea s
urro

unding ce
ntre

s (
perip

heral
)

Rural
 ar

ea (
ce

ntra
l)

Rural
 ar

ea (
interm

ediat
e)

Rural
 ar

ea (
perip

heral
)

To
tal



327 | PART III ‒ SPATIAL DEVELOPMENT ‒ ARTICLE 15 

4.2 IN-DEPTH ANALYSIS OF LIESING

Based on the findings of our city region analysis, Vienna’s 23rd district, Liesing, was chosen 
for in-depth analysis. Our analysis of the number and share of car-associated businesses as 
a percentage of all businesses or organizations demonstrated that Liesing is an area where 
car-associated businesses play a considerable role. Moreover, Liesing’s existing transport sys-
tem and location also underline its relevance for this study: the district is located at the outskirts 
of Vienna and has transport connections both to the city’s underground (specifically the U6 
line) and commuter train network. The Südbahn (Southern Railway) and the A2 (E59) and A21 
(E60) motorways, three large-capacity transport axes, pass through the district. Liesing has the 
highest motorization rate of any Viennese district, and its modal split has the highest share 
of car journeys (ÖIR 2015). Liesing’s high affinity for cars is associated with its poor links to 
large-capacity local public transport. The district is growing rapidly, and there is high demand 
for property among buyers and renters alike (Lottes 2020). Its location at the urban periphery 
and its transport axes also make Liesing an attractive site for business.

This combination of factors could turn Liesing into a highly relevant target for automated mo-
bility services (cf. Chap. 14 by Mitteregger et al. in this volume). Attractive services that com-
plement existing local transport networks could become available on selected routes. The dis-
trict’s dynamic development in recent years has resulted in brownfield projects becoming an 
increasingly relevant issue. A lack of high-quality open spaces near residential areas is current-
ly described as the key challenge. In addition, there are calls for the development of a more 
densely built local public transport network as well as the development and/or boosting of 
local district centres; such projects are already being funded (Municipal Department 21, District 
Planning and Land Use, City of Vienna 2015).

Figure 16: Location of car-associated businesses based on proximity to town centres and urban-rural 
typology  

Source: the authors 
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Car-associated land conversions could prove to be a valuable asset in achieving existing goals. 
Businesses from all sectors are concentrated along heavily used roads, such as Triester Straße, 
Breitenfurter Straße and Ketzergasse (Fig. 17). Due to the high volume of traffic, these roads 
have not been considered suitable for transformation; however, the high land use potential 
could lead to a complete redesign of these routes. 

Industrial and commercial areas located to the south-east and further to the east of the histor- 
ical centre also contain clusters of potential sites. This could be a step towards better inte- 
grating these large areas into the urban landscape. Across the entire district area, it is possible 
to find potential sites for the development of mobility hubs, the promotion of district centres 
and the linking of existing green spaces in line with the City of Vienna’s plans to improve open 
space (cf. Municipal Department 21, District Planning and Land Use, City of Vienna 2015).

5. CONCLUSION AND DISCUSSION

In Lewis Mumford’s “The Highway and the City”, which was first published in 1958 and then later 
revised, the author accuses his transport planning colleagues of historical amnesia, resulting 
in what he believed to be catastrophic urban planning and social impacts for the cities of his 
time.2 As was the case during the railroad era, Mumford contended, urban space was once 

2 “[They] lack both historic insight and social memory [and] accordingly, […] have been repeating, with the 
audacity of confident ignorance, all the mistakes in urban planning committed by their predecessors who 
designed our railroads” (Mumford 1968, 94).

Manufacturing and trade MaintenanceOperation
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Figure 17: Car-associated land in Liesing (23rd district of Vienna)  

Source: the authors based on basemap.at 
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again being cleared and vast areas of land were once more being consumed by all types of 
traffic structure (Mumford 1968). Little attention was paid to Mumford’s warning: the designs of 
North American and European cities attest to this. Land has been carved up and car-associated 
areas have generally been spread out across settlement structures. Now, at the beginning of 
the age of automated mobility, these areas have become the subject of debate. And as our mo-
bility systems are on the cusp of revolutionary change, it is to be hoped that Mumford’s call for 
historical insight will be heard as automated vehicles pose exactly the same type of risks. The 
rash allocation of land for use by each new mode of transportation also entails opportunities 
for future urban development, and this has been demonstrated by past events as well as cur-
rent local development projects, e.g. at freight yards. These sites became valuable to local and 
district developers, allowing the creation of new spaces to reside, work and live within existing 
settlements. This resource has now been exhausted in Europe’s growing cities. New develop-
ments have either already been built or are being used for other functions. While Europe’s rail 
networks were being scaled back, train companies’ property portfolios were growing.

The findings of this study could contribute to Mumford’s call being adeptly put into action.  
Given the existing urban development objectives of European cities, regions and municipalities, 
which aim to not only create high-quality urban spaces but also make a tangible contribution to 
(at last) meeting defined climate targets, valuable spaces for development could arise during 
the transport system transformation. To avoid further soil sealing (and subsequently induced 
traffic), brownfield development, understood as “increasing residential and commercial units 
within a zoned area that has been largely developed, while simultaneously improving public 
space and adapting infrastructures” (Grams 2017), will play a key role. However, redeveloping 
existing sites has long been an obstacle difficult to negotiate with traditional planning tools. 
Securing and redeveloping current stock for a wide range of uses, including the option not to 
build on a site at all, is something rarely seen in today’s planning practice. 

It is to be assumed that the land use potentials examined in this article can never be fully real-
ized during a systematic transformation of the transport system – from ownership right through 
to service provision – but sites could be partially and gradually repurposed over decades. Our 
study of the Vienna FUA and Liesing demonstrates that by employing a range of approaches 
adjusted to specific needs, existing development targets certainly could be met.

In realistic terms, local development currently takes place where the ownership structure al-
lows, i.e. where a large owner, such as a rail company, has plans to develop connected seg-
ments of land. The planning mechanisms designed in the past will fall short in the years ahead. 
The findings of this analysis suggest that the age of the car, even as it reaches its potential end, 
could cause a final inversion of existing principles. Planners should prepare for land spread out 
diversely across settlement structures with an equally diverse ownership structure. However, 
throughout this study, it has become clear that these sites are predominantly found in residen-
tial areas, especially in smaller, rural urban areas, and that these spaces are mostly located 
close to town centres, especially in regional centres and rural areas. The scale and distribution 
of these spaces within the settlement structure, generally in car-friendly locations along main 
roads or motorways (as shown during our in-depth analysis), demonstrate the potential for a de-
tailed accentuation in line with the understanding of brownfield development currently widely 
accepted among urban planners.

Transport service providers, but also local and regional mobility companies, could use parts of 
this land – at least that is what our analysis of existing sites suggests. Market leaders have set 
aside hundreds of millions of euros to this end (Hawkins 2018, Rapier/Wolverton 2019). How- 
ever, the new automated mobility services model might, compared to individual transport, once 
again lead to a clustering of associated sites that could ultimately have a considerable impact 
on locally generated added value. 
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One of the impacts of previous studies that have focused on parking spaces and their relevance 
to connected and automated vehicles has been that the economic significance of the trans-
formation to a connected, automated and service-oriented transport system long remained 
intangible (Clements/Kockelman 2017, Mitteregger et al. 2019). The disappearance of individual 
transport would lead to the vanishing of a key sector that generates added value at a local 
and regional level. If the sharing economy logic becomes increasingly established, it will result 
in precarious jobs that will almost certainly come under increasing pressure with the ongoing 
automation of the transport sector. 

Rethinking streetscapes could be the key to driving a transformation that produces liveable 
spaces and helps to combat the climate crisis (Mitteregger et al. 2022). Liesing, in particular, a 
district that is intersected by one of the most important commuter axes for individual transport, 
Triester Straße, demonstrates areas of considerable potential. Clusters of car-associated busi-
nesses present some opportunities to shape urban space and these should not be ignored. If 
the transformation takes place as predicted, a serious error will have occurred – and Mumford 
would once again be proved right.
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The broad technological transformation and accompanying connection and automation of 
transport (CAT) present a major challenge to society and have the potential to trigger profound 
social change (“second industrial revolution”). How should politics and planning administra-
tions, companies and civil society respond?

The new technologies will fundamentally change the labour market, development in city re-
gions, transport and communication in everyday life. In turn, this will give rise to considerable 
opportunities for economic growth and competition as well as for improving the safety and 
efficiency of road transport. However, economic and political shifts on the macro level are also 
expected. A wide range of development dynamics will become apparent on the regional/local 
level, which will lead to new and deepened forms of social inequality. Which developments 
are desirable and which are not? How are the advantages and disadvantages of these techno- 
logically defined developments distributed and how can this imbalance be kept to a minimum? 
For example, can the introduction of CAT help to reduce the urban-rural divide?

Social science studies on digitalization in general and CAT in particular overwhelmingly come 
to the conclusion that the implementation of new socio-technical systems require an altered 
form of governance in order to not only avoid unwanted side effects but also support a neces-
sary socio-ecological transformation. In this context, the setting of an adequate legislative and 
regulatory framework is just as necessary as a negotiation process between diverging inter-
ests, which can vary dramatically from place to place. Do innovative approaches to governance 
already exist?

Digitalization is completely redefining this area because it is not only new actors (the global IT 
industry, companies in the platform economy, start-ups, mobility providers, etc.) who need to 
be involved. As communication media are in a constant state of flux, steering access to these 
mostly global companies and their underlying business models will be challenging for local/
regional or national policy and planning institutions.

In the chapter New governance concepts for digitalization: Challenges and potentials, Alex-
ander Hamedinger discusses new governance concepts, which he applies to CAT for the first 
time. In this context, governance is not exclusively positive; rather, it depends which actors 
are involved in which constellation in which negotiation and decision-making processes. In 
Hamedinger’s view, that new forms of governance are required is primarily due to four areas 
in which transformations have been taking place since the 1990s: in society itself, in the politi-
cal administrative system, in the climate and above all in the field of technology, which has an 
accelerating impact on transformations in all other areas. Furthermore, with “reflexive govern-
ance”, “tentative governance” and “regulative liberalism”, the author presents three forms of 
steering and coordination that have been developed as a possible means to react to these new 
flexible challenges.

In the second article in this section of the book, entitled How are automated vehicles steer-
ing spatial development in Switzerland?, Fabienne Perret and Christof Abegg describe the 
impact of CAT on spatial development in Switzerland. They focus in particular on traditional 
and innovative models of public transport. Underpinning their findings are two comprehensive 
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studies that address on the one hand the possible impacts and resulting courses of action for 
business and general policy and planning, and on the other the necessary conditions in terms 
of political, legal, economic, technological, societal and ethical aspects. Scenarios with differ-
ent combinations of economic and political influence are developed and general large-scale 
impacts on Swiss settlement structure as well as detailed impacts on cities and agglomerations 
are discussed. Finally, a possible and necessary regulatory framework for the various levels of 
government, with particular importance attached to cities and agglomerations, is outlined and 
mooted. The article ends with a plea to cities and agglomerations “not to lose control of the 
steering of mobility and spatial development”.

In her chapter Learning from local transport revolution projects for connected and automated 
transport: New mobility services in Lower Austria from the perspective of discourse and hege- 
monic stability theory, Andrea Stickler analyses new mobility offers in rural areas in Lower Aus-
tria and the extent to which they can not only contribute to the mobility revolution but also call 
the “automobility system” into question. With an analytical approach based on discourse and 
hegemonic stability theory, she considers offers of station-based electric car sharing, non-profit 
transport services and ring-and-ride taxis as possible use cases for new mobility systems. The 
author comes to the conclusion that the contribution new mobility systems are able to make 
to the transport revolution is currently rather limited due to conflicting intentions, uses and 
applications. In her final analysis, she emphasizes that the implementation of CAT must be 
explicitly and effectively contextualized within the transport revolution, which will be contested 
and requires a broader change in values in which ultimately automobility itself must also be 
questioned.

In his article Technological transformations, radical social change and the challenge for gov-
ernance in connection with the development of connected and automated transport, Jens 
S. Dangschat interprets the development of CAT as a profound change in a socio-technical 
system. To this end he puts social development and the steering of policy and planning in the 
context of the second modernity with its more flexible structures, networks and plural devel-
opments. Subsequently, the author classifies the development of CAT from the perspective of 
sociotechnology before moving on to discuss the policies and steering of the technological 
transformation. However, the focus here is not on local/regional strategies but on the narratives 
of automation and unambiguity of the technological developments in the context of the domi-
nant dispositif of automobility. To analyse the social impact of CAT, Dangschat proposes turning 
our attention to the narratives’ political horizontal and vertical transfers with which “realities” 
and a lack of alternatives become established.

In the final chapter, Data-driven urbanism, digital platforms and the planning of MaaS in times 
of deep uncertainty: What does it mean for CAVs?, Ian Banerjee, Peraphan Jittrapirom and 
Jens S. Dangschat discuss the technological, economic and policy and planning context of 
CAT: data-driven urbanism, digital platforms and multiple mobility services (Mobility as a Ser-
vice – MaaS) as well as their steering in a period of great uncertainty. In the context of the 
smart city debates, the technological and epistemological aspects of this computer-assisted 
development are discussed in terms of the handling of data. With the platform economy, new 
business models – often the brainchild of newcomers to the industry – are entering the arena 
whose motivations and objectives are materially different. When it comes to business and pol-
icy decisions, the exploration of MaaS is fraught with uncertainty. Finally, the three aspects of 
sociotechnological transformation are used to make steering proposals within the framework 
of new forms of governance in view of future CAT platforms.
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1. INTRODUCTION

The term “governance” is generally understood to mean the steering and coordination of ac-
tions and its broadest definition encompasses various forms and their processes (cf. Gailing/
Hamedinger 2019). They range from official, i.e. state-run, top-down steering and coordination 
to forms of self-steering without state actors (Mayntz/Scharpf 1995, Blatter 2007). This under-
standing of governance is grounded in social theory and differs from a narrower understanding 
that emphasizes the shift from state forms of steering and coordination. This shift, it is argued, is 
part of the transition from regimes of accumulation with increasing flexibilization. As part of the 
regulatory system, the state becomes modernized (“administrative modernization”) and more 
entrepreneurial (Harvey 1989). At the same time, it becomes open to the involvement of non-
state actors in political decision-making outside of the “classic” paths of liberal democracies. 
Public-private partnerships, networks, but also participatory processes in the sense of citizen 
participation are expressions of this transition from government to governance. Political and ad-
ministrative actors expect that governance will bring about an improvement in the effectiveness 
and legitimation of steering and coordination.

However, advocates of critical planning theory and urbanism (including Yiftachel/Huxley 2000, 
Purcell 2009) object to the euphoria surrounding governance that can be observed in Euro-
pean urban development since the 1980s, saying that, among other things, participatory pro-
cesses as forms of governance do not in fact lead to the anticipated democratization of society 
but in contrast can foster the reproduction of social inequality. They maintain that governance 
actually furthers the neoliberalization (deregulation and commodification policy) of politics, the 
economy and society. A similar interpretation is contributed to the debate by Swyngedouw 
(2013) when he speaks of the political order in the capitalist city today, which at bottom is 
post-political because the mitigation of deep-seated social conflicts is neglected and the pos-
sibilities for strong economic actors to influence policy are increased.

Furthermore, those who take this critical line point to the dominance of “technocratic elites” in 
recent forms of governance (e.g. in “policy networks”) as well as the lack of transparency and 
democratic legitimation of steering and governing by networks or public-private partnerships 
(cf. Jessop 2000, Zürn 2009, Hamedinger 2013). In summary, therefore, what is criticized about 
governance – understood as a new form of steering and coordination in which actors from 
various social spheres participate – is the partial lack of a legitimate foundation. In addition, it 
is alleged that such forms of governance support neoliberalization and reproduce social ine-
quality. Of course, empirical research would need to be conducted on such accusations for all 
forms of steering and coordination, including purely state-run forms, as well as for more recent 
governance concepts.

From today’s perspective, this debate surrounding government and governance, deregulation 
and re-regulation, commodification and recommunalization, and the opening and closing of 
regulatory systems (Reckwitz 2019) is more topical than ever. This is related to the context of 
governance, which has changed fundamentally in Europe since the 1980s. Four aspects should 
be highlighted here:

1. Climate change, which demands an about-turn regarding both the aims of spatial, social 
and economic development (“degrowth”) and the forms of governance (“new municipal-
ism”). Just how difficult this is, is shown by Andrea Stickler (see Chap. 18 in this volume) 
using the example of policies related to the mobility transformation.
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2. Social change, especially growing socio-economic inequalities that are the product of, 
among other things, structural effects on the labour market and changes in welfare state 
systems. In light of this, forms of steering and coordination are required that will promote 
and stabilize social cohesion and not reproduce social inequality.

3. The change in political-administrative systems and liberal democracies. For a long time 
the latter have been facing the challenge of inclusion given the increasingly heteroge-
neous nature of our societies. It is more and more challenging to reconcile such varied 
interests and represent this diversity. For instance, the proportion of the population that 
does not have the right to vote is rising rapidly in cities (in 2019 this affected 28% of the 
population of voting age in Vienna according to Verlic/Hammer 2019), and with it their 
inclusion in such systems is growing more difficult.

4. Technological change, which requires targeted governance in order to preclude any 
negative effects on the other named areas (the environment, society, democracy; see 
Chap. 19 by Dangschat in this volume). At the same time, digitalization is changing the 
nature of governance itself. Banerjee et al. (Chap. 20 in this volume) speak of “digital 
modes of governance” that would be possible as a result of large quantities of data, and 
claim that the regulation of data streams (their production and use) additionally requires 
a comprehensive and inclusive approach to governance.

What challenges do technological change – here primarily understood as digitalization – pres-
ent for governance structures and processes? With which governance concepts should policy-
makers and administrators react to these challenges? These questions will be addressed briefly 
below.

2. THE CHALLENGES OF DIGITALIZATION

In principle, these challenges can be described in terms of the four dimensions that character-
ize governance structures and processes. The descriptions here are general as further detail 
about specific areas of digitalization (e.g. platforms like Airbnb or connected and automated 
transport, CAT) would require in-depth empirical analysis.

2.1 ACTORS, INSTITUTIONS AND ACTOR CONSTELLATIONS

Banerjee et al. (see Chap. 20 in this volume) speak of “commercial inflections” that need to be 
regulated as policymakers and administrators are increasingly dependent on privately operated 
platforms and the collection of data, which is often carried out by large data corporations (e.g. 
Microsoft, Google, Facebook). In their article Schulz and Dankert (2016) use the term “Govern-
ance by Things” to refer to the power shifts in the constellations of actors who had previously 
been pivotal to policymaking: they speak of a shift in power in favour of private companies that 
develop and implement codes and algorithms. On the city level precursors of the digitalization 
debate – which revolves around the role of technology in developing urban economies and 
societies – are often labelled with the term “smart city”.

However, it becomes apparent at this point that the digital transformation entails a conflictual 
negotiation process between strong economic operators (primarily from the IT sector), mu-
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nicipal policymakers and administrators and, in some places, social movements (cf. Bauriedl/
Strüver 2018: 2) and that technology-centred and -deterministic perspectives are increasingly 
put under pressure to justify themselves. The breadth of today’s spectrum of actors is a defin-
ing characteristic of “urban governance” (Cruz et al. 2019). Yet unlike the implications found in 
some critical discourses, municipal policymakers and administrators actively contribute to the 
coproduction of the smart city or are even the main drivers behind this development.

As such, government – the political administrative system as an actor in a smart, data-protected 
spatial development – once again takes centre stage of steering and coordination enterprises 
(see Chap. 19 by Dangschat in this volume). However, policymakers and administrators are 
often unable to contend with the rapid developments related to digitalization. Among other 
things, this concerns their knowledge of socio-technical conditions and the effects of digitaliza-
tion (see Chap. 20 by Banerjee et al. in this volume), the legal possibilities to contain negative 
effects and the communication and decision-making processes within political administrative 
systems, which are inflexible and time-intensive for good reason. Furthermore, the vertical or-
ganizational structure of these systems impedes any rapid and interdepartmental reaction to 
new problems in urban development that may arise as a result of digitalization (e.g. in the case 
of Airbnb). Another challenge is touched on by Schulz and Dankert (2006): the development of 
codes and algorithms is based on explicit knowledge to solve problems. In contrast, political 
decision-making processes and our everyday routines are often based on tacit knowledge 
that cannot be verbalized. This form of knowledge is embedded in political cultures and social 
practices, with their respective social norms and values, and influences our behaviour. Using 
the example of automated driving, Schulz and Dankert (ibid.: 8) rightly state: “Test-drives with 
autonomous cars show that they are able to stick to traffic rules slavishly, but still cannot decide 
when to override rules reasonably […].” Another associated aspect is the fact that political and 
planning cultures are bound to a specific time and place.

Finally, the question arises of who can in fact become an actor in the data-driven city. Baner-
jee et al. (Chap. 20) address the well-known problem of the digital divide, which refers to the 
unequal spatial distribution of digital infrastructures as well as the unequal competencies and 
economic resources of different social groups. Due to the speed of recent developments in 
digitalization, even “digital natives” could soon become “digital immigrants”. Ultimately, they 
continue, the digital divide exacerbates social inequality and adds new dimensions to it. In sum-
mary, one gains the impression that the criticisms of governance voiced at the outset – power 
shifts in favour of private companies and technocratic elites, reproduction of social inequality 
– might be compounded by digitalization if there is no regulatory intervention.

2.2 LEGITIMATION

These changes in actor constellations are problematic when they lead to an aggravation of 
pre-existing legitimation crises in state systems and/or when the output of governance in the 
area of digitalization leads to negative developments (such as the aforementioned increase in 
social inequality). Schulz and Dankert (2006) do indeed see a legitimation problem, since unlike 
the development of laws, which are discussed politically and decided in the classical arenas 
of liberal democracies, there are no political debates when codes are developed and private 
companies do not have to prove their legitimacy politically.

2.3 INTERACTION PROCESSES

Digitalization could improve the processes of negotiating various actors’ interests and of politi-
cal decision-making (e.g. via interactive platforms, forms of e-democracy) and hence contribute 
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to democratization. Cruz et al. (2019: 11) emphasize that digital technologies have changed 
the way in which cities are governed (e.g. via “city labs”). However, according to Blühdorn and 
Kalke (2020) the democratization process is often undermined and not strengthened by such 
technologies: the digital revolution is shifting the negotiation of conflicting and contradictory 
interests into “narrow discursive spaces” (ibid.: 11); a genuine discourse concerning “objective 
checks” does not occur in digital forums: “In a very similar way, digital filter bubbles and echo 
chambers also reduce complexity and block or prohibit thinking about certain topics, further 
fragmenting and polarizing society and suffocating democratic discourse” (ibid.: 11). The digital 
revolution or, taken one step further, the data-driven city incapacitates responsible citizens.

2.4 GOVERNANCE OUTPUT

Schulz and Dankert (2006: 2) explain their notion of a “Governance by Things” thus: “we con-
sider that with the IoT [Internet of Things] the ‘code is law’ paradigm […] might enter the phys-
ical world with all its consequences. We call this the ‘Governance by Things’”. In other words: 
it is claimed that the codes that define the way hard- and software function have a regulatory 
impact on concrete human behaviour (in addition to other regulatory forms like laws or social 
norms) in the physical world. Schulz and Dankert (ibid.) immediately point to the obvious chal-
lenge that goes hand in hand with this idea: governments are faced with the problem of how to 
influence the development of codes by private companies such that they correspond to legiti-
mized political aims (e.g. climate protection, social cohesion, the common good). The question 
is: at what point do codes become a public issue and hence need to be publicly discussed? The 
demand made by Schulz and Dankert (ibid.: 12) is that the “Governance by Things” itself needs 
governance in order to “socialize” the codes.

3. SEARCHING FOR NEW GOVERNANCE CONCEPTS

What governance concepts would be appropriate tools with which to respond to these serious 
challenges? Two approaches are discussed below: “reflexive governance” and “tentative gov-
ernance”.

3.1 REFLEXIVE GOVERNANCE

The considerations of Voß and Kemp (2006) concerning steering theory begin with the concept 
of sustainability and the question of which form of governance a sustainable transformation 
of the economy and society would require. For Voß and Kemp governance is an interaction 
process in which various actors with different – in many cases conflicting – interests meet. The 
result of such interaction processes includes specific policies or regulatory arrangements, in 
sum a specific kind of governance. The processes of societal problem-solving described by the 
term governance encompass collectively analysing and defining problems, setting targets and 
evaluating solutions as well as coordinating action strategies.

The authors argue that sustainability necessitates new ways for society to solve problems due 
to its cross-boundary character (spanning problems in society, the economy and environment; 
spanning steering sectors; spanning actors and institutions; spanning territories). They pro-
pose that reflexive governance is an appropriate way to react to these complex steering and 
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coordination challenges. Reflexivity refers to the various forms of governance that are applied 
to solve certain social problems: “Reflexive governance thus implies that one calls into ques-
tion the foundations of governance itself, that is, the concepts, practices and institutions by 
which societal development is governed, and that one envisions alternatives and reinvents 
and shapes those foundations” (ibid.: 4). Central to this is reflection on the cycle of problem 
creation and problem-solving, on the problems of steering and coordination themselves, their 
effects, associated uncertainties and ambivalences. At another point, this is also called “sec-
ond-order governance” (ibid.: 7). Such reflection demands open and learning-oriented interac-
tion processes as are already characteristic of transdisciplinary research or participative forms 
of decision-making.

This complexity of sustainability problems is related to the following:

1. Heterogeneity of elements in the socio-ecological transformation that exposes the limits 
of specialized expert knowledge, calls into question classic forms of knowledge produc-
tion and requires newer forms as applied in transdisciplinary research.

2. Uncertainties associated with the impossibility of predicting with certainty the effects 
and dynamics of complex socio-ecological transformations. This calls for adaptive strat-
egies and structures in order to learn from mistakes.

3. Path dependency: future developments are influenced by structures that have grown 
over time (e.g. value structures, institutional structures, problem-solving routines), which 
can only be changed slowly and with difficulty. However, it is not possible to perfectly 
predict development paths. With the aid of, among other things, scenario techniques 
or the participative modelling of policies, some alternative future developments could 
be anticipated and lock-ins avoided. To this is added the fact that the concept of sus-
tainability cannot be objectively defined by science, but rather is always subject to the 
value judgements of various actors (from science, politics, planning, civil society, busi-
ness). The targets of sustainability are therefore “moving”. The consequence for Voß 
and Kemp (ibid: 15f.) is: “Sustainability is thus an ambiguous and moving target that 
can only be ascertained and followed through processes of iterative, participatory goal 
formulation.” Ultimately, when implementing strategies for a sustainable transformation, 
various actors would have to be coordinated and allocated to various spatial levels (lo-
cal, regional, etc.), among other things. In sum, Voß and Kemp (ibid.) identify demands on 
reflexive governance strategies: “integrated (transdisciplinary) knowledge production”, 
“adaptivity of strategies and institutions”, “anticipation of the long-term systemic effects 
of action strategies”, “iterative, participatory goal formulation”, “interactive strategy de-
velopment”.

This concept of reflexive governance has some potential in its approach to the above-men-
tioned challenges posed by digitalization:

 ■ In such open, learning-oriented and inclusive interaction processes, “Governance by 
Things” could be widely discussed. This would involve questions regarding the specific 
aims of such governance and the search for the best form of governance for digitalization 
itself (i.e. where is state-led steering, co-governance, self-regulation or a hybrid needed?). 
Digitalization requires reflexive governance so that the aforementioned negative effects 
on society (social inequality), democracy (disenfranchisement) and the environment do not 
materialize.

 ■ Knowledge about the conditions and effects of digitalization is distributed across various 
groups of actors, primarily from business but also in civil society (NGOs), politics and ad-
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ministration. A transdisciplinary production of knowledge that systematically integrates 
these various forms of knowledge and operating logics is hence a fundamental prerequi-
site for targeted steering and coordination. To develop strategies for dealing with digitali-
zation, the keywords are therefore: interactive and inclusive. Any power imbalance would 
need to be deliberately addressed and redressed in the processes themselves.

 ■ There is another characteristic of digitalization that speaks for a reflexive governance strat-
egy: the speed of technological developments and the complexity of these developments’ 
impacts (ignorance of the unintended consequences of digitalization and unpredictability 
regarding the context; cf. Chap. 19 by Dangschat in this volume). Adaptive learning strat-
egies and the participative development of scenarios are undoubtedly suitable means to 
deal with these challenges. Institutional structures would need to become more adaptive 
and regular evaluations and monitoring of the effects of digitalization would have to form 
the basis of learning processes.

3.2 TENTATIVE GOVERNANCE

For Kuhlmann et al. (2019), the starting point for this governance concept are the uncertainties 
and unexpected risks that might arise as a result of emerging developments in science and 
technology. Furthermore, they are matters in which the power to influence governance solu-
tions is shared among various actors. In order to deal with these context-specific conditions, Ku-
hlmann et al. (ibid.) consider a flexible and deliberative governance approach to be necessary 
that constitutes a good middle ground between providing the necessary stability on the one 
hand and flexibility on the other, i.e. “tentative governance”: “We consider governance to be 
‘tentative’ when it is designed, practiced, exercised or evolves as a dynamic process to manage 
interdependencies and contingencies in a non-finalizing way; it is prudent (e.g. involving trial 
and error, or learning processes in general) and preliminary (e.g. temporally limited) rather than 
assertive and persistent” (ibid.: 3). It is an extremely process-oriented approach to governance 
that is open, learning-oriented and adaptive and allows experimentation with various solutions 
to problems. Dangschat (Chap. 19 in this volume) calls for just such a version of governance 
when it comes to dealing with CAT.

According to Kuhlmann et al. (2019), governance encompasses various kinds of governing in 
various contexts, though they emphasize that hierarchical steering does not work as well now 
as it did in the past: coordination between various actors has become more important than 
steering via direct control mechanisms. However, both are needed, they say: tentative gov-
ernance as an open and flexible approach to steering and coordination and “definitive forms 
of governance” (ibid.: 3) that are more stable and involve strong regulatory interventions by 
the state in order to make the achievement of certain steering goals possible. In addition, the 
authors differentiate between “intentional” and “incidental” effects of governance. A definitive 
form of governance could become tentative governance if unforeseeable adaptations become 
necessary in the steering process. Tentative governance can mostly be found in contexts in 
which “soft” (such as benchmarking) and “hard” forms of regulation coexist (the authors call 
these “hybrid arrangements”). Tentative governance is often tied to the “shadows of hierarchy”, 
i.e. associated with hard forms of steering (such as legislation). The authors admit that tentative 
governance overlaps with other forms of governance already named in the literature, such as 
with reflexive and adaptive governance. However, Kuhlmann et al. (ibid.) claim that their con-
cept of tentative governance is broader than the approach of reflexive governance since there 
is a reflection on both the cognitive foundations of governance itself and on the way it func-
tions. They consider the majority of commonalities to exist with “experimentalist governance”, 
which is based on flexibility, openness, learning and reversibility. An advantage of their concept 
of tentative governance resides in the possibility to apply it in various spatial, temporal and so-
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cial contexts. Kuhlmann et al. view it as a heuristic approach, eventually revealing various ideal 
processes of production or change in the social order.

The concept of tentative governance also bears some potential regarding digitalization:

 ■ As the authors themselves emphasize, the advantage of tentative governance consists in 
making clear that in the context of innovation and technological development, governance 
has to be conceptualized such that unrealistic hopes for steering are avoided. Uncertain-
ties, complexity and dynamics require among other things such forms of governance.

 ■ Even more than in the concept of reflexive governance, it is stressed that strongly pro-
cess-oriented and open forms of governance need to be tied to other, stronger regulatory 
and hierarchical forms of steering (“shadow of hierarchy”). When it comes to dealing with 
the conditions and consequences of digitalization, this seems essential bearing in mind 
that some developments in the field of technology and innovation (e.g. platform urbanism) 
require a regulatory framework. A combination of hard and soft steering and coordination 
is possible with this concept.

 ■ Tentative governance can be used in various contexts as a research strategy. The concept 
is helpful for identifying the context-specific challenges of digitalization (such as in differ-
ent types of city).

4. SUMMARY

At bottom, more empirical research on the correlation between (urban) governance and digit- 
alization is necessary: “Advances in technology, the cost reduction of specialized hardware, 
and the open source and open data movements are redrafting the rules of the game for public 
services, community engagement, and urban entrepreneurship. […] However, our understand-
ing of the implications of these changes is still meager” (Cruz et al. 2019: 11). There is still insuf-
ficient empirical research on the impact that digitalization is having in various areas of urban 
development (mobility, energy, etc.) on governance systems that have evolved over time and 
how a governance of the governance of digitalization (in essence reflexive governance) can 
be established. For reflexive governance, however, an open discussion is imperative between 
“technology enthusiasts” who only see the advantages of the data-driven city and “technology 
critics” who (exclusively) fear an exacerbation of social inequalities and an erosion of democ-
racy (cf. ibid.). Moreover, in various areas of urban development, digitalization must take into 
consideration the complexity and heterogeneity of cities. To achieve this, forms of governance 
are needed that are adapted to the respective context, as is required by the concept of tenta-
tive governance.

Reflexive and tentative governance therefore have some potential in terms of the governance 
of digitalization. However, there is a material difference in their starting points: whereas in the 
concept of reflexive governance the aim of steering and coordination is sustainability, tentative 
governance is about searching for new governance forms in the context of innovation and rapid  
technological change. The concept of tentative governance thus remains relatively neutral 
when it comes to the aim of steering. Kuhlmann et al. (2019) admit this themselves. From an 
analytical perspective this is understandable because it means it is possible to conceive of 
various – as they say – ideal types of producing social order. From the point of view of actors 
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from politics, administration, business and civil society, however, this might be of little help as 
it would first oblige them to identify urban development goals and only in a second step would 
they be able to search for forms of governance that would enable them to realize these goals. 
Due to the multiple crises we currently face (cf. Brand 2014) – affecting the economy, society, 
the environment and our democracies – we undoubtedly need governance objectives that 
work towards socio-ecological transformation or sustainability.

A commonality and at the same time a criticism of both governance concepts is the way in 
which they largely neglect matters of legitimation. This is in effect an old accusation pointed at 
governance (see the introduction to this chapter), but it is not addressed in the concepts elabo-
rated on here. That being said, questions concerning the legitimation of the learning- and pro-
cess-oriented forms of governance stipulated by both concepts need to be asked because they 
would reveal which actors are excluded and who really has the right to play a part and have a 
voice in interactive strategy development and transdisciplinary knowledge production. At its 
heart, it is a matter of laying bare the democratic quality of such new governance concepts. 
Connecting this with classic arenas of democratic decision-making, as at least touched upon in 
the concept of tentative governance, will not suffice. New forms of legitimation must be found 
for both reflexive and tentative governance. Otherwise, democratic deficits and the legitimation 
crisis surrounding political administrative systems will be reproduced or even exacerbated.

Another critical point concerns the output of governance, above all the steering of various 
actors’ behaviour via digitalization measures (such as via CAT in terms of mobility behaviour). 
Schulz and Dankert (2006) have already made clear the legal problems of steering via codes 
and algorithms, while Blühdorn and Kalke (2020) point to digitalization’s negative effects on 
democratic politics. Matters of governance and democracy could and should be discussed us-
ing the example of digital “nudging”, which means nudging behaviours in a desired direction by 
means of digital stimuli. Nudging in the area of consumer behaviour (e.g. energy consumption) 
raises questions regarding not only the digital surveillance of behaviour but also restrictions on 
rights to freedom. Is nudging a means of manipulation or does it increase the subject’s freedom 
of choice, as Thaler and Sunstein (2019) claim? Have the aims of nudging been broadly and 
transparently negotiated in a democratic process? Are these aims visible to consumers? How 
are the private companies who conceive the selection design for behaviour control politically 
monitored?

Consequently, there are a number of questions to be answered both theoretically and empir-
ically before blindly jumping on the bandwagon of governance concepts that seem good at 
first glance. But might there at least be a steering paradigm that could serve as a superordi-
nate guiding principle for the governance of digitalization in future? Reckwitz (2019) outlines 
a possible middle course between the two dominant paradigms to date, the social corporatist 
paradigm and “apertist” liberalism, a regulatory and a dynamizing paradigm. The entanglement 
of politics and economics so characteristic of apertist liberalism (i.e. in the form of public-private 
partnerships), deregulatory measures and privatization as well as the increasing diversity and 
number of steering actors are surely the essence of the transition from government to govern-
ance. The negative effects of this liberalism are considerable; according to Reckwitz (cf. ibid.: 
271ff.) the lack of social and state framing of markets has led among other things to an exacer-
bation of social inequalities, and a power shift in favour of international organizations, the legal 
system and tacitly strong economic actors has accelerated the erosion of democracy.

Another driver behind the loss of confidence in liberal democracies is digital media, Reckwitz 
continues, which shape public opinion and decision-making and with which traditional institu-
tions are unable to keep pace. The author describes a new steering paradigm that is intended 
to supersede this neoliberalism: “regulative or embedding liberalism” (ibid.: 285). This involves 
adopting regulations in the interests of creating social order, reacts in a regulatory capacity to 



346 | PART IV – GOVERNANCE – ARTICLE 16

new social and cultural issues (such as with state regulation of markets and to protect individual 
rights) and retains a liberal foundation that uses the dynamics of markets and globalization and 
embeds them in a new framework. For governance, our understanding of the role of the state 
is significant: “In regulatory liberalism, the state is once again a more active state – though in a 
new incarnation that differs markedly from the steering national state of social corporatism […]” 
(ibid.: 290). The description continues: “From the perspective of liberal governance, however, 
societal processes can only ever be steered indirectly, with the aid of incentives and deterrents, 
and it must be anticipated that these actions may have unintended consequences” (ibid.: 292).

The steering paradigm of regulative liberalism proposed by Reckwitz could prove well suited 
to the governance of digitalization as the negative effects of digitalization could be dealt with 
by means of social and ecological regulation without undermining entrepreneurial innovations 
and market dynamics, which are important for technological developments. However, if it is 
intended that steering and coordination should mainly function by means of incentives, then 
the same democratic reservations apply as with nudging. This is something that would need 
to be widely discussed by all relevant actors in the search for a new steering paradigm in the 
area of digitalization.
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Blühdorn, I., and K. Kalke. 2020. “Entgrenzte Freiheit. Demokratisierung im ökologischen Notstand?”, 
IGN Interventions, Feb. 2020, ed. by Institut für Gesellschaftswandel und Nachhaltigkeit (IGN), WU 
Wien. www.wu.ac.at/fileadmin/wu/d/i/ign/IGN_Interventions_Feb_2020.pdf (31/6/2020).

Brand, U. 2014. “Sozial-ökologische Transformation”, in Kurswechsel 2/2014, 7–18.
Cruz, N. F. da, P. Rode and M. McQuarrie. 2019. “New Urban Governance: A Review of Current Themes 

and Future Priorities”, in Journal of Urban Affairs (41) 1, 1–19.
Gailing, L., and A. Hamedinger 2019. “Neoinstitutionalismus und Governance”, in ARL Reader Planung-

stheorie, ed. by T. Wiechmann, vol. 1. Berlin: Springer, 167–178.
Hamedinger, A. 2013. “Governance, Raum und soziale Kohäsion – Aspekte einer sozial kohäsiven 

stadtregionalen Governance”, unpublished habilitation thesis, TU Wien.
Harvey, D. 1989. “From Managerialism to Entrepreneurialism: Formation of Urban Governance in Late 

Capitalism”, in Geografisker Annaler 71 (B), 3–17.
Jessop, B. 2000. “Governance Failure”, in The New Politics of British Local Governance Stoker, ed. by 

G. Stoker. London: MacMillan Press, 11–32.
Kuhlmann, S., P. Stegmaier and K. Konrad 2019: “The tentative governance of emerging science and 

technology: A conceptual introduction”, in Research Policy (48) 5, 1091–1097.
Mayntz, R., and Scharpf, F. W. (eds.) 1995. Gesellschaftliche Selbstregelung und Politische Steuerung. 

Frankfurt am Main/New York: Campus.
Purcell, M. 2009. “Resisting Neoliberalization: Communicative Planning or Counter-Hegemonic Move-

ments?”, in Planning Theory (8) 2, 140–165.
Reckwitz, A. 2019. Das Ende der Illusionen. Politik, Ökonomie und Kultur in der Spätmoderne. Frankfurt 

am Main: Suhrkamp.
Schulz, W., and K. Dankert 2016. “‘Governance by Things’ as a challenge to regulation by law”, in Inter-

net Policy Review (5) 2, 1–20.



347 | PART IV – GOVERNANCE – ARTICLE 16

Swyngedouw, E. 2013. “Die postpolitische Stadt”, in sub\urban – Zeitschrift für kritische Stadtforschung 
(1) 2, 141–158. DOI: 10.36900/suburban.v1i2.100.

Thaler, R. H., and C. R. Sunstein 2019. Nudge. Wie man kluge Entscheidungen anstößt, 14th ed. Berlin: 
Ullstein.

Verlic, M., and K. Hammer 2019. “Mind the Gap – Achtung demokratische Beteiligung”. A&W blog, 
31/10/2019. https://awblog.at/achtung-demokratische-beteiligung/ (9/9/2020).

Voß, J. P., and R. Kemp 2006. “Sustainability and Reflexive Governance: Introduction”, in Reflexive Gov-
ernance for Sustainable Development, ed. by J. P. Voß, D. Bauknecht and R. Kemp. Cheltenham: 
Edgar Elgar, 3–30.

Yiftachel, O., and M. Huxley 2000. “Debating Dominance and Relevance: Note on the ‘Communicative 
Turn’ in Planning Theory”, in Journal of Planning Education and Research (24) 2, 907–913.

Zürn, M. 2009. “Governance in einer sich wandelnden Welt – eine Zwischenbilanz”, in Perspektiven der 
Governance-Forschung, ed. by E. Grande and S. May. Baden-Baden: Nomos, 61–76.

Open Access This article is licensed under the terms of the Creative Commons Attribution 4.0 In-
ternational License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons licence and indicate if 
changes were made.

The images or other third-party material in this chapter are included in the chapter’s Creative Commons 
licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the chapter’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted use, 
you will need to obtain permission directly from the copyright holder.



349 | PART IV — GOVERNANCE — ARTICLE 17

 17 How are automated vehicles driving spatial 
development in Switzerland?

Fabienne Perret
ETH, Head of the Transportation Division, EBP Schweiz AG

Christof Abegg
University of Bern, Team Leader Urban and Regional Economic Development, EBP Schweiz AG

Fabienne Perret, Christof Abegg

1. A Swiss perspective 350

2. The opportunities and risks of automated driving 351

3. Automated vehicles: Potential to enter the Swiss market 352
3.1 Three scenarios: General assumptions and specific characteristics 352
3.2 The scenarios in comparison 358

4. Impacts on spatial development: Regional and nationwide effects 359
4.1 A possible path for automated driving 359
4.2 Nationwide impacts on settlement structures 360
4.3 Impacts in cities and agglomerations 360
4.4 Spatial impacts: The three scenarios compared 364

5. Why Switzerland needs a regulatory framework, and how it can be shaped 366
5.1 Political need for action 366
5.2 Role of the state and scope for action 366
5.3 Specific policy options for cities and agglomerations 369

6. Steering mobility and spatial development: Keeping our hands on the wheel 370

 References  372

© The Author(s) 2023
M. Mitteregger et al. (eds.), AVENUE21. Planning and Policy Considerations for an 
Age of Automated Mobility, https://doi.org/10.1007/978-3-662-67004-0_17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-67004-0_17&domain=pdf


350 | PART IV — GOVERNANCE — ARTICLE 17

1. A SWISS PERSPECTIVE

Automated transport will gradually reshape our definition of mobility, and the change it brings 
will hardly make a stop at Switzerland’s borders. In recent years and with increasing intensity, 
researchers, policymakers and practitioners have been engaging with automated driving. In 
many respects, discussions mirror those in other countries, though they are much more strong-
ly driven and shaped by public transport providers than by car manufacturers. Switzerland’s 
unique institutional and spatial setting adds another layer of nuance. The country’s complex 
federalist system requires all state levels to be in dialogue, making it imperative for the federal 
government, the cantons, cities and communities to align their policies. In addition, there is a 
dense network of urban spaces, agglomerations and urban and mountain regions – all sitting 
in a relatively small geographical radius. 

This chapter is a synthesis of two transdisciplinary studies conducted by EBP Schweiz AG in 
conjunction with various partner institutions over the past four years in Switzerland. 

The first multi-client study, carried out together with the Swiss Association of Cities, 
BaslerFonds, and additional partners, explored the use of automated vehicles in every-
day life. Focused on identifying “Potential Applications and Effects in Switzerland”, the 
project compiled a basic report (EBP, BaslerFonds, Swiss Association of Cities and Ad-
ditional Partners 2017), various in-depth reports covering specific issues1 (EBP, Basler-
Fonds, Städteverband, and Additional Partners 2018a–2018f) as well as a synthesis doc-
ument highlighting policy options for all partners (EBP, BaslerFonds, Städteverband and 
Additional Partners 2018g). The co-funding partners comprised representatives of the 
state at the city and canton levels, various public and private transport companies, as 
well as an insurance company and Switzerland’s national traffic information authority. 

The second study, conducted on behalf of the Swiss Foundation for Technology Assess-
ment (TA-SWISS), was published under the title “Automatisiertes Fahren in der Schweiz: 
Das Steuer aus der Hand geben?” (“Hands on the wheel? Automated driving in Switzer-
land”, available in German only) in February 2020 (Perret et al. 2020). In condensed form, 
it assesses the opportunities and risks of connected and automated driving for policy-
makers and society and specifies the conditions that must be created to pave the way for 
automated cars in Switzerland – including who should be responsible for creating them. 
Taking into view politics, legislation, economics, technology, society and ethics, the study 
delivers a final assessment and formulates recommendations for decision makers, and 
elected officials in particular. In addition, a short explanatory video was produced to 
make the project results accessible to a broader public.

The aim of these studies was not to provide comprehensive guidance to solve the technical 
and legal issues at hand. Instead, they describe the technology in sufficient detail to identify its 

1 Transport technology, data and IT infrastructures, potential forms of shared transport (public 
transport and shared mobility services), impacts on road transport safety, freight transport and 
urban logistics, impacts on resources, the environment and the climate, as well as specific chal-
lenges faced by cities and agglomerations
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main implications and distil a set of key planning and social considerations. In their respective 
assessments, both studies then derived from these insights a set of policy recommendations 
not only for stakeholders at all levels of government, but also for transport companies, the 
industry and their respective associations. As part of their scope, they also took into view the 
areas in which Switzerland, being a comparatively small nation, has it within its power to in-
fluence or shape these developments, and in which areas it will have to bend to international 
standards and regulations. 

By summarizing and blending key findings from these two studies, this chapter will take on the 
form of a synthesis that simultaneously offers fresh takeaways. Building on an analysis of the 
opportunities and risks of automated driving (Section 2), the article will take into consideration 
three scenarios for the future use of automated vehicles in Switzerland (Section 3), including 
their spatial impacts (Section 4). Acknowledging the country’s federalist structure, the chapter 
then outlines the need for action as well as policy options for the federal government, cities and 
agglomerations (Section 5). To conclude, Section 6 will show how automated driving in Switzer-
land has the potential to contribute to sustainable mobility if all levels of government along the 
entire policy cycle succeed in aligning their actions.

2. THE OPPORTUNITIES AND RISKS OF AUTOMATED DRIVING

Automated driving has the potential to fundamentally reshape our understanding of mobility 
and our passenger and freight transport systems. While semi-automated systems are already 
in operation and available on the Swiss market today, it is the arrival of the next levels of auto-
mation and the increasing connectivity of vehicles that will bring about significant change. Such 
highly and fully automated vehicles are currently being developed by car manufacturers, with 
some experts saying they will be market-ready by 2025, while others estimate it will be closer 
to 2050 until we see their breakthrough. In any case, the professional world is engaged in lively 
discussions seeking to forecast the possible ways in which connected and automated driving 
will impact our everyday lives. 

From the vantage point of today it seems obvious that the possible uses of automated vehicles 
offer up countless opportunities. They can benefit groups such as children or seniors by giving 
them access to individual forms of mobility. They can improve road safety. Infrastructures can 
be operated more efficiently, thus creating additional capacities and increasing connectivity 
across Switzerland. CAVs can also help to enhance traffic management, reclaim urban space 
and create new types of public transport (PT) or shared mobility services (SMS). The latter are 
already being tested in pilot schemes in the form of automated shuttles, for instance in Sion, 
Fribourg, Meyrin, Neuhausen, Zug and Bern. The logistics and freight transport sectors, too, 
are likely to see efficiency gains and an increase in attractiveness once automated systems 
become operational. 

On the other hand there are a number risks that can be anticipated, the largest being the po-
tential increase in traffic and vehicle kilometres travelled. Fully automated vehicles could, for 
example, autonomously commute between people’s homes and workplaces or schools, and 
deliver goods. Additional empty runs would translate into more vehicle kilometres travelled. 
The liberty to use travel time for other activities can reduce commuters’ personal travel time 
costs, but these advantages can be turned into reinvestments in longer and more frequent 
trips, promoting further urban sprawl. In addition, the emergence of new competing services 
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can challenge the crucial role played by public transport today. What is more, the increase in 
vehicle kilometres travelled can undermine the federal government’s goals to ensure the effi-
ciency of Switzerland’s transport infrastructure. But here, further development is either impos-
sible or has been ruled out by government policies. 

For state actors it is crucial to gauge the opportunities and risks that automated driving systems 
will bring. In this context, one of the prerogatives is to define the role of the state and divide up 
responsibilities among the public and the private sectors. There is still time to lay out the route 
towards automation, but this window is likely to close soon given the predicted speed of tech-
nological advancement. These issues will affect a broad range of specialized areas: alongside 
technology and traffic-related questions, there are several challenges involving the economy, 
legislation, politics, society and ethics.

3. AUTOMATED VEHICLES: POTENTIAL TO ENTER THE SWISS 
MARKET

To highlight the potential future uses of automated vehicles, the TA-SWISS study developed 
three scenarios. Even if digitalization in the transport sector is advancing rapidly, its path for-
ward is by no means preconfigured: future technological breakthroughs and policy decisions 
might well call into question path dependencies that are taken as a given today. In the present 
study, we are primarily interested in future scenarios with fully automated vehicles that allow 
drivers to transfer full control to autonomous systems.

3.1 THREE SCENARIOS: GENERAL ASSUMPTIONS AND SPECIFIC  
CHARACTERISTICS

All three scenarios share the underlying assumption that general megatrends (i.e. trends mov-
ing society towards a growing, ageing and increasingly individualized population) will impact 
the course of development. Each scenario, however, will handle one trend with priority, as-
signing it greater significance or assuming that it will gain critical momentum and determine 
broader changes. Two variables are key: one takes into account the spatial differences across 
Switzerland, while the other distinguishes between highly individualized and shared use of 
automated vehicles. Shared transport comprises all forms of transport in which a person uses a 
non-private vehicle which they share – at least temporarily – with additional passengers during 
their journey, i.e. carpooling or ride-sharing. 

In the first scenario (highly individualized use), use of automated vehicles is highly individual-
ized throughout all spaces, and development is market-driven and largely free from regulation. 
Car manufacturers as well as data suppliers and processors are the main drivers of this transfor-
mation. The state intervenes only where the market faces safety risks or bottlenecks, in these 
cases passing minimal regulation. 

The second scenario sees the emergence of new shared mobility services in cities and ag-
glomerations. In the introduction phase, uptake of automated vehicles is actively overseen by 
the public sector. By way of appropriate regulation, it creates market advantages for shared 
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transport in densely populated areas, regulates data exchange and manages traffic flow. These 
interventions are designed to ensure that cities and agglomerations are not overwhelmed with 
traffic and to keep mobility attractive for all. Outside these spaces, where traffic is lighter, policy-
makers see no need for interventions and trust the market to drive development. 

Scenario 3, which focuses on a strong uptake of shared mobility services throughout Switz- 
erland, calls for very active and comprehensive intervention by the state. Operating shared 
transport services in regions and at times with low demand requires appropriate compensation 
models and consistent legislation. Creating the necessary nationwide reliable communications 
infrastructure will require significant investments. In this scenario, energy and environmental 
targets are a priority for policymakers.

3.1.1 Scenario 1: Highly individualized use 
In scenario 1, passenger transport sees a shift in traffic away from public transport towards 
motorized private transport (MPT), triggered by the market-driven and individualized use of 
automated private vehicles. In addition, it forecasts a steep rise in the number of empty 
runs resulting, for example, from passenger pick-ups and drop-offs, as opposed to a drop in 
shipment sizes in freight transport, which effectively lead to a drop in the concentration of 
demand for both passenger and freight transport and an increase in vehicle movements in 
all spaces. Figure 1 shows which means of travel are used to meet the demand for passenger 
transport. 

Especially in centres, demand is likely to exceed existing traffic capacities, leading to break-
downs. This in turn makes urban centres less accessible, resulting in increased pressure on 
agglomerations and peripheral areas. In effect, overall traffic performance in Switzerland is 
set to increase due to longer distances travelled as a result of spatial (re)distribution, which, 
unless halted by spatial planning interventions, promotes urban sprawl. For further details on 
this scenario, see the discussion of the EPB study below. 

The low concentration of transport demand creates the need for additional infrastructure and 
vehicles and thus energy, leading to a spike in emissions. The state, having put manufacturers 
and data suppliers in charge of connecting vehicles with one another, is not forced to invest 
in complex public data infrastructures. Figure 4 below provides an overview of the impacts 
of all scenarios.

3.1.2 Scenario 2: New services in cities and agglomerations 
With the emergence of new mobility services, shared transport takes on a key role in densely 
populated areas. This will likely lead to decreases in motorized private transport in these areas. 
In peripheral areas, by contrast, shared transport is of minor significance. Empty runs are more 
frequent, mainly due to pick-ups/drop-offs of passengers or goods. Thus, concentration will in-
crease in cities and agglomerations but decrease in less densely populated areas. Despite these 
diverging developments, the overall number of vehicle movements across Switzerland is expect-
ed to remain unchanged. Figure 2 shows which means of travel are used to meet the demand for 
passenger transport. Freight transport is expected to follow a similar trend. 

Centralized traffic management in cities and agglomerations pairs demand and supply. Acces-
sibility is similar to current levels or has even improved slightly. Since travel times in automated 
vehicles can be used to engage in other activities, peripheral areas are now more attractive 
as residential locations. In effect, overall traffic performance in Switzerland increases due to 
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longer travel distances – in scenario 2, however, this applies only for regions outside agglom-
erations, which is why the total increase is somewhat lower than in scenario 1. 

The demand for vehicles and energy has not changed significantly for the time being. Only by 
ensuring high CAV penetration levels and motivating road users to shift from motorized private 
transport to shared mobility services in cities and agglomerations can demand for vehicles be 
cut. This would mean that fewer vehicles would be needed to satisfy demand for passenger 
movement. This in turn would cut energy consumption for vehicle production and operation, 
as well as expected emissions. With traffic now being managed in cities and agglomerations, 
existing infrastructure is used as efficiently as possible, taking away the need for large-scale 
infrastructure expansions. For these benefits to materialize, the public sector must ensure con-
nectivity. Ideally, a significant rise in the use of shared taxis has slightly reduced the space re-
quired for parking in densely populated areas. In peripheral areas, local transport infrastructure 
expansions remain an option to handle increased transport demand. Figure 4 below provides 
an overview of the impacts of all scenarios.

3.1.3 Scenario 3: Shared transport services throughout Switzerland 
The pivotal role played by shared transport is underlined by significant drops in individual mo-
bility across all regions. Empty runs are minimized and limited to shared taxis. Traffic is highly 
concentrated, reducing the number of vehicle movements needed to accommodate transport 
demand. Figure 3 shows which means of travel are used to meet the demand for passenger 
transport. Freight transport is expected to follow a similar trend. 

Centralized traffic control actively matches demand and supply. The lower concentration of 
shared taxis in peripheral areas may lead to waiting times, which impacts accessibility. In addi-
tion, the high costs of operating public transport services could make mobility more expensive. 
Overall traffic performance in Switzerland would drop. 

Demand for vehicles is significantly reduced. Reduced traffic performance has entailed a cut in 
energy consumption for vehicle production and operation, as well as expected emissions. With 
traffic now being managed in all spaces, existing infrastructure is used as efficiently as possi-
ble, taking away the need for large-scale expansions. For this, the public sector must ensure 
connectivity. In all spaces, the widespread switch to shared transport has significantly reduced 
the space required for parking. Figure 4 on the next page provides an overview of the impacts 
of all scenarios.
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Figure 1: Visualization of the impact of CAVs on transport in scenario 1. The number of vehicles shown represents the 
amount of traffic occurring in each scenario for a constant number of road users. 

Source: Perret et al. (2020)
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Figure 2: Visualization of the impact of CAVs on transport in scenario 2. The number of vehicles shown represents the 
amount of traffic occurring in each scenario for a constant number of road users. 

Source: Perret et al. (2020)
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Figure 3: Visualization of the impact of CAVs on transport in scenario 3. The number of vehicles shown represents the 
amount of traffic occurring in each scenario for a constant number of road users.

Source: Perret et al. (2020)
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3.2 THE SCENARIOS IN COMPARISON

Figure 4 below compares the three scenarios in terms of their qualitative impacts.

In scenario 1 freight and passenger transport are projected to see an increase in traffic and 
vehicle kilometres travelled. Scenario 3, by contrast, could lead to a significant decrease in 
vehicle kilometres travelled while maintaining current levels of mobility and logistics for freight 
transport. In scenario 2, increases in rural areas will be compensated by decreases in agglom-
erations. The key factor here is resource consumption: in scenario 1 energy consumption and 
land usage are projected to increase significantly, whereas scenario 3 would pave the way for 
a significant reduction as a result of increasingly concentrated trips. Data usage is set to rise in 
all three scenarios. 

Scenario 1
Highly individualized 

use 

Scenario 2
New services in cities 
and agglomerations 

Scenario 3
Shared transport 

across Switzerland 

Traffic performance: passengers

Percentage of shared mobility

Motorized private transport:  
vehicle kilometres travelled

Freight transport: performance

Percentage of rail freight

Vehicle kilometres travelled on 
roads (freight)

Spatial concentration

Energy/resource consumption

Land usage

Data usage

Road safety

Source: Perret et al. (2020)

Figure 4: Overview of the qualitative impacts of all three scenarios 
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4. IMPACTS ON SPATIAL DEVELOPMENT: REGIONAL AND 
NATIONWIDE EFFECTS

4.1 A POSSIBLE PATH FOR AUTOMATED DRIVING

While the TA-SWISS study presented three scenarios, the research project “Use of Automated 
Vehicles in Everyday Life – Potential Applications and Effects in Switzerland” took a different 
approach, devising a storyline on the use of automated vehicles in Switzerland – a path for the 
introduction of CAVs that experts consider feasible. However, it does not claim to represent the 
only way forward. 

The storyline is defined as a sequence of states delineated by transitions with shifting precon-
ditions (Fig. 5). Each subsequent stage is reached when all conditions are met, which include 
legal dimensions (approvals, insurance, traffic law), technology milestones, changes in infra-
structure, and social acceptance. All in all, six stages were defined for the study.

The storyline reduces complexity in order to identify the salient aspects shaping actors’ de-
cisions. It thus provides a useful basis for further and more detailed studies. In addition, the 
coherent states distilled from the storyline succinctly summarize how automated driving will 
affect the various levels of government and spatial planning. The sub-project “Cities and Ag-
glomerations” set out to analyse the impacts of the use of automated vehicles on spaces across 
Switzerland. Automated driving triggers effects on two spatial scales. The study focused on 
identifying local effects in densely populated cities and agglomerations. In addition, broader 
effects on the national level on settlement structures were also investigated.

Time
Stage 1 Stage 2 Stage 3 Stage x

100%

Transition 1

Transition 2

Transition 3

Percentage of vehicle kilometres travelled by CAVs 

Figure 5: The storyline illustrated 

Source: EBP/BaslerFonds/Swiss Association of Cities and Additional Partners (2017)



360 | PART IV — GOVERNANCE — ARTICLE 17

4.2 NATIONWIDE IMPACTS ON SETTLEMENT STRUCTURES

The shift in availability of motorized private transport is likely to have profound impacts on 
Switzerland’s spatial structure. Rural areas stand to benefit the most: increased capacities will 
translate into substantial gains in accessibility, and the use of travel time will make commuting 
to central spaces more attractive. Especially in rural areas with limited public transport services, 
people with restricted access to mobility, such as children or seniors, will experience improve-
ments. 

Cities and agglomerations, on the other hand, will be characterized by lower or even negative 
gains in accessibility as a result of breakdowns caused by the expected increase in traffic and 
limited capacities. Additional traffic and the high concentration of vehicles also threaten to un-
dermine living conditions and the experience of public spaces in urban environments. 

As a result of this relative shift in attractiveness, rural areas will be confronted with sustained 
or increasing sprawl. On the other hand, efficiency gains in public transport and new forms 
of shared mobility services can be expected to boost the attractiveness of urban areas and 
strengthen existing urbanization trends. These developments will vary with each scenario. Spa-
tial effects will be determined by the interplay – or competition – between motorized private 
transport, public transport and shared mobility services. Taken by itself, automated mobility will 
not have a profound impact on spatial relations. Other factors such as demographic changes, 
digitalization, shifting value chains, or climate change also need to be taken into account.

4.3 IMPACTS IN CITIES AND AGGLOMERATIONS

In describing the impacts of automated driving in cities and agglomerations for each scenario, 
the study distinguishes the following types of traffic: moving traffic, stationary traffic, public 
transport, shared mobility services, pedestrian and bicycle traffic as well as freight traffic. The 
potential effects of automated driving in urban areas are determined by the function of the 
roads in question and must be assessed in relation to other uses and people’s lived mobility 
experiences. Aiming to provide a spatially differentiated analysis, the study thus devised a ty-
pology distinguishing the following mobility spaces:

 ■ main arteries in urban regions (“main arteries”)

 ■ main roads in urban and neighbourhood centres (“central streets”)

 ■ roads serving residential neighbourhoods (“residential streets”)

 ■ roads serving industrial areas (“industrial areas”)

 ■ multimodal transport hubs in settlement areas (“transport hubs”). 

Moving traffic 
New services, potential empty runs, and new users (seniors, children) will contribute to an in-
crease in vehicle kilometres travelled. The capacity of existing infrastructure could be boosted, 
provided that automation helps to reduce time gaps between vehicles. This gain will be dispro-
portionally higher than the uptake of automated vehicles across the overall fleet. Some roads, 
such as main arteries, will register capacity gains as a result of automation, whereas capacity 
levels on others, like central streets, will remain more or less static, resulting in a redistribution 
or uneven distribution of additional traffic. All in all, additional traffic can be expected to over-
compensate the increase in capacity, leading to noticeable shifts in all mobility areas. These 
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capacity effects may help to postpone or even render unnecessary individual infrastructure 
development projects. 

Establishing segregated infrastructure for automated vehicles in settlement areas is hardly fea-
sible due to a lack of space and a high concentration of junctions. As long as the number of 
human-driven vehicles remains significant and reference vehicles (e.g. public transport, emer-
gency services, winter maintenance) remain similar in size, a reduction of lane widths is an 
unrealistic option. 

On main arteries, the effects of automated driving will be predominantly positive. Overall, their 
streetscapes are less complex than, for example, in centres where they are shared by multiple 
road users. Main arteries do not provide direct access to many of the adjacent uses. This cre-
ates opportunities for traffic flow, which should improve as the share of CAVs increases, since 
these vehicles travel more densely and at more consistent speeds. Conversely, however, the 
rise in traffic, along with the fact that automated vehicles travel with reduced time gaps, will 
simultaneously reinforce segregation. 

Dynamic lane assignments can deliver further improvements, increasing traffic capacities by 
taking advantage of the fact that commuter flow is often unidirectional. At junctions, traffic 
lights can be operated with greater complexity and responsiveness. This would benefit not 
only CAV traffic, but also improve the flow of motorized private transport at junctions. In cities 
and agglomerations, main arteries are therefore ideally suited to accommodating additional 
traffic, as automation on these roads can bring the greatest capacity gains. On the one hand, 
such capacity gains could end up restricting other road users, or even to them being excluded 
from access to such roads altogether. On the other, such gains can be used to expand public 
transport services. To implement dynamic lane assignments and traffic management systems at 
junctions, extensive organizational effort and a digital communication infrastructure are need-
ed. In case these systems fail, there need to be fallback guidelines to ensure the functionality of 
the road network. This, in turn, would require ensuring long-term maintenance and operability 
of the necessary analogue equipment as well as operational flexibility. 

In urban centres, roads not only serve transport functions, but also settlements. Therefore, it is 
crucial to take into consideration the effects of additional traffic, which are strongly influenced 
by the frequency of parking manoeuvres, the handling of freight, and expected empty runs. 
Potential capacity gains from automation are likely to be offset by increases in trips and freight 
handling. Additional traffic and the increased segregation it entails interfere with public trans-
port, restrict large crossing areas for pedestrians and other users, interfere with bicycle traffic 
and reduce the quality of public spaces. 

Stationary traffic 
Parking spaces are becoming less of an issue as sharing and pooling services as well as the 
possibility for providers to run empty trips lower demand for (dispersed) parking. Adding to this 
is the fact that automated vehicles can be parked at remote locations after use, which means 
parking is no longer located-based. This trend, however, results in additional traffic: empty runs 
and trips to further-off parking amount to more vehicle kilometres travelled on the adjacent 
road network. In addition, on-demand and pooling services as well as privately owned automat-
ed vehicles will need designated off-street stopping areas for passenger pick-up and drop-off. 

Central streets are characterized by a diversity of different uses and dense in- and outbound 
traffic, with car parks and parking spaces ensuring access to adjacent uses. If demand de-
creases, kerbside parking spaces can be given over to other uses and/or be redesignated as 
loading/unloading and passenger pick-up/drop-off areas. Parking can be relocated to new and 
repurposed parking areas, while “freed-up” parking spaces can be made available for a variety 
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of alternative uses, such as new bicycle lanes, broader pavements or additional greenery to im-
prove street design, depending on the specific context. In return, fully automated vehicles will 
need designated loading/unloading and passenger pick-up/drop-off zones, for which current 
legislation will need to be amended. 

Residential neighbourhoods experience lower levels of in- and outbound traffic than central 
streets, with parking spaces being used to leave idle vehicles until they are needed again. 
Reduced individual vehicle ownership and consolidated parking in city and town centres will 
deliver two major benefits to residential neighbourhoods: streetscapes can be made more at-
tractive for pedestrian and bicycle traffic, and communities have more space to enrich neigh-
bourhood life. Although stopping on residential streets occupies additional space, it is limited 
to the streetscape or private driveways, requiring no additional regulation.

Public transport and shared mobility services 
Conventional and consolidated public transport services increasingly running automated trains, 
trams and large buses will continue to serve as the backbone of the public transport system in 
cities and agglomerations. Automation, connected vehicles, and new (digital) mobility services 
will create considerable potential for rationalization, trailblazing new, cheaper and more attrac-
tive public transport services, in particular for offers operating with lower passenger volumes. 
This means that new shared mobility services will complement public transport, especially in 
peripheral areas, primarily using small to medium-sized vehicles running partially or fully de-
mand-based trips. A crucial role will be played by new services operated by public or private 
mobility providers offering individual “front door pick-ups” – without pre-scheduled stops and 
with near-instant availability. The proliferation of responsive shared mobility services will in-
crease the need for additional stopping areas, but it is currently difficult to assess whether ac-
cessibility standards should be optional or mandatory. Designated stopping areas and existing 
public transport stops can also be used by automated vehicles. However, whether or not such 
areas can be opened up to accommodate additional uses will primarily be determined by the 
frequency of these services. 

Automation will also unlock new potential in multimodal transport hubs. Existing public transport 
lanes and stops can accommodate additional uses, especially during off-peak times, to make 
available new services and improve connecting services. Across the public transport network, 
automation can also take the pressure off traditional, heavily congested multimodal transport 
hubs by creating more tangential connections using on-demand services. Tram automation will 
also raise specific issues. Operations can be expected to switch to segregated tracks, which 
will require more space in relation to mixed traffic. At multimodal transport hubs, this can have 
(additional) impacts on permeability by restricting crossing pedestrian and bicycle traffic.

Pedestrian and bicycle traffic 
Today, shared road space is successfully lived and promoted especially in urban centres and 
residential neighbourhoods. This primarily benefits pedestrian and bicycle traffic. As automa-
tion increases, however, safety and capacity considerations could lead to restrictions for pedes-
trians, limiting opportunities to cross streets in order to create dedicated lanes for automated 
vehicles. This would have adverse effects on mixed traffic environments, as automated driving 
would be prioritized over pedestrian and bicycle traffic. Interaction of automated vehicles with 
pedestrian and bicycle traffic as well as non-automated vehicles remains an issue yet to be 
resolved. Communication among road users is mainly based on gestures and visual acknow- 
ledgement, which automated vehicles cannot perform in the same way. Conversely, pedestri-
ans and cyclists can also be expected to interact differently with automated vehicles. 

The long transition phases with mixed traffic involving both automated and non-automated ve-
hicles suggest that existing road marking, signal and steering systems will remain in use over a 
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longer period. These extended mixed traffic scenarios may also mean that automated vehicles 
will operate responsively in mixed traffic areas, “playing it safe”, so to speak, which could in turn 
absorb most of the expected benefits generated by increased capacity and smoother traffic 
flow. This will make it necessary to strike a balance between making optimum use of automa-
tion and ensuring pedestrian and bicycle traffic quality and safety. 

The impacts of automated vehicles on pedestrian and bicycle traffic are likely to affect all mo-
bility spaces. In the urban system as a whole, it will become more challenging to create or 
maintain continuous traffic networks for pedestrians and cyclists. 

In urban and neighbourhood centres, solutions interfering with large crossing areas will nega- 
tively impact pedestrian and bicycle traffic quality. In such environments supporting a high 
diversity of uses, permeability and freedom of movement are key issues. On the other hand, 
large streets will benefit from the elimination of roadside parking. This freed-up space can be 
reassigned to serve a variety of other uses. 

Pedestrian traffic is also a key factor in multimodal transport hubs, where pedestrian traffic flows 
must have space to spread out for users to be able to reach tightly timed connecting public 
transport services. The increasing uptake of shared mobility services will add more complexity 
to the status quo, making it more difficult to identify traffic flows. Visually and hearing-impaired 
people in particular experience difficulties accessing transport hubs if there is a lack of safe and 
easy-to-use crossing areas. This effectively limits the functionality of these facilities, which are 
so pivotal to ensuring seamless mobility. In the future, stricter standards should be applied to 
the design of traffic and waiting areas as well as access kerbs. 

In residential neighbourhoods, automated vehicles can help to reduce travel speeds and en-
sure speed limits are observed, thus increasing safety for other road users. “Driverless pick-
ups” of passengers or goods need to be viewed with caution. These can lead to additional 
traffic that congests public space and creates unforeseen safety risks. This raises the question 
whether such “pick-ups” should require permits or whether empty runs in such spaces should 
be prohibited per se. 

On main arteries, managing automated and non-automated vehicles and pedestrian and bi-
cycle traffic during the long transition phases remains a challenge. We need to find ways to 
integrate all road users into efficient and responsive traffic management systems, for example 
at traffic junctions. One of the key issues is to create the infrastructure needed to enable the 
various human and automated road users to communicate with each other. 

In industrial areas in particular, the focus on automated (freight) traffic may risk impacting ped- 
estrian and bicycle traffic, which should “clear the way” for commercial traffic wherever pos-
sible. Ultimately, this thinking may end up fully segregating different modes of transport, thus 
restricting or even eliminating permeability. Especially larger industrial developments that can 
easily be cut off from adjacent areas could become “forbidden cities”. As a rule, however, in-
dustrial areas, too, must be safe environments for commuters and visitors, and must be served 
by various modes of transport providing attractive links to adjacent areas.

Freight transport 
Freight transport brings additional traffic to cities and agglomerations. In both the busi-
ness-to-consumer and business-to-business segments, we can expect to see the number of 
shipments increase, while their average size will shrink. The introduction of automated freight 
vehicles is likely to accelerate the increase in traffic, but its specific impact will depend on 
whether freight flows can be consolidated and vehicles are operated at capacity both when 
delivering and returning freight. Once driverless freight vehicles are a reality, goods will have 
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to be handled in clearly defined zones, and additional handling equipment will have to be easily 
available on demand. This will also mean that more tasks will be delegated to senders or recip-
ients or other (automated) systems, such as delivery robots or parcel lockers. 

Early adoption of automated driving could be seen in industrial areas, which make ideal test 
sites for a number of reasons. Firstly, the streetscapes are often less diverse, with less pedes-
trian and bicycle traffic. Also, they often have easy access to the motorway network, which 
reduces automated trips on lower-level roads to a minimum. Low traffic speeds also make navi-
gation and steering easier for such vehicles. Secondly, commercial areas also create economic 
pressure to adopt automated driving, as businesses stand to directly benefit from efficiency and 
productivity gains resulting from the adoption of new logistics concepts. 

Urban planning considerations or design requirements concerning the provision of specific 
infrastructure or road markings are likely to be assigned lower priority than in specifications for 
main streets in urban or town centres. Automated shuttles are also suitable for operation on 
access roads in industrial areas. Especially when planning comprehensive transformations of 
commercial areas or developing new estates, streetscapes can be designed from the outset 
to accommodate the needs of automated driving or smart logistics. The economic argument 
– increasing the efficiency of freight transport – could lead to a prioritization of businesses’ 
access and design considerations over the needs of pedestrians, cyclists and other road users. 
Returning to automated freight handling areas, there remains a lack of guidance specifying the 
party responsible for their operation and management. 

In inner cities, commercial uses make it essential to accommodate deliveries for retail stores, 
hotels and restaurants as well as courier, express delivery and parcel services throughout the 
day. This entails high levels of freight and logistics traffic as well as extensive demand for 
freight handling zones and stopping areas. 

Impacts in residential neighbourhoods will largely depend on the type of business models that 
will come to populate the last-mile delivery market, and whether these will use pick-up and 
delivery points, automated parcel lockers or delivery robots.

4.4 SPATIAL IMPACTS: THE THREE SCENARIOS COMPARED

The overview in Figure 6 on the next page shows which mobility spaces in cities and agglomer-
ations are likely to be most affected by individual modes of transport, without looking at wheth-
er these changes will be positive or negative. It also shows the impact of individual modes of 
transport on mobility spaces in cities and agglomerations. Overall, main arteries and industrial 
areas are affected least. Due to their functions and uses these are the most complex mobility 
spaces. Urban and neighbourhood centres, which are characterized by dense functions and 
uses that spur urban development, register a set of overlapping effects. It must be pointed out, 
however, that the functionality of urban transport systems is determined by the quality of the 
interaction of its respective subspaces and its various modes of transport. 

Advances in technology and assessments of their potential impacts in cities and agglomer-
ations remain fraught with uncertainty. It is also a matter of impossibility to determine purely 
the spatial impacts of the adoption of automated vehicles, as automated driving is only one of 
the modal, social and economic factors shaping the development of urban transport systems. 
Adding to this is the fact that for the decades to come, cities and agglomerations will continue 
to see transport networks being shared by vehicles with varying degrees of automation and, in 
the long term, also with non-automated vehicles and more road users. 



365 | PART IV — GOVERNANCE — ARTICLE 17

By having briefly looked at these local, small-scale impacts we can also assess and evaluate 
the three scenarios laid out in the TA-SWISS study in terms of their transport policy and spatial 
policy implications. 

Scenario 1, which assumes highly individualized use of automated vehicles, identifies two key 
challenges: a massive increase in congestion, or in other words, negative impacts on quality 
of life and public spaces in urban environments, as well as an increasing trend towards urban 
sprawl in rural areas. To what extent shifts in attractiveness spurred by the uptake of automated 
vehicles will affect large-scale spatial developments in Switzerland will primarily depend on 
regulatory decisions concerning automated driving as well as steering decisions relating to 
the transport sector and spatial planning. Here, automated driving can open up opportunities 
to optimize intermodal mobility chains, improve connectivity of different modes and means of 
transport, and integrate groups with limited mobility. All things considered, however, the sce-
nario is at odds with the country’s climate, transport and spatial development policies. 

Scenario 3, in which automated vehicles are used collectively throughout Switzerland, raises 
questions concerning the profitability, i.e. the financial viability of nationwide shared services, 
bringing to the fore a number of transport, state and regional policy considerations: which public 
services does Switzerland as a federalist country want to fund, and what level of quality should 
they provide? And who will pay for them? From today’s perspective and in light of the discussions 
that have taken place over the past decades, it seems unrealistic to assume that such a regu-
latory framework will be developed and receive funding. Even so, targeted shared services can 
bring improved access to mobility in peripheral areas, or at least help to support existing services. 

Cities and agglomerations in particular are likely to view scenario 2 as the preferred, if not the 
only viable path forward. The majority of representatives of cities and agglomerations were 
sceptical when asked about the potential impacts of CAVs, as feedback gathered during project 
discussions shows. From their viewpoint, the long-term impacts of CAVs will largely depend on 
whether the advantages of automated driving can be used to strengthen cooperative transport. 
An increase in motorized private transport (relative to other modes of transport), on the other 
hand, is largely expected to cause negative impacts, with cities and agglomerations fearing 
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competition between individualized and public transport, or restrictions affecting pedestrian 
and bicycle traffic as well as the development of public space. Simultaneously, these fears can 
also be framed as a huge opportunity to harness the significant efficiency gains in motorized 
transport to benefit pedestrian and bicycle traffic. 

5. WHY SWITZERLAND NEEDS A REGULATORY FRAMEWORK, AND 
HOW IT CAN BE SHAPED

5.1 POLITICAL NEED FOR ACTION

Building on the insights from the scenarios, the TA-SWISS study then held a workshop that 
brought together experts to define a set of regulatory options that can help to steer expected ad-
vances in automated driving in Switzerland. The experts agreed that automated driving will arrive 
and that regulations are needed today, and not in 20 or 30 years. A laissez-faire approach would 
entail major shifts away from collective towards individual transport. Such a development could 
offset the efficiency gains that automated driving can bring and lead to more congestion and/or 
demands for infrastructure expansion. 

However, experts had diverging opinions regarding the effects that regulatory measures should 
aim for, and there was no clear preference among the group for one of the outlined scenarios. 
This question has a normative dimension that must ultimately be aligned with a societal target. 
Switzerland’s policies, however, are currently either lacking such targets, or their respective aims 
are at odds with each other, and it is unlikely that clarification will be achieved in the near future. 
There is an array of related issues that are both highly complex and yet currently too vague to be 
able to bring Switzerland closer to reaching societal and political consensus. 

Next, the regulatory options developed by the group of experts in the workshop were discussed 
with stakeholders representing politics, administration, the economy and associations. They sim-
ilarly agreed that the advent of automated driving will have a significant impact on the transport 
system, pointing primarily to the expected gains in efficiency. It also became clear, though, that 
automated driving can and must support efforts to make transport more sustainable on the whole.  

Representatives agreed that it is crucial and critical to encourage lively societal and political 
debate to stake out regulatory options. Unlike experts, however, stakeholders already appear to 
have found common ground on key issues. The implicit consensus concerns the need to sustain 
Switzerland’s transport system and the pivotal status of public transport, and the notion that Swit-
zerland can and should play a pioneering role in further developing automated mobility. Moving 
forward, the needs of pedestrians and cyclists, too, should be taken into account, especially in 
densely populated areas. Building a greener and climate-resilient transport system is an over- 
arching prerogative.

5.2 ROLE OF THE STATE AND SCOPE FOR ACTION

Two measures are needed to allow Level 3 automated driving systems on the road in Switzer-
land and lay the groundwork for further policy actions.
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Firstly, in dialogue with its neighbours, Switzerland must prepare approval processes for 
semi-automated as well as highly and fully automated vehicles. This is to ensure that all Level 3 
and higher automated vehicles available on the market can be used for passenger and freight 
transport operations. Here, the primary focus is on creating approval processes for automat-
ed systems and addressing liability issues. Next, and again in coordination with neighbouring 
countries, safety standards on handover times and other details must be defined. Further na-
tional-level regulations regarding connectivity, data exchange or specifications on energy-effi-
cient drives must be examined in good time. 

Secondly, the state should introduce mandatory training to educate drivers of (fully) automated 
vehicles, including options such as a “driving licence light”, i.e. a certificate confirming eligibility 
to supervise highly automated Level 3 and 4 vehicles. 

Beyond these two mandatory measures, government actions in response to the advent of con-
nected and automated vehicles in Switzerland can take two distinct directions: 

1. “Enabling”: The state influences policies but generally remains in the background, limit-
ing its role to creating a minimum-regulation environment to support private and public 
actors in creating market innovations. 

2. “Leading”: Building on clear political objectives, decision makers choose a “strong 
state” approach, actively adopting regulations that either restrict or delay the introduc-
tion of connected and automated transport systems, or proactively encourage these 
developments. 

Discussions among study participants produced no majority preference for either of the out-
lined roles. Views diverged both among experts and stakeholders, depending on their political 
affiliation or on which particular aspect of connected and automated transport was being de-
bated. Accordingly, both directions are seen as viable policy paths for Switzerland. Seeking to 
produce adequate responses to this breadth and uncertainty of opinion regarding the techno-
logical, legal and temporal development of connected and automated vehicles, we will assign 
each policy option to one of the two paths. 

For its role as an enabler, influencing policies but generally remaining in the background, the 
state should consider the following options in addition to the mandatory measures outlined 
above:

 ■ Encourage societal and political discussion on the ethical and data protection-related as-
pects of the data generated by connected and automated vehicles. Address the risks and 
opportunities of data usage openly with civil society actors. 

 ■ Produce in good time and for all levels of government a data policy that protects the in-
terests of the public sector. Alongside ensuring data sovereignty and access rights, this 
includes defining the data the public sector needs to perform its tasks. Align policies with 
smart city strategies and Open Government Data (OGD) principles. In addition to comply-
ing with international data exchange standards, Switzerland can formulate stricter quality 
standards and specifications regarding the metadata contained in the exchanged data. 

 ■ Update Switzerland’s public transport act and related bye-laws. New providers should be 
given access to the passenger transport sector, which has been shielded by strict regula-
tion in the past. Conversely, shared transport providers should be given greater flexibility 
to run services that complement existing public transport offers (for instance in the form of 
concessions that define minimum services for a designated area instead of timetabled or 
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regular services – provided that this approach does not undermine the transport system’s 
overall efficiency in serving all areas) or they could be partially exempt from meeting ac-
cessibility regulations. 

 ■ Ease approval processes and lift requirements to be met by licensed transport companies, 
allowing them to focus on research and development. Traffic law, liability regulations and 
provisions for businesses should be designed to help public and private transport provid-
ers run economically viable and appropriately financed services. 

 ■ Create attractive conditions to support the creation of an efficient mobile network. Switzer-
land currently has several privately operated networks. Building a state-operated “utility 
network” to accommodate private sector services could prove to be an interesting alterna-
tive that should be further explored. 

 ■ Build a “conditional open data” platform2 that allows all actors to share their own as well 
as access third-party data (ASTRA 2018). This platform should also make available basic 
topographic and traffic data, as well as event, measurement and aggregated sensor data. 
Among other things, this will require enhanced technology systems for fully digitalized and 
automated workflows, and regulations ensuring that these systems are built to conform 
with emerging international standards.

On the other hand, the state can act as a leader, building on clear political objectives. To this 
end, decision makers should introduce the following measures and instruments in addition to 
the recommendations made so far:

 ■ Launch a nationwide dialogue on the future of mobility in Switzerland, encouraging po-
litical representatives and researchers as well as civil society actors and business to join 
the conversation, and ensuring that debates also address the safety and desirability of 
technology-based systems. 

 ■ Define targets for Switzerland’s mobility sector, taking into account the requirements of 
the state at the federal level, the cities, the cantons, society and the economy, as well as 
passenger and freight traffic. If national-level targets conflict with other policy areas, these 
must be addressed. 

 ■ Bringing together all levels of government and listening to business and civil society, de-
velop ideas and proposals on how connected and automated driving in cities and agglom-
erations can help to strengthen shared forms of mobility and transport in particular. This 
will likely have to be backed by incentives for shared mobility services and require a new 
framework for the operation of public transport services, along with possible restrictions 
for motorized private transport. Solutions may include market-based instruments, obliga-
tions placed on concessions or approval processes (such as no empty runs), or information 
and persuasion. 

 ■ Consolidate traffic-steering competencies at the national level. For this, cities, cantons and 
the federal government must determine the body that is to take responsibility for traffic 
steering and how they plan to resolve overlapping competencies. Together with research-

2 “Conditional open data” means that all participating parties can access the available data free 
of charge for non-commercial use provided they agree to supply some of their own data in re-
turn. The expanded data set can then be accessed by the entire community and used for new 
applications, the only exception being “refined data”, i.e. marketable information. It is up to the 
participating parties to draw the line between data and information (ASTRA 2018).
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ers and transport companies, they will also have to identify the indicators used to steer 
traffic (occupation rates, minimum transport length, vehicle kilometres travelled, choice of 
destination, parking spaces, stops, etc.).

Summing up, it becomes clear that the need for regulation is highest if the state takes on a 
“leading” role. Without vision and strategy, a strong state will struggle to provide clear lead-
ership and be unable to steer developments in a direction that aligns with its preferences. 
Concisely formulated targets and strategies are the outcome of political negotiation processes 
which may take some time to conclude in Switzerland. If, in turn, decision makers want the state 
to act as an “enabler”, such visions and strategies can be developed iteratively. Such a policy 
involves greater intervention than a purely reactive approach but requires a less stringent de-
bate on visions and strategies, which are needed if the state is to pursue a proactive leadership 
approach.

5.3 SPECIFIC POLICY OPTIONS FOR CITIES AND AGGLOMERATIONS

For cities and agglomerations, one of the past and future challenges is to make transport sus-
tainable and city-friendly. For this reason, policies aiming to shape the use of automated vehi-
cles also need to take into consideration their implications on the transport system as well as on 
spatial and urban planning. With this in mind, the BaslerFonds study formulates ten strategies 
for cities and agglomerations, each including a set of suggested measures.

 ■ Take an integrated and city-friendly approach to mobility planning: How can automated 
driving contribute to a city’s sustainable and city-friendly vision of mobility? 

 ■ Test possibilities, share experiences, and learn: Tests and pilot schemes help all actors 
to gain experiences and learn about how automated driving impacts the transport system 
and spatial development. By sharing knowledge, cities as well as cantons and federal-level 
actors can create synergies and gradually build knowledge. 

 ■ Put cities and agglomerations’ needs and concerns on the agenda: Cities and agglomer-
ations should actively follow current developments and uses of automated driving, share 
knowledge and experiences, and develop shared positions. On this basis, they can then 
put their needs and concerns on the agenda when negotiating with the federal govern-
ment and the cantons. 

 ■ Promote dialogue and build awareness: Public discourse on all levels raises awareness 
of automated driving and prepares the ground for a broadly supported debate on its im-
pacts and effects on transport and urban space. 

 ■ Limit additional traffic: Suitable measures must be put in place to minimize or effectively 
manage the additional traffic resulting from new mobility services and empty runs.

 ■ Strengthen shared mobility schemes: In terms of land use, public transport and shared 
mobility services are the most efficient modes of transport. These services must be kept 
attractive, affordable and efficient, and policies must be put in place that influence the 
modal split and favour sustainable transport through attractive offers. 

 ■ Promote intelligent traffic flow management and steering: Higher penetration of auto-
mated vehicles and increased connectivity can help to manage traffic more intelligently 
and influence spatial and temporal peaks in traffic demand. 
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 ■ Optimize public and private use of land: Repurpose vacant parking spaces to make urban 
space more attractive and develop concepts to provide parking, stopping and freight han-
dling areas for automated passenger and freight transport. 

 ■ Ensure all road users are safe: Adopt targeted measures to minimize safety risks on 
shared road spaces, both during the transition towards automated driving and once full 
automation has arrived. 

 ■ Make urban logistics city-friendly: Cities and agglomerations can support and regulate 
private sector efforts to establish efficient freight delivery concepts. 

6. STEERING MOBILITY AND SPATIAL DEVELOPMENT: KEEPING 
OUR HANDS ON THE WHEEL

Building on its three scenarios, the TA-SWISS study explored the potential paths that automat-
ed driving might take in Switzerland. The study’s aim was not to promote a specific scenario, 
but to formulate policy options that can either be applied to all scenarios or highlight the spe-
cific roles the state can adopt depending on its preferred degree of intervention. 

The partners involved in the BaslerFonds study, by contrast, clearly laid out the direction they 
would like cities and agglomerations to take in order to ensure that spaces and streetscapes 
remain attractive in the future. Their preference is to promote shared mobility services in urban 
spaces, as outlined in scenario 2 of the study. In order to ensure that sustainable mobility ar-
rives in cities and agglomerations, it is not enough for the state to act as an enabler and trust 
the market to drive developments.

To harness this transformation, however, society first needs clearly defined targets for a future 
mobility strategy. Taking into consideration the policy cycle3 (Fig. 7), such mobility strategies 
are ideally defined in advance of regulatory interventions, i.e. negotiated between the state at 
the federal, city and canton level and society and business. These strategies should be flexible 
enough to accommodate individual policies for each type of region, i.e. the state should lead 
with varying intensity while also addressing conflicting targets with other policy areas. 

Only after achieving a consensus on these objectives should all levels of government proceed 
to review and define the instruments and regulations for each policy action area as described 
in this chapter. It goes without saying that this is not a purely linear process. Objectives and 
measures can and should also be developed iteratively, especially if decision makers want the 
state to act as an enabler. Such a policy involves greater intervention than a purely reactive 
approach but requires a less stringent debate on visions and strategies, which are needed if 
the state is to pursue a proactive leadership approach. 

In addition, all levels of government need to stay up to date with current developments for 
them to launch appropriate and timely policy responses. Particular attention should be paid 
to regulations ratified by the EU, but also to legislation passed in other pioneering states, as 
well as general technological advances in connected and automated driving. Only by promptly 

3 https://pb-tools.ch/politikzyklus/, www.staatsfragen.de/tag/politikzyklus/ (in German).
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integrating insights from abroad into Swiss policy cycles can policy options be evaluated and, if 
necessary, effectively updated to ensure their alignment with the country’s mobility strategies.

It needs to be communicated clearly that the negative impacts of automated driving can be ef-
fectively addressed or at least minimized. For this, the federal government, cantons, cities and 
communities must jointly develop suitable monitoring and controlling systems and test their 
applicability. Such a collaborative vein is also needed to create a regulatory framework to steer 
mobility and traffic management. If the effects of such a framework remain negligible, or if it 
fails to steer developments altogether, then the mobility strategies, the legal framework or the 
implemented instruments need to undergo review. In principle, all levels of government must 
remain open to amending their current approaches. 
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From today’s perspective many of the future opportunities and challenges of automated driving 
are difficult to model or predict. Test systems and pilot schemes can help all actors to gather 
crucial experiences and learn about how automated driving will impact the transport system 
and spatial development. Thus, a key takeaway from both studies is that pilot schemes are 
pivotal for the entire policy cycle. For this reason, we have updated the policy cycle in Figure 7 
by adding a fifth dimension. Now, the four steps of the policy cycle are embedded in a testing 
agenda to account for the broader context. However, because implementation is based on spe-
cial permits and provisional approvals, the cycle is accelerated, thus providing critical insights 
for improving the design of the remaining policy stages. 

On the one hand, the aim of these applications is to build a body of robust evidence and high-
light viable application scenarios for Switzerland. On the other, these insights should also be 
used by the federal government in the context of its international activities in order to address 
legal issues.
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1. INTRODUCTION

In this chapter, we will consider selected projects relating to the transport or mobility transfor-
mation1 in rural and suburban areas, examining them in the context of connected and automated 
driving. The hypothesis outlined in this study is that, while connected and automated transport 
can fundamentally change the existing “system of automobility” (Urry 2004), the changes in 
question have to be seen in the context of specific local challenges and contemporary conflicts 
around mobility systems. This analysis therefore focuses on local mobility projects that look be-
yond simply replacing automobility’s fossil fuel combustion systems, instead aiming to achieve 
a broader-based transition via new mobility services such as public transport microsystems, 
non-profit lift services and car-sharing schemes. 

The analysis draws on an empirical investigation in the region of Lower Austria and takes dis-
course and hegemony theory as its frame of reference. In contrast to other socio-technical theor- 
ies of transformation, which place greater emphasis on technological niches and their interplay 
with established systems or regimes (Geels 2012, Loorbach et al. 2017, Kemp et al. 2012), the 
chosen lens of discourse and hegemony theory focuses more on existing power relations and 
the role of societal consent in transformation processes (Laclau/Mouffe 2000, Nonhoff 2006, 
Wullweber 2012). According to Antonio Gramsci’s concept of hegemony, change – and this in-
cludes the change required to transform transport systems – can only be achieved if there is a 
certain level of consent or consensus among the population. 

Taking Gramsci’s premise as its starting point, this empirical research examines recent transport 
transformation projects offering alternatives to fossil fuel-powered, privately owned cars, spe-
cifically in rural and suburban areas of Lower Austria. These case studies allow us to empirically 
identify contemporary challenges, tensions and contradictions in the implementation of such 
projects and to recognize which groups or institutions are ready to embrace the transport trans-
formation and what needs can be met by new mobility services. 

Here, three types of project are assessed: electric car-sharing schemes, non-profit lift services 
and ring-and-ride taxis, the latter serving as an example of centralized micro public transport 
systems. This analysis is then used to ascertain which of the structures inherent in such new 
mobility services are effective under current conditions and which might, in conjunction with 
the connection and automation of transport, play a key role in future. As per the theoretical 
premises outlined above, it assumes that today’s relatively stable discursive structures would 
not significantly shape future actions; new developments and breaks with the past can happen 
at any time, but the current structure makes certain outcomes more likely than others. By way of 
background, the next two sections first briefly examine the politics of the transport transforma-
tion and illuminate the underlying premises from discourse and hegemony theory. 

1 Parts of this text are based on the dissertation project “Automobilität im Umbruch? Gegenwärtige Stabilis-
ierungen oder Transformationen der automobilen Hegemonie”, developed at the Institute of Spatial Plan-
ning’s Research Unit of Sociology and TU Wien’s future.lab. The terms transport transformation and mobility 
transformation are mostly used interchangeably in political discourse. For a more precise differentiation of 
the two terms, see Manderscheid in Chap. 4 of this publication.
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2. THE POLITICS OF THE TRANSPORT TRANSFORMATION 

In the realm of climate, energy and environment policy, there has been an increasing focus on 
transport in recent years, with pressure for political action resulting in legally binding targets2 at 
international, national and regional levels. In Austria, both the Mission 2030 national climate and 
energy strategy and the recently published national climate and energy plan (a plan the EU’s gov-
ernance regulation 2018/1999 obliges each member state to draw up) stress the need for targets 
and measures for the transport sector and emphasize the key importance of an environment- 
and innovation-friendly transport and mobility transformation3 (Federal Ministry for Sustainability 
and Tourism/Federal Ministry for Transport, Innovation and Technology 2018, Federal Ministry for 
Sustainability and Tourism 2019), while local politicians (Österreichischer Städtebund 2015) are 
increasingly recognizing the importance of such a transition. The term transport or mobility trans-
formation is often interpreted in very different ways. In general, though, it revolves around the 
problematization of greenhouse gas emissions from transport, and from fossil fuel-based automo-
bility in particular, and around aims to reduce car traffic volumes or replace private car journeys 
with other modes of travel such as public transport, new mobility services, walking or cycling. In 
politics, this call for a transport and mobility transformation has now become an established poli-
cy demand, one that is increasingly gaining broad-based societal support. 

The specific policies and strategies proposed to achieve such a transition, on the other hand, re-
main highly controversial. It is reasonable to assume that decisive action needs to be taken both in 
passenger and in goods transport; after all, with greenhouse gas emissions still rising, especially 
in urban centres and along through routes, transport is a particular problem area relative to other  
sectors (Federal Ministry for Sustainability and Tourism 2019: 6). The focus of such proposals is 
on trends such as the sharing economy, new mobility concepts – especially in rural areas – and 
on boosting public transport and promoting active travel. From a technological perspective, key 
roles are envisaged for electrification and digitization, while connected and automated transport, 
which combines both, is also expected to help facilitate the transport transformation (Federal 
Ministry for Transport, Innovation and Technology 2018). 

Despite decades of demands for such a transition, it has failed to happen on any significant scale 
(Schwedes 2011: 14), and the car remains the dominant form of transport in many contexts (Man-
derscheid 2014). Moreover, the transport sector’s greenhouse gas emissions have increased in 
recent years, as has the number of vehicles on Austria’s roads (Statistics Austria 2020). This raises  
questions as to why so little progress has been made towards the transport transformation, 
despite political acceptance of its necessity. The next chapter uses perspectives from hegem-
ony and discourse theory in order to examine the politics of the transport transformation in 
theoretical terms. 

2 In Austria, these legally binding targets are primarily defined in the “transport sector targets” section of the 
country’s climate protection act.

3 In line with the EU’s Effort Sharing Regulation, Austria has pledged to achieve a 36% reduction in greenhouse 
gas emissions by 2030 compared to 2005 levels, a target also adopted by the provincial governments. The 
largest cuts are set to come in the transport and buildings sectors. Transport currently has the highest emis-
sions of any sector, being responsible for some 46% of all emissions (excluding emissions trading). To hit that 
2030 target, emissions need to be reduced by around 7.2 million tonnes of CO2 equivalent to around 15.7 mil-
lion tonnes. In 2017, greenhouse gas emissions for Austria’s transport sector (excluding aviation) amounted 
to 23.6 million tonnes of CO2 equivalent, which equates to a 73% increase since 1990, and almost two thirds 
of road transport’s greenhouse gas emissions were caused by passenger transport.
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3. PERSPECTIVES FROM DISCOURSE AND HEGEMONY THEORY 

The notion of a transport transformation involves particular shifts in the hegemonic discourse 
around transport policies. The desire to see certain changes in the transport sector is driven pri-
marily by environmental concerns, though safety considerations also play a role (see Chap. 10 by 
Mitteregger in this volume). The following theoretical appraisal of these shifts uses a discourse 
and hegemony theory-based frame of reference, applying this to the politics of the transport 
transformation. Thinking on how hegemony theory and concepts from discourse theory intersect 
often draws heavily on the work of Laclau and Mouffe (Laclau/Mouffe 2000; Laclau 1990, 2002), 
which was then developed and empirically operationalized by authors such as Nonhoff (2006), 
Vey (2015) and Wullweber (2012, 2014). The term hegemony refers to the predominance of certain 
patterns of articulation or social constructs. Hegemony is not fixed, however, but always in flux, 
resulting from a discursive practice that builds on and modifies given discursive structures (Non-
hoff 2006: 137). Hegemonic practice forms part of the political realm’s discursive structure and 
evolves within that realm. Demands for a transport transformation can be read as a hegemonic 
practice that seeks to reinterpret or alter the structures of automobility in a specific way. 

Today’s automobility can be seen as a relatively stable discursive formation,4 albeit one that, 
given the ever-louder demands for a transport transition, is contested and in need of reform. 
While demands for a decarbonization-based transport transition have not so far resulted in a 
counterhegemony that might rival automobility, there have nonetheless been various political 
articulations that challenge or call into question the universal primacy of the automobile (Fed-
eral Ministry for Sustainability and Tourism/Federal Ministry for Transport, Innovation and Tech-
nology 2018, Federal Ministry for Sustainability and Tourism 2019). New technologies such as 
electric vehicles, shared mobility, Mobility as a Service or connected and automated transport 
aim to move on from fossil fuel-based automobility and represent shifts in the hegemonic dis-
course. The demand for a transport transformation is gaining traction as a transport policy idea 
and forming a key nodal point5 that has an extremely broad range of connotations, bringing 
together various issues relating to the future of mobility. 

In the contemporary debate around the transport transformation, state interventions play a key 
role. Recent state interventions aimed at bringing about such a transformation have, however, 
also resulted in the establishment of new forms of subordination. Electric vehicles, for instance, 
remain controversial within society (Brunnengräber/Haas 2020), as do structural disincentives 
to car use (e.g. via taxation). Even the meaning of the term transport transformation itself is 

4 Socio-spatial and group-specific differences in car use play a key role. While the number of people owning a 
car is going down in many cities, car ownership continues to increase in rural areas (VCÖ 2015). The level of 
car use and the accompanying stability of automobility as a discursive formation is also linked to the quality 
of public transport services, while mobility researchers taking a milieu-based approach have highlighted the 
social differentiation associated with different mobility patterns and car usage (Dangschat 2017, Beck/Plöger 
2008).

5 In discourse theory, this nodal point is described as an “empty signifier”. The term “signifier” was coined by 
de Saussure, a semiotician who explored the relationship between language and reality. Signs consist of the 
signified (the thing being indicated, i.e. the concept) and the signifier (the thing doing the indicating; in the 
case of language, the “sound image”). The relationship between the signified and the signifier is essentially 
arbitrary, though given that the relationship is a product of society, not entirely random (Hagemann 2016: 16). 
The universalization of the specific that occurs in hegemonic projects renders the signifier empty, with the 
sign becoming detached from its meaning.
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contested. Environmental demands thus exist in multiple forms that “depend upon the manner 
in which the antagonism is discursively constituted” (Laclau/Mouffe 2000: 210). These demands 
can be anti-capitalist, anti-individualist and authoritarian but they can also be libertarian, social-
ist and reactionary. The nature of such an environmental demand is variable rather than fixed 
from the start; the manner in which the demand is articulated is by no means preordained. 

The use of the term transport transformation creates specific equivalent relationships with oth-
er important terms, such as technological progress, innovation, economic growth, safety and 
sustainability or renewable energy sources. These terminological relationships (equivalence 
relationships) point up problems with today’s (car-dominated) mobility systems, lending them 
a positive aspect (Wullweber 2014: 291). At the same time, the term transport transformation 
sets itself apart from other key concepts such as fossil fuels or urban sprawl, thus forming a dif-
ferential relationship and antagonistic boundary. Various societal actors regard their interests 
as being tied up with the concept of a transport transformation. In this context, there is now a 
largely established narrative relating to the transformational processes around electric vehi-
cles, car sharing and automation. 

The hegemonic shift towards a transport transformation is thus being driven by a range of so-
cietal forces. As a result, this transformation, which aims to tackle key societal challenges, has 
now been successfully associated with the public interest. 

Signifier of relevance at a given time

The ”transport transformation” nodal point

Antagonistic boundary

Di�erential relationship

Equivalence relationship

Figure 1: Transport transition as a nodal point

Source: the author, adapted from Glasze (2008: 194) 
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4. NEW MOBILITY SERVICES AS EXAMPLES OF TRANSPORT 
TRANSFORMATION PROJECTS 

To ascertain what shifts or schisms the push for a transport transformation has brought about in 
the discourse around automobility, it is worth looking in detail at existing transport transforma-
tion projects. By analysing key parameters and evaluating interviews with a range of relevant 
actors, this section aims to show what general demands have arisen in connection with new 
mobility services. It also looks at factors affecting the implementation and consolidation of 
these projects, examining where challenges and problems remain. The projects selected were 
station-based electric car-sharing schemes, non-profit lift services and ring-and-ride taxi ser-
vices. Based in suburban or rural areas, these projects all aim to provide alternatives to private 
car use. The 12 interviewees were project initiators, representatives of local authorities or com-
mercial providers of new mobility schemes. In addition to these interviews, talks and seminars 
given by representatives of the province of Lower Austria or of its energy and environment 
agency were also analysed. It was, however, not possible to also gather broad-ranging input 
on users’ perspectives and perceptions of these services in wider society – more research is 
thus needed here. 

Figure 2 below gives an overview of the various new project types being offered within the 
context of mobility as a service. 

Mobility as a Service 
(MaaS)

Fixed-route services Taxi systems

Ride-sharing Car-Sharing

Sharing a privately 
owned vehicle 

(with neighbours, 
for instance) 

Using EVs provided 
by a car club or 
mobility service 

provider 

High-quality bus and 
rail services 

E.g. taxi voucher 
system

Ring-and-ride 
taxis with fixed 
pick-up points

Sharing rides 
in a user’s own car 

Using professional 
drivers or in a car club

Figure 2: Mobility schemes (Mobility as a Service – MaaS) 

Source: the author, adapted from Danninger (2019)
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Table 1 above compares the three selected models – electric car sharing, non-profit lift services 
and ring-and-ride taxis – with regard to operator, service type, usage costs, responsibility for 
driving and area covered. 

The aim in analysing these three different kinds of mobility service is to assess how transport 
transition projects can achieve a hegemonic shift in the relatively stable “system of automobility” 
(Urry 2004). The key question here is whether a large number of actors can be convinced that 
the implementation of such a project is essential to the public interest and persuaded to act ac-
cordingly.

4.1 STATION-BASED ELECTRIC CAR SHARING

In recent years, numerous electric car-sharing schemes have launched in suburban or rural 
areas; these are mostly locally based though some are regional. Electric car sharing allows a 
large number of users to try out and use an electric car in everyday situations. These schemes 
are often promoted as a way for households to avoid running a second vehicle. Compared to 
running a car of their own, the costs incurred by car-sharing users are relatively low. The in- 
novative and sustainable nature of such projects provides an image boost for the operator – in 
rural areas, this is mostly the municipality. In Lower Austria, electric car-sharing schemes are 
mostly provided by a charity, municipality or professional operator, with the type of operator 
being key in determining whether the service is subject to commercial law. 

For an electric car-sharing scheme to be economically viable, it needs 20 to 30 users per ve-
hicle. Schemes can be initiated by private individuals, companies or municipalities. Users gen-
erally pay an annual charge of €100 to €300, plus a rate per kilometre (€0.10 to €0.20) and/or 
per hour (€1 to €5). Cars are generally booked via an app or some other online booking system. 
Caruso and Ibiola are among the platforms using such a booking system. The booking plat-
form displays the availability of the scheme’s vehicles and the requisite charging time between 
bookings. Lower Austria is considered a model province in the field of electric car sharing. More 
than 120 EVs are available in car sharing schemes across over 90 municipalities. Increasingly, 
such schemes are being operated in conjunction with EV-based lift services (Komarek 2019).

Station-based
electric car sharing Non-profit lift services  Ring-and-ride taxi services

Primary operator Municipality, company Lift club Municipality, region

Primary service 
type 

Public sector, commercial  
(with public-sector support)

Private, non-commercial (with 
public-sector support)

Public sector (in conjunction with 
contracted commercial transport 

firms/platform operators)

Costs for users Medium Low Medium

Responsibility for 
driving 

Vehicles driven by the users 
themselves

Vehicles driven by volunteer 
drivers

Vehicles driven by professional 
drivers

Area covered 
Vehicles accessed from fixed 

locations but can also be used 
beyond municipal boundaries

Services primarily operated within 
municipal boundaries

Operates alongside public 
transport, servicing predefined 

pick-up points

Table 1: Comparison of selected mobility services 

Source: the author
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It became clear from examining and talking about electric car-sharing schemes that, in rural 
areas, these tend to require strong political impetus, especially in the initial phase. They need 
someone involved in policy and planning to take up the issue and champion it in public. This is 
how an interviewee who had initiated an electric car-sharing scheme put it: 

“In my opinion, what it takes to get these things off the ground is an organ-
izer, i.e. a central contact person, ideally a political representative, who 
is prepared to take up the cause and sell it to people as a great thing.” 
(Interview A) 

These new mobility schemes are often linked to a desire among local politicians to be innova-
tive and attract attention. Municipalities celebrate their new mobility schemes and gain plaudits 
for them, for instance by entering the “Clevermobil” competition, via which the province of 
Lower Austria recognizes particularly innovative projects. This desire to be innovative can also 
be seen in the numerous networking meetings and seminars relating to new mobility services, 
at which there is a certain competitiveness and rivalry between political representatives when it 
comes to their municipality’s innovations. Moreover, the implementation of new mobility servic-
es is strongly reliant on local commitment among a municipality’s officials and representatives. 
Politicians or planners at higher levels of government are less likely to be involved in driving 
new electric car-sharing schemes, though they do sometimes provide additional support. Sev-
eral interviewees referred to the need for commitment at municipality level. Responding to the 
question of how successful electric car sharing currently is, one car-sharing project’s director 
stated: 

0 25 50 km

Vienna

Styria

Burgenland

Czechia

Niederösterreichische Gemeinde mit E-Car-Sharing-Angebot

SlovakiaUpper Austria

Figure 3: Electric car-sharing schemes in Lower Austria

Source: the author, adapted from eNu data (2019) 
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“That depends a lot on municipalities’ commitment and on how strongly 
they back it. Some municipalities are very active, and their schemes are 
going very well.” (Interview B) 

That requisite degree of commitment at municipal level, however, often meets with criticism, 
exposing initiators to significant personal risk, particularly in rural areas. Another interviewee 
who championed the creation of a new electric car-sharing scheme (Interview E) describes the 
implementation of electric car sharing as a “constant battle”. The benefits of such schemes 
often go unrecognized and unacknowledged, and experience has shown that, despite the ef-
forts of local political representatives, there is often limited public interest in the use of electric 
car sharing, with many pilot projects not being taken forward as a result. For instance, several 
municipalities conducted surveys to assess public interest in electric car sharing, but did not 
receive a sufficiently broad response. Interviewees also emphasized the importance of choos-
ing the “right” moment to launch such a scheme, with two municipal representatives describing 
their unsuccessful launches as follows: 

“After I’d been to a talk at Lower Austria’s energy agency in 2016 […], we 
just gave it a go […], publicizing it in the local newspaper. Only one person 
signed up though, so then we just dropped the idea.” (Interview H) 

“We’ve put so much time into a potential electric car-sharing scheme al-
ready, organizing information events that generated only very limited inter-
est. I’ve invested countless hours in it, but it all came to nothing. Practically 
no one turned up to the information events. Maybe we went for it too early 
and were a bit ahead of our time.” (Interview D) 

The municipal representatives interviewed for this research described how expressions of 
interest were not forthcoming after postal or media communications on potential electric 
car-sharing schemes. That engendered a feeling of resignation among political representatives 
and a critical attitude towards electric car-sharing projects that were in operation elsewhere. 
Some sceptical municipal representatives also argued that electric car-sharing schemes being 
presented as success stories needed to be examined critically as the users they were attract-
ing did not always correspond to the desired target group (car drivers switching to a sharing 
model). The project initiators interviewed here also raised long-term provision and continuity of 
usage as challenges for new mobility services such as electric car sharing. Electric car sharing 
can even lead to users eventually buying an EV of their own, after which they then hardly use 
the car-sharing scheme any more. 

“Continuity of use is another challenge. What happens if people pull out 
because they’ve bought a vehicle themselves, for example? The system is 
then undermined.” (Interview G) 

If it serves as a temporary solution until users buy a vehicle of their own, then car sharing can 
potentially further consolidate automobility’s hegemony, even if more of the individual vehicles 
end up being electrically powered. 

Interest in car sharing remains particularly limited in areas where most people own a car and 
are already heavily dependent on automobility. Interviewees repeatedly expressed scepticism 
regarding schemes celebrated as success stories by municipal representatives. Due to the high 
degree of rivalry around innovation in municipalities, many schemes are given an overwhelm-
ingly positive spin, with any problems swept under the carpet. One municipal representative 
gave the following critical account of such spin: 
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“Many of the schemes only work because the municipality itself is ‘obliged’ 
to use it. That means all municipal politicians and officials are obliged to 
use the service, which is not the idea at all. These schemes are kidding 
themselves with their claims of success because they’re not persuading 
people to switch to new mobility solutions. It needs to be driven much more 
by popular demand – with people saying to politicians ‘Hey, let’s do that, 
we want this!’, but that isn’t happening.” (Interview D) 

According to this interviewee’s account, car sharing only works if it is also regularly used by 
municipal officials, meaning it fails in its actual aim of persuading people to ditch individual car 
ownership in favour of sharing cars with other users. The interviewee also describes the lack 
of popular demand for the introduction of electric car sharing. Despite these experiences and 
the scepticism around electric car sharing, such schemes have become increasingly prevalent 
in Lower Austria, though they differ greatly in how they are organized. The integration of these 
schemes into an overarching mobility platform is where observers see the greatest potential 
for further development, but such a move is hindered by their heterogeneous providers and 
organizational structures. Evidently, there is not always popular interest in electric car-sharing 
schemes; often they are not a response to broad-based subordinate demands for automobility 
to be transformed. On the other hand, they represent a very specific expression of opposition 
to automobility’s hegemony, one driven primarily by state intervention.  
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Styria

Czechia

SlovakiaUpper Austria
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Figure 4: Lift services in Lower Austria 

Source: the author, adapted from Wels-Hiller (2019) 
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4.2 NON-PROFIT LIFT SERVICES

Another niche examined in this chapter on practical transport transition projects is non-profit 
lift services. Using volunteer drivers, these schemes, in which volunteers drive members of a 
club from A to B by electric car, can be classed as decommodified mobility services. This model 
 grew out of the community bus service, a citizen-initiated form of local transport launched 
in Lower Austria in 2011. The aim of non-profit lift services is to better integrate less mobile 
individuals into community life and to boost communication and interaction between different 
generations. In addition, it is hoped that lift services will reduce the need for existing pick-up/
drop-off services for limited-mobility individuals (such as the elderly or children), while lift ser-
vices are sometimes also associated with a boost to the local economy as they can be used 
for local shopping trips. Unlike electric car sharing, a lift service does not require the electric 
vehicle to be located in the immediate vicinity of the user’s place of residence. Such services 
allow a large number of people to gain their first experiences of electric vehicles, something the 
provincial government of Lower Austria regards as an important objective, hoping to thereby 
raise awareness of electromobility. In the same context, lift services have also been discussed 
as a potential substitute for a household’s second car. Their costs to users are relatively low and 
they can also complement public transport networks (Komarek 2019). 

These services are mostly provided by an organized club, albeit with the backing of the munic-
ipality. They are non-profit-making and charge accordingly, though their status in commercial 
law needs to be checked with the district commission. Those transporting people for money 
generally require a licence (be it a public transport licence or a taxi or car rental licence). To 
simplify the legal situation, standardized statutes have been developed and made available 
by Lower Austria’s energy and environment agency, while service providers are encouraged 
to work with taxi firms and driving schools in order to limit competition for trade and assess 
drivers’ competence. Having enough motivated drivers is said to be the key factor in whether 
such a service is successful, with 20 to 30 thought to be the minimum number required. Anoth-
er critical step is defining the service’s operating times and planning drivers’ shifts accordingly. 
Non-profit lift services are only allowed to carry officially registered club members. The latter 
pay monthly or annual membership fees. Mostly, lift clubs distinguish between regular and 
associate (accompanying) members. Schemes can charge flat-rate membership fees, though 
there is also the additional option of charging for individual journey costs. This is done via 
booking, billing and admin tools such as Emilio, Tullnerbacher or similar. In some cases, servic-
es are subsidized via Lower Austria’s local public transport funding scheme (Komarek 2019). 

Non-profit lift services are often run in combination with electric car-sharing schemes. In 2019, 
there were around 25 such services registered in Lower Austria, primarily in rural areas (ibid.). 
The province’s energy and environment agency provides support for EV-based lift services, 
particularly in the launch phase, helping with rough cost calculations and advice on implemen-
tation, arranging a promotional evening event and providing standardized statutes as well as a 
communications package for residents. 

As these lift services are organized as clubs, setting one up requires a high degree of local 
commitment and personal contacts with potential drivers. One interviewee involved in local 
politics who had experience of initiating a lift service describes the launch process as follows: 

“It was a very stressful process, I spent days driving around and looking 
in coffee shops for people who might be interested. By just approaching 
and asking people, I found 25 members who were prepared to join up on 
the spot. Personal contact was very important; after that word got around.” 
(Interview C) 
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The process was thus heavily reliant on social media and on making personal contact. It is im-
portant for there to be a central contact person, particularly in the early set-up phase, and to 
decide which groups can be targeted: some interviewees cited younger pensioners as a key 
target group, along with young families keen to volunteer and make contacts in their new area. 
Another interviewee involved in local politics who had experience of setting up a lift service 
describes the starting point as follows: 

“We have a lot of newcomers in our municipal area – young families who 
have completed their studies and want to move back to the countryside. 
We’re blessed with an extremely good location here [a municipality on the 
outskirts of Vienna]. It’s just 30 minutes to Vienna, and the same to St. 
Pölten. But that also means many of those who move to the area hardly 
have any extended family here. We started off with a ring-and-ride taxi 
service, but in practice hardly anybody used it. Then after a bit of brain-
storming, we came up with the idea of volunteer lift services, using electric 
vehicles of course and relying on volunteer drivers.” (Interview F) 

Setbacks were a recurring theme for many of those interviewed for this study. The launch of 
new mobility services did not always go well from the start. While the interviewee in Interview F 
reported that the launch of a ring-and-ride taxi service was initially unsuccessful, the lift service 
enjoyed greater success thanks to the specific social group targeted in that municipality and 
their particular needs. With many residents hardly having any extended family in the area, the 
willingness to volunteer and get involved in such clubs was high. A lift service not only serves 
to provide physical transportation, it also boosts the sense of community among members. The 
social contact afforded by the lift club thus performs a useful social function. This aspect was 
emphasized by multiple interviewees: 

“As I mentioned already, the social aspect of it all is key. Because it’s so 
challenging, many older drivers view it as a way of keeping active in old 
age, because you have to think a lot and because it’s important for older 
people to still have a purpose.” (Interview F)

“The people doing most of the driving are younger pensioners; they then 
meet up to clean the car, do maintenance on it, and so on. And the drivers 
tell me they find it very fulfilling, so in that sense our scheme is like a mini 
social project.” (Interview H) 

Those who describe working for a non-profit lift service as fulfilling are primarily older people. 
The way the service is marketed or framed plays a key role. Some lift services emphasize not 
only the contribution they make to sustainable mobility but also their economic benefits. One 
interviewee stressed that this broad-based framing is actually a must if the service is to be suc-
cessful (Interview F). Desire for media coverage among local politicians can also play a key role 
in the setting up of a lift service. Both municipal representatives and lift club directors celebrate 
their role in such mobility services, earning commendations from higher political authorities 
for the innovative nature of their schemes. The interviewee describes this media coverage as 
follows: 

“It’s also important to have the mayor on board, because then it’ll be in 
the newspaper. That in itself brings in a lot of people who want to do some 
good, and then a lot of others who follow their lead.” (Interview F) 

Various interviewees emphasized that, in order to promote the service better, reach more people 
and gain broader popular support, it helps to have municipal representatives involved in the lift 
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club. Often the mayor also serves as club chair, which sends a positive message to the public 
and can help to boost the scheme. Promotion in local or regional print media also plays an im-
portant role in growing membership. 

Judging by the interviews, dissuading households from running a second car and better inte-
grating individuals with limited mobility are the primary reasons for establishing lift services. 
Achieving a far-reaching transformation of hegemonic automobility, on the other hand, is gener- 
ally not among the immediate aims. When it comes to their driver pool, lift services attract a 
particular section of the population (primarily younger pensioners), while usage is only open 
to registered lift club members. Lift services thus remain a very specific solution. There does, 
though, seem to be a higher level of interest among the population than is the case with electric 
car sharing, though broader demands for far-reaching changes to the hegemony of the car are 
rarely voiced in conjunction with such services. 

4.3 RING-AND-RIDE TAXIS

The third project type examined as part of this analysis is ring-and-ride taxi services. Ring-
and-ride taxis and micro public transport systems in general serve to supplement regular pub-
lic transport systems. They help to ensure broader coverage beyond fixed-route services (in 
metropolitan areas, on highly frequented routes and at peak travel times). On less frequent-
ed routes and at off-peak times, it is almost impossible to provide standard public transport 
cost-effectively, so local, demand-led mobility services are a useful way of filling gaps. 

In Lower Austria, ring-and-ride taxi services are operated by taxi or car rental firms. Journeys 
can be booked for predetermined departure times, with passengers collected from set pick-up 
points, from where they are taken directly to specific drop-off points. Unlike conventional public 
transport operators, ring-and-ride taxi operators do not require a special licence. Passengers 
pay the standard fare for public transport plus a “convenience supplement”. Use of ring-and-
ride taxis is not limited to set public transport routes within the service area (Gausterer 2019). 

The advantage of ring-and-ride taxis is that they enable local public transport to be provided 
more cost-effectively and allow standard schedules to be supplemented at times of low de-
mand. As they are not tied to fixed routes, ring-and-ride taxis can service not just specific stops 
but also entire geographical areas, meaning target group-specific offerings can be created. 
The requirement to prebook by phone and the slightly higher fares, meanwhile, are cited as 
disadvantages. 

When planning a ring-and-ride taxi service, the target group, operating times and service area 
all need to be defined. The specifics of the service have to be planned in conjunction with the 
municipality and the local transport authority. The municipality then calculates the cost of em-
ploying local taxi firms and draws up the necessary contracts. Often it will work with a mobility 
platform provider (such as ISTmobil). Initiators can apply for joint funding from federal, provin-
cial and municipal authorities via Lower Austria’s local public transport funding scheme (Land 
Niederösterreich 2020). Another benefit of ring-and-ride taxis is that, unlike lift services, they 
do not operate in a legal grey area. If need be, journeys can cross municipal boundaries as long 
as this is covered contractually. In addition, this kind of service is not reliant on the commitment 
of volunteer drivers, nor does a dedicated members’ club need to be set up (Gausterer 2019). 
In contrast to volunteer lift services, ring-and-ride taxis are thus available to anyone and not 
just to members. 

Interviewees stressed dedicated oversight and effective marketing as key to launching such a 
scheme successfully. Ring-and-ride taxi services benefit from clearer statutory regulation than 
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lift services and are mostly set up in conjunction with local taxi firms and bus companies. Inter-
viewees described the launch process as very time-consuming and stressful: 

“Getting to that point was a very protracted process, requiring a great deal 
of patience and a lot of meetings. I see it as a process that’s still ongoing, 
because there is regular need for improvements and we are constantly 
fine-tuning the concept.” (Interview I) 

Ring-and-ride taxis operate on specific public transport routes, servicing particular stops. De-
liberate efforts are made to avoid competing with fixed-route public transport, however, with 
taxis picking up only at selected stops. One interviewee describes the local ring-and-ride taxi’s 
service area as follows: 

“We’ve now got 634 pick-up points, some of which are in neighbouring mu-
nicipalities because it makes more sense that way. We only go from stop to 
stop and we don’t want to compete with public transport systems, which is 
why we put a lot of emphasis on ensuring the service feeds into the public 
transport system.” (Interview I)
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Source: the author, adapted from Wels-Hiller (2019)
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Setting up a ring-and-ride taxi service is a long-term process in which pick-up points have to 
be regularly renegotiated. Launching and operating such a system comes at a high cost to the 
municipality6 and also requires a great deal of legal, organizational and financial support from 
policymakers and planners at higher levels of government. Ring-and-ride taxi services gener-
ally operate between various fixed pick-up points. In order to meet the objective of integrating 
limited-mobility individuals, however, certain exceptions are considered: 

“We generally don’t operate door to door; limited-mobility individuals can 
apply for home pick-up however, but this has to be officially registered.” 
(Interview I) 

As long as the service is sufficiently attractive and suitably promoted, ring-and-ride taxis tend 
to be well used (Interview I). The extent to which they persuade people to switch to public 
transport cannot yet be precisely gauged, though the limitations predefined stops and routes 
place on their potential use represent a clear disadvantage in comparison with owning a car or 
using lift services.

5. HEGEMONIC SHIFTS WITH NEW MOBILITY SERVICES 

New mobility services represent congruent but often very specific solutions (with regard to their 
target groups, operating times and service area) that fit into the existing transport transforma-
tion discourse. The innovations they represent act primarily within the “system of automobility” 
and do not therefore call that system into question. On the contrary: they seek to reshape it 
via new supplementary services (making it more sustainable or socially integrative) and thus 
to consolidate it. In many cases, there is neither a widespread desire for automobility to be re-
nounced nor the acceptance within society that new mobility services should be introduced on 
a broad scale. Adding new facets to the existing mobility system, such services are thus not so 
much actively supported as passively tolerated. 

As new mobility services are introduced, certain tensions become apparent. These include com-
petitive relationships between new services and established firms, though state-run schemes 
make efforts to avoid these. Shoring up traditional sectors such as the taxi trade and public 
transport, on the other hand, creates its own tensions when it comes to the introduction of new 
mobility services. Another issue is the highly specific nature of these new mobility services, 
which vary greatly in how they are organized and have thus far not really lent themselves to 
integration within a common platform. 

It is clear from the above analysis that these new mobility schemes do not generally call au-
tomobility’s dominant status into question. Instead, they add supplementary mobility services 
that, at best, might allow households to do without a second or third car and individuals without 
a driving licence or vehicle to get out and about by car. In addition, such new mobility services 
are often not rooted in people’s thoughts and actions, but brought about via state interven-
tions as authorities compete to demonstrate innovation. As a result, these would-be transport 
transformation projects should be seen as political rather than as hegemonic. There is, after all, 
no attempt here to create services with the kind of universal meaning and validity required for 

6 The costs to the municipality are mostly charged in proportion to the number of inhabitants.
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large sections of society to move away from today’s high level of dependence on automobility. 
Antagonistic demands for more far-reaching change, as voiced by certain action groups, such 
as the campaign network Bürgerinitiative Verkehrswende Niederösterreich or the cycling lobby 
group Radlobby Niederösterreich, have been sidelined in the discourse. To a certain extent, 
transport transformation projects can thus help to consolidate automobility, even if the modes 
of transport used become more differentiated. 

Nonetheless, hegemonic shifts can arise at any time as a consequence of new mobility servic-
es. The problematization of automobility arising from the transport transition debate opens up 
space for more universal calls for automobility’s transformation, providing scope for projects 
that could challenge it to establish themselves and develop over the long term. Ultimately, the 
need for a transport transformation is now rarely questioned, with critical voices focusing mere-
ly on how and not whether it should happen. Despite its relative stability, automobility is thus 
by no means immutable; in fact, it is only as a discursive and dynamic phenomenon that it can 
maintain its predominance. The potential consequences of these insights for connected and 
automated transport are examined in the final section of this chapter. 

6. CONSEQUENCES FOR CONNECTED AND AUTOMATED 
TRANSPORT 

The study AVENUE21. Connected and Automated Driving: Prospects for Urban Europe pre-
sented a very ambivalent picture of the spatial and social impacts of connected and automat-
ed transport, which differ greatly according to the underlying policy and planning scenarios 
(Mitteregger et al. 2022: 99–140). The hopes and expectations associated with automat-
ed driving also vary (see Chap. 19 by Dangschat in this volume for more details), while the  
AVENUE21 study provided a comprehensive overview of hopeful and sceptical expectations 
regarding automated transport (ibid: 33–46). The main positive expectations were a reduc-
tion in the number of accidents, efficient traffic flow management, enhanced regulation of 
vehicle speed and easier identification of available parking spaces, a drop in energy con-
sumption and a decrease in the number of vehicles (and hence an increase in the available 
road space), the enhancement of intermodality, greater social inclusion for limited-mobility 
groups, stress-free driving and the ability to use travel time for other activities. On the other 
hand, there is much scepticism regarding assumptions around reduced traffic volumes and 
decarbonization, with doubts raised in particular by the enhanced convenience of CAVs and 
the increased attractivity of outlying residential areas, the potential increase in traffic levels 
due to empty runs and the integration of new road users previously unable to travel by car 
(Dangschat 2019). In addition, the impacts of automated driving could undermine the objec-
tives of sustainable urban development (compact cities, cities of short distances, ecomobil-
ity). Many of the positive assumptions can only be realized once there is a high prevalence 
of automated vehicles and are particularly open to question if there is a lengthy period of 
mixed-traffic flows (Mitteregger et al. 2022). 

For the positive expectations regarding the technology’s environmental and socially integra-
tive potential to be fulfilled, the synergetic effects of automation, electromobility and sharing 
need to be exploited (ibid.). While automated vehicles are for the most part still being tested 
in controlled environments, the mobility services analysed here have already been operational 
for some time. In some cases, these projects already combine electromobility and sharing, 
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while automation could be added in future. The spatial, economic, environmental and social 
impacts of automated driving are still highly uncertain (ibid.), which makes insights and conclu-
sions derived from existing transport transition projects all the more useful. Given this general 
uncertainty around automation, it is worth examining three aspects of the empirical case study 
analysis and considering them in the context of connected and automated transport: 

 ■ New mobility services in rural and suburban areas have to date been very specific (with 
regard to target groups, operating times and service area) and have not always gone hand 
in hand with broad-based, popular demands to move away from automobility and towards 
a more holistic transport system. In a similar way, it is possible that automated vehicles and 
mobility services could be integrated into pre-existing structures without any politicization 
of demands for a transport transition. In addition, the nature of such a transport transition 
remains very much open to interpretation, which can lead to internal tensions. If the aim is 
for new mobility services to form part of a broad-based transport transformation, then they 
need to pose much more of a challenge to the current system of automobility. Only then 
will such mobility services establish themselves as hegemonic and be capable of breaking 
our high levels of car dependency and solving the problems that individual car ownership 
brings. If new connected and automated transport services aimed at combining electro-
mobility, vehicle sharing and automation are to be implemented on a large scale, they 
therefore need to go hand in hand with widespread demands for the current system of au-
tomobility to be transformed and they need to enjoy broad-based support within society. 

 ■ Contemporary projects providing new mobility services differ greatly in terms of how they 
are organized and structured – they rely on strong local commitment, involve complex 
coordination between disparate actors and feature varying organization types, operation-
al models or target groups. Bringing these diverse schemes together in one hegemonic 
transport transition programme is a major challenge, as is integrating them under one “Mo-
bility as a Service” umbrella. The contemporary projects analysed here suggest that the 
introduction of connected and automated vehicles will be contested and require extensive 
coordination and negotiation processes. We should not therefore assume it will be a lin-
ear, conflict-free or top-down process. From a hegemony theory perspective, achieving 
the kind of change required for a transport transition requires popular consent, with the  
people also being granted the power to influence what form such projects take. 

 ■ In addition, implementing collective, shared or public transport systems requires a more 
broad-based value shift. Encounters with new mobility solutions can act as a trigger for 
this value shift: lift services, ring-and-ride taxis, car sharing, or testing environments for 
connected and automated driving can help to convey the advantages of these systems 
over today’s automobility (in terms of cost, maintenance, space utilization, emissions, 
etc.) and to foster a value shift. In that regard, today’s new mobility projects could also 
strengthen forces that are antagonistic towards hegemonic automobility. While non-profit 
lift services are likely to suffer as a result of automation, potentially losing their social func-
tion, ring-and-ride taxis are likely to benefit, thanks to a lowering of operating costs. Car 
sharing could become increasingly automated and potentially move from a station-based 
to a free-floating model. If automation allows for driverless operation in certain environ-
ments, we could see increasing convergence between car sharing and taxi systems or lift 
services. Connected and automated vehicles could then positively impact this value shift 
towards a broader acceptance of shared transport systems, in part at least because of the 
general fascination exerted by technological innovations. 
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“[…] we live in a world that not just is changing, it is metamorphosing. Met-
amorphosis implies a much more radical transformation in which the old 
certainties of modern society are falling away and something quite new is 
emerging” (Beck 2016: 3).

1. INTRODUCTION

Alongside questions of ethics, legislation, safety, financing, environmental friendliness and cli-
mate protection, the development of connected and automated transport (CAT) is primarily 
discussed as a technological challenge in the context of broad and diverse digitalization. By 
contrast, the social impacts or even the societal embedding of the technics associated with 
CAT developments still play a vastly subordinate role in the contemporary scientific discourse 
surrounding CAT and are occasionally portrayed as being highly uncertain.

This lack of research on CAT in the social sciences is all the more remarkable considering 
that the current changes in society are very closely tied to processes of globalization, cos-
mopolitization, acceleration (cf. Rosa 2015) and digitalization, and it can be assumed that these 
processes will have a significant impact on the use of automated vehicles. Although predicting 
the future is not traditionally one of sociology’s core competences, generally accepted diag-
noses of the present made by the social sciences should not be ignored but considered in 
terms of their relation to CAT. Since Beck’s publication on the “risk society” (Beck 1992) at the 
latest, there has been discussion within the social sciences of the “detraditionalized modes 
of living” in industrial societies, the “destandardization of labor” and the “individualization of 
lifestyles and ways of life” within “reflexive modernization” (ibid.; cf. also the concept of “liquid 
modernity” by Baumann 2000). In his theory of the “real-time society”, Weyer proceeds on the 
assumption that in the

“[…] future society […] traditional concepts will no longer be effective be-
cause the boundaries between planning and action, between autonomy 
and control, but also between steering and self-steering will increasingly 
blur” (Weyer 2019: 11).

On the basis of these considerations, Kesselring developed – with many cross-references to 
Urry’s “mobilities turn” (cf. Urry 2000, 2007, 2009; Sheller/Urry 2006, 2016) – the concept 
of “reflexive mobilities” (cf. Bonß/Kesselring 2001; Kesselring 2008, 2020). According to this, 
mobility ought to be understood among other things “[…] as an inconsistent, contradictory and 
ambivalent principle of modernity” (Kesselring 2020: 162), which is in marked contrast to the 
notions of traditional transport planning and steering as well as the classic sciences of technics 
and engineering, in which deviations from the linearity of rational logic are interpreted as exam-
ples of the rebound effect (cf. Santarius 2012). With the “second modernity” or rather “reflexive 
modernity” approach, aspects like insecurity, ambivalence and plurality – which are relevant for 
human activities in addition to rationality – are also taken into consideration.

A principal branch of theorizing and research in the social sciences has focused on the par-
allelism of technological, technical and societal processes. For example, Saint-Simon (1814) 
attributes the triumph over feudalism to the strengthened middle classes, which “predicate 
their self-confidence on economic, technical and scientific successes” (Häußling 2014: 13). The 
sociological question would therefore be “how social coexistence, social norms and structures 
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as well as social change function as a result of the incorporation of technics” (ibid.: 13). Even 
Marx (1867/1990) attributes social upheavals like the restructuring of the class system or so-
cio-cultural change (“consciousness”) and new patterns of behaviour, among other things, to 
the mechanization of the world of work. Schumpeter (1942) sees as the driver of the business 
cycle the interplay between more and less innovative entrepreneurs, in the context of which 
technical and economic progress is key to the success of products, companies and national 
economies. Building on Schumpeter’s concept of the “creative destroyer”, Christensen (1997) 
introduced the concept of “disruptive technology”.

Digitalization and the associated connection and automation of transport are mostly catego-
rized as a “disruptive technological change” by large international consultancy firms (cf. also 
Jonuschat et al. 2016). However, when the changes associated with these technologies – some 
of which are yet to be developed – and in particular their manifold applications are so funda-
mental, then it is imperative that the social significance of these developments is analysed. Yet 
it is especially in periods of considerable social change that analyses in the social sciences 
deliver varied interpretations. In order to make policy and planning-related but also business 
decisions that are geared towards the common good, business stability and sustainable de-
velopment, it is necessary to recognize the structure, the differentiation and the dynamics of 
present-day societies.11

Firstly, that requires us to agree on the extent and dynamics of social change. That implies 
taking into account the main drivers of social change and evaluating their impact (see section 
2). How sociology has addressed the influence of technological and technical developments 
is shown in section 3. A critique of the widely discussed approach of Frank W. Geels (2004) to 
analyse the macro-meso-micro correlation between socio-technical innovations can be found 
in section 4. Following this, it is argued that it is essential to critically analyse the political cre-
ation of notions concerning technical progress in general and the connection and automation 
of transport in particular (see section 5). Finally, we turn our attention to “digital modernity” (cf. 
Canzler/Knie 2016) and consider the role that CAT will play in its refiguration (see section 6).

2. TRANSFORMATION OF (MODERN) SOCIETY

“In order to comprehend the social force of digital transformation, it makes 
sense to think in terms of larger social contexts” (Weyer 2019: 10).

Within the social sciences there is no doubt that at least modern societies and those in emerg-
ing economies are currently in a phase of rapid transformation that is affecting institutions, 

1 When they analyse society, policymakers and public administrations rely above all on official 
statistics. However, they provide entirely inadequate data when it comes to social differentiation 
because the important socio-cultural dimension is completely lacking and the socio-economic 
dimension is only described superficially. “Flying blind” like this is not only problematic due to a 
lack of differentiation but because it also contributes to a continuation of thinking and acting in 
the outmoded categories of first modernity (cf. Dangschat 2015). Furthermore, a science that is 
dependent on these data and their spatialization in administrative units is significantly disadvan-
taged, which ultimately has a negative impact on the expertise coming from the social sciences 
that is applied in political, planning and business consultancy.
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organizations, structures, attitudes and behaviours (cf. Sennett 1998). In this context the nation 
state is becoming less important as a regulatory power that steers the economy and seeks so-
cial balance,2 while companies with increasing interdependencies and dependencies connect 
on a global scale and develop their own dynamics.

The socio-economic, socio-demographic, socio-cultural and socio-spatial dimensions of social 
structures change and diverge. Societies are undergoing a change in their values with increas-
ingly conflicting positions and sectional interests, and – in light of the growing antithesis be-
tween time and material resources – with lifestyles converging globally in line with those of the 
educated urban middle classes (cf. Dangschat 2020). This value change in particular is giving 
rise to “multiple modernities” (cf. Eisenstadt 2006).

The specialist literature cites as causes of these developments terms such as globalization (cf. 
Sassen 2001, Wallerstein 2004), acceleration (cf. Rosa 2015), individualization (cf. Beck 1995), 
flexibility (cf. Sennett 1998), digitalization (cf. Elliott 2018), network society (cf. Castells 2010) and 
mobility (cf. Urry 2000), which have subsequently become part of their general interpretation in 
society via the media discourse.

In German-language research on social inequality, there are three main trends concerning how 
to categorize societal processes (at least in post-industrial countries) in terms of forms of social 
de- and restructuring (cf. Dangschat 2020):

 ■ as a consolidation and revival of existing class structures but with a different outward 
appearance; the neoliberal global economy has revealed new class relations not only be-
tween the Global North and the Global South but above all within nation states (cf. Dangs-
chat 1998);

 ■ as a “disembedding” from traditional attachments (origins, education, social situation, un-
derstanding of gender roles, etc.) at the same time as a “re-embedding” in new forms of 
socio-cultural differences (social milieus, lifestyles; cf. Vester et al. 2001); or 

 ■ as a “disembedding” from traditional attachments, but without the opportunity to perma-
nently fall back on new collective orientations and instead having to constantly redefine 
and reaffirm oneself (transition from first to second modernity; cf. Beck et al. 2001).

These three archetypal approaches are in opposition with one another as “schools” and differ 
in the sense that, viewed in terms of a criticism of capitalism, they emphasize the altered out-
ward appearances (from the erosion of the welfare state to individual consumption patterns), 
stress the new levels of communitization and socialization or consider societies to be in the 
process of a fundamental transition, i.e. they differ primarily in their assessment of how deep 
social changes are or will be.

This chapter follows the third approach, because it explicitly assumes that the technological 
and technical transformations that will foreseeably come to pass in the context of digitalization 
will have a massive influence on societies. Furthermore, in the theory of the transition to second 

2 Yet at the beginning of the Covid-19 pandemic, there was a clear countermovement with a sub-
stantial increase in trust in the nation state and the ruling parties in most European democracies 
even though (or because) they had greatly encroached on citizens’ fundamental rights. However, 
the easing of these restrictions shows that this countermovement was short-lived; not only have 
sectional interests again come to the fore, but the space for various conspiracy theories and fake 
news has grown further.
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modernity – also known as “reflexive modernity” (cf. Beck et al. 1996, Beck et al. 2001) – the 
concept of mobility is considered part of a very wide-ranging context that will define the course 
of modernity and that can once again focus our attention on the social integration of a new 
mobility technology like CAT (cf. Bonß/Kesselring 2001, Kesselring 2020).

Into this broader understanding are added on the one hand the thoughts of Urry and Sheller 
on the “mobilities turn”, which have had a profound impact on sociology (cf. Urry 2000, 2007, 
2009; Scheller/Urry 2006, 2016; Sheller 2011). On the other, the “space of flows” discourse, 
i.e. the reorganization of spatial arrangements in light of technologically induced “real times” 
(cf. Castells 1989), is incorporated, as is that of “(socio-)spheres”‚ i.e. the dissolution of nation 
states’ significance (cf. Albrow 1998), of “scapes”, i.e. “deterritorialized” landscapes (cf. Appa-
durai 1996, Urry 2003), of “fixities” and “motion” (cf. Brenner 1998), as well as the view that 
modern societies are network societies (cf. Castells 2010).

2.1 THE TRANSITION FROM FIRST TO SECOND MODERNITY

Consequently, the development of modernity is closely connected to technological develop-
ment and mobility. Over the course of modernity, there have been constant – sometimes step-
by-step – changes in:

 ■ the structure of societies (differentiation of classes via the division of labour and the dom-
inance of (urban) middle classes),

 ■ industrial production (Fordism on the basis of assembly line production, Taylorism),

 ■ technologies (as a consequence of the dominance of key technologies as depicted in 
Kondratiev waves), and

 ■ political processes (democratization, forms of the welfare state in the course of Keynesian-
ism), bureaucracy and the education system (compulsory schooling for all).

In many sciences and in the arts, there was growing scepticism in the 1970s regarding the 
assumption of modernization processes’ linearity and purposiveness. The “end of modernism” 
was declared and replaced by various “post-models”: postmodernism, post-Fordism, post-in-
dustrial, postcolonialism, post-structuralism, post-growth, etc. There has also been speak of 
“turns” like the “cultural turn”‚ the “communicative turn” or the “mobility turn”. Whereas the 
“post” terms merely suggest that something has come to an end and it is disputed in its further 
discussion how the current and conceivable futures are to be understood, the “turn” approach-
es assume a change in thinking, mostly as a rejection of dominant linear and logical ideas. For 
example, Lash (1999) is of the opinion that the “new modernity” coincides with an altered form 
of rationality, which challenges the positivist viewpoint in particular.

At variance with these dissolutions and repositionings, the disciplinary mainstream of sociology 
insists on the theory of an ongoing modernization. The sociologist Ulrich Beck has repeatedly 
and persistently argued against this mainstream: he advocates studying social inequality “be-
yond status and class” (Beck 1983) and sees modern society as a “risk society” (Beck 1992) that 
can only be overcome by heading “towards a new modernity” (subtitle). Only later did he refer 
to this approach as “second modernity” or “reflexive modernity” (Beck et al. 1996, 2001).

In his estimation, it is due to the logic of (traditional) modernity that technological develop-
ments, capitalist logic and the disregard for the increasingly problematic climate and ecological 
crises are leading to more and more industrial catastrophes that not only can no longer be 
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stopped with the possibilities or entrenched strategies of traditional modernity but are in fact 
intensifying.3 By contrast, what is needed is a new reflectiveness, new forms of political negoti-
ation (cf. Hajer/Wagenaar 2003) and trust in processes rather than in structures and institutions.

In addition, Beck criticizes his colleagues for persisting in thinking in terms of nation state-
based societies. The global networking of flows of production, trade and above all financial 
capital undermines traditional industrialized nations’ decision-making and steering power in 
favour of transnational corporations (cf. Beck 1997). The consequences are a weakening of the 
welfare state, social disintegration processes, the erosion of many familiar social relationships 
and the growing “release” from accustomed social contexts on the individual level, which Beck 
summarizes in his “individualization theory” (cf. Beck 1995).

Beck even sees the sciences as undergoing change: in his judgement, in second modernity 
they are not only consulted for problem-solving but are at the same time seen as the cause of 
problems, because scientific analyses are deemed to have questionable sides due to, among 
other things, a vast torrent of unrelated detailed results in the course of their practical realiza-
tion. On the one hand this leads to an uncertainty caused by partly contradictory results, on the 
other people from all areas of society are able to cherry-pick “their truths” from inconsistent 
scientific findings – the discussion surrounding the speed and way in which we emerge from 
Covid-19 lockdowns is a good example.

Beck’s collaboration with Lash and Giddens on “reflexive modernity” (cf. Beck et al. 1996) and 
the parallel works by Sennett (1998) led to a very fruitful cooperation between the four scien-
tists at the London School of Economics (LSE) for several years. Together with his colleagues, 
Beck formulated the very far-reaching hope that humankind would succeed in shaping their 
future “reasonably” with the aid of this theory, and that on the basis of an analysis of current 
(global) problems approaches for their improvement would be developed.

In his reflection on the significance of mobility in the first and second modernity, Kesselring 
compared the differences between the two as follows (see Overview 1 on the next page).

This comparison makes it clear that there is tension when it comes to rolling out CAT: the tech-
nological development of the vehicles and infrastructures is just as firmly established in the first 
modernity mindset as political strategy papers and engineering publications (clear structures, 
rationality, certainty, predictability, etc.). However, they are already – and will be even more 
so in future – facing a social context that corresponds to that described by second modernity: 
discontinuity, transitive structuring, uncertainty and risk (see section 6).

2.2 SIGNIFICANCE OF (AUTO-)MOBILITY IN MODERN SOCIETIES

In this discourse, mobility is viewed as a basic principle of modernity (cf. Kesselring 2020: 161). 
According to Sennett (1977), unlimited individual mobility is regarded as a “fundamental right” 
for all citizens in modernity. In the 1970s “Free driving for free citizens” was not only a slogan 
by ADAC, Germany’s biggest motoring association, but also their political demand. A range of 
processes that go hand in hand with and shape modernity like rationality, individuality, globali-
zation, acceleration, competition and freedom of movement have facilitated the “automobiliza-
tion” of modern societies.

3 At the time, Beck had in mind the chemical factory explosion in Bhopal, India, in 1984 and its 
devastating consequences. Moreover, his publication was released in May 1986, only a few days 
after the explosion of the atomic power plant in Chernobyl.
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Automobility is more than just the use of cars; it is a complex, self-reinforcing socio-material sys-
tem of technological and cultural processes, policies, norms and practices. Modern societies 
are consequently irrevocably bound in time and space to the use of fossil fuel-powered cars, 
their long-lasting infrastructures and suburban settlement structures, to the politics of support-
ing traditional industries, and to the cultural expectations and experiences of the organization 
of everyday life.

According to Urry (2004: 26f.), automobility consists of the interaction of six components that 
constitute the “specific character of dominance”:

1. the car as a vehicle manufactured by the “iconic” companies of the most important sec-
tor of industrialization in the 20th century

2. that is – after housing – the most important consumer good to act as a status symbol for 
its user or owner.

3. Through its technical and social links with the industries, a powerful complex of infra-
structures, repair and leisure companies emerges that is produced via urban develop-
ment and urban planning.

4. The car embodies the global form of “quasi-private” mobility, which shapes work and 
private life and thereby dominates and suppresses other forms of mobility.

First modernity Second modernity

Reaction to ambivalence purification pluralism

Optimal solution “one best way” solution “multiple best way” solution

Categories of order structures, rules, consistency networks, “scapes”, “flows”

Security security and certainty risk and uncertainty

Scientific unambiguity foreseeability and predictability, growing 
stability

unpredictability, growing 
volatility

Structure and dynamics continuity and development discontinuity and change

Orientation target-oriented process-oriented

Scale national order cosmopolitan contingency

Connections enduring, stable connections connectivity as a problem and 
project

Order enduring, stability-oriented (national) 
structures and order

temporary, transitive 
(transnational) structuring and 

disorder

Borders fixed borders and maintenance of borders flexible borders and flexible 
border management

Overview 1: Criteria for differentiating between first and second modernity

Source: the author after Kesselring (2020: 178)
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5. It defines a “good life” culture and appropriate middle-class mobility.

6. As a result of the materials, energy and space used to produce the vehicles, the costs 
and space of the roads and infrastructures, and the emissions and consequential health 
and social costs, the car is the largest consumer of natural resources.

A similar argument is made by Canzler and Knie (2019):

“[The] […] car became part of everyday life; more and more, it also structured 
the way people organized their lives and opened up new, unforeseen poten-
tials. Where to work? Where to live? With the car, there were suddenly many 
more options. The outskirts and rural regions were tapped as settlement 
areas, commuting to one’s place of work was presented as normal. Partic-
ipation in society no longer depended on where one lived; the car made it 
possible to access new areas in one’s private life, too; covering distances 
became affordable for most people in society” (Canzler/Knie 2019: 14).

The automated vehicle, which is presented as smart, clean, safe and socially inclusive, is in-
tended to counteract this negative image that is emerging of cars. Replacing a conventional 
vehicle with an automated one is per se not a contribution to more sustainable mobility. Even if 
the development is related to a “propulsion transition”, there is the risk that the mobility trans-
formation will be thwarted by CAT (cf. Manderscheid 2020).

In addition to safety and reliability, first modernity transportation research is primarily domi-
nated by the rationality of covering distances quickly and affordably. Transport is divided into 
categories of “performance”, which is contrasted with the “performance capacity” of infrastruc-
ture. If forecasts suggest that the performance capacity might be limited due to an increased 
volume of traffic in the course of motorized private and goods transport, it is proposed that the 
infrastructure be expanded proactively. The design of the streetscape has largely bowed to this 
principle to the disadvantage of other uses.

Due to the growing interest in this field shifting towards mobility research, the linearity of engi-
neering and technics-dominated transportation research has been challenged, with the focus 
now being directed at the actors involved. Among approaches influenced by psychology and 
sociology, the application side is dominant and explains on the one hand “irrational” action 
and on the other the mobility of different social groups (cf. Scheiner 2009; Dangschat 2013, 
2017b).

Ambivalences arise from the very different mobility behaviours of social groups due to subjec-
tively motivated optimization. Thus in second modernity mobility is no longer purely rational 
but varied, no longer linear but rather non-linear (cf. Kesselring 2020: 172–175). However, it 
is less possible than ever before to translate the plurality associated with this into a uniform 
transformation process (towards sustainable mobility). In this context Schneidewind et al. (2018: 
11) speak of a necessary special (transformative) “literacy”, i.e. an ability to understand the dif-
ferent motivations and courses of action and steer them by means of policies and planning. If 
“reflexive modernization” proceeds unexpectedly, unnoticed and unintentionally, then rational 
planning reaches its limits (cf. Kesselring 2020: 172).

In their reflections on technological transformations, Sovacool and Axsen (2018) explored how 
electrification, sharing and automation will change the transport system and hence also auto-
mobility. They classify the eight aspects of automobility (“frames”) into a four-field system of 
individual vs. social significance and functional vs. symbolic effects (see Overview 2).
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Frame Type Autonomous vehicles (SAE 
Levels 4 and 5)4

cocooning and fortressing private-functional strengthened

mobile digital offices private-functional strengthened

expression of gender identity private-symbolic maintained

expression of class and wealth private-symbolic maintained, perhaps 
strengthened

environmental stewardship societal-functional weakened, as it leads to 
increased energy use

suburbanizing societal-functional strengthened, as it leads to 
longer commute distance

oil independence societal-symbolic independent*

innovativeness societal-symbolic strengthened

This overview makes it clear that CAT is more likely to strengthen than weaken automobility. 
Sovacool and Axsen (2018: 740) also estimate the strength of the evidence underlying their as-
sessments. I judge both environmental responsibility and oil dependency somewhat differently 
from these two authors (see the frames marked with an asterisk in Overview 2). Furthermore, they 
consider a series of their estimates to be not or insufficiently certain, such as use as a digital office 
and as a symbol of wealth and social status.

The momentum of CAT’s technological and technical development will therefore hardly contrib-
ute of its own accord to mitigating the climate crisis, consumption of land and resources or the 
social symbolism of automobility (cf. Mitteregger et al. 2022a: 148ff). In contrast: as a result of 
the “reinvention” of the car as safe, smart, innovative and clean, automobility will be strength-
ened. As the aims of a sustainable transport development are highly likely to be undermined by 
connection and automation (cf. Dangschat 2017a, 2019; Milakis et al. 2017; Dangschat/Stickler 
2020), it is the task of policymakers and planners to put in place in good time the basic condi-
tions for the development and roll-out of connected and automated vehicles and the associat-
ed infrastructure.

4 The standards of SAE International describe levels of automation; according to this, the SAE Lev-
el 4 standard refers to highly and SAE Level 5 to fully automated vehicles.

*The author’s assessment is at variance with that of Sovacool/Axsen.
Source: the author based on Sovacool/Axsen (2018: 740f.)

Overview 2: Impacts of connected and automated vehicles on aspects of automobility
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3. SOCIOTECHNOLOGY’S VIEW OF TECHNOLOGICAL AND SOCIAL 
TRANSFORMATIONS5

“Technics does not [have] a significance per se […], but rather […] the sig-
nificance [is] negotiated more or less divisively between the stakeholders” 
(Häußling 2014: 240).

The introduction of connected and automated transport is considered a fundamental, partly 
disruptive technological development that will strongly influence the transport system, mobility, 
the use of space and other social developments (cf. Braun et al. 2019). Sociotechnology6  in par-
ticular has explored the interrelationship of technological/technical and social developments. In 
this special branch of sociology, the terms Technik (“technics”) and Technologie (“technology”) 
are often used synonymously, especially in the international discourse. In this article, the term 
“technics” is used to describe processes with which scientific insights are made practically usa-
ble.7 Conversely, “technology” is the science of technics and uses a basis of scientific, technical 
and engineering insights to examine the way in which resources and materials are transformed 
into production processes and finished products.

Rammert (2007: 18) differentiates three basic and distinct perspectives of sociotechnology that 
have developed over recent decades:

 ■ Technological determinism:8  Technics is the decisive factor in a broadly understood social 
development (societal consequences of technics or rather technical development; see 
section 3.1).

 ■ Social constructivism: Social constructs and institutional, economic and cultural institution-
alizations define the emergence and the form of technics (see section 3.2.2).

 ■ Interactionist perspective (pragmatism) or associationist perspective (actor-network the-
ory; see section 3.3): Technics and society form a unit in which each permeates the other.

The economist Möhrle (2018) defines as the sociological understanding of technology the 

“systematic subsumption and integration of individual technics into a tech-
nique aimed at specific targets and for specific purposes, including social 
technologies, e.g. a process of conflict settlement. Modern technologies 

5 A comprehensive overview the various approaches and questions is provided by Weyer (2008) 
and Häußling (2014: 129–354).

6 In German, sociotechnology is called “Techniksoziologie” or the “sociology of technics”.

7 In German, another, primarily colloquial, use of the word “Technik” is for certain established ap-
proaches, methods and skills for which the word “technique” is used in English (breathing tech-
nique, speaking technique, massage technique, painting technique, etc.); this use of the term is 
not what is meant when it is used in this article.

8 “Technikdeterminismus” or “technical determinism” in German.
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define and shape social relationships and social change to a high degree; 
therefore, they cannot be viewed independently of society and have to be 
judged on the basis of whether they are socially acceptable”.

This definition reveals a clear practical application of technological determinism, as is dominant 
in neoclassical economics. However, current approaches analytically draw a distinction be-
tween the two areas but assume a mutual permeation and influence in terms of their dynamics 
(see section 3.3). When it comes to connected and automated vehicles (up to and including SAE 
Level 4), that means analysing and shaping the human-machine interfaces on the individual 
level of application. For the production of the technologies on the macro level, however, the 
technological, economic, scientific and governmental narratives are just as significant as state 
regulatory systems and marketing strategies (see sections 5 and 6).

In order to be able to carry out a well-founded analysis of the interrelationship and extent of 
permeation of technological and social developments, it is advisable to be guided by socio-
technological theories and methods (see sections 3.2 and 3.3). Häußling (2014: 16) defines the 
subject matter of sociotechnology as follows:

“Sociotechnology concentrates on the interrelationships between real 
technics, process technics and technologies on the one hand and society 
and the social on the other. The focus can be on both the application con-
text and the production context of technics. The former context is about 
technics’ appropriation processes […]. Negotiation processes in the devel-
opment of technology are at the fore in the latter context.”

When it was stated above that social science studies on CAT are conducted considerably less 
frequently than technological studies, this definition makes it clear that almost all social science 
studies on CAT thus far have concerned above all (potential) application or appropriation pro-
cesses (for exceptions cf. Dangschat/Stickler 2020; Stickler 2020b or rather Manderscheid 2012, 
2014, 2020, who however studies primarily the impact of technological change on automobility).

In the following description of different approaches, attitudes to the application of technics (see 
section 3.1) and to the production of technics (see section 3.2) are differentiated in the first step. 
In section 3.3 the currently dominant approach of “science and technology studies” and here in 
particular the theory of large technical systems and actor-network theory are described.

3.1 APPROACHES TO THE APPLICATION OF TECHNICS (TECHNOLOGICAL  
DETERMINISM)

With the approaches to the application of technics, a perspective is adopted according to which 
technologies or rather technical systems have an impact on society (e.g. on workflows, health, 
mobility, communication, but also on regional and social inequalities). If the opinion is held 
that a technological change materially influences social change, one speaks of “technological 
determinism”. Prominent exponents are Schumpeter and Ogburn; the technology assessment9 
approach can be traced back to the latter (cf. Häußling 2014: 14).

There are very distinct typologies with which to analyse technical development and its inter-
relationship with social processes (for an overview cf. Häußling 2014: 11–86). Rammert (2003: 

9 “Technikfolgenabschätzung” in German or “technics assessment”.
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296) distinguishes five stages over the course of history during which the human-machine in-
terfaces have shifted in favour of robots; artificial intelligence (AI) is deemed highly significant 
in the fifth stage:

 ■ passive technics (tools), 

 ■ active technics (machines), 

 ■ reactive technics (cybernetic mechanisms as combinations of machines and sensor tech-
nology – according to this automated vehicles of SAE Level 2 should be classed as cyber-
netic technics),

 ■ interactive technics (multi-agent systems in which a solution is sought via mutual agree-
ment in a manner fitting for the situation and the system steered accordingly – according 
to this automated vehicles of SAE Levels 3 and 4 should be classed as interactive tech-
nics), and

 ■ transactive technics (intelligent systems in which one’s own and others’ actions are inte-
grated into a total action in order to be able to independently reflect on and change given 
aim-means ratios – according to this automated vehicles of SAE Level 5 should be classed 
as transactive technics).

Foerster (1993: 357) also uses the term “machine” for input-output relations10 that go beyond 
purely technological applications. According to him, there are two manifestations:

 ■ trivial machines, i.e. unmistakable input-output relationships, whereby a certain stimulus 
makes a clear and predictable impact; that can apply to other “plannable” processes that 
take place “logically” and “rationally”;

 ■ non-trivial machines, i.e. ambiguous input-output relationships, in which the “machine” 
reacts to the input to achieve an output that it perceives to be optimized; these are “au-
topoietic machines” or in fact people whose behaviour (output) cannot be analysed with 
mechanical thinking by the observers; this category includes the development of AI, for 
example.

This differentiation is important to the extent that the concepts of humankind in classic sciences 
of technics and engineering differ significantly from those in the dominant social sciences and 
humanities. Whereas in the former the trivial machine concept of humankind is dominant (homo 
oeconomicus), the latter tend to assume that which Foerster (1993) referred to as “non-trivial 
machines” (situation-specific reflexivity). This is particularly apparent in traditional technology 
assessment and rebound research, because there humans’ actions that scientists consider not 
to be rational are classed as “rebound behaviour”. The interpretations and actions are in fact 
optimized actions from the actor’s point of view in light of their perceptions and values, which 
in turn are based on their socialization experiences.

Another differentiation refers to the position in the context of a business-technology cycle (such 
as Schumpeter’s business cycle or Kondratiev waves) or rather product life cycle. Welge (1992: 
270) draws a distinction between

10 “The expression ‘machine’ refers in this context to the well-defined functional characteristics of 
an abstract entity, and not primarily to a system of cogs, buttons and levers, even though such 
systems can realize these abstract functional entities” (Foerster 1993: 357).
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 ■ Basic technologies (technologies in the maturity stage of the product life cycle or rather as 
fundamental technologies in a business-technology cycle),

 ■ Key technologies (technologies that drive market growth) and pacemaker technologies 
(innovative or disruptive technologies that trigger a new cycle).

With connected and automated vehicles, basic technologies would be all those in operation in 
vehicles classed as SAE Levels 1 and 2. Examples of key technologies are those that are the 
backbone of the innovative sensor systems, the efficiency increases and the decarbonization 
of propulsion systems, the acceleration of charging times for electric vehicles and apps with 
which multimodal mobility is organized (MaaS – Mobility as a Service). Pacemaker technolo-
gies are currently still in the development phase – they lie in the areas of new fuels, further 
increases in the efficiency of computer performance, but most of all in the further development 
of artificial intelligence to steer autopoietic systems.

In order to cover the spectrum of questions posed by sociotechnology, Weyer (2008: 11) propos-
es four dimensions; his approach is clearly dominated by technological determinism. However, 
in Overview 3 the “social structures of technics” aspect is omitted because Weyer exclusively 
covers the micro-level range of application; it is therefore integrated in the area “consequences 
of technics”. There is no separate area for a socially differentiated perspective because it is also 
necessary for the emergence and shaping of technics.

Fields of analysis Questions

Emergence of  
technics

• How do new technologies emerge?
• How do new technologies become established and how do existing 

technologies persist?
• What social processes (power, interest, expectations) shape the emergence 

and implementation of new technologies and technics?

Consequences of 
technics

• What impacts do processes of technicization have on socio-economic, socio-
demographic and socio-cultural structures and processes?

• What impacts do processes of technicization have on work processes, mobility 
and communication (manufacturer-user interface)?

• What importance do social factors have for the functioning of technical systems 
(human-machine interface)?

Shaping/steering 
technics

• With what means is the development of technologies and technics steered 
(power, interests)?

• Who plays what role (policymakers, planners, lawmakers, companies, start-ups 
in niche areas, science, media, civil society)?

Overview 3: Fields of analysis in sociotechnology

Source: the author based on Weyer (2008: 11) and Tarmann (2018: 27f.)
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If these fields of analysis are applied to CAT, it becomes clear that scientific interests in the 
conjectured (!) consequences of CAT outweigh by far any other interests. The field of shaping 
and steering technics is primarily dealt with in strictly legal terms, with the various development 
interests being addressed rather formally and oriented towards institutional systems. Power 
relations or rather IT companies’ considerable interest in the disruptive development of CAT, 
which is less oriented towards transport itself and mobility and more interested in collecting 
personal on-trip data, are hardly even mentioned (cf. Dangschat 2017a, 2019). Social science 
studies on the emergence of CAT technics thus far remain the exception. Initial considerations 
in this regard can be found in Manderscheid (2014), Dangschat (2019), Freudendal-Pedersen et 
al. (2019) and Dangschat and Stickler (2020).

3.2 APPROACHES TO THE PRODUCTION OF TECHNICS

Technics are not suddenly there and do not grow on trees. They are based on inventions (inno-
vations), have to be integrated into systems and find a market. Interests and constellations of 
leadership and power are associated with all three of these steps. That means that all technics 
become established within a by no means linear or rational negotiation process in a specific 
social context (desires, expectations, reservations). The what and how, with what dynamics and 
to whose advantage, are thus always tied to a certain power relation and a constellation of in-
terests in a “sphere of influence”11 and in a certain period.

3.2.1 DEMAND-PULL VERSUS TECHNOLOGY-PUSH THEORIES

There are two opposing schools of thought when it comes to the possible drivers of a so-
cio-technical transformation: the theory of demand (“demand-pull”) and the theory of the pres-
sure for technological development (“technology-push”; cf. Stefano et al. 2012):

 ■ With the demand-pull theory, it is assumed that demand influences the prices of applied 
technologies and hence determines the dynamics of market penetration (cf. Schmookler 
1966).

 ■ With the technology (technics)-push theory,12 it is assumed that the possibility to use ex-
isting technics not only means that innovative goods and services are perceived to be 
preferable, but that companies and regional authorities support above all scientific and 
technical developments (cf. Schumpeter 1942).

A policy that follows the demand-pull theory entails the risk – as is the trend in some industries 
(cf. Hoppmann 2015) – that mature (superannuated) technics are supported for longer than 

11 Whereas the connection between technological and social developments was long seen as 
mostly limited to a region or nation state, the developments in the context of digitalization irref-
utably show territorially unlimited connections. That becomes clear with second modernity ap-
proaches (cf. Beck et al. 2001; Bonß/Kesselring 2001) and the organization of power and interest 
constellations in scales (cf. Brenner 2019).

12 Especially in Anglo-Saxon literature, this approach is referred to as “technology push”. On the 
one hand, that is due to the different linguistic usage of the term “technology” in English com-
pared to German and on the other it depends on the era, i.e. on fashions in academia. Here, 
an attempt is made to differentiate between the two terms in line with the definition formulated 
above.
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necessary (cf. Hoppmann et al. 2013).13 Furthermore, when demand is subsidized by national 
funds, it cannot be ruled out that products by foreign manufacturers are also being bought. 
State funding of technology would, however, provide targeted support for innovations in that 
country (cf. Peters et al. 2012).

For a long time – often too long – policies and industries pursue successful developments 
based on outdated basic technics. Since the 1970s in particular, this state of affairs has become 
apparent in the old industrial areas of North America and Europe (steel and coal, shipbuild-
ing, leather industry, etc.): here the past success of steering by the state and of the industrial 
products (1950s to the early 1970s) was a major obstacle to timely and systematic political and 
technical change (on the north-south divide in German, cf. Friedrichs et al. 1986). This led to 
path dependencies that not only involved doubling-down on basic technics, but also to a cul-
ture of elites involving the so-called “steel barons” that ultimately became anchored in certain 
structures and mentalities (lock-in effects) due to (party) political steering and company devel-
opments.

3.2.2 SOCIO-CONSTRUCTIVIST APPROACHES

Socio-constructivism can be traced back to the research by Berger and Luckmann (1969). Ac-
cording to them, it is not the “facts” that are relevant, but the interpretations of social structures, 
processes and things that create “reality” (cf. Knorr-Cetina 1989). Socio-psychological findings 
show that people do not act on the basis of objective facts but always in light of their own ex-
periences of socialization and values (habits) as well as within their time and financial resources 
(social situation) in line with their perceptions and assessments (cognitions; cf. Bamberg 2004). 
For this reason, Foerster considers people and social groups to be “non-trivial machines” (see 
above).

That “realities” are socially constructed affects both the production (technical knowledge is 
socially constructed) and the application of technics (subjective interpretation of technics). The 
way technics are dealt with in their production and application leads to them being integrated 
into the respective activity as “problem-solvers”. A frequently overlooked role is played in this 
by science itself, since “[…] both science and technology are socially constructed cultures” 
(Pinch/Bijker 1987: 21).

That there are social differences in interpretations is evident in various aspects that are rele-
vant in the context of CAT. On a global scale, assessments of the safety of vehicles and of the 
benefits of connectivity, concern about tests being conducted where respondents live and their 
willingness to spend more for CAT technologies differ greatly (see Table 1 on the next page).

Yet even within Europe there are differences between nation states (see Table 2 on the next 
page): especially in Germany and Austria, misgivings about data security are considerable and 
few respondents saw a positive aspect to improved connectivity.

Such results from international surveys, which are carried out almost exclusively by large in-
ternational consultancy firms, have an enormous impact on the media and politics. From a so-
cial science perspective, however, they are almost entirely meaningless or rather they confirm 
again and again well-known general tendencies. On the one hand, such data are heavily de-

13 A good example of this is the debate around compensation for losses in the automotive industry 
caused by the Covid-19 pandemic: should subsidies only be available for cars with post-fossil fuel 
propulsion systems or also for those with “modern combustion engines”?
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pendent on the quality of the surveys: were they truly representative of the respective country 
(socially and spatially differentiated)? On the other, the results are only presented in terms of 
averages and no information is given about how assessments may differ between social groups 
or settlement structures (e.g. urban/rural). Above all, such studies ensure that consultancy firms 
are commissioned with more surveys; they are much less about gaining true insights into peo-
ple’s concerns about and openness towards new technologies.

Another approach comes from psychology, which explains how “people in general” (in the 
sense of a basic pattern of human behaviour) make decisions. In a secondary analysis of 
over 75 international studies on the acceptance of automated vehicles that were published 

Table 2: Acceptance of aspects of connected and automated transport in Europe (in %)

Source: Deloitte (2020)

AUT GER FRA ITA GBR BEL ESP

Autonomous vehicles are not safe. 42 45 38 25 49 50 33

Increased vehicle connectivity is beneficial. 33 36 42 63 49 54 55

Concern about tests on public roads where 
they live 42 46 40 39 52 40 48

Percentage of consumers unwilling to pay 
more than €400 for safety improvements 64 71 76 69 68 72 64

Percentage of consumers unwilling to pay 
more than €400 for better infotainment 86 84 84 79 76 88 78

Percentage of consumers unwilling to pay 
more than €400 for improved autonomy 66 67 70 59 61 70 62

Percentage of consumers unwilling to pay 
more than €400 for connectivity improve-
ments

76 79 79 74 70 80 69

Increased vehicle connectivity is beneficial. 33 36 42 63 49 54 55

Concern about biometric data being cap-
tured and shared with external parties 62 62 54 36 54 44 49

Table 1: Acceptance of aspects of connected and automated transport by country (in %)

Source: Deloitte (2019) 

GER USA JPN KOR IND CHN

Autonomous vehicles are not safe. 45 48 47 46 58 35

Increased vehicle connectivity is beneficial. 36 46 49 56 76 80

Concern about tests on public roads where 
they live 46 51 41 48 57 32

Percentage of consumers unwilling to pay 
more for CAT technologies 41 34 30 11 8 7
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between 2013 and 2019, Jing et al. (2020) identified the major factors that influence the ac-
ceptance of CAT. They are on the one hand personality traits (trust, discernible benefit of the 
technology, ease of use and social control) and on the other characteristics and impacts of 
the automated vehicles themselves (driving safety, financial factors as general characteris-
tics, and data security, personal safety, meeting mobility needs, environmental friendliness, 
driver comfort, identification with the vehicle and the assessment of travel time as other 
characteristics).

Yet here, too, there are two inherent weaknesses: first, statements from different technical, 
cultural, spatial and policy and planning contexts are taken together and analysed as “human 
acceptance” without any reflection on problems of transferability or context dependency. 
That is important to the extent that most studies are based on fully automated vehicles cate-
gorized as SAE Level 5, i.e. on vehicles that do not even exist yet. Second, there is no differ-
entiation between social groups or types of settlement structure, which would be essential in 
light of increasing social differentiation.

3.3 INTEGRATIVE APPROACHES

The aim of “integrative” approaches is to overcome both technological and social determin-
ism and to view the development of technology/technics as a “seamless web”, i.e. as directly 
linked to societal – scientific, economic, political, socio-economic and socio-cultural – condi-
tions as well as their development. Maintaining a critical distance from one-sided viewpoints, 
various approaches – some clearly distinct from one another – have developed since the 
1980s (cf. Häußling 2014: 226–278). A considerable proportion of them are based on a con-
structivist perspective (cf. Berger/Luckmann 1969). According to this, there is no “objective 
reality”, but rather people produce their own “subjective realities” with the aid of their sensory 
organs, with their individual cognitive skills and interpretation patterns, that then guide their 
actions. Within constructivism, however, some points of view are more radical than others (cf. 
Knorr-Cetina 1989).

According to this, technics is not neutral, not “suddenly there”, knows no one inventor, is 
always connected to a time and place (i.e. a social context comprising power relations and 
constellations of interests) and should always be viewed dynamically. Consequently, techni-
cal products are always the result of negotiation processes among very different actors, with 
market penetration being just one indicator. Even prior to prototypes, images of (un-)desira-
ble futures are developed, logics of practical constraints are formulated and arguments and 
institutions are excluded from the discourse.

It bears mentioning that the role of science in the construction of “facts” is addressed in only 
a few approaches. Exceptions include the sociology of knowledge approaches of the Strong 
Programme (cf. Bloor 1999) and the Empirical Programme of Relativism by Collins (1981). In 
contrast to the American sociologist Robert K. Merton, who views scientific findings as unam-
biguous, the Strong Programme sees even these as a social construct. This makes it neces-
sary to consider the constellations of interest behind the establishment of scientific “truths”.

Collins (1981) criticizes the approaches in which scientists only analyse “the world out there” 
and deny their own role. He considers there to be three stages to negotiation processes within 
science. What is interesting is that he also attributes an “interpretive flexibility” to systems of 
scientific examination, which is particularly relevant for the first stage: the communication and 
influence of the results (reputation, rhetorical skills). In the second stage, one viewpoint gains 
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acceptance, among other things because alternative perspectives have been abandoned.14 In 
the third stage, these “findings” become the subject of political decisions and social belief.15

Yet here, too, there is no differentiation between the natural and technical sciences on the one 
hand or between the social sciences and the humanities on the other; after all, strong closure pro-
cesses still exist between them (for example, concerning the acceptance of different methods or 
the importance of mathematical logic).

Science and Technology Studies (STS)
Due to increasingly dynamic and far-reaching social change, science and technology studies 
(STS)16 emerged from the late 1980s as a new perspective in sociotechnology and as a very in-
terdisciplinary field of research (cf. Bijker et al. 1987). By incorporating the philosophy of science, 
the history of technology17 and sociotechnology, qualitative methods were applied in addition to 
quantitative ones (ethnographic methods, interviews, discourse analysis, etc.; cf. Beck et al. 2012: 
11). The focus on the conditions under which technologies and technics are produced was accom-
panied by analyses of steering and governance.

The central socio-constructivist argument states that both the sciences and technologies/technics 
are socially constructed cultures (cf. Pinch/Bijker 1987: 21). As such, doubt is cast on the idea of 
findings being divorced from time or place – as the natural sciences suggest – and even rationality 
is seen as “relative to a surrounding culture and relative to the farragos in which it can be claimed 
that the rational can be found and in which the rational must prevail” (Beck, S., et al. 2012: 224).

Currently, attention is focused on the new challenges posed by AI and its impacts on human-ma-
chine interfaces, which will be significant for Industry 4.0 and the Internet of Things (IoT) in particu-
lar. Ultimately, however, the speed and depth of technological change is not least a political matter.

Large Technical Systems (LTS)
The historian of technology Hughes (1987) addresses large technical systems (LTS) from a so-
cio-constructivist perspective and within the STS approach.18  In order to be functional, technical 
systems comprise a “seamless web” of linked elements like physical artefacts, organizations, nat-
ural resources, scientific elements and legislations. A technical system is deemed “large” if it is 
distributed over a large area, if its impact is long-lasting, if it comprises complex technologies and 
technics that need to be coordinated, and if it has a high level of connectivity (is part of a network) 
– all these aspects unequivocally apply to the system of connected and automated transport. Ac-
cording to Hughes (ibid.: 57–77), a large technical system becomes established over the course of 
seven stages (see Overview 4).

14 For instance, by only backing pure electric vehicles as the only post-fossil fuel type of propulsion 
system.

15 The current analyses of the Covid-19 pandemic and the measures to control it are a good exam-
ple of the relevance of this approach.

16 The abbreviation STS is now also understood to mean science, technology and society studies.

17 “History of technics” in German.

18 The T in LTS alternates between “technical” and “technological” in Hughes’ various texts on 
the subject. For the sake of consistency with the differentiation between the two terms outlined 
above, this article exclusively uses “large technical systems”.
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As the development of connected and automated driving is only in its infancy, it is important 
from a social science perspective to turn our attention to its “system builders”. Who are they? 
How do they act? Which stakeholders prevail when with which arguments? Furthermore, it is 
interesting how the “technological style” of automated mobility develops and becomes estab-
lished. How do the discourses of “technology transfer” combine with those of acceptance? 
Moreover, it is important for policy and planning decisions how the system builders are dealt 
with and how it is ensured that their interests do not jeopardize the aims of sustainable devel-
opment (cf. Rupprecht et al. 2018).

Actor-network theory (ANT) 
Actor-network theory (ANT) is an approach in the social sciences that has been developed with-
in science and technology studies (STS) since the 1980s in order to research and explain scien-
tific and technical innovations. It is considered the most prominent theory within STS, but is also 
controversial because it deems materiality to play a key role in socio-technical constellations 
and because doubt was cast over whether it is a theory or in fact just a (descriptive) method (cf. 
Latour 1996, Gad/Bruun Jensen 2010). ANT was subsequently developed into a comprehensive 
sociological theory and research method. It has become established as an independent posi-
tion within sociology between technological and social determinism.

Significant theoretical contributions to actor-network theory come primarily from Callon (1999), 
Law (2006) and Latour (2007) and mostly emerged in the context of STS. While early research 
mainly analysed the way sciences and technologies were produced and functioned, ANT later 
worked through the basic concepts of sociology.

According to ANT, people never act as solitary individuals but always depend on other actors or 
entities. It is for this reason that the theory describes actor-networks. In addition, social, techni-
cal and natural objects are viewed as being caused by neither exclusively natural or technical 
nor exclusively social factors, i.e. there is an attempt to overcome both technological and social 
determinism.

Overview 4: Seven stages of the development of large technical systems (LTS; based on Hughes 1987)

Source: the author based on Häußling (2014: 246–248) and Tarmann (2018: 38f.) 

Stage Description

1 Invention socio-technical development, mostly as a disruptive invention

2 Development
system builders translate the invention into a future-fit technical 

development in due consideration of economic, ecological, 
political and social aspects

3 Innovation the technical development is converted into marketable products/
systems (production, marketing, distribution, services)

4 Technology transfer adaption of the marketable products/systems to various time- and 
space-dependent contexts

5 Technological style
experiences with the application of the products/systems that 
evolve into mainstream applications on the one hand and are 

used in their gradual further development on the other

6 Growth, competition 
and consolidation

As a disruptive innovation, it has to gain acceptance in the face of 
established technical systems and their lock-in effects.

7 Momentum phase of self-sustaining products/systems being firmly 
established on the market
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The central idea of actor-network theory is that society is comprised of various elements and is 
arranged like a network. According to Law (2006: 431), the key finding of ANT is that “the social” 
only exists in the form of structured networks that consist of heterogeneous materials. These 
networks encompass not only social actors but also material things like technical artefacts or 
discursive concepts (cf. Peuker 2010).

That means that the connected and automated mobility of the future should be understood 
neither solely via its stakeholders nor solely via technological inventions or narratives on CAT 
in political strategies, the media and advertising. Instead, it is necessary to analyse the mutual 
permeations and the respective temporally and spatially bound networks in their entirety.

The main object of investigation in ANT is the coming together of diverse elements into more 
or less coherent actors. Of central interest are associations that arise between distinct (hetero-
geneous) entities – for example the reciprocal relationship between a technical development, 
changed priorities in research funding and political strategies for the propulsion, transportation 
and mobility transformation. Consequently, ANT reveals connections that are just as material 
(between things) as they are semiotic (between concepts).

With actor-network theory, an attempt is made to explain how material-semiotic networks are 
formed in order to act as a whole (e.g. automated transport is both a network and an actor, and 
for some purposes it acts as a single entity). ANT views explicit strategies that serve to integrate 
various elements in a network so that they appear as a coherent whole to the outside world as 
being a part of this.

However, the networks are not inherently coherent and can involve conflicts because they 
incorporate various interests and various narratives are produced (e.g. conflicts may arise be-
tween car manufacturers and the state registration offices or the population may have difficulty 
accepting automated vehicles; cf. Jing et al. 2020). The networks are always the product of 
negotiations between interests of different importance. Figure 1 illustrates the different ap-
proaches of sociotechnology as a tree structure.

Socio-technical system

Application context

Demand-pull 
theories

Actor-network 
theory (ANT)

Science & technology 
studies (STS)

Technology-push 
theories

Rebound 

research

Social determinism Technological 

determinism

Holistic approach Holistic approach

Technology 

assessment

Production context

Figure 1: Analytical approaches of sociotechnology 

Source: the author 
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4. THE APPROACH OF GEELS – AND WHY HE DOES NOT GO FAR 
ENOUGH

“[Technological transitions] do not only involve changes in technology, but 
also changes in user practices, regulation, industrial networks, infrastruc-
ture, and symbolic meaning or culture” (Geels 2002: 1257).

The Netherlandish STS researcher Frank W. Geels explores technological innovations in the 
context of sociotechnological transitions. He dissociates himself from those sociotechnological 
approaches that claim that technology has no characteristics, no power and “does nothing”. In 
various research contexts, he took the concept of the “technological regimes” of Nelson and 
Winter (1982) and developed it into a socio-technical regime by expanding the set of actors and 
paying greater attention to their skills, resources and interests.

Kanger et al. (2019: 48) also distance themselves from approaches that focus purely on the 
application of technics and technologies. As a rule they are, the authors argue, only focused on 
individual groups, most of which can be divided only into “early adopters” or “laggards”. Fur-
thermore, these models are static and ignore the reciprocity of production and application, i.e. 
co-creation. Moreover, it is at least implicitly assumed that change proceeds in a linear fashion 
and there is a disregard for the development processes and conflicts that have a formative in-
fluence on political culture, moral values, policy measures and the behaviour of those who use 
the socio-technical system (cf. Geels 2004).

“Technological diffusion” is understood in this approach

“[…] as a process of co-construction of the entire configuration of so-
cio-technical systems, including the focal technology and the environments 
in which it will function” (Kanger et al. 2019: 48).

The authors proceed in a typically system-theoretical manner to the extent that they differenti-
ate between the (sub-)system (“technology”) and an environment in which technics is produced 
and applied. Based on this, they judge their approach to have three advantages (cf. ibid.: 48f.):

1. It is not just the users of the technologies who are taken into account, but also other 
social groups.

2. It raises awareness that the characteristics of socio-technical systems are not known at 
the outset, but that markets, their steering, infrastructures, actors, preferences and sym-
bols only evolve in the course of market penetration.

3. It thus becomes clear that socio-technical processes can take different trajectories be-
cause the directionality and intensity of innovations are determined by the struggles 
between the system builders.

Specifically, Kanger and his co-authors assume five relevant dimensions of “societal embed-
ding” (ibid.: 49f.) regarding the diffusion of innovations:

1. Embedding in user environments (in the broader sense): Here, the authors include more 
than just car drivers: they also consider other road users, the automobile trade, the me-
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dia, police, policymakers and planners in order to incorporate the new technologies in 
professional and private everyday routines.19 That requires “cognitive work”, “symbolic 
work” and “practical work”.20

2. Embedding in the business environment: This area addresses the development of indus-
tries and new business models, supply and distribution chains and repair shops. What 
is interesting here is the focus on innovations by new market entrants that cause the 
demise of traditional structures (they refer here to Schumpeter).

3. Cultural embedding: The articulation of positive discourses, narratives and visions cre-
ates cultural legitimacy and encourages societal acceptance of the new technics. Neg-
ative discourses about traditional technics and positive discourses about new technics 
influence consumer preferences and political support. Consequently, cultural embed-
ding is a contradictory and contested area because it is where different interests clash.

4. Regulatory embedding: Here, it is above all the role of the state (policymakers and plan-
ners) that takes centre stage which (helps) shape the production, the market and the use 
of technics by setting new standards and introducing regulations.

5. Embedding in the transnational community: Through mutual learning, international em-
bedding encourages the exchange of experience, consultation and negotiation. A con-
sensus about standards supports a shared view of technologies.21

However, Kanger et al. (2019) overlook the fact their five dimensions of embedding are not 
equal. From a purely functional perspective, the steering framework provided by policymakers 
(and planners) creates a series of intersections with the world of business regarding funding 
and regulation. The three other areas of embedding are on entirely different levels.

The transnational level is not a separate dimension, but rather is merely a shift in scale to the 
international level (cf. the scales approach of Brenner 2019). The field of cultural embedding de-
scribes the type of struggle, the arguments and the “weapons” with which the “battle is fought” 
on each of the levels and between the various levels. This also includes regulatory embedding, 
which is likewise shaped by various cultures and power constellations.

19 Without explicitly saying so, the authors follow the approach of “actor-centred institutionalism” 
(cf. Mayntz/Scharpf 1995), according to which people’s actions are always part of actor constel-
lations. Their aim and interests comply with the external guidelines of the respective institutional 
context and their own permanent activity orientation as well as with situational motivations for 
action. Häußling (2014: 250) emphasizes the importance of this approach for large technical sys-
tems’ ability to steer technology policy, i.e. the development of technics itself and the steering of 
infrastructure systems.

20 It is interesting that the role of (interpretative) science is ignored by the authors here.

21 When describing this level, Kanger et al. (2019) refer to the perspective of a historical transnation-
alism, of automobility and sustainable developments. In my view, this description is one-sided, 
showing only the positive aspects, and is therefore unrealistic because it is especially in the race 
to economize technical innovation that nation states and businesses are in fierce competition 
with one another and are more likely to isolate themselves or at best cooperate in order to make 
the competition more positive. Even the (misappropriated) realm of the sciences is hardly known 
for its efforts for consensus and cooperation.
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Finally, the user dimension cannot be separated from the other dimensions because according 
to their understanding of their own approach the process of technical development is influ-
enced by very diverse actors – in politics, in companies, on the local, national and international 
level. The mutual influence always and exclusively occurs in the context of cultural embedding, 
which is bound to a time and a place.

Building on various studies from his different research contexts in the multilevel perspective 
on technology transitions (MLP; cf. Kemp 1994, Rip/Kemp 1998), Geels (2002: 1260–1263) de-
veloped a multilevel approach that he applied in various publications to the transformation of 
different technologies and technics, refining his model in the process (cf. Geels 2004, 2005, 
2006, 2011, 2012; Geels et al. 2012). On the landscape level, Geels and Schot (2007: 404) dif-
ferentiate between four types of change based on the dynamics of four aspects (frequency, 
amplitude, speed and extent): regular change (slow and incremental), specific shock (sudden 
and dramatic change in few dimensions that leads to a return to the original state), disruptive 
change (intermittent, slow changes that only affect a few dimensions22) and “avalanche change” 
(the extent, speed and reach of the change are considerable).

These considerations centre on the socio-technical regime on the meso level, which consists 
of seven elements: technology, infrastructures, industrial networks and business strategies, 
technical and scientific knowledge, sectoral policies, markets and practices of the users and 
symbolic meaning (see Fig. 2). However, these regimes are integrated in a specific territorial 
context (which might be an industrial region but it is mostly understood to mean a nation state) 
and in a (global) landscape of (slow) developments (macro level).

According to Kemp et al. (2001), the micro level is home to technological niches, which are 
viewed as “incubation rooms” for “radical novelties” and from which technical innovations pro-
ceed.

In reaction to various criticisms of his approach, Geels (2011) specified his model. He now con-
cedes that the “socio-technical” landscapes on the macro level function as an “exogenous 
context” and that this can indeed be the origin of the pressure on the socio-technical regime on 
the meso level that makes novelties possible. He continues to view the socio-technical regime 
as being in a “dynamically stable” equilibrium that also influences the niches (through expecta-
tions of their innovations and being incorporated in networks23).

Applying this model to CAT, it is doubtful whether the role of the niches and the “landscape 
developments” were assessed correctly. For the first driving assistant systems like ABS, tech-
nological innovations that are bottom-up from the niches may still have been relevant, but it is 
primarily the top-down effect of the global landscape’s development focus that is responsible 
for the pressure to develop highly and fully automated vehicles (cf. Berkhout et al. 2004: 62). 
From here, globalization, competition between the major car manufacturers for market lead-
ership on submarkets with different dynamics, companies new to the industry that come from 
the IT sector, political influence on (national) research funding in the context of locational com-
petition, combating the climate crisis and the growing criticism of automobility have an impact 

22 I find the term “disruptive” inappropriate for this type of change because in the general under-
standing of technics research it is interpreted as meaning a fundamental, very sudden change 
– i.e. more that which they refer to as an “avalanche”.

23 Above all, the policy of funding transnational, national and regional public institutions as well as 
businesses funding university and non-university research – which go unmentioned here – are 
part of this.
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on the socio-technical regime. That does not mean that individual technical developments, for 
example in the areas of sensor technology, data management or networking, take place in start-
ups and fab labs – which however are rapidly integrated in the big companies in the IT sector, 
the supply industry or car manufacturing and hence become part of the socio-technical regime 
and/or the landscape.

Genus and Coles (2008) criticize that Geels’ concept is too formal and that the actions – es-
pecially of political steering – are not sufficiently elaborated. They propose taking into greater 
account the approaches of the social construction of technology (SCOT), actor-network theory 
(ANT) and constructive technology assessment (CTA), all of which emerged in the context of 
socio-constructivist sociotechnology, because they specifically make allowances for stakehold-
ers’ interests and motivations (see section 3.3).

For this reason, the next section uses the “policy mobilities” and “mobility transfers” approach-
es to actively direct readers’ attention to aspects of power and interest, above all on the macro 
level. Using these approaches, an analysis is conducted of how narratives from the “global 
landscape” – with their diverse regional and cultural contexts – are adopted in policies and 
planning and how they can take on entirely new dynamics. Especially on the level of cultural 
embedding, narratives are generated that are intended to increase the acceptance of connect-
ed and automated vehicles. With this discourse, the intention is on the one hand to ensure that 
automobility is not questioned and on the other to entrench a positive example of digitalization 
(cf. Dangschat 2019).

Figure 2: A dynamic multilevel perspective of technological transformations

Source: Geels (2002: 1263) 
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5. “MOBILITY TRANSFERS” AND “POLICY MOBILITIES”: WHY THE 
CONTEXT AND CREATION OF IMAGES IS SO IMPORTANT FOR 
CRITICAL ANALYSIS

“[T]he target groups and appliers of scientific results in politics, business and 
the public [become] active coproducers in the social process of knowledge 
definition. […] This is a development of great ambivalence.” (Beck 1992: 157, 
emphasis in the original) 

In contrast to the dominant sociotechnological approaches to the application of technologies 
and technics as well as the bottom-up approaches to technical innovations, current multilevel 
analyses in urbanism and regional science primarily explore structures, processes, interests and 
power structures on the (global) macro level and the creation of narratives around future devel-
opment (cf. Farias/Bender 2010). Starting from a criticism of neoliberal trends towards the inde-
pendent development of large metropolises in locational competition below the level of nation 
states, policy transfer (PT) research asked how policies (neoliberal vs deliberative), administrative 
organizations (“new public management”), aims and strategies are transferred from one political 
system to another (cf. Dolowitz/March 2000). Proceeding from still strongly structuralist positions, 
it was analysed how and why a policy transfer, for example, functions between the local/regional 
and nation state level (cf. Evans/Davies 1999). Mostly, policy transfers in a country or in a rather 
specific cultural area (of the “First World”) were studied. It was primarily the factors that facilitate 
or hinder a transfer that were identified. In reaction to what was initially an exclusively positivist 
view of rational decisions, subjective processes in policy transfers were increasingly taken into 
consideration within the PT approach as well.

In the PT approach, there are two opposing (ideal typical) positions:

 ■ that of convergence due to the adoption of (Western) values, market logics and the state of 
democracies, ultimately also due to the harmonization efforts of international associations 
of states, and

 ■ that of divergence due to different path dependencies, power constellations, discourses, 
learning processes and political disputes.

At present it is generally assumed that these two trends are concurrent. The probability of conver-
gence is higher the more a realignment is incorporated in a “great narrative”. That also appears 
to apply to the global implementation of CAT. On the one hand there is countless evidence of 
automobility rapidly spreading or stabilizing in industrialized countries and emerging economies 
in accordance with convergence. However, implementation and acceptance will occur differently 
– not as a matter of principle, but with different dynamics.

Urban policy mobilities (UPM) research dissociates itself from the positions of PT and parallels with 
the theory of the network society, of second modernity, with the “mobility turn”, with actor-net-
work theory and with assemblage theory are explicitly made (cf. McCann/Ward 2012, Künkel 2015: 
8f.; see section 2.1). According to UPM research permanent administrative levels become ever 
more permeable and become “scales” (cf. Brenner 1998). Due to certain mixtures of technical 
and administrative practices, new spaces are tapped and become comprehensible as a result 
of territories being  “deciphered” and “recoded” (“assemblage”; cf. Deleuze/Guattari 1992: 699).
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Especially with the increasing competition between metropolises, a new politics of scale is being 
pursued, whereby institutions and actors from various levels are part of a strategic network (cf. 
Brenner 2019: 206–233). The set of observed actors is thereby expanded significantly beyond 
politics and administration.

In addition, the focus of the analysis is moved from organizational structures towards discourses 
and power constellations by monitoring how ideas, concepts and strategies have developed 
via scales and over time (cf. Peck/Theodore 2010). Elements of ethnographic political research 
are also applied in this context (cf. Wiesner 2003). UPM research is interested in more than just 
the descriptive “how” of structures, in the question of “how, why, where and with what effects 
policies are mobilised, circulated, learned, reformulated and reassembled” (McCann/Ward 2012: 
326). Ultimately, therefore, it is about how strategies are established by which system builders 
with what arguments and how global policy discourses are “broken down” into other scales.

In this context, science plays an important role as a mediator. With “vehicular ideas” it produces 
a new category of arguments within the discourses (cf. McLennan 2004; on the construction of 
mobility, cf. Mincke 2016). Building on a diagnosis of contemporary challenges, “problem-solving 
suggestions” are introduced to the discourse that are intended to bring a system into a desirable 
situation.24 Peck (2012) explains this using the discourse on the “creative city”, with which the 
shortcomings of political and administrative steering can be remedied or a sustainable devel-
opment can be enabled. This viewpoint is relevant for the analysis of CAT to the extent that it is 
most notably presented by nation state and EU policies as the solution to manifold transport and 
mobility problems as well as environmental and equal opportunity issues.

In light of the current and foreseeable societal significance of digitalization and the connected 
and automated mobility embedded therein, it seems sensible to analyse the socio-technical 
transformation of transport on the basis of a multilevel model with the approaches of policy 
transfer (PT) and policy mobilities (UPM) in particular – such an analysis is currently lacking in 
the international literature.

6. DIGITALIZATION AND AUTOMATION AS DRIVERS OF THE SOCIO-
TECHNICAL TRANSITION?

“The great transformation describes a massive ecological, technological, 
economic, institutional and cultural transition process at the beginning of 
the 21st century. [… That requires] a special (transformative) literacy, i.e. a 
competence with which to understand this dimension and its interaction, 
and the skill to translate this understanding into contributions to a sustain-
able development” (Schneidewind et al. 2018: 11).

Since the 1980s, globalization has been a “great narrative” that is predominantly presented as 
an opportunity. According to an argument that can be heard all over the world, if a nation state 

24 A good example of this are the works by Richard Florida (2002) on the “creative class”, which he 
championed as a prerequisite for competitive city development and which was adopted all over 
the world (cf. Dzudzek 2016: 95 ff.).
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or business wants to defend or expand its own economic position, it should face up to the chal-
lenge proactively, rapidly and systematically. As a result of the network society, globalization 
has led to an increasingly accelerated and further-reaching mobility of people, goods, finances, 
information, technologies, ideas, cultures and ideologies, which in turn has relativized societies, 
local ties and the importance of nation states (cf. Beck 2007, Endres et al. 2016).

Over the course of the ongoing Covid-19 pandemic and the resulting lockdowns in almost all 
industrialized countries, very strict curfews were imposed that shut down industry and trade and 
interrupted supra-regional supply chains. There were supply shortages for intermediate goods 
and wares, especially for personal protective equipment and active pharmaceutical ingredients. 
That in turn not only completely changed transport and mobility at least temporarily, but also led 
to a(nother) critical reflection on globalization due to increased awareness of strong supra-re-
gional dependencies.

Since the millennium, the globalization narrative has been dominated by automation via tech-
nology-based digitalization  , as a result of which competition has emerged from smart cities in 
which it is no longer production and typical services that take centre stage but communication, 
mobility and data management. Consequently, funding is required above all for technologies and 
the key industries that are based on them in order to develop life sciences, artificial intelligence, 
the Internet of Things (IoT) and Industry 4.0, etc. (see Chap. 20 by Banerjee et al. in this volume). 
The lessons learned when dealing with the coronavirus crisis and the associated experience 
gained regarding working from home, teleconferences and distance learning will lead to anoth-
er accelerated digitalization of gainful work, education, learning and everyday communication.

Especially in China, South Korea and Singapore, it is assumed that CAT is important for dealing 
with the pandemic because self-driving vehicles can be used to safely surveil and potentially 
disinfect public spaces or rapidly and safely transport medical goods. Furthermore, due to the 
non-existent risk of infection, nursing robots are very well suited to treating Covid-19 patients. 
Prototypes developed by start-ups are already being used there. By contrast, the car manufac-
turers and ancillary industries in Europe and North America are cutting back their investments in 
developing automation due to the financial difficulties caused by the pandemic.

The multifaceted and far-reaching technological transformation of digitalization in general and 
the (further) development of CAT in particular are happening at the same time as societies are 
undergoing sea changes – ultimately also as a consequence of globalization, digitalization and 
climate change. Deepening socio-economic inequalities coincide with blurred boundaries (“En-
tgrenzungen”) and with a release from traditional structures providing the freedom and obliga-
tion to organize one’s own life (cf. Hitzler 1984, Beck 1995). This is accompanied by raised ex-
pectations of steering by policymakers and planners (improving safety on the basis of a growing 
number of incalculable factors). At the same time, nation states are losing their steering power 
and their will to steer, which is leading to insecurities, especially in the middle classes who are 
at risk of downward social mobility.

This situation coincides with the discourse on the inevitability of CAT. Yet the application of tech-
nics   require specialist knowledge and a high level of competence. This concerns the way in 
which technics can be applied, exert control and hence become a source of power (cf. Macken-
zie/Wajcman 1985).   Just as with automobility, the application of new technologies and technics 
has thus far always led to the exacerbation of existing social inequalities and/or the addition 
of new ones (cf. Cudworth et al. 2013, Urry 2012, Dangschat 2019). In the context of increasing 
electronic communication in general and the connection and automation of transport and the 
offer of new mobility services in particular, the exclusionary access to these systems via digital 
channels (i.e. the digital divide) plays a socially selective and marginalizing role that has as yet 
been paid little attention (see Chap. 20 by Banerjee et al. in this volume).
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Alongside the repeatedly communicated potential advantages of CAT, especially in the form of 
highly and fully automated vehicles, it must also be permitted to ask how the idea of automated 
driving arose. And: how did it happen that digitalization, automation and connection came to be 
presented as “inevitable”, as without any alternative? In the discourse surrounding CAT, local 
conditions, policy and planning alternatives or the reserved scepticism among the population 
play at most a subordinate role. Yet it should not be a matter of once again adapting settlement 
structures, public spaces and the distribution of locations to technological requirements, but 
rather implementing CAT in a spatially and socially differentiated way such that it is able to 
support the necessary transformations in propulsion, transport and mobility (cf. Rupprecht et al. 
2018, Dangschat 2019, Manderscheid 2020 and Chap. 4 by Manderscheid in this volume).

That would mean taking a more careful approach to the discussion and differentiating

 ■ according to the level of connection and automation, especially for the heterogeneous and 
high-risk Long Level 4 (cf. Mitteregger et al. 2022b),

 ■ according to the environment in which CAT should be used (operational design domain 
– ODD; cf. Mitteregger et al. 2022b: 60–64), which includes in particular the possibility of 
preferably using rural regions and small towns as test areas alongside highways with good 
performance capacity (see Chap. 6 by Soteropoulos et al. in this volume), and

 ■ according to social selectivity, which includes differences in purchasing power and atti-
tudes to topics directly and indirectly related to CAT (automobility, familiarity with technics, 
environmental and climate protection, sharing, etc.) and the widened digital divide (cf. 
Dangschat 2019).

The complex of connected and automated transport can certainly be thought of as a “large 
technical system” (see section 4; cf. also Tarmann 2018) which is currently transitioning to the 
development phase in Europe; at most, technical subsystems in the gradually improved driving 
assistant systems are currently in the innovation phase (stage 3).25

The sciences of technics and engineering as well as politics on the EU and most national levels 
present connected and automated transport as a “safe” technical system (cf. Stickler 2020a) 
with which the number of accidents will be significantly reduced. Thinking of it as a deterministic 
mitigator of social problems corresponds to a political self-image of “traditional modernity”. Even 
if managing the first phase of the Covid-19 pandemic led to increased trust in the political style of 
the “strong nation state”, the current “normalization” development is revealing marked conflicts 
of interest, a contested role for scientific expertise and the strengthening of the influence of 
“new media”, including conspiracy theories and fake news, i.e. it appears that once again second 
modernity is becoming important as the context of steering by policymakers and planners.

Moreover, it has become apparent in this development that the traditional concepts of policy and 
planning behaviour are no longer effective and that new negotiation process with additional ac-
tors and across various scales are therefore needed. In addition, it is to be expected that being 
guided by the inherent logic of the natural sciences will be a cause of contention for the new 
actors and especially the users of connected and automated vehicles. This concerns situations 

25 Tarmann (2018: 40) considers “autonomous driving” to be in the phase of “technological trans-
fer”. I do not share this assessment because for one thing it is not certain whether other inven-
tions will be necessary (phase 1), and for another the economic, ecological, political and social 
embedding (phase 2) is thus far – with the occasional exception in South East Asia and California 
– completely uncertain.
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that Foerster (1993) calls “non-trivial machines” because perceptions, decisions and processes 
increasingly take place according to an “inherent logic”. Here, not only are the producers and 
decision makers in the realms of policy and planning faced with new tasks, but the sciences too 
must be aware of their new role – which must amount to more than simply handing over respon-
sibility via the questionable co-creation of an urban mobility lab.

If we are to believe Kesselring (2020) on mobility in second modernity, then in future the imple-
mentation context of CAT will be even more and increasingly characterized by unpredictability 
and discontinuity (see Fig. 1; cf. also Läpple 2011). There will continue to be hardly any unambigu-
ity; instead, a range of “best-way” solutions will be developed in parallel – such as to shape the 
propulsion transformation, or sharing solutions to shape the mobility transformation or even CAT 
itself (cf. Shladover 2016). For policy and planning solutions, that means an element of risk, an 
increased necessity for a process-oriented approach and the involvement very different actors. 
Furthermore, the institutional actors on the nation state level are not the only steerers, since 
on the one hand multinational political decisions will be prescribed as a framework (primarily 
by the EU), and on the other the research and development constellations are more and more 
international and elude state steering, with technological innovations and their implementation 
frequently being based on “niche actors” (cf. Kanger et al. 2019).

What is overlooked with the technologically oriented approach, i.e. with the dominant logic of 
first modernity, is that neither policy and planning strategies nor the everyday world of citizens is 
deterministically organized – in contrast to mathematical logic (cf. Häußling 2014: 218) – rather, 
what is important is with which interests and with what power the respective institutional actors 
act within a “corridor of action” (cf. Mayntz/Scharpf 1995). Ambivalent individual actions must 
therefore always be considered in the context of contradictory system dynamics, temporal flexi-
bilizations and spatial fragmentation (cf. Schwedes 2013: 284).

Consequently, it is not sufficient to describe the potential technological and technical capabili-
ties of vehicles, infrastructures and their networks and to anticipate possible impacts on trans-
port and spatial development with the aid of scenarios. Rather, according to Cresswell (2006: 
3f.)  it mainly comes down to how CAT is thematized, interpreted and presented in various ways 
as an imminent and inevitable fact. In this context, technical feasibility, the framing of policy 
and planning as well as research policy, the advertising and marketing of future mobility and 
associated images of futuristic vehicles and of (urban) landscapes26 as well as interpretations 
from (social) science of contemporary societies and future trends play a significant role in the 
formation of ideologies about CAT.

This analytical division into “objective facts” and the “construction of realities” cannot be main-
tained in the Foucauldian sense of the “archaeological” approach (cf. Foucault 1972) and should 
instead address the issue – related to the reflections of Frello (2008) on CAT – of how it hap-
pens that the future of mobility (and hence the solution to all transport problems) is exclusively 
determined by highly and fully automated transport. While Sheller and Urry (2006: 211) demand 
that we monitor mobility discourses and mobility practices, Cresswell (2010)   points to the impor-
tance of power constellations from which the discourses and actions on mobility emerge and are 
simultaneously produced and established. That means that it is – and should be even more so 
in future – above all the task of social science research to address not just the description and 
critical classification of the (potential) consequences of CAT but above all the context in which 
CAT emerges and its steering potential.

26 In most renderings of future urban mobility, vibrant uses of public spaces by other modes of 
transport are generally ignored, and in every case a deaf ear is turned to advice about social 
problems or social inequalities.
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1. INTRODUCTION

This paper offers a critical review of three coevolving socio-technical paradigms: (a) “data-driv-
en urbanism”, (b) digital platforms and (c) “Mobility-as-a-Service” (MaaS). It explores the com-
plex relationship unfolding between data-driven cities and digital platforms, while drawing on 
MaaS as a case to discuss the challenges of implementing mobility services via digital plat-
forms. Inferences are drawn from the ongoing debate accompanying these three paradigms 
to identify potential criteria for the design of socially accountable governance models for the 
deployment of connected and automated vehicles (CAVs). Grounded in current trends, the 
research builds on the assumption that CAV-based transport services will be offered through 
digital platforms of some sort in the future. Also based on this assumption, we believe that if 
national governments and municipalities are interested in deploying CAVs, they will be well 
advised to learn from the experience gained from the practices of these three emerging par-
adigms. 

Complying with the overall aspiration of this publication, we are eager to move away from under- 
standing CAVs as a game-changing techno-economic novelty and towards understanding them 
as a socio-technical innovation that might help us to design sustainable, inclusive and partic-
ipatory human environments. To achieve this, we argue it is indispensable to understand the 
geography, architecture and “logic” of the emerging cyber-physical landscape produced by the 
interweaving of physical and digital formations and the practices of data-driven cities, of which 
CAVs will potentially be constitutive elements (see Fig. 1). 

The first section of this paper reflects on the technological, conceptual and epistemological 
shifts taking place in the discourse and practices of data-driven urbanism by highlighting the 
growing influence of big data and the computational understanding of the city. The second 
section looks at how online platforms are making use of big data and ingenious digital mech-
anisms to create ever-new forms of commercial services. It looks at the key challenges that 
surround their emerging practices. The third section looks at the challenge of planning MaaS 
under deep uncertainty. Apart from its technological feasibility, MaaS is associated with various 
uncertainties concerning issues such as network effects and questions around how it will affect 
the overall transportation system, future demand and the willingness of crucial stakeholders to 
cooperate (Jittrapirom et al. 2017a). Finally, the fourth section draws inferences from an analysis 
of the debate unfolding around the three paradigms mentioned above, and makes recommen-
dations for the regulation, governance and design of potential CAV platforms. 

1.1 BACKGROUND

The growing capacity to capture and intelligently process vast amounts of data lies at the centre  
of the data-driven city paradigm (Kitchin 2014, Leszczynski 2016). The intensifying relationship 
between new data regimes and city organization is increasingly leading to the emergence of 
practices in urban governance that primarily engage in the collection, management and com-
modification of voluminous amounts of varied, dynamic and interoperable data. Hopes placed 
on the data-driven city, popularly called the “smart city”, revolve largely around the narratives 
of efficiency, economic opportunity, safety and sustainability. All aspects of contemporary life 
in the modern world are affected by the shift towards this data-based reorganization of ac-
tivities and services – from mobility to education, from health to administration, from retail to 
energy.
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An essential driver of this shift is the promise of securitization and enhanced quality of public 
life through increasingly centralized decision-making processes and service provision with the 
help of artificial intelligence (AI) and automation (see Chap. 10 by Mitteregger in this volume). 
The digitized notion of urban governance is based largely on new forms of predictive analyt-
ics, enabled first by the technological feasibility of capturing large amounts of socio-spatial 
data drawn from surveillance cameras and other sensors built in the city’s infrastructures, and 
second by the possibility of deriving meaningful patterns of prognostic material from them. In 
addition to the collection of infrastructural data, increasing amounts of personal data are being 
captured by digital platforms. These entities use automated mechanisms to extract large vol-
umes of specified personal data from the depths of digital space and provide users of this same 
space with increasing varieties of value-added services. The intelligent processing of real-time 
personal data of various formats is now making it possible to create lenses of what is some-
times called “sentiment analytics” (Leszczynski 2016, Bassoo et al. 2017). These are automated 
learning algorithms deployed to analyse and predict various patterns of human behaviour. The 
interoperability between these highly heterogeneous types of collected data and the conver-
gence of different types of analytics has opened up unprecedented possibilities of new forms 
of organization but also control of everyday life. This has also resuscitated the notion of a “com-
putational understanding” of the city – an idea that had already entered the urban imagination 
back in the 1950s (Hall 2002, Shelton et al. 2015).

The rapid proliferation of trans-local digital platforms and their high degree of penetration into 
all spheres of society are making them more and more indispensable for the functioning of con-
temporary cities. Their capacity to replace pre-digital, offline organizations have turned them 
into powerful agents of structural change. However, while they are benefiting society in innu-
merable ways, the untransparent practices of their globally operating commercial inflections 
have recently led to intense legal disputes (see 3.3) across continental borders. Regulators, 
particularly in Europe, are confronted with a plethora of new challenges associated with their 
social impact, citizens’ acceptance, technological complexities, legal ambivalences and geo- 
political consequences. Since the public sector and governments are increasingly reliant on 
corporate platforms, it is crucial to rethink the principles on which the design of these systems 
is based if we have the desire to sustain democratic values and guarantee an equal playing 
field for all. We assert that designing governance models in the digital age will to a great degree 
be about governing the practices of data-driven cities and digital platforms. This paper identi-
fies the main challenges facing the regulation of these formations and the prospects of design-
ing governance models that will engender benefits to the whole of society. The key challenges 
identified in this review are the question of how to instigate a broad societal discourse on the 
topic and how to enshrine public values into the elusive architecture of these digital formations. 

1.2 THE FOURFOLD PROCESS: MENTAL MAP OF THE DATA-DRIVEN CITY 

It is fairly evident by now that digital platforms will play a crucial part in the creation of new types 
of digital infrastructures that will shape the future of cities. A growing volume of literature on 
“platform urbanism” (Barns 2014, Bratton 2016, Langley/Leyshon 2017, Srnicek 2017, Artioli 2018, 
Söderstörm/Mermet 2020) indicates that there is increasing academic interest in the dynamics 
that are emerging between the socio-technical formation of digital platforms and the urban. 

Drawing from this literature, we outline a mental map of the main underlying dynamics producing 
the cyber-physical landscapes of the data-driven city. It depicts a fourfold movement comprising 
(a) the collection of unprecedented amounts of infrastructural and personal data captured in 
physical and digital spaces, (b) the storage of collected data, (c) the processing of collected data 
to derive meaning and to simultaneously create economic or societal value out of them, and (d) 
feeding back the created values into the materialities of everyday life in the form of services. 
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This process is largely orchestrated by digital platforms (see 3.3.2) with the help of digital infor-
mation systems, automated algorithms and AI. MaaS, CAVs, the Internet of Things (IoT), etc. are 
seen as constitutive elements in the incessant movement of this fourfold process. 

2. DATA-DRIVEN URBANISM

2.1 “CODE/SPACES”: BUILDING BLOCKS OF THE CYBER-PHYSICAL LANDSCAPE 

Two highly complex, contingent and open systems – cities and digital information systems – are 
currently being interwoven (see Fig. 1) to create a novel and vast landscape of cyber-physical 
materialities (Townsend 2013). Dodge and Kitchin (2004) describe spaces wherein software 
and the spatiality of everyday life become mutually constituted as “code/spaces”. For example, 

Figure 1: Mental map of the production of cyber-physical landscapes in the data-driven city (fourfold 
movement). Physical objects and digital systems merge here to produce new realities and imaginar-
ies of the urban. Digital platforms play a pivotal role in this process, while MaaS, CAVs, IoT, etc. are 
seen as its constitutive elements.
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the connected car is not just a car, it is a code/space embedded in large networks of various 
informational exchanges enabled by codes and algorithms – networks that Manuel Castells 
famously called “spaces of flow” (Castells 1996). The ontologies of hybrid forms of single code/
spaces, connected with thousands of other code/spaces, are challenging our very understand-
ing of objects, urban processes and human agency. The amalgamation of digital and physical 
spaces has reached a size and degree of sophistication that makes the invisible architecture of 
the World Wide Web as important as the visible architecture of the physical world – indeed in 
some cases, it seems, it has become more important.

2.2 DIGITALIZATION AND BIG DATA

To encapsulate the new discourse emerging around the broad notion of data-driven urbanism, 
it is helpful to look at the emergence of two important terms: big data and digitalization. To-
day technological change is mostly associated with digitalization, a process that has arguably 
brought about the most sweeping transformative changes to society since the industrial revo-
lution. Central to all digitalization processes lies the technological capacity to capture and con-
vert all data into binary information and to process them to generate economic or social values. 
These units of binary data are emerging as the new constitutive elements of all significant flows 
and activities of human civilization. Big data, a term popularized by John Mashey in the 1990s 
(Kitchin/Gavin 2016), refers to very large or complex sets of data that can be captured, stored 
and analysed through data-processing mechanisms (Kitchin/Gavin 2016). 

The term often refers to the traces created in digital space from the activities, transactions and 
movements of millions of users and objects. Small data, in contrast, is the data collected from 
sources such as questionnaires, city audits, ethnographies, etc. Literature on the features of big 
data commonly refers to the three “Vs”: 

1. volume: consisting of petabytes or more of data; 

2. velocity: consisting of data created in real time or near to it; and 

3. variety: consisting of structured or unstructured data, temporally and spatially refer-
enced. Also, the data collected need to be fine-grained in resolution and relational in 
nature; that is, capable of conjoining different types of data sets. They are also supposed 
to be flexible, meaning extendable and scalable at a later point (Kitchin 2014: 3).

2.3 THE DATA-DRIVEN CITY

Broadly speaking, there are two related interpretations of the data-driven city (Kitchin 2014: 1). The 
first vision pertains to a better management of the city from a largely technological and techno-
cratic perspective and the second alludes to exploiting cities as information economies, wherein 
urban policies are directed mostly towards deploying digital infrastructures and services to boost 
digital entrepreneurship and the activities of the knowledge-based economy (Coletta et al. 2017).

As cities are revealing themselves to be the key sites for digital transformation and societal ex-
perimentation in the 21st century (Glaeser 2011, Offenhuber/Ratti 2014, Shelton et al. 2015), data is 
becoming both “the modus operandi and raison d’être” (Shelton et al. 2015: 16) of contemporary 
modes of urban governance. The real-time collection of large amounts of inexpensive data about 
urban activities and processes is also believed to enable new forms of adaptive management and 
digital modes of governance (see Chap. 16 by Hamedinger in this volume). As mentioned earli-
er, the push towards a data-based understanding of the city is largely framed by economic and 
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political narratives of an efficient, cost-effective, sustainable, competitive, productive, open and 
transparent city (Kitchin 2014). It also entails the belief that a widescale, fine-grained and real-time 
grasp of the city will lead to an enhanced “control of urbanity” (Kitchin 2014: 3). 

According to Kitchin (2014), there are three main capture sources for urban data: 

a. directed data: these are traditional forms of data collected through CCTV, fingerprints, 
iris scans, etc.; 

b. automated data: these are collected from the measuring points of meteorological sen-
sors, automated forms of surveillance, GPS, built-in sensors in road infrastructure, public 
transport systems, RFID chips attached to rubbish bins, etc.; 

c. volunteered data: these are data “gifted” by users from their interactions across social 
media, such as Facebook and Twitter, or user-generated data in mobile devices contrib-
uting to a common system such as OpenStreetMap or the project EMOTIVE (see below). 

The information-capturing notion of the IoT has further opened up vast application possibilities 
in virtually all technologically based processes in everyday life. The IoT-based embedding of 
software (codes) into electronic gadgets of all kinds, transforms them from “dumb” to “smart” 
(Kitchin 2014: 4). Once the objects become smart, they are no longer independent entities but 
knots in global informational networks transmitting information that can subsequently be exploit-
ed for commercial use or for securitization achieved through various methods of surveillance.

As indicated above, an example of one of the most important applications of big data in the da-
ta-driven city is the securitization of public life with the help of sentiment analysis (Leszczynski 
2016, Bassoo et al. 2017). Anticipatory security calculus designed to identify and divert risks 
of human behaviour by using volunteered data combined with automated data is expected to 
deliver unprecedented ways of predicting of human behaviour. A number of pre-emptive algo-
rithmic calculi are being tested in different countries. 

One experiment, called EMOTIVE – Extracting the Meaning of Terse Information in a Geo-Visu-
alization of Emotion, is currently taking place in the UK. It is designed to monitor and map the 
emotional charge of online traffic and “shared atmospheres of affect” as expressed through 
individualized contributions to the social media platform Twitter (Leszczynski 2016: 1699). 
The aim of the project, as its website declares, is to predict and monitor selected events for 
the “benefit of social security” and to “safeguard the public from potentially harmful events”  
(EMOTIVE 2020). Subjected to such background analysis, the general public may legitimately 
question what checks and balances are in place to ensure that their private data is not being 
exploited and to determine and regularly reassess what is deemed “harmful” to whom, by 
whom. 

This technology, however, bears a considerable amount of risk, as it may exacerbate data express-
ing prejudices against social groups, places and socio-spatial constellations. Additionally, the data 
will not be representative as normal situations will necessarily be under-represented. Moreover, 
if a local government does have this information: what will it do with it? Hire more police? Enforce 
shutdowns during certain periods? Or declare a neighbourhood a no-go area for tourists?

2.4 THE COMPUTATIONAL UNDERSTANDING OF THE CITY AND ITS COMPLICATIONS

The alluring promises of efficiency, safety and economic opportunities achieved through the 
use of big data and predictive analytics are increasingly leading to a computational understand-
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ing of the city (Shelton et al. 2015). This paradigm purports to comprehend urban phenomenon 
through a lens of digitalized data. It is inadvertently changing the culture and content of the 
urban debate that has evolved over the last hundred years around issues like public space, 
inequality, justice, public participation, etc. The explosion of digitized data and the role of cit-
ies as the main sites of their production, and the way these data are being used to reimagine 
the urban life of today and tomorrow, are moving to the centre stage of the urbanism debate 
(Batty 2012, Townsend 2013). Cities embracing digitalization and ICT as their main development 
strategy have been labelled “wired cities”, “cyber cities”, “intelligent cities”, “smart cities”, etc. 
(Kitchin 2014). “Smart city” is undoubtedly the most popular term in use today – a term, and 
the prerogatives of which, academics have exhaustively critiqued, pointing to issues such as 
growing corporatization of city government, violation of privacy rights, cyberattacks, etc. (see 
Hollands 2008, Greenfield 2013, Townsend 2013, Kitchen 2014, Söderström et al. 2014). 

At the core of the computational understanding of the city is the belief that all functions of a city 
can be measured and monitored, and all malfunctions can be treated as technical problems. 
Even complex social situations can be disassembled into neatly defined problems that can be 
solved, or at least optimized, through computation (Kitchin 2014). This position is based on a 
staunch belief in the linear and logical manageability of all societal and socio-spatial problems, 
a position that may prove to be deeply inadequate to tackle the challenges of the future, as 
shown by the arguments of a view known as “second modernity” or “reflexive modernization” 
(Beck et al. 1996). This view points out the ambivalent, risk-prone unpredictabilities and insecur- 
ities, marked by flows instead of structures, and sees connectivity both as a problem and as a 
project (see Chap. 19 by Dangschat in this volume).

Capturing especially the data of real-time phenomena has created the impression that it 
is possible to manage and fix a situation even while it is still unfolding. The computational  
understanding of the city is by no means new; its historic precursors go back to the “quantita-
tive revolution” started by geographers and planners in the 1950s. Ever since, think tanks, cor-
porations and also academics have tried to tilt the discourse in urbanism from an ideographic 
and critical approach to a more rational, scientific and depoliticized attitude (Hall 2002, Shelton 
et al. 2015). What has substantiated the ideas of the geographers of the 1950s, is the enormous 
improvement in the computational power of computer chips and technologies to efficiently 
capture and handle vast amounts of data. 

The computational view of the world seems to be the resurrection of a 200-year-old idea 
sprung out of the then burgeoning discipline of classical mechanics. It was assumed that if 
Laplace’s demon, a figure popularized in the early 19th-century sciences, knew the location 
and momentum of every atom in the universe, it could precisely predict the future of any given 
object in it. The technocratic view of the city implies, like Laplace’s demon, that we can only 
understand its processes fully if we have enough data; and good governance is only possible 
if we subsequently employ an evidence-based, algorithmically processed mechanism that can 
process this data. This method alone is believed to ensure a rational, logical and impartial de-
cision-making process. 

2.5 REGULATING THE DATA-DRIVEN CITY

Almost imperceptibly, data have ascended to become the most treasured resource and asset 
of the 21st century. While in the year 2000 there were three tech companies among the top ten 
most valuable corporations in the world, today, seven of them are data or tech companies – five 
American and two Chinese (Fengler/Gill 2019). The rise in the value of data and consequently 
in the power of those who possess them, has also brought the necessity to regulate them. This 
power and value have led to the flows and ownership of data becoming the most important 
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subject of regulation – in addition, of course, to the long-existing flows of finance. Ongoing 
legal battles show how the regulation of data flows is still a globally fragmented endeavour 
(Aridi/Petrovčič 2020). 

This regulation is shaped by the views of two opposing groups: the anti-interventionists and 
the pro-interventionists (Bostoen 2018). The former argue that intervention in digital markets 
should be kept to a minimum, while the latter essentially believe meaningful principles for 
platform regulation must be put in place. However, both groups believe competition laws have 
to be rewritten, with diverging beliefs about how to apply the new rules and with varying strict-
ness. Big political struggles are likely to be fought in the future around the regulation of data 
flows – something already concentrated in the hands of a small number of corporate titans. 

The Regulatory Policy Division of the OECD (2019) and the ten principles proposed by the 
House of Lords in the UK (2019) point to some of the key issues and broad challenges concern-
ing the development of frameworks and regulatory standards for this new world. 

1. Transboundary challenge: Given the digital economy’s clear cross-border effects, solu-
tions limited to the domestic domain will no longer suffice; international regulatory co-
operation is needed to avoid arbitrage, protect consumer rights and promote interop-
erability across regulatory frameworks and enforcement, whilst creating a favourable 
environment for the digital economy to evolve. 

2. Lack of knowledge: Most national legislatures are unaware of the socio-technical finess-
es of the evolving platform ecosystems. They are still based on pre-digital and pre-net-
worked systems of governance. For example, “filter bubbles” or “personalization” are 
not part of the common legal discourse (Dijck et al. 2018: 157). 

3. Problem of speed: Given the level of technical expertise involved, the uncertainty sur-
rounding digital developments, and the overwhelming pace of digital transformation, 
governments need to actively engage a broad range of stakeholders, invest in foresight 
and horizon scanning, initiate regulatory impact assessments early in the policymaking 
process, and carry out post-implementation reviews. 

4. A whole-of-government approach: This calls for increased dialogue and coherence be-
tween governmental bodies in order to meet institutional challenges and the cross-ju-
risdictional nature of the task. This may require the bringing together of key relevant 
players and the preparation of specific institutional responses by establishing thematic 
platforms. Governments also need to create a broader public debate by involving the 
civic sector. 

What further complicates the creation of broader regulatory frameworks for the data-driven city, 
is the simultaneous emergence and convergence of new technologies that revolve around big 
data, artificial intelligence, robotics, cloud computing, IoT, 5G, along with new types of invest-
ment models (ITU 2020). It is becoming more and more evident that there cannot be a single 
framework of regulation: authorities have to perpetually navigate the complex and fast-moving 
digital landscapes of infrastructures, protocols, standards and “user services” (House of Lords 
2019: 11). Also, what makes regulation in liberal democracies particularly difficult at this critical 
juncture, is the need for strong political will to engrave democratic values into the underlying 
architecture of digital technologies and social practices. 

Regulating the digital world is a gargantuan task that will need the involvement of many coun-
tries, actors and negotiations on many different levels. Some observers in Europe say new reg-
ulatory authorities should be designed at the EU level (OECD 2019), while others say it would 
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be more fruitful if national authorities simply collaborated more intensely. A number of national 
and international organizations, such as the UN-based International Telecommunication Union 
(ITU 2020), the Regulatory Policy Division of the OECD (2019), the Digital Charter of the UK (Dig-
ital Charter 2018) and Canada’s Directive on Regulation, are in fact coming together to work on 
the topic in more concerted ways. How to safeguard citizens and institutions in the data-driven 
world without hampering innovation and competition, has become the key challenge for reg-
ulators. It is becoming evident that it will not be about more regulation but about a different 
approach to regulation (see Section 3.3). 

2.6 GOVERNANCE: EXAMPLES OF ALTERNATIVE APPROACHES

Another critical question that arises in view of the immense influence of the data-driven city 
and the computational understanding of the urban is: how is it impacting the mindset of plan-
ners, administrators, politicians and citizens? If we say regulation is about controlling digital 
transformation, and governance is about finding consensus on socially shared visions for the 
future of people and places reached through complicated negotiation processes between the 
state, market and civil society, then it is evident that we must find new participatory processes 
of enforcement of regulations in the cyber-physical city. 

Besides an overriding number of examples of the digitized city being technocratically and entre-
preneurially exploited, we also see an increasing number of alternative approaches (Townsend 
2013, Banerjee 2014, Banerjee/Fischer-Schreiber 2015). For example, in the conceptualizations 
of the cyber-physical city based on “open data”, we see some promising prospects of demo-
cratic and inclusive development. This is a movement fighting to make big data a public pre-
rogative and a common good. Many governments around the world have started to release 
various kinds of administrative and operational data using various kinds of open-data models 
(Ferro/Osella 2013, Leszczynski 2016). For example, the city of Santander in Spain created the 
app SmartSantanderRA to provide real-time information to citizens about around 2,700 plac-
es, such as libraries, public buses, bike rental services, etc. Together with the City of London, 
University College London (UCL) has developed London Dashboard, a data visualization app 
that tracks the city’s performance in twelve areas, such as jobs, transport, etc. It communicates 
to citizens live feeds of real-time data. Another example is Dublinked in Dublin; this platform 
provides operational data from four authorities in Dublin in an open format, encouraging the 
creation of apps providing services of social value by using these data. The increasing number 
of such examples shows how different the practices of producing the data-driven city can be 
– owing to the initiatives of single actors or to locally specific conditions of culture, politics or 
governance. They also show that such progressive local initiatives can take place even within 
prevailing conservative ideologies. 

3. DIGITAL PLATFORMS

3.1 RISE OF THE PLATFORM SOCIETY

This section looks at how data-based “transactional technologies” are becoming essential con-
stituents of the data-driven city and how the challenge of regulating them is becoming the key 
question of shaping cities and society at large. 
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The idea of matching supply and demand by creatively processing of torrents of digitized data 
has led to the rise of one of the most disruptive socio-technical formations of the 21st century: 
the digital platform. Knowingly or unknowingly, digital platforms have become integral parts of 
our everyday lives. We make use of them through connectivity services offered by social media 
giants such as Facebook, mobility services by tech start-ups such as Uber, accommodation 
renting through Airbnb, educational services by Coursera, health services by PatientsLikeMe, 
rating apps like Tripadvisor, etc. Digital platforms position themselves as key intermediaries in 
the provision of services in all domains of society. Almost imperceptibly, they are reorganizing 
and reconfiguring communication, entertainment, mobility, travel, work, government and in-
creasingly politics, by gradually embedding themselves in everyday human life. 

Even though the term “digital platform”, or simply “platform”, is widely used by public authorities 
and the media, a workable definition for it is lacking. In a seminal publication on the “platform 
society”, Van Dijk, Poell and de Waal (2018) define digital platforms broadly as a “programmable 
digital architecture designed to organize interactions between users – not just end users but 
also corporate entities and public bodies. It is geared towards the systematic collection, algo-
rithmic processing, circulation and monetization of user data” (Dijck et al. 2018: 4). From a more 
market-centred viewpoint, the European Commission defines them as “an undertaking operat-
ing in two (or multi)-sided markets, which uses the internet to enable interactions between two 
or more distinct but interdependent groups of users so as to generate value for at least one of 
the groups” (European Commission 2015). 

Platforms can take the shape of search engines, marketplaces, social media platforms, gam-
ing platforms, content-sharing platforms, etc. An important delineation to be drawn between 
platforms is that some are designed to be essentially collaborative and not-for-profit and some 
operate with overt commercial interest (Stowel/Vergote 2016). Even though both rely on match-
ing supply and demand, and both use technology to reduce transaction costs for their users, 
there are differences in their internal logic. There is a difference, for example, between wanting 
to enable modest sharing of, say, harvests from private gardens with neighbours or knowledge 
within a scientific community, and wanting to conquer global markets with the backing of bil-
lions of dollars of venture capital. 

It is becoming more and more evident that online platforms are pervading all sectors of pri-
vate and public life and transforming the fundamental organizational structures of society. The 
term “platform society” denotes the inextricable relationship growing between such online plat-
forms, societal structures and individual behaviour. They are increasingly “penetrating the heart 
of societies – affecting institutions, economic transactions, and social and cultural practices […]” 
(Dijk et al. 2018: 2). Automated forms of user transactions are replacing a growing number of 
offline organizations, as demonstrated, for example, in Estonia’s much-acclaimed showpiece, 
the public sector platform e-Estonia (Priisalu/Ottis 2017), or in the United Kingdom’s push to-
wards creating a “government-as-a-platform” (Dijk et al. 2018). These examples show how far 
the platform’s impact has penetrated the domain of government. 

It is astonishing to see how a very small number of players could constitute the epicentre of 
the “platform revolution” (Parket et al. 2016). Located on the West Coast of the USA, merely five 
tech companies from the region – Alphabet/Google, Facebook, Apple, Amazon and Microsoft 
– have captured the digital spaces of the whole of North America, Europe and large parts of 
Asia and Australia. The only other country to have developed platforms of a comparable scale 
is China, with Tencent and Baidu. While the “Big Five” dominate the global market, there is a 
rapidly growing number of small actors shaping the local universes of platforms. Governments, 
businesses, entrepreneurs, universities, NGOs, cooperatives: all are contributing to producing 
a new, highly complex, interconnected landscape of platform practices. 
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3.2 FROM “SMART URBANISM” TO “PLATFORM URBANISM”

Even though the boundary between the (ill-defined) concepts of smart urbanism and platform 
urbanism is fuzzy, Söderström and Mermet (2020) have recently identified three features that 
distinguish platform urbanism from smart urbanism. They relate to the former’s (a) materiality, 
(b) impact on everyday life, and (c) actual effect on how cities work and change. Materiality per-
tains to how platform processes are manifested in things like Uber cars or Airbnb rooms. This 
differs significantly from how surveillance cameras and sensors create impressive “smart city 
control rooms”, such as the often-cited and illustrated room built by IBM in Rio de Janeiro. Barns 
(2018) makes the following remark about the second difference: “[p]latform urbanism enacted 
daily as we commute, transact, love, post, listen, tweet or chat, deeply implicates the everyday 
urban encounter” (Barns 2018: 6). 

While smart urbanism is associated with extracting data, such as measuring, tracking and trac-
ing people, platform urbanism is interactive, intimate and deeply engaged with everyday life. 
For these platforms, we gladly volunteer to “like” places, foods or hotels. While the smart city re-
mains somewhat shrouded in techno-utopian or dystopian imagery, platform urbanism conveys 
tangible, intimate and everyday experiences of the city through its technology. Concerning the 
third difference, Leszczynski (2020) says that while smart city projects address municipalities, 
private companies or sometimes civil society, digital platforms directly target individual custom-
ers and “by reaching into the pockets of urbanites, [they] express a potential for individualized 
influence unprecedented by ‘smart’ infrastructure-urban configurations” (Leszczynski 2020: 5). 
She further says that platform urbanism should be considered a “reconfiguration, diversification 
and intensification” or “extension” of the smart city (Leszczynski 2020: 5). 

These three differences may very well be the reason for the remarkable success of the sec-
toral platforms that offer services via apps (see 3.2.2). For example, in 2014, Apple’s infra-
structure platform iOS had 365 million users who downloaded 800,000 complementary apps, 
created by 200,000 firms – a process over which Apple has little ownership (Tiwana 2014). 
From 192 billion in 2018, the total number of app downloads increased to 204 billion in 2019 
(Clement 2020). Almost unnoticed, these small waves of millions of digital apps are forming a 
giant tsunami of services, ready to crash onto the shores of the contemporary physical city in 
unprecedented ways.

3.3 THE PROBLEM OF PLATFORMS AND THE CHALLENGE OF THEIR REGULATION

Admittedly, platforms have greatly improved many of our lives in various ways. However, while 
modest and peer-to-peer platforms hardly cause disapproval, the practices of commercially 
operating corporate giants have generated considerable public outcry and calls for appropriate 
regulation of their elusive practices. Despite the very high degree of user acceptance, intrin-
sic flaws in the mechanisms of commercially operating global platforms have led to various 
confrontations between private and public interests – which have subsequently triggered a 
substantial debate around the question of how to regulate these new types of entities. Legal 
battles and backlashes against big tech companies culminated in 2017, making it a turning 
point for global platform politics. For example, Alphabet/YouTube faced a strike from major 
advertisers like The Guardian, Starbucks and Walmart; Alphabet was fined US$2.7 billion by 
European antitrust officials; German competition authorities took Facebook to court for their in-
comprehensible consumer agreements; the European Court ruled Uber to be a “transportation 
company” and not the “connective platform” of a “tech company”; and Equifax reported that 
they had lost 136 million social security numbers to thieves in the digital space. This was a year 
before the EU member states adopted the General Data Protection Regulation (GDPR), a novel 
attempt to protect personal data, albeit not specifically for the digital space. 
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There are three general ways in which regulation of the cyber-physical world is enforced 
(House of Lords 2019): (a) “regulation”, (b) “co-regulation”, and (c) “self-regulation”. “Regulation” 
is about enforcing rules for specific types of activities. This is carried out by independent bodies 
with the power to monitor and enforce rules. “Co-regulation” takes place when digital enterpris-
es set rules by themselves on a voluntary basis. This may be driven by the need to create trust, 
by corporate social responsibility or by other business interests. “Self-regulation” occurs when 
a regulatory body delegates responsibility for enforcing rules to an industry body. To under-
stand the challenge of regulating digital platforms in a specific way, it is helpful to understand 
an interconnected range of issues stemming largely from three of their foundational features: 
their legal engineering, their disruptive business models and the technological finesses of their 
digital architecture.

3.3.1 LEGAL ENGINEERING AND DISRUPTIVE BUSINESS MODELS

Researchers have shown that the so-called platform revolution (Parker et al. 2016) was made 
possible largely by the platforms’ capacity to accumulate vast amounts of personal data, create 
unprecedented degrees of connectivity and generate economic value below the radar of exist-
ing regulatory institutions (Dijk et al. 2018). The success of platforms is based on the premise 
that “they offer personalized services and contribute to innovation and economic growth, while 
efficiently bypassing incumbent organizations, cumbersome regulations, and unnecessary ex-
penses” (Dijk et al. 2018: 9). This legal engineering is not merely accidental – it is believed to 
be the core of platforms’ success: “Digital platforms obviously challenge the law, and this is a 
key feature and consequence of their operations. They like to show how the law is out-of-date 
with the new economy, and they even appear alien to the law. Indeed, they tend to negate the 
territorial aspect of the (State) law” (Stowel/Vergote 2016: 4).

For these sophisticated operators harbouring global ambitions with monopolistic tendencies, 
rules applicable on national territory appear an anachronism in the digital age, which poses 
the challenges of “reflexive modernization”, where government is no longer limited to state 
boundaries but has to develop cross-border governance across scales (Brenner 1998, 2019). 
This conjuncture has led to intensifying tensions of a geopolitical nature between governments, 
corporations and civil society. Considering the differences in how the market and jurisdiction 
are viewed on either side of the Atlantic is crucial when designing competition policies for 
platforms. The discourse in the US is far from any form of consensus: while former presidential 
candidate Elizabeth Warren is talking about ways to break up the monopolistic power of tech 
giants, others are suggesting some of the existing antitrust doctrines should be relaxed. Like 
the European Union, the US courts are also looking for new ways to address the anticompeti-
tive practices of the tech giants. 

Globally operating platforms are fuelled by data, organized through algorithms, formalized 
through ownership relations, driven by business models and governed through user agree-
ments (Dijk et al. 2018: 9). To understand the premises upon which the foundations of the 
corporate platforms’ techno-legal and techno-commercial strategies are built, it is necessary to 
examine the functional building blocks of their digital architecture (structures) and their mech-
anisms of processing data and performing transactions (processes).

3.3.2 DIGITAL ARCHITECTURE: SOURCE OF TECHNO-LEGAL FUZZINESS

Much of the elusiveness of online platforms’ operations stems from the intricate digital archi-
tecture of platforms defined mainly by: (1) algorithms, (2) infrastructural platforms, (3) sectoral 
platforms, and (4) ecosystems of platforms.



443 | PART IV – GOVERNANCE – ARTICLE 20

1. Algorithms: Algorithms are an essential technological ingredient comprising a set of 
automated instructions that transform input data into a desired output. They have the 
capacity to produce, reproduce and learn. Platform operators are currently moving from 
rule-based algorithms to machine learning-based algorithms driven by AI; this makes 
decision processes even more opaque for regulators to understand.

2. Infrastructural platforms: Van Dijk et al. (2018) distinguish two principal types of plat-
form architecture: infrastructural and sectoral. The infrastructural platforms, mostly 
owned by the Big Five, are the foundational platforms upon which other platforms can 
be built. Like gatekeepers, they manage, process, store and channel the data that flows 
through them. They can be search engines, browsers, data services, data analytics ser-
vices, video hosting platforms (like YouTube), geospatial services (like Google Maps), 
etc. For example, Netflix runs on the infrastructural platform Amazon Web Services, 
Spotify on Google Cloud (Dijk et al. 2018). They form the heart of the “ecosystem of 
platforms”.

3. Sectoral platforms: The second type of platform are called sectoral platforms. These 
platforms serve particular sectors, such as transportation, news, education, food, health, 
finance, hospitality, etc. They can be owned by diverse organizations. Two well-known 
sectoral platforms are Airbnb and Uber. Both have claimed to be merely “connective 
platforms”, that is, connecting dormant resources and people. The innumerable appli-
cations running on these sectoral platforms are popularly called “apps” (see Fig. 1 and 
Section 3.2). Potential platforms for CAVs will be built on such sectoral platforms.

4. Ecosystems of platforms: What has made platforms so powerful is the technological in-
novation of application programming interfaces (APIs). With the help of APIs, platforms 
can allow controlled access to their data by third parties – information on which they 
can build new applications (Helmond 2015). This important ingredient of interlocking 
functionality created the possibility of establishing large “ecosystems of platforms”. For 
example, Google’s search and advertising services can be coupled to its educational 
platforms; Facebook can produce news content, etc. They are also described as “as-
semblages of networked platforms” (Stowel/Vergote 2016, Dijk et al. 2018, House of 
Lords 2019). An important feature of these assemblages is that they enable corporate 
platforms to partner with a wide variety of non-profit and public players. The Western 
assemblage of networked platforms and their infrastructural services are almost en-
tirely controlled by the Big Five in the USA. They are central to the ecosystems’ overall 
design and data flow distribution. The exchange of information, goods and services 
with global outreach would be unthinkable without these platforms.

These four above-mentioned aspects explain a major part of the fuzziness that makes regula-
tion so problematic. In a way, it can be seen as a fuzziness of identity. Most regulation systems 
in Europe depend on the division between infrastructure and sectors. Correspondingly, the 
task of regulating online platforms is traditionally compartmentalized, meaning each level of 
government assumes a limited range of regulatory categories. To avoid the costs of liabilities 
and responsibilities, platforms blur or deliberately obfuscate these categories. Airbnb does not 
identify itself as a hotel business, and Uber does not consider itself a taxi business; instead, 
both see themselves as connectivity platforms. In the case of Uber, their legal battle with lega-
cy taxi firms revolves around the indistinction regarding whether Uber is a sectoral platform (a 
transportation company) or a platform that merely connects people. When data flows cannot be 
confined to one single sector, such as transport or health, then platform providers can evade 
national legislations and “elude the radars of public scrutiny” (Dijk et al. 2018: 158). This conflict 
was at the heart of the European court case mentioned above until the European Court of Jus-
tice finally ruled Uber to be a transportation company (Dijk et al. 2018).
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Governments will have to understand these mechanisms and immaterial dynamics of the eco-
system of platforms in order to define the material responsibilities of their online services.

Airbnb can help individuals to make some extra money and tourists to pay less – but who is 
going to clean the streets when the tourists have left? Students can consume “free” courses on 
Coursera – but who pays the teachers who prepared the courses? The economic success of 
all these platforms depends on private and public investments, largely paid for by taxation, i.e. 
transportation relies on infrastructure like motorways and railways as well as maintenance and 
cleaning companies. Without those hard infrastructures, neither Uber nor Airbnb will work. This 
argument lies at the heart of the current legal contentions. 

INFRASTRUCTURAL PLATFORMS

SECTORAL PLATFORMS

Connecting people, machines and
resources. Creating services with
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Figure 2: Schematic diagram of the ecosystem of digital platforms. New values (services) are created by allowing sectoral 
digital platforms to build upon each other through the interlocking functionality of application programming interfaces 
(APIs).

Source: Ian Banerjee 
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3.3.3 MECHANISMS OF TRANSACTIONS: SOURCE OF SOCIO-TECHNICAL CONFLICTS

Platforms are not merely connectors between actors, they can also steer how they connect 
users with each other – and they can also shape social norms. Through a number of social 
plug-ins, such as the “like” button, or through rating, following, sharing, etc., sentiments, inter-
ests and opinions can be tracked and tilted by platforms in certain directions: steering users’ 
behaviour, and potentially paving the way for new economic exchanges.

The mechanisms of processing data and conducting transactions are embedded in the ar-
chitecture of platforms and are comparable to the “genes” of their structures: they carry their 
system’s codes of reproduction. To design governance models for platforms, it is essential to 
understand the conflicts arising from the effects of these mechanisms. Van Dijk et al. (2018) 
have identified three of them as the main forces shaping the dynamics of the ecosystem; they 
are: (1) datafication, (2) selection, and (3) commodification.

1. Datafication is about collecting vast amounts of user data and subsequently aggregat-
ing, disaggregating, unbundling and rebundling them into digital products. Datafication 
is potentially an excellent means to contribute to general well-being. It can improve 
traffic management, solve health problems, etc. The availability and accessibility of 
(real-time) data shared through open standards could contribute greatly to societal ben-
efits. Aggregated data sets may not only hold economic value but also public value. 
However, datafication has become one of the most contested issues in the field. Its 
vastness and complexity have been made possible by the tech giants’ holy grail of high 
technology. The problem lies in the fact that these operators usually capture, store and 
resell data without compensating the public. This monetization takes place well outside 
the reach of regulators, and users usually lose control over their data after having ac-
cepted the platform’s terms of service – hereafter, they become a proprietary asset. The 
movement of such large amounts of data (enabled by a handful of companies) makes it 
almost impossible to trace them and therefore there is little public accountability. How 
to make data traceable, their flows transparent, and bestow users with a better sense 
of ownership, are at the heart of the legal discourse around platforms.

2. Selection involves the mechanisms of filtering, ranking and personalization of data. 
Again, it is not intrinsically faulty; personalized healthcare, for example, can be very bene- 
ficial; but the very same mechanism can become detrimental for citizens if breaches in 
privacy lead to high rates for insurance for i.e. disabled persons.

3. Commodification is a mechanism that transforms data into economic value. In simple 
terms, this mechanism connects producers to customers, and importantly, advertisers 
to content. A myriad of monetization schemes shapes the “notoriously untransparent” 
practices of commodification (Dijk et al. 2018: 144). What complicates this simple mech-
anism is that corporate platforms often partner with non-profit and public players, and in 
so doing “render fluid the distinction between for-profit and non-profit, private and pub-
lic, free and paid for, infrastructural and sectoral, complementors and connectors – and 
between global, national and local markets” (Dijk et al. 2018: 144). The accountability 
discussion raises the question of governance: who is accountable to whom? Who has 
ownership over what (Annany/Crawford 2016)? However, even here, commodification 
could in principle also create public values, though the ubiquitous public value-based 
design of platforms is still a far-fetched ideal.

In all mechanisms we see the repeated need for new taxonomies of governance or regulation 
that will make transactions more transparent and accountable. Essential for the governance of 
these mechanisms is to rethink the principles according to which these socio-technical systems 
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are designed. It requires clarity about the values needed to inform the online systems (see 
Section 3.4).

3.3.4 POSSIBLE APPROACHES TO REGULATION: RULES-BASED OR  
PRINCIPLES-BASED?

All socio-economic activities take place within certain regulatory frameworks. These new types 
of commercial operators have exploited a momentary regulatory gap, which is currently be-
ing closed. The two main approaches to regulation are rules-based or principles-based (Stow-
el/Vergote 2016, Dijk et al. 2018, House of Lords 2019). Principles-based regulation focuses 
on outcomes, whereas rules-based regulation prescribes the format of compliance (House of 
Lords 2019: 14). An example of the latter are the data protection principles that underlie the 
General Data Protection Regulation (GDPR). These principles subsequently led to the GDPR’s 
guidelines, codes of practice and certification: a principles-based approach can help to estab-
lish a common understanding for addressing issues that cut across sectors and can provide a 
common framework for regulators, executive bodies, policymakers and lawmakers (House of 
Lords 2019: 14). Also, the rapid pace of technological development makes a principles-based 
approach seem more appropriate, because it creates a certain flexibility by setting out the 
standards and expectations of service providers.

A general principle that is gaining interest is the outcome-oriented principle of “public value” 
(for more, see 5.2). The House of Lords (2019) has broken down the general public value-centric 
approach into ten subgroups: (1) parity of equivalent outcomes online and offline, (2) account-
ability, (3) transparency, (4) openness, (5) ethical design, (6) privacy, (7) recognition of child-
hood, (8) respect for human rights and equality rights, (9) education and awareness-raising, 
and (10) democratic accountability, proportionality and an evidence-based approach (for more, 
see House of Lords 2019: 15). The aim of working with these principles is to help the industry, 
regulators, government and users work towards a common goal of making the internet a better 
environment that is beneficial to all.

A crucial topic for the governance of the platform society is the challenge of the digital divide. 
There are three main issues here. Firstly, concerning infrastructure, the world is far from having 
ubiquitous presence of the internet – even in highly industrialized countries many peripheral 
areas are still undersupplied. Secondly, concerning individuals, not only is the question of pur-
chasing devices to use Web 2.0 relevant, but so too are the competencies needed to manoeu-
vre in the cyber-physical space. When this fact is mentioned, if at all, it is usually labelled as the 
problem of the elderly, which it is therefore self-evidently assumed will fade away over time. 
This approach is to be questioned, as the progress in technological transformation, particularly 
in communication, is so rapid and complex that even the “digital natives” will sooner or later 
struggle to keep up with the speed of change and themselves turn into “digital immigrants”. 
Thirdly, the different use of the digital world does not depend on age or gender but on social 
position. The digital divide results on the one hand in the intensification of existing social ine-
qualities and on the other in the creation of new forms of inequality – in extreme cases it leads 
to groups’ exclusion from digital societies (Rudolph 2019). This may happen with growing fre-
quency, particularly if daily life is increasingly organized via apps (e.g. for access to mobility).
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3.4 DIGITAL TRANSPORT PLATFORMS

3.4.1 DATAFIED MARKETPLACES, PRICING AND TRUST

From the perspective of digital platforms, urban transport platforms can be seen as datafied 
marketplaces (Dijk et al. 2018), where data extracted from various infrastructural and personal 
sources are matched with specific mechanisms to meet demand with supply, while lowering 
transactional costs (Dijk et al. 2018). Datafied marketplaces are increasingly being created by 
both the private and public sector – leading to the convergence of all modes of transport (see 
Section 4 on MaaS). However, the playing field is far from equal, as the amounts of data owned 
by tech companies vastly outweigh the data streams collected or owned by the public sec-
tor. The unwillingness to share their data may lead to a potential conflict of interest between 
commercial operators and the common good of a well-functioning, integrated transit system.

Two important aspects of the datafied marketplace of digital transport platforms are pricing and 
the organization of trust. Pricing plays a central role in the transport business; however, it remains 
unclear whose interests are served: is it to increase net gain for the platform? Is it to optimize travel 
and waiting times for all passengers? Or is it to optimize travel for premium customers at the cost 
of other groups (Dijk et al. 2018: 81)? Trust is another key element for the success of transport 
platforms. Platforms vitally need trust and a good reputation to operate: an increasing number of 
users want platforms to assume more responsibility. Normative rating apparatuses used by com-
panies like Uber are well known. For CAVs, the trust systems will have to be engineered in dif-
ferent ways, for example by showing the degree of geographic coverage of a transport network 
company (TNC), or maybe how well they are serving structurally underserved areas.

3.4.2 GOVERNANCE: AN EXAMPLE OF AN ALTERNATIVE APPROACH

As many scholars have often pointed out, sharing models (including those for CAVs) will not 
automatically make transit systems more efficient for all social groups. In fact, the opposite will 
be the case if it is not governed with a comprehensive view. For example, ride-sharing services 
in New York have led to a fall in ridership of the metro since their introduction in 2016; conse-
quently, the average speed in central Manhattan fell by 12% from 2010 to 8.1 miles per hour in 
2017 (Fitzsimmons/Hu 2017).

Case study: São Paulo – Government as the central actor 
An interesting example of designing a comprehensive approach towards platformization of 
an entire urban transportation system can be witnessed in the megacity of São Paulo – a city 
notorious for being segregated with starkly unequal access to services. The city management 
of São Paulo is currently recalibrating the commodification of the urban mobility system and 
testing a novel transport concept. In a new proposed law, the local government will sell “cred-
its” to all network service providers that want to make use of the city’s infrastructure. For each 
kilometre driven, a TNC will have to buy mobility credits, which will be auctioned off on a pay-
as-you-drive model. These credits will be priced dynamically; for example, they will be made 
cheaper for providers offering public transport to the underserved, or for providing transport 
for disabled persons, to stimulate providers to serve a particular group of customers. They will 
also be used to promote certain labour market policies – for example, by reserving a certain 
amount of credits for female drivers.

This case study shows how public values can be incorporated into the conceptualization of a 
platform’s mechanism of commodification. The goal is to maximize the transport system’s effi-
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ciency from the point of view of public values rather than profit alone (Dijk et al. 2018). Findings 
from this large-scale experiment could be valuable for the widescale deployment of CAVs in 
the future.

4. THE CASE OF MAAS: PLANNING IN TIMES OF DEEP 
UNCERTAINTY

4.1 MAAS: BENEFITS AND CHALLENGES

Digitalization in the transport sector has brought about substantial changes to the incumbent 
transport industry. In particular, the way digital platforms are applied have significantly revolution-
ized mobility services: they provide new channels for travellers and service providers to interact 
and enable new business models and mobility services to emerge. Consequentially, the urban 
transport system landscape in cities around the world is transforming in ways that were unimag-
inable even a decade ago.

At the centre of this development is a new transport concept called “Mobility as a Service” (MaaS). 
MaaS is a transport concept that combines different transport services to provide travellers with 
a transport solution via a single interface. The available transport services are bundled togeth-
er and offered to users in exchange for a monthly payment or a pay-as-you-go tariff, similar to 
mobile phone services. It provides a demand-orientated mobility service that can be tailored 
and customized to meet users’ requirements (for reviews of MaaS, see Kamargianni et al. 2016, 
Jittrapirom et al. 2017, Pangbourne et al. 2018).

Arguably, the concept of providing mobility as a service even predates the automobile. With 
horse-drawn carriages, taxis, vehicle renting and sharing services, travellers could already ac-
cess and benefit from these modes of transport without having to own them. Also, efforts to bring 
together different modes of transport by amalgamating vehicles, schedules and payment under 
the notion of integrated transport has been ongoing for decades. Smart mobility concepts, which 
aim to implement the IoT in the transport system to enhance convenience, accessibility and better 
management of individual mobility services, are already prevalent and have become part of daily 
life in several cities. So, what is new and unique about MaaS?

The novelties that set it apart are twofold. Firstly, the principal focus of MaaS is in meeting trav-
ellers’ needs. MaaS seeks to combine existing advanced technologies to provide a layer of infor-
mation exchange that can seamlessly integrate these different modes of transport to provide a 
mobility service that caters to users’ needs (Finger et al. 2015). This focus is more explicit in MaaS 
than in the other previous transport concepts. In MaaS, each traveller is theoretically offered a 
range of mobility options, which are selected and optimized by a computer algorithm to best fit 
their needs. The provision of a single platform that combines all available modes will also ease 
accessibility and call attention to less familiar or new modes as well as the interchangeability 
between different modes.

Secondly, MaaS can bring together the positive attributes and characteristics of existing mobility 
concepts (e.g. sustainable, active and integrated mobility) to better manage the overall operation 
of urban transport systems (Wong et al. 2019). For instance, MaaS can contribute to the better use 
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of the available capacity by enabling supply and demand to match better, and allowing travellers 
to switch spontaneously from, say, congested systems of transport to those with more available 
capacity. Also, MaaS can deter travellers from private vehicle use with its “access instead of own-
ership” paradigm, and potentially offer sustainable and seamless mobility services.

These innovations can combine to offer an effective solution to address localized urban transport 
challenges (e.g. congestion, air quality, noise) and respond to the global challenge of the climate 
emergency. MaaS can also offer several short-term perks (e.g. convenience, health benefits and 
other incentives) required to encourage travellers to use a more sustainable and environmentally 
friendly mode through its personalization and integration with other sectors (e.g. retail).

Despite the many potential benefits, there are a number of challenging issues around the plan-
ning of MaaS. For example, it is still questionable whether the aforementioned perks are sufficient 
to alter travellers’ behaviour or whether it would need additional infrastructure to induce change 
– as the choice of mode is often argued to be rooted “in the human physiological structure” (Kno-
flacher 2007: 395). Moreover, “MaaS has considerable potential for deception” (Pangbourne et al. 
2019: 13), as the narratives around MaaS are largely dominated by private businesses that usually 
see it solely as a means to achieve higher levels of efficiency and convenience in the transport 
sector. While these arguments may hold, efforts must be made to bring about a more balanced 
discussion that examines other aspects, such as equity, sustainability and environmental impacts.

The role of the public sector will be absolutely crucial in ensuring the involvement of other stake-
holders, such as the civic sector, and in realizing the societal benefits associated with Mobility as 
a Service (Jittrapirom et al. 2018b). Although several public sector activities have been ongoing 
for a decade (see Box 1 below), more can be done to help the public to understand MaaS and 
encourage them to engage with the discourses that are currently still limited to tech companies, 
public service providers, academia and governmental organizations. The limited public involve-
ment may stem from the novelty of MaaS as a concept; however, only a broader engagement of 
citizens can turn MaaS into a valuable constituent of future urban landscapes.

4.2 PILOT PROJECTS AND SCHEMES OF MAAS: GOVERNMENT AS A CENTRAL ACTOR

The potential prospects of MaaS in solving urban transport problems have attracted the inter- 
est of public policymakers from around the world. The European Commission, for example, 
has been very active in stimulating activities associated with MaaS (see Box 1). At the member 
state level – particularly in Austria, Finland, Netherlands, Finland and the UK – there are lively 
discussions and initiatives around MaaS (Polis 2017).

Box 1: A selection of activities related to MaaS with government as the central actor

The European Commission declared 2018 to be the “Year of Multimodality” to empha-
size the importance of multimodality for EU transport systems and dedicated three key 
thematic areas to MaaS: digitalization, support for multimodal (physical and digital) infra-
structure and innovation, and legislative framework to protect passenger rights during 
multimodal journeys. The Commission also started to provide funding in 2018 to sup-
port the advancement of MaaS through several financial mechanisms, such as Horizon 
2020, Multiannual Financial Framework (MFF) and the new Framework Programme for 
Research and Innovation (FP9). Additionally, it also organized Digital Transport Days and 
the Transport Cybersecurity Conference for the first time in 2019. 
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In the Netherlands, MaaS has attracted keen interest from various parties. It is seen as 
a stepping stone towards building a sustainable and smart city, strongly driven by the 
promise of efficiency gained through new transport systems and the potential to create 
new business opportunities. In 2016 the MaaSifest task force was established, bringing 
together experts from various sectors to formulate action plans to accelerate the adop-
tion of MaaS (MaaSifest n.d.). The Dutch central government and the Ministry for Infra-
structure and Water Management have also shown interest in MaaS as an alternative ap-
proach to solving transport congestion alongside investment in infrastructure and public 
transportation. Several initiatives have been launched to support this ambition and to 
accelerate its realization. They include the implementation of projects, such as SCRIPTS 
in 2016 and the initiation of market consultations on MaaS in 2017. A tendering process 
in 2018 followed the latter for pilot projects in seven regions – Amsterdam, Eindhoven, 
Limburg, northern provinces, Rotterdam, Twente and Utrecht – several of these pilots are 
underway as of 2020. 

In Finland, the active governmental support for MaaS is led by the Finnish Transport 
Agency, which published a report on MaaS in 2015. In 2016 the Helsinki Regional Trans-
port Authority (HSL) agreed on a cooperation with Whim, a MaaS platform, to sell its 
single-journey ticket through its platform (HSL 2016). This agreement was the first of its 
kind in a real-world operational setting. The following year, the Finnish government pub-
lished a new act on transport services, with the aim of creating the preconditions for the 
digitalization of transport services and new business models. The act consists of three 
components: (1) the provision on the interoperability of data and information systems 
(came into force on 1st January 2018); (2) provisions for air, maritime and rail markets 
and the opening up of data and regulation of transport registers; and (3) a reflection on 
the act’s objectives of creating digital services. This act was adopted as of 1st July 2018 
(Vayla 2018). 

The government of the United Kingdom, headed by the Department of Transport, com-
missioned a study on MaaS to examine its feasibility for London in 2015 (Kamargianni et 
al. 2015). The study found that the application of MaaS would bring potential benefits to 
transport operators, and that it would outweigh the potential costs. Subsequently, the 
government called for a roundtable discussion on MaaS in 2017 (Governement Office for 
Science 2017) and thereafter launched a formal inquiry into the subject (Parliament 2017). 
Currently, there are several MaaS research projects running in the UK (e.g. MaaS4EU 
and Pro-MaaS by MaaS Lab). This also includes the operation of the Whim service (see 
Finland) in the Midlands region of the UK. 

In Japan, the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) and the Min-
istry of Economy, Trade and Industry (METI) launched a Smart Mobility Challenge Promo-
tion council in 2019. The commission brought together local authorities, private business 
and other related institutions to discuss the potentials and opportunities of new mobility 
services in Japan. Later that year, the council called for a public tender and selected 19 
advanced MaaS pilot projects with a total value of ¥3.1 billion (approx. €25 million). The 
19 projects can be classified into MaaS for suburban, rural and depopulated areas, and 
also for tourism. Several of them have been in operation since late 2019 and are expect-
ed to continue till the end of 2020. 
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4.3 PLANNING MAAS DURING DEEP UNCERTAINTY

The pilot projects conducted in different countries have provided the first indications of the 
necessary preconditions for implementing MaaS on a large scale, as well as the quantification 
of possible impacts of MaaS on the performance of the transport system in general. However, 
these indications are still too limited in number and often too case-specific to allow broad gen-
eralizations. There is still a high degree of uncertainty surrounding MaaS as to how it should 
be implemented, and what the real benefits would be from its large-scale rollout (Jittrapirom et 
al. 2018a).

The level of uncertainty is high for several reasons. Firstly, knowledge about this novel trans-
port concept is still limited. Several of the issues shaping the ongoing debate revolve around 
the ambiguities underlying the precise definition of the service, its overall effect on the urban 
transport system, and the uncertainties regarding users’ and stakeholders’ acceptance. The 
second dimension concerns the complexity of the urban transport system, which stems from 
the interconnectivity and interoperability of the entities within the urban system (Kölbl et al. 
2008). The complex entanglements between these different entities make it difficult to predict 
future behaviours resulting from any single intervention (Pojani/Stead 2015, Jittrapirom et al. 
2017). Thirdly, the evaluation of the outcome of interventions by decision makers can be uncer-
tain. Although these outcomes may be forecasted with some certainty, the inherent subjectivity 
of their evaluation can be influenced by contingent factors, such as public mood at the time 
of measurement. Finally, uncertainties associated with external forces play a significant role. 
Specific forces, such as demographic development, can be forecasted with some accuracy us-
ing past data, whereas other forces, such as national economic development or other surprise 
events (i.e. a black swan), are more difficult to predict. Researchers are addressing these un-
certainties by adapting appropriate planning techniques, for instance, robust decision-making 
(RDM) and Dynamic Adaptive Policy Pathways (DAPP; see Haasnoot et al. 2019, Lempert 2019, 
Walker et al. 2019).

Dynamic Adaptive Policy Pathways 
A promising alternative to the orthodox planning technique that has been suggested in view 
of developing MaaS is Dynamic Adaptive Policymaking (DAP), which deals with uncertainties 
by assuming that they can be predicted with some accuracy using statistical or scenario-based 
approaches. The DAP approach first allows policies to be developed for novel concepts using 
available information and then focuses on reducing uncertainties during their implementation 
through monitoring and adaptation processes. It helps policymakers to deal with deep uncer-
tainties regarding contested opinions and mental models of those involved in the planning 
process when those policy makers have no previous experience to draw upon (see Jittrapirom 
et al. 2018a for how DAP is applied to MaaS planning). However, there are several drawbacks of 
DAP. As a “predict and act” method, it is based on explorations of past experiences that may be 
limited in dealing with the implementation of MaaS. For instance, its development process often 
involves a limited group of experts, potentially restricting the perspectives and the comprehen-
siveness of the plan. Also, there are challenges in implementing the approach in practice, which 
includes dealing with complex and contested issues and establishing the trigger points for the 
complex system. Moreover, it needs to take into account the implications of institutions and 
governance (Bosomworth et al. 2017). Finally, DAP requires additional techniques to calculate 
the costs involved in shifting between different plans of the adaptive pathways (Haasnoot et al. 
2019). Some studies have sought to address these weaknesses by combining DAP with compu-
tational simulation (Hamarat et al. 2013) and some by involving groups of different experts (Pas 
et al. 2012). Yet another study combines DAP with the Delphi method, an anonymized way to 
systematically capture the opinion of a group of experts (Jittrapirom et al. 2018b).
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5. WHAT DOES THIS MEAN FOR CAVS?

5.1 COMPREHENSIVE PLANNING

As researchers have repeatedly pointed out, if unregulated, CAVs and other new mobility solu-
tions – such as car-sharing, ride-sharing and ride-hailing services – are expected to make cars 
even more appealing and hence possibly draw passengers away from (existing) public trans-
port systems (EU Science Hub 2019). Therefore, how to design a comprehensive transport sys-
tem will remain the key challenge for mobility management. If a country or a city administration 
is willing to deploy CAVs while simultaneously subscribing to progressive policies of making 
transport cleaner and more equitable than its car-centred present, then it will have to engage 
with research and the political questions of planning that address questions revolving around 
(a) how to minimize the risks of implementing new mobility services by instigating dynamic 
forms of adaptive policymaking, (b) how to steer digitalization in a democratically, socially and 
ecologically sustainable direction, and (c) how to create a value-centric and public interest-ori-
ented platform society. 

5.2 PUBLIC VALUE-CENTRIC DESIGN: THREE CRITICAL QUESTIONS

As already hypothesized, in view of current trends it is highly likely that transport services for 
CAVs will be offered via platforms or platform ecosystems of some sort. It can be assumed that 
the conflicts arising from these future platforms will be very similar to those existing today. For 
example, despite the obvious differences, the ongoing legal battles fought between legacy taxi 
firms and Uber are likely to be no different from those potentially fought with CAV platforms if 
they threaten the order of existing labour markets, hide under the radar of sectoral legislation 
or undermine other aspects of public interest. Given the situation that the “implementation of 
platforms in society triggers a fierce discussion about private benefit and corporate gains versus 
public interests and collective benefits”, and that “many platforms have grown surprisingly influ-
ential before a real debate about public values and common goods could get started” (Dijk et al. 
2018: 3), the question that appears to lie at the heart of political commitments and the design of 
future CAV platforms is how they can incorporate public values and benefit the common good. 
This will mean that governments and regulators will first have to comprehend the intricate ways 
in which public values are contested or eroded through the practices of platforms, and then find 
a broad consensus about the principles that could shape their regulation (Stowel/Vergote 2016). 
Scholars such as van Dijk et al. (2018) and governmental bodies like the House of Lords (2019) 
have suggested conceptualizing the principle of a “public value-centric design” of the platform 
society as a whole. The question lying at its core is: in what kind of society do we want to live in 
the digital age? This seemingly lofty and philosophical inquiry quickly becomes tangible when 
coders actually start designing the platform’s algorithms. Consciously or unconsciously, they 
build values into their designs – be they corporate, commercial or in the public interest.

The first question that arises in this context is: what are public values and which of these values 
do specific societies want to uphold (see also Section 3.3.4)? Moore (1995) describes public 
value as the value that an organization contributes to society to benefit the common good. 
As Bozeman (2007) says, the common good can be translated into a number of propositions 
that are achieved through collective participation in forming a shared set of norms and values. 
Public values may include privacy, safety, security, accuracy, etc. They may pertain to broader 
societal effects, such as fairness, accessibility, affordability, inclusiveness, democratic control 



453 | PART IV – GOVERNANCE – ARTICLE 20

or accountability. Also, public values are site- and case-specific, i.e. the values upheld in rural 
Japan may be very different from those in rural Germany. Public values are also ideologically 
variable and defining them is not the sole privilege of the public sector. Depending on the 
specificities of the country, this may imply the simple act of rereading and reemphasizing the 
values already inscribed in the respective nation’s constitution. A challenge that would remain 
for governance is how public values can be advocated and the terms for their implementation 
negotiated. It is quite evident that there will be no globally universal recipes for their negotia-
tion. Articulating which values are contested by whom and in which context may help to shape 
the current platform ecosystem in ways that will make it more responsive to public concerns. 
As mentioned in the section on data-driven urbanism, the governance of platforms will need 
a whole-of-government approach and the involvement of all relevant stakeholders in society.

The second question that follows is: who will be responsible for anchoring these public values 
in the platforms and which institutions could oversee the regulation? Besides the need for col-
laborative action among transnational actors to regulate the global ecosystems of infrastructure 
platforms, it will be local actors who will play an essential role in keeping an eye on the private 
sector. An effective way to meet this challenge might be to turn governments into central actors 
in the platform society. They could themselves become developers of comprehensive platforms 
centred on public values and collective goals, such as aspired to by the local government of 
São Paulo (see 3.3.2). Overseeing the regulation can perhaps also be undertaken by independ-
ent third-party institutions like civic watchdogs installed by civil society.

The third question is: how can public values be anchored in platforms? The main concern of 
a value-centric design of the platform society is how to retool the current platform ecosystem 
by tilting its underlying mechanisms towards “societal valorization” (Dijk et al. 2018:146). This 
broadly entails redefining the meanings assigned to the technology, implying that the action 
needed will be as much technological as sociopolitical. Since the 1980s schools of thought 
– such as science and technology studies (STS), actor-network theory (ANT) and social con-
struction of technology (SCOT) – have pointed to the effects of broader societal factors in the 
development of science and technology (Pinter 2008). Contrary to technological determin-
ism, they have shown with different theoretical underpinnings how technology is shaped by 
complex interactions between numerous vectors of interest and trajectories of change. In this 
coevolutionary process, the pace of digitalization – mainly driven by corporate players with a 
technocratic view of the world – is creating an immense lag in the formulation of complementa-
ry rationalities and alternative narratives. Efforts to deploy the digital products in a democratic 
direction will need to broadly anchor democratically endorsed narratives that simultaneously 
denote technological and ethical elements – such as “ethical technology”, “urban commoning”, 
“open data”, “open-source ecologies” – in the mindsets of regulators, politicians, stakeholders 
and society at large. The technological anchoring and algorithmic translation will follow, or 
rather, coevolve with the wider context of sociocultural, political and environment discourse 
(Pinter 2008). It will be the result of a multi-institutional endeavour involving the nexus of public 
discourse, policy measures and technological fixes.

6. CONCLUSION

This paper has explicated the systemic interlinkages currently unfolding between the emerging 
practices of the data-driven city and digital platforms. It took MaaS as a case study to exemplify 
the insecurities arising in the planning of mobility services offered through a digital platform. 
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The choice of these foci for this review was based on the assumption that CAV-based services 
will be offered via digital platforms of some sort in the future and that this will take place in a 
data-driven city. The article has shown how the urban is being reframed by the conceptualiza-
tion of the city as a crucible of data that have to be extracted in every way possible (data-driven 
city). The main tenets of this belief are based on the conviction that all urban processes can 
and should be measured and monitored, and all urban malfunctions can be treated as technical 
problems. This understanding of determinism and linear logic has been questioned since the 
failures of the urban modelling of the 1970s, with the critique of Forrester’s model (Gray et al. 
1972) and, among others, the classification of Lowrin models (Li/Gong 2016). Also, increasing 
social diversities are excluded from these models and the general understanding of human 
behaviour is reduced to rational behaviour only (“homo oeconomicus”).

Further, this paper has shown how the convergence of the physical (spatialities) and the digital 
(codes) are creating a new kind of cyber-physical reality that is profoundly transforming the 
academic and managerial imaginaries of the urban. It has been argued that in order to create 
(socially responsible) mobility services with CAVs, it will be essential to understand the dynam-
ics of these emerging hybrid landscapes. The authors sketched out a mental map of a fourfold 
process which, according to them, depicts the incessant production of the cyber-physical land-
scape in the data-driven city. This fourfold movement constitutes (a) the extraction of data from 
cyber-physical space, (b) the storage of data, (c) the analysis and construction of meaning out 
of these data and their simultaneous transformation into value in the form of services, and (d) 
these services augmenting the materialities of everyday life. The socio-technical formations 
of digital platforms play a key generative role in the production of these cyber-physical land-
scapes, while MaaS or CAVs play constitutive roles.

Moreover, this paper has demonstrated that digital platforms are shaping the process of digital 
transformation in profound ways. They are rapidly transforming the entire field of urban ser-
vices – from news to education, from entertainment to health. Mobility services will play a key 
role in this newly evolving real-virtual landscape, including services offered around CAVs. It is 
evident by now that the city of the future will increasingly be built on digital platforms and apps. 
After effecting radical changes in the business sector, online platforms are now steadily chal-
lenging the structures, organizations and institutions of the state (government); the relationality 
of power flowing through the networks of state, market and civil society (governance); and also 
the techniques, procedures, programmes and strategies of state and non-state agencies that 
are shaping citizens’ conduct (governmentality; Pieterse 2008, Jessop 2004).

While acknowledging the weight of the global framing conditions of politics, technology, the 
economy and societal change, the main conclusion of this paper is that the outcome of the dig-
italization and platformization of public services is neither entirely predetermined, nor is the fu-
ture locked in by solely entrepreneurial logic or the spectre of surveillance. It is still possible for 
national governments and societies to envision a digital social order that reflects a democratic 
and equitable direction based on public interest, and to implement these novelties in adaptive 
manners that enable quick feedbacks of the lessons learnt. This can be achieved if the relevant 
actors (a) precisely understand the legal engineering and intricate mechanisms of commercial-
ly operating platforms, and (b) strive to incorporate public values and collective interests into 
the architecture of these digital formations, practices and routines. Promising experiments in 
the field substantiate this possibility. Public values include the fight against the many forms of 
digital divide (see 3.3.4).

Policy recommendations will have to move with care and reflexivity, because cutting through the 
vicissitudes of the emerging cyber-physical world means taking paths as yet untrodden. Seeing 
the current platform ecosystem being predicated on an architecture shaped overwhelmingly by 
economic values and corporate interests, and given the complexities of the presumably highly 
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heterogeneous landscape of future service providers operating with diverse logics and inter-
ests, it is realistic to conceptualize a regulatory framework that clearly defines principles while 
leaving space for local adaption. The coordinates that anchor the authors’ recommendations 
revolve around the principle of public values. Depending on the political specificities of the 
country, this may imply the simple act of rereading and reemphasizing the values already in-
scribed in the respective nation’s constitution. The question lying at the centre of political com-
mitment and the critical design of future platforms is: how can platforms incorporate locally ne-
gotiated public values and benefit the common good? The main lesson learned from the global 
discourse around digital platforms is that while platforms may enhance personalized benefits 
and economic gain, they simultaneously put pressure on collective means and public services. 
The fact that the activities of platforms do not automatically translate into public benefits is the 
main issue of contention. Public values are at the centre of a struggle over a more equitable 
and democratic platformization of society as a whole, of which mobility, health, education and 
other aspects of urbanism are subsets. From this it can be inferred that the key concerns for 
new governance models for CAV platforms will revolve around the following questions: (a) how 
will online platforms penetrate a specific transport sector, (b) how are the sectoral platforms 
embedded in the platform ecosystem as a whole, (c) which site-specific public values are iden-
tified, (d) how is their implementation negotiated, and (e) who will oversee their regulation? 
From the perspective of transport planning, a comprehensive approach and dynamic forms of 
adaptive policymaking and dynamic adaptive planning can address the looming danger that the 
deployment of personalized transport systems, such as MaaS, or potential future CAV platforms 
may bring and maximize the risk of decreasing inclusive public transport services or reduced 
affordability.

Governments have always negotiated with commercial parties to design regulatory frameworks. 
To build a trustworthy global platform ecosystem, they will have to distribute responsibilities 
among the market, state and civil society (Dijk et al. 2018). They will need a multi-stakeholder, 
multi-sectoral and, essentially, a multinational approach that will require a rethinking of social 
contracts based on equality and solidarity on a global scale. If countries want to protect their 
democratic values, build more equal societies, and if they believe that only the free flow of 
information can build a healthy society, then creating governance models for a responsible 
platform society will have to be a key agenda for governments in the 21st century. 

This review made it evident that the myriad manifestations of the digital revolution will not only 
radically change the imaginaries of the city, but also the foundations of the socio-technical  
order of human civilization at large. In times of unprecedented corporate power, the digital 
space – initially conceptualized as a commons – shows signs of becoming both a splintered 
arena with an unequal distribution of power, resources and services, and a real-virtual place 
for geopolitical, ideological, technological and legal conflicts – carried out mainly between the 
USA, the European Union and China. In the maze of competing critical perspectives on the po-
tential of an equitable future for the internet, views mainly oscillate between two poles: those 
with a pessimistic view based on the belief that on every conceivable front of digital change 
lingers the superior cunning of a system that is merely reinventing and perpetuating the exist-
ing conditions of inequality and exploitation; the other, more optimistic view is based on the 
belief that after a phase of initial disorientation and legal vacuum when it comes to regulatory 
mechanisms, rational policy agendas will incrementally stipulate the conditions of the digital 
world and make it – and by extension the real-virtual space it governs – a more equitable place.

While this paper was being completed, the world was being ravaged by Covid-19. One conse-
quence of this unprecedented magnitude of disruption in the modern world was unquestiona-
bly the rapid acceleration of digitalization. While the world was rapidly moving its activities into 
the virtual world, the debate on basic human rights flared up, as country after country in the 
democratic world attempted to suspend citizens’ rights to privacy by deploying digital platforms 
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to track and trace infected persons. In rare cases, civil society was involved in the process of 
designing these apps. At the end of the crisis, studies will show which countries could both re-
spond aptly to the crisis and inscribe democratic values into their spontaneous digital respons-
es. In late March 2020, while the virus was in full swing, a UK delegate to the UN’s International 
Telecommunications Union (ITU) said: “Below the surface, there is a huge battle going over 
what the internet will look like” (FT 2020). It will be of utmost importance to bring this battle 
to the surface of public discourse and create a broad and constructive debate on the future of 
the cyber-physical world. The stakes are high: do we want a greener and fairer world or do we 
accept a more unequal one? Do we want an urbanized world of openness and transparency or 
a world of surveillance and authoritarian control?
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