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Abstract

Autonomous vehicles are often discussed as a desirable development in the future of transport
with great potential improvements on emissions, congestion and safety. This raises the question
whether autonomous vehicles could potentially make a centralized public transport obsolete.
The thesis begins by discussing different opinions in the current literature regarding the positive
and negative impacts of autonomous vehicles on urban mobility. It continues by developing
four scenarios for the future of mobility. These are discussed in several expert interviews. In
conclusion, public transport will potentially remain an important urban mobility mode and

autonomous vehicles will support rather than replace it.
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1 Introduction

The development of autonomous vehicles is one of the major trends in modern technology.
Some see it as a potential solution to today’s greatest challenges in urban mobility, e.g.,
congestion and environmental pollution (Eugensson et al., 2013). In the past, the best response
to these challenges has been public transport, since it saves resources like infrastructure space
and fuel per passenger compared to regular cars. However, some consider autonomous vehicles
as having the potential to combine the advantages of individual mobility and public transport
and, therefore, to make public transport lose its unique selling point (VDV, 2015). Very
recently, the ongoing COVID-19 pandemic sets public transport modes under additional
pressure (Bliss, 2020). This thesis aims to develop a better understanding of the impact of
autonomous driving technology on urban mobility. It analyses which role autonomous road
vehicles will play in solving today's’ challenges in mobility and whether they will have the
potential to replace public transport as our best response to these challenges. The thesis is
structured as follows: Chapter 2 highlights four major challenges in the context of mobility that
should be considered when trying to answer the question which mobility modes will dominate
in the future. In chapter 3, future trends that have the potential to influence urban mobility
substantially are explored. Chapter 4 develops four scenarios for future urban mobility, and
chapter 5 further discusses these scenarios with the help of expert interviews. Chapter 6

concludes. Additional figures and tables can be found in the appendix.

2 Four concerns in mobility

The United Nations projects that by 2050 the world population will exceed 9 billion people
(United Nations, 2019a). In the same time, it is estimated that the number of cars will increase
from 700 million today to over 3 billion by 2050 (European Commission, 2009). Looking

towards Europe in 2050, it is projected that 83,7% of Europe’s citizens will live in cities (United



Nations, 2019b), and, therefore, increase demand for mobility which stresses existing
infrastructure. The need for different mobility concepts is, therefore, strong (European
Commission, 2009).

When thinking about the future of mobility, one might conclude that the most successful
mobility modes will determine urban travel. In the course of that, the question about the context
of successfulness arises. On the one hand, companies working in the mobility sector typically
evaluate business models for monetary profitability while focusing on customer demand and
convenience. On the other hand, negative externalities arise through mobility, from which the
heaviest weighting are environmental pollution, congestion, and traffic fatalities. These cannot
be left out when evaluating different modes of mobility for their successfulness (European
Commission, 2001). “(...) There is a permanent contradiction between society, which demands
ever more mobility, and public opinion, which is becoming increasingly intolerant of chronic
delays and the poor quality of some transport services.” (European Commission, 2001, p. 6).
Balancing out the social costs of mobility is the objective of EU mobility regulations (European
Commission, 2001), (European Commission, 2007b). The successfulness of mobility solutions
should, therefore, not be evaluated by pure monetary aspects but also from global, society
driven benchmarks that will eventually give a hint for the requirements that will make mobility
modes successful in the future. For the scope of this thesis, | identified four concerns from the
present literature that are impacted by mobility: Environment, Congestion, Safety, and

Convenience.

2.1 Environment

Road transport alone is responsible for 20% of all European Union’s greenhouse gas emissions
(EEA, 2018), 40% of CO2 emissions, and 70% of other pollutants (European Commission,
2007a). By targeting a greenhouse gas emission neutrality by 2050, the EU estimates a required

90% reduction of emissions coming from transport (European Commission, 2019). Comparing
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emissions per passenger between public transport and individual car travel shows that public
transport modes are more efficient. Figures published by the German federal environment
agency (Umwelt Bundesamt, 2020) compare the emission categories, with respect to average
occupancy.

Table 1: Vehicle Emissions, Values in g/pkm (Umwelt Bundesamt, 2020, Appendix 1)

(Passeng\e/fsr}g":iupancy) Car (1,5) Bus (19%)  Light Rail (19%)
Greenhouse Gases 147 80 58
Carbon Monoxide 1 0.06 0.04
Volatile Hydrocarbons 0.14 0.03 0.00
Nitrogen Oxides 0.43 0.32 0.05
Particulates 0.007 0.005 0.002

Next to environmental harm, traffic-related air pollution has been associated with a wide range
of health effects on humans. Exhaust pollutants as well as secondary pollutions from tires and
breaks are known to negatively impact human health in a great variety, for example respiratory

diseases, cancer and cardiovascular effects (Matz et al. 2019).

2.2 Congestion and economic competitiveness

In many European metropoles, traffic has become a recognizable challenge that increases travel
times and causes congestion. For instance, in 2017, the average driver in Lisbon and Berlin has
spent 22 and 44 hours respectively, stuck in traffic jams (Statista, 2018). Long travel times do
not only cause inconvenience for drivers but also come hand in hand with increasing economic
costs. The yearly external costs of traffic congestion in the EU are estimated to sum up to 110€
billion caused by delay costs in different vehicle categories (European Commission, 2012). As
Hartgen and Fields (2009) state, the reduction of traffic could regionally increase workers’

productivity by up to 30%. Ultimately, traffic congestion imposes the risk for Europe to lose



its economic competitiveness (European Commission, 2001). Improving traffic flow is,
therefore, in the interest of individuals as well as society.

Calculations show that a car driving 30 km/h requires 65mz2 street space per passenger (1.4
passengers on board), while a bus uses 8 mz2 and a tram 5m2 per passenger, each with 20%
occupancy (Randelhoff, 2014, Appendix 3). These occupancy rates are also backed by VDV
(2019). The gained space on roads enables traffic to flow smoother and faster. Hence, public
transport creates a congestion-relief relatively compared to cars under the current predominant
occupancy rates (Adler and Ommeren, 2015). Furthermore, traffic congestion plays an essential
role towards environmental impact. Following the findings of Zhang and Batterman (2013),
faster traffic flow improves air quality since vehicle wind turbulences increase dispersion of
pollutants. Due to increased average vehicle speed, passengers' exposure to low quality air is
reduced. This decreases negative health effects for commuters and people living close to major
urban roads. Overall, reducing congestion reduces economic costs, environmental harm, and

health effects.

2.3 Safety

In the past years, fatalities caused by traffic accidents constantly declined. However, road
accidents accounted for 25,600 deaths and 1,4 million injured people in 2016 (European
Commission, 2018a). General traffic safety is highest in public transport compared to other
land transport modes. The European Annual Accident report shows that in 2016, 113 fatalities
accounted for busses and coaches and 12000 for car and taxi drivers and passengers (European

Commission, 2018a).



Table 2: Passenger fatalities in the EU per billion pkm. 2011-2015 (European Union Agency for Railways, 2018)

User Fatalities per billion passenger-km
Railway passenger 0.1
Bus / Coach occupant 0.225
Car occupant 0.267
Car driver 1.820
Car passenger 0.850

Taking into account the passenger kilometer traveled for each transportation mode individually,
it can be seen that the safest travel modes are among public transport. Trains being 2.25 times
safer than busses and 18 times safer than actively driving a car (European Union Agency for
Railways, 2018). Busses are still 8 times safer than actively driving a car. However, considering
this data should not be done without caution about the limitations which emerge from the
relatively short evaluation period over 5 years (European Union Agency for Railways, 2018).
Still, from the total 25,600 road fatalities in the EU, 25% are alcohol-related, 30% account for
speeding (European Commission, 2016), and a growing cause is distraction by mobile devices
(European Commission, 2018b). Overall, 90% of road accidents are caused by human error
(European Commission, 2016). In order for the EU’s to reach its zero-fatality target by 2050
(“Vision Zero”) (European Commission, 2018b), a significant change in traffic safety is

required.

2.4 Convenience and travel time

Mobility modes’ convenience and attractiveness are important since they are linked to
passenger wellbeing and commuting choice. If convenience and satisfaction with the commute
are high, the perceived travel time reduces (Wardman, 2014). In the transport euro barometer,
27% said they would use PT more if it is more frequent, and 25% said they would use PT more
if it is cheaper (European Commission, 2014), which indicates that people care about time and

money of their journey.



Comparisons of travel times in European cities between public transit and car rides often show
similar results (Salonen, Toivonen, 2013). A study performed in the city of Helsinki in Finland
shows that public transport rides take at least 1.62 times longer than car rides (Salonen,
Toivonen, 2013), although the city offers a highly reliable and innovative public transport
system (Deloitte, 2018). Reducing travel time (Chatterjee et al., 2020) and increasing
predictability (Evans, Wener, Phillips, 2002) has generally been found to reduce commuting
stress. Although, longer travel times have been found to cause lower satisfaction among
commuters (Olsson et al. 2012), St-Louis et al. (2014) found that travel time alone is not
sufficient to measure satisfaction. Other subjective factors (individual preferences, social
environment) and objective factors (trip characteristics) also play a role. Therefore, the travel
mode also influences commute satisfaction (St-Louis et al. 2014). The lowest level of
satisfaction was found among public transport users, while car users reported relatively high
satisfaction, argued because of independence, joy, and prestige. A way to quantify commuters'
perception towards mobility modes and the commute in general is the value of travel time
saving (VTTS). It is defined as the amount of money the individual is willing to pay to save an
extra unit of travel time (Jara-Diaz, Button, Hensher, 2000). It does not only take into account
the travel costs but also, e.g., comfort and satisfaction during the trip. A high VTTS indicates
passengers' low satisfaction with the transport mode or the overall commute. Generally, it was
found that VTTS increases with the distance of the commute (Shires, Jong, 2008). However,
no homogeneous results were found between transportation modes (e.g., between car and public
transport) (Kolarova et al. 2017), and even within the same transportation mode, different
VTTS can be found. E.g., Mackie (2003) found lower VTTS for car passengers than for drivers.
Understandably, passengers seem to prefer short, convenient, and predictable trips that play

well for their satisfaction and wellbeing. Despite the negative impacts of today's traffic



situation, considering passengers' attitudes towards different mobility modes is important when

developing the future of transport.

3 The future of urban road mobility

This Chapter highlight some of today’s technological trends, that are likely to impact transport

in the next decades.

3.1 Autonomous road vehicles

Autonomous road vehicle technology is currently still in development and testing phases

(Hawkins, 2017). Autonomous trains on closed networks, however, are already feasible today.

From the new planned metro projects, 48% are expected to be autonomous in 2022

(Briginshaw, 2019). A common terminology for the six levels of autonomous driving is

provided by SAE International by the level of driver intervention (SAE, 2018).

Level 0 —

Level 1 —

Level 2 —

Level 3 -

Level 4 —

Level 5 —

No Driving automation: Driver undertakes all operations; can be assisted by

safety systems

Driver Assistance: System can steer or accelerate and brake but not both at the

same time. The driver performs the rest of the driving.

Partial driving automation: The vehicle can steer, accelerate and brake. Driver
needs to supervise all systems and decide when engagement or disengagement of

automation systems is appropriate.

Conditional Driving Automation: System performs entire driving task while

engaged. Human driver needs take over control when the system requests him to.

High Driving Automation: The systems perform all driving tasks within its
capabilities and only disengages after it evaluated for minimal risk conditions. A

human driver does not need to be in the vehicle.

Full Driving Automation: The vehicle performs the driving under all conditions
that a human driver would be able to manage. A human driver does not need to

be in the vehicle.



Autonomous Vehicles have the potential to significantly impact the four concerns in mobility.

However, literature sees controversial effects in autonomation technology.

Implications on environment

The environmental impact of autonomous vehicles is controversial. Berry (2010) shows that
eco-driving techniques performed by a human driver (upshifting, avoiding high engine speeds,
anticipating traffic, etc.) can lead to up to 25% of fuel-saving in the short term. Autonomous
vehicles, permanently following these rules of eco-driving techniques, may be able to maintain
the fuel-saving effect in the long term (Wadud, MacKenzie, Leiby, 2016). While paying
attention to eco-driving is highly effective in urban areas with high stop-and-go traffic,
platooning (vehicles driving in short distance to each other), pays out mainly on highways.
Automating vehicles enables them to minimize safety distances, which reduces aerodynamic
drag and could reduce energy consumption between 3% and 25% (Wadud, MacKenzie, Leiby,
2016).

Further, a study by Stern et al. (2018) used automation driving technology to smoothen stop-
and-go traffic and showed an overall reduction in fuel consumption by 42,5%. So, the extent of
the environmental impact depends on the use case of autonomous driving technology. SAE
(2017) estimates that the combination of autonomous vehicles as first/last mile service
combined with public transport could reduce energy consumption by up to 37% compared to
personal vehicle travel. Furthermore, could the current burdens of alternative fuels (e.g., long
charging times of battery electric vehicles) disappear, since autonomous vehicles could drive
to a charging station without the driver's time and effort (Wadud, MacKenzie, Leiby, 2016).
However, controversial effects are possible. Autonomous cars make individual mobility
accessible to users that were previously excluded, e.g., young and older people without a

driver's license. (Wadud, MacKenzie, Leiby, 2016) estimates that these additional user groups



will account for an increase of 2-10% in personal vehicle travel. Furthermore, they see an
overall 4-60% increase in light duty travel due to reduced costs of travel time (see Convenience
and Travel Time), depending on the level of automation and the changes in cost of travel time,
which could set off the gains in emission savings. Therefore, the overall environmental effects
of autonomous cars are not straight forward, depending on the individual scenario and, in the

general sense, on the level of automation (Wadud, MacKenzie, Leiby, 2016).

Implications on congestion

Autonomous driving technology potentially has a remarkable impact on congestion. A study
by (Stern et al., 2018) shows that already simple automation technology improves traffic flow
and congested road situations. Enabling the velocity control system of one of 22 vehicles
already shows improvements in the traffic flow around it. The study states that adaptive cruise
control systems that are already available in some modern vehicles have a significant impact
on traffic flow and road capacity and increased road throughput by 14.1%. The safety
improvements connected to autonomous vehicles are projected to reduce congestion by 4,5%
due to lower crash frequency (Taiebat et al., 2018). However, the potential increase of overall
travel of up to 60% (Wadud, MacKenzie, Leiby, 2016), could also be harmful to the congestion

improvements due to automation.

Implications on Safety

Autonomous vehicles take out the human error component while driving and, therefore, have
the potential to reduce road accidents by up to 90%, which gives them a key role towards the
EU’s vision zero (Eugensson et al., 2013) and (Fagnant, Kockelman, 2015). However, the
extent of the exact safety impacts of autonomous vehicles is unknown yet, since they are still

in development- and testing phases. Obtaining the safety improvements by performance
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observation is unlikely since vehicles would have to travel hundreds of millions of miles over
the next tens or hundreds of years to make it comparable to human driver performance.
Therefore, other measures have to be found to demonstrate safety improvements (Kalra,

Paddock, 2016).

Implications on convenience and travel time

Since passengers in high-level autonomous vehicles (Level 4 and 5) do not need to focus on
driving and can engage in other activities, their time perception for autonomous rides could
differ from non-autonomous rides and public transport (Kolarova et al. 2017). Autonomous
technology has the potential to remove the disadvantages of non-autonomous cars at the
expense of public transport (Wadud, Huda, 2019). A study by Kolarova et al. (2017) indicates
a less negative perception towards travel time in an automated vehicle than in a regular car,
especially when it was private and not shared. Wadud and Huda (2019) conclude that VTTS
tends to be lower in autonomous vehicles than in driver-controlled cars. The extent of change

in VTTS is believed to depend on the activity people engage in during the ride.

Sharing replaces owning

Another potentially high impact of autonomous vehicles regards the sharing habits of people.
Most of the cars today are unused throughout 96% of their life (Duarte, Ratti, 2018). An
opportunity to increase utilization and decrease the total number of cars is provided by
autonomous vehicles that allow a more efficient way of sharing (Burns, Jordan, Scarborough,
2012). Although shared vehicles are defined in (Burns, Jordan, Scarborough, 2012) as “used by
several people throughout the day rather than being used exclusively by single individuals(..)”,
the term sharing applies, in an automated vehicle context, to car-sharing (different users share

the same car throughout the day but not necessarily at the same time), ride-sharing (multiple
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passengers share the same vehicle during a trip or parts of the trip, e.g., UberPool) and ride-
booking (passengers book a vehicle that picks them up and brings them to a destination, e.g.,
UberX). By intensifying vehicle sharing (in the sense of ride-sharing), a significant drop in the
total number of vehicles is projected (Fulton, Mason, Meroux, 2017). Fagnant, Kockelman
(2014) estimated through modeling that a single autonomous vehicle could replace up to
thirteen individually owned vehicles, which reduces traffic. However, Currie (2018) further
points out that occupancy levels for autonomous vehicles without a driver could drop below 1

due to deadhead, access, and egress trips, which indicates an increase in traffic.

Overall, the impact of Autonomous Vehicles is not clearly predictable but indicates different
trends. On the one hand, technology promises a more efficient traffic flow, less negative
environmental impact, and safer, more convenient travel time that is perceived as less negative
than for regular cars. On the other hand, these advancements might increase the demand for
mobility. Lower (perceived) travel costs might lower the burden on traveling and commuting.
It is conceivable that people are willing to make longer commutes to work, due to increased
convenience and lower value of travel time savings. Autonomous vehicles that drive without a
human passenger might do deadhead trips, which further increase total traffic. The increased
demand might have the potential to offset the positive implications, at least partly (Wadud,

MacKenzie, Leiby, 2016).

3.2 Connectivity

Connectivity in vehicles refers mainly to the vehicle’s ability to communicate with its
surrounding. Typically, communication between vehicles (V2V) and between vehicles and
infrastructure (V2I), in general (V2X). V2X communication is distinct from vehicle
automation, but it is a key enabler of autonomous technology (Taiebat et al., 2018). V2V
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communication is mainly used to send and receive position information about vehicle speed,
direction, and location to other vehicles near it (Zmud et al., 2015). By that, other vehicles are
able to anticipate vehicles in blind spots and around corners before visually perceiving them
(Khairnar, Pradhan, 2014). V21 communication is, e.g., used to send information between
traffic lights and vehicles, which enables traffic lights to evaluate the actual traffic situation at
an intersection and optimize the traffic flow, which reduces emissions and lowers congestion
(Zmud et al. , 2015) and (Olaverri Monreal, Errea-Moreno, Diaz-Alvarez, 2018). Ultimately,

connectivity potentially increases traffic safety since it reduces human error during driving.

3.3 Electric vehicles

Motivated by the poor air quality in cities, some governments have agreed to ban internal
combustion engine (ICE) vehicles from cities or entire countries in the future. They promote
the use of alternative energy sources for vehicles, e.g., battery electric vehicles (BEV) and
hydrogen fuel cell electric vehicles (HFCV) (Delucchi et al., 2013). In Europe, e.g., Denmark,
Amsterdam, and the UK plan to ban sales of new ICE vehicles between 2030 and 2040 (Reuters,
2018, 2019, 2020). Until the bans are valid, countries incentivize purchases of electric vehicles
with tax benefits, financial benefits, and infrastructure incentives (Directorate-General for
Mobility and Transport, 2019). Fleet electrification in public transport is already happening.
(Sustainable-Bus, 2018). BEV and HFCV have zero exhaust emissions but still emit non-
exhaust particulate matter (e.g., from breaking and tire wear), same as common ICE vehicles
do but still cause various emissions during production (Senecal, Leach, 2019). One, therefore,
has to conduct a life cycle assessment to compare the environmental costs and benefits of these
alternative vehicle types (Nealer, Hendrickson, 2015). Large sources of emissions in BEVs and
HFCV come from battery- and vehicle manufacturing. Key factors for estimating emissions is,
therefore, the electricity mix used for charging the vehicle’s battery and vehicle lifetime

(Nealer, Hendrickson, 2015). The current European energy mix would allow for a 10-15%
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reduction in global warming potential if vehicles were powered electrically (Senecal, Leach,
2019). As Delucchi et al. (2013) state, if electricity is generated entirely by renewable energy
sources like wind, solar and hydroelectricity, BEV and HFCV will be almost 100% greenhouse
gas emission-free. Therefore, the overall success of the electrification of vehicles depends
heavily on the ability to generate green and renewable energy. A technical challenge today is
the insufficient range of batteries (Neubauer, Wood, 2014). Technological advancements like
autonomous driving could partly make up for this obstacle. Vehicles could optimize driving
behavior, recover energy through braking and communicate with the electricity grid (V2G /
V2l1) to charge autonomously whenever the vehicle is unused and available charging stations

are nearby (Taiebat et al., 2018).

3.4 Further implications of technological trends

The described technological trends are far-reaching and do not only impact traffic and driving
itself but also different aspects around the passenger transport- and car industry. This passage
briefly highlights some of the implications that are out of the scope of this thesis but should be

considered in a more in-depth analysis on the topic of future mobility.

3.5 Design of city infrastructure

City design in the future might change with the spread of autonomous vehicles. Traffic lights
are likely to disappear since V2X communication replaces them as necessary safety
infrastructure (Duarte, Ratti, 2018). If sharing becomes a more attractive way of traveling the
total number of vehicles could drop, and many parking areas would remain empty which raises
the opportunity for cities to transform the space to more human-centered areas like parks or
create space for housing (Riggs, Appleyard, Johnson, 2020), (Fulton, Mason, Meroux, 2017)
and (Duarte, Ratti, 2018). Autonomous vehicles have the potential to transition the way we live

in cities and offer the opportunity to rethink urban life and mobility (Duarte, Ratti, 2018).
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3.6 Liability and ethics

Developing and using autonomous technology raises ethical and liability questions in
exceptional situations, like crashes. Although autonomous vehicles' safety is perceived as
higher than for human-controlled vehicles, crashes might still occur when the vehicle cannot
avoid them, i.e., when an animal suddenly jumps on the road. As Lin (2013) states, even if
technology avoids the majority of accidents and fatalities, those that still occur are caused by
algorithms' deliberate decisions on how to react to any given situation. Human beings are
typically not held to account when making decisions when avoiding a crash. An algorithm,
however, acts in a way that it was taught. If in the example of an animal on the road, the
algorithm decides to steer the vehicle away from the animal onto the sidewalk and kills a child,
it is unclear who should be held accountable. The legal and ethical question that needs to be
answered is: who will be responsible for a crash - the driver or the manufacturer? (Hevelke,

Nida-Rumelin, 2015)

3.7 Privacy and software security

Autonomous Vehicles require technical equipment, like sensors and chips, that are connected
to a network and enable the vehicle to send and receive information about its environment. The
increased connectivity raises concerns about cyber-attacks and security (Thing, Wu, 2016). It
is imaginable that loopholes in software security can lead to hacker attacks that cause vehicles
to perform in a harmful way towards their passengers or the surroundings, e.g., cause a crash
on purpose. Experts say security issues are not fully comprehensible yet (Anderson et al. 2016).
Following, also, the security of peoples’ privacy information is doubtable. Since autonomous
vehicles process data about origin and real-time location during the drive, this information

could potentially not only be interesting for vehicle developers but also, e.g. marketing agencies
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that could advertise products individually for each vehicle user, depending on their location or

preferences (Glancy, 2012).
3.8 Policy implications

“So far, policy and innovation efforts remain overwhelmingly focused on incrementally
optimizing existing private motorization modes (...) and automobile technologies rather than
on leveraging integrated transport and mobility strategies. (...) Future efforts need to focus on
the combined and synergetic effects of integrating urban energy, infrastructure and mobility
systems including via modal-shift measures, expansion of public transport options, and
sustainable land use governance. “(European Commission, 2017, Chapter 1).

The future developments of urban mobility and their success towards a more sustainable and
efficient transport is highly depending on regulation and policy. Keeping up with the fast pace
of technological advancements is one of the great challenges that regulation faces today (Malan,
2018). Overall, regulators and policy makers are in a key role to make technology work in the

best way possible for the future.

4 Scenarios for future urban mobility

To get a sense of the future developments that will determine European cities’ transport modes,
four scenarios for the year 2050 are developed in the following chapter. They summarize
possible developments along two uncertainties that arise through vehicle automation: The level

of automation and the degree of shared mobility.
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Figure 1: Four scenario matrix

4.1 Scenario 1: Pods - The New Public Transit

In this scenario, technology is highly advanced, and level 5 emission-free autonomous
connected vehicles, dominate traffic in cities. Autonomous public transport operates on high-
frequency routes that are fed by autonomous last-mile vehicles, called pods. Pods are versatile
and exist in different versions. From cheaper and publicly shared ones, that feed the high-
frequency mass transit lines or collect multiple passengers along a similar route, to more
expensive, not shared versions that go straight to the predetermined destination and offer more
comfortability. This offers mobility to socially marginalized groups that were excluded from
transport before, like children and the elderly. The convenience of ordering instead of owning
a vehicle is immense because travel costs are low since no drivers are required, and vehicle

utilization for fleet providers is high. The combination of shared and autonomous technology
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reduces the total number of wvehicles, improves traffic flow, ultimately
eliminates congestion from cities and improves air quality through locally emission-free
engines. Since passengers do not need to be involved in any activity during the ride, vehicle
design focuses on accommodating passengers’ in-vehicle time by enabling them to work, use
the onboard internet connection for entertainment, or spend the time in social interaction with
their co-passengers. Since almost all vehicles are operated in fleets, technology standards of
highly connected vehicles are widely spread and provide safety advantages that lower
traffic fatalities close to zero. Most vehicles do not need to park in the city center since they
either leave autonomously to pick up the next passenger or are able to leave the area and wait
for their next order. This enables cities to transfer unused street infrastructure and -space to
more generously and greener spaces for people. Traffic efficiency and the near emission-free
vehicles will make congestion and air pollution almost forgotten. This new city will be quiet
and green with more space for living and socializing, which ultimately increases livability in

the city.
4.2 Scenario 2 - Private Pods Eradicate Public Transport

In Scenario 2, autonomous driving technology is highly developed (level 5) and deployed in
every privately-owned pod. Passengers get dropped off at their destination, and, depending on
their choice, the locally emission-free pods leave for a, not necessarily close by, parking spot
or circle around the area to stay nearby for a quick pick up. The achieved convenience makes
public transport’s unique selling points (freeing up travel time and not worrying about parking)
disappear. Due to the large scale of autonomous connected vehicles, technology prices have
dropped, and basic versions of pods are available for most people living in the city. For those
without an own vehicle, cheap autonomous ride-sharing alternatives are available. Due to its
convenience, groups of people that have not been able to take part in individual travel before

are now able to, e.g., children and older people. Although the highly developed technology
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ensures an almost accident and congestion-free city, traffic in urban areas is high since the
increased numbers of vehicles and vehicle kilometers (through reduced perceived cost of travel
time and deadheading trips to parking spaces or circling in the drop-off area) increase total
traffic. This scenario, on the one hand, improves traffic flow but, on the other hand, slows down
traffic speed which does not allow for a reduction in travel times. However, the connected and
autonomous pods make traveling- and commuting time useful and enjoyable for activities like
working, entertainment, and socializing. Since vehicles require no driving or control
capabilities for people, their design can be adjusted entirely to the owner’s needs. Whether it is
equipped with work essentials like a desk and screens or family-focused with many seats and
entertainment functionalities, pods are an extension of the home and perfectly adapted to the
owner’s needs. Connectivity between vehicles and infrastructure makes them the safest travel
mode and reduce traffic fatalities to an all-time low. Parking spaces along the roads and in
prime locations in the city center are not required anymore, but the increased traffic density
requires still the same space as in the year 2020. Therefore, small parts of the street

infrastructure can be converted to people-centered areas for outdoor activities and living space.

4.3 Scenario 3 — Advanced Status Quo

In 2050, personal vehicles dominate the streets. Since technological development is improved
compared to 2020 but not on a fully autonomous level, the majority of affordable cars for the
mass market operates on level 3 autonomy with low or locally emission-free engines.
Autonomous systems can perform driving tasks during highway travel, and security systems
like breaking and camera assistants help drivers in confusing situations, e.g., in city traffic and
during poor visibility. Despite these advancements, congestion in cities worsened due to high
amounts of private vehicle commute and low sharing willingness. Public transit still exists but

is mainly efficient in underground and separated rail-bound systems. Busses and trams that
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share the space with individual road traffic struggle with congestion and are relatively
inefficient, which makes them unattractive for most people. Travel times are, therefore, high
and considered as wasted time that is spent actively driving. Air quality in cities improved due
to widespread low- and (locally) zero-emission vehicles, and traffic fatalities are reduced
through the vehicle security assistants. However, the EU’s Vision Zero (Zero traffic fatalities
by 2050) could not be fulfilled yet. Cities are still built car-centric with wide streets, parking
spots, and -garages, which leaves only little spaces for people and green wellbeing areas. Young

families tend to move outside the city to greener suburbs that are less occupied by traffic.

4.4 Scenario 4 — Sharing is Caring

Cities and societies in 2050 have understood that high amounts of traffic bring great harm to
the environment and livability in cities. Since technology is further developed than in 2020, but
level 5 autonomy is still not widely present yet, congestion, safety, and environmental concerns
are still bothering cities. Metropolitan transport is, therefore, organized around a strong low
emission public transport system that builds the backbone in cities' traffic infrastructure. This
supply of a clean and attractive transit system attracts high numbers of passengers that enjoy
cheap, fast, and green transport. The individual trips that require the use of a car or van for
transportation are mostly made through highly convenient and free-floating car sharing. The
combination of a well-developed, modern public transit system and car-sharing covers the
needs of most citizens and reduces the number of vehicles and traffic congestion within the
city. The high utilization of public transport and relatively low demand for individual travel
optimizes the traffics’ energy consumption and keeps emissions low. Commuters enjoy
spending their travel time on different activities made possible by flawless internet connection
in the public transit vehicles that are designed to value passengers' time in the best way possible.
Commuters and visitors from outside the city leave their vehicles at the outer boundaries of the

public transit network that brings them to the city center. This shift in mobility from privately
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owned to (publicly-) shared transport, frees up space that enables cities to evolve more people-
centric by transforming parking areas and multi-lane streets to green spaces and attract more

families and people that tended to live in well-situated suburbs before.

5 Expert Interviews

To evaluate the scenarios, five expert interviews were conducted. The goal of the interviews
was to find out expert’s perceptions about the mentioned future trends of urban transport, the
described scenarios, and a possible answer to the overall research question. The detailed
answers are displayed in Appendix 4. The experts have different backgrounds that are all linked
to public transport, mobility, or technology. Except for expert 4, all wished to stay anonymous.
Expert 1 is the CEO of a German public transport company. Expert 2 is the CEO of a German
local transportation authority. Expert 3 works in the urban mobility sector. Expert 4 is Graham
Currie, director of the Public Transport Research Group at Monash University. Expert 5 is a
sales representative for the West German market of an international car and bus manufacturer

based in Germany.

5.1 Challenges for Public Transport and future trends

Expert 4 mentions that urbanization causes one of the biggest challenges in the future since it
will increase the demand for mobility in cities. If the modal split between the different transport
modes (private vehicles and public transport) does not get balanced, the risk of traffic collapse
in cities rises (Expert 3). Experts 1- 4 recognized the current COVID-19 pandemic as a massive
challenge for public transport (and shared mobility) since passengers switched to private travel
modes for health safety reasons. It might take passenger numbers up to four years to fully
recover, which puts further pressure on the current public transport financing gap, and further
subsidies are needed (Expert 1, 2, 4, 5). The goal for the future should be to bundle passengers
on shared vehicles to not overwhelm city infrastructure (Experts 2, 3, 4) and make public
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transport the backbone of city mobility (Expert 3). This need was also recognized as the biggest
chance for public transport in the future since efforts will be made to increase public transport's
attractivity through improved service and more clean and attractive vehicles (Experts 1, 3) and
a greater share of on-demand modes (Expert 1). Besides the COVID-19 effect, expert 4 sees a
global trend in public transport, attracting more people. He stated that it is important not to lose
these people in the long term to the individual vehicle. Expert 5 sees the trend of young people
from urban environments, who never had a private car before, trending away from shared
vehicles to private ones, due to COVID-19. However, from a global perspective, younger

generations in cities are becoming more open to shared mobility.

5.2 What will the future look like?

Autonomous Vehicles

All experts (1-5) do not see autonomous vehicles in the short- and medium-term future in
widespread use on the streets and instead towards 2050, (Expert 1 between 2030 — 2050).
However, expert 4 emphasizes that autonomous vehicles are already present in public transport
today, mainly on rail systems. From all the autonomous transport that is already operating
today, 99% are happening in public transport vehicles (Expert 4). Furthermore, he questions
whether the broad application of autonomous vehicles is even possible within the next decades.
Expert 4 states that autonomous vehicles will only work if all traffic is autonomous, which
would require the entire city infrastructure to be adapted to this technology, which would be
impossible in the next decades. Expert 5, however, is sure that fully autonomous driving will
be feasible in last-mile shuttles first and eventually become mandatory for all individual
vehicles in the city center. Experts 1, 2, 3, and 5 think autonomous vehicles are safety
improving compared to today’s vehicles. However, none believe in a zero-fatality rate. Having
autonomous- and non-autonomous cars on the road at the same time will cause high accident

risks (Experts 1 and 4). Expert 4 is skeptical about the current development of safety systems
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in autonomous cars. By mentioning the case of the victim, Elaine Herzberg, who was killed by
an autonomous Uber car, he thinks that the funding of researchers flaws the discussion about
the safety of autonomous cars. The Uber cars’ safety systems had been turned off since their
performance with human driver intervention was not as expected, and test-driving results could
be improved without the safety systems. “Deliberately turning off safety systems and putting it
[the vehicle] in a position to kill somebody, reveals a culture that is the opposite of safety”
(Expert 4). Experts 1 and 5 point out the uncertainty of technical reliability. Expert 5 further
states the risk of software crashes, failures, and hacker attacks. He proposes a surveillance

system that watches autonomous vehicles and intervenes as soon as fatal errors occur.

Shared mobility

Experts 1, 4, and 5 are sure that sharing will become more accepted, especially with today’s
younger generations. “Individual travel is, besides COVID-19 effects, already seen to decrease
in some German cities today” (Expert 1). Expert 2 sees a mix of shared and individual travel
for the future since some people will still demand private vehicles. Expert 4 states that in the
past, the car has been in the context of cultural freedom and that this changes since the car is
becoming something that can just be used to travel. Furthermore, sharing in large vehicles
becomes more and more popular. He emphasizes that “urbanization cannot allow single-
occupancy vehicles anymore” and requires high volume movement, which demands “shared
occupancy” within vehicles instead of just “vehicle sharing”. By stating that “we need
intervention to ensure good outcomes”, he points towards regulation to incentivize shared

mobility.
5.3 Will autonomous vehicles support or eradicate public transport?

Expert 1 and 5 clearly see autonomous vehicles as a support for public transport since they will

serve last mile passengers and feed the main travel axis that are served by public transport
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vehicles. Expert 2 and 3 see a support as desirable but Expert 2 points out the successfulness of
this support as depending on whether regulation can combine different transport modes and
technologies within the city. He and expert 5 expect a broad application of autonomous
technology in public transport first, since it will be easier for technology to cope with fixed
routes. Expert 4 has the same view and points out that 99% of autonomous travel that is done

today is happening in public transport.

5.4 Regulation

Expert 1, 2, 3, and 4 mention regulation as necessary to frame mobility in the future. “Mobility
in cities needs to be regulated to prevent too much traffic from overwhelming cities” (Expert
2). He furthermore says that regulations should keep in mind the far-reaching impacts of
autonomous driving technology outside the mobility market. Expert 3 says that regulation
should help to cope with the risks in adopting autonomous technology and that it should put
emphasis on security (also cybersecurity). Expert 1 demands clear rules regarding
accountability in crash scenarios, and expert 4 sees regulations influenced by the prevailing

political view and as generally necessary.

5.5 Scenario decision

Expert 1 sees a realistic future in scenario 1, since technology is likely to improve fast.

Expert 2 sees scenario 1 as realistic if regulation intervenes efficiently. Otherwise, scenario 2
would be likely. Expert 3 sees a scenario on the axis between scenarios 1 and 4 likely since
technology might not be advanced enough for scenario 1, but sharing will be high.

Expert 4 sees a future in scenario 4, that does not include the high automation of scenario 1 but
has a high sharing character. Expert 5 believes that autonomous last-mile vehicles will
complement public transport systems on the last mile, and some individual traffic will still exist,

which points to scenario 1. (For a graphical representation, see Appendix 5)
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6 Conclusion

In aiming to answer the question, whether autonomous vehicles can make public transport
obsolete, this thesis has highlighted some of today’s great challenges in mobility. Further, future
trends that could potentially reduce the extend of these where discussed. An analysis of the
current literature emphasized that the implications of autonomous vehicles are not straight
forward and a lot of uncertainties still exist around vehicle automation: The broad adoption of
autonomous vehicles could help with or further exacerbate current challenges. The expert
interviews revealed a skepticism about short- and medium-term automation of road vehicles in
urban mobility. They stressed a very careful and thorough development of technology and its
regulation to ensure it is beneficial for cities and society. The importance of shared mobility
modes for the future was emphasized. All experts see a key role for public transport in the future
and think of autonomous driving technology as a support for public transport rather than a
replacement. In the end, it will be up to regulators to set a framework for cooperation between
the most successful mobility modes to serve the purpose of a sustainable and efficient urban
transit.

Limitations and Further Research

The interviews should be viewed in the light of three experts having a background in the area
of public transport. This might bias the outcomes towards a more favorable view of public
transport. An interesting area for further research would be to pole passengers and users of
urban mobility to better understand their preferences. It is crucial to design urban mobility in a
way that is convenient for travelers and incentivizes them to use mobility modes that cause the

smallest negative externalities on the wider society.
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8 Appendix

Appendix 1: (Umwelt Bundesamt, 2020)

Vergleich der durchschnittlichen Emissionen einzelner Verkehrsmittel im Personenverkehr in Deutschland - Bezugsjahr 2018

Teug. Fernverkehr Reisebusse® Nahverkehr und U-Bahn

Treibhausgase' g/Pkm 2307 321 29 ‘ 31 | 57 80 58
Kohlenmonoxid g/Pkm 1,00 0,48 0,02 0,02 0,04 0,04 0,06 0,04
Fliichtige

/Pkm 0,14 0,13 0,00 0,01 0,01 0,01 0,03 0,00
Kohlenwasserstoffe’ | ° ‘ ‘
Stickoxide g/Pkm 0,43 1,01 0,04 0,06 0,11 0,20 0,32 0,05
Partikel® g/Pkm 0,007 0,014 0,001 0,001 ‘ 0,002 | 0,004 0,005 0,002
Auslastung 1,5 Pers./Pkw 71% 56% 55% 64% 28% 19% 19%
&/Phm = Gramm pro inkl. der Emi: det der i in Strom, Benzin, Diesel und Kerosin Quelle: TREMOD 6.03
' €0, CH, und N,0 angegeben in CO,-Aguivalenten Umweltbundesamt, 01/2020
? Die in der Tabelle ausgewiesenen Emissionsiakioren flr die Bahn basieren auf Angaben zum d Suom-Mixin die auf basieren

(siehe 2. B. den JUmweltmobilcheck® der Deutschen Bahn AG), weichen daher von den in der Tabelle dargestellten Werten ab.

" inkl. Nicht-CO,-Effekte

rgleich der lichen

zugsjahr 2018

elle: Umweltbundesamt

Verkehrsmittel im Personenverkehr

Appendix 2: (European Union Agency for Railways, 2018)

Bl Figure 50: Passenger fatality risk (passenger fatalities per billion passenger-km) for different modes of land
transport and type of user, EU, 2011-2015

Fatalities per billion

Fatalities per billion

passenger-km passenger-km
(2011-2015) (2010-2014)
Railway passenger 0.100 0.119
Bus/Coach occupant 0225 0.222
Car occupant 2670 2820
Car driver 1.820 nfa
Car passenger 0.850 nfa
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Appendix 3: Per Passenger street space occupation
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Appendix 4: Expert Interviews

Expert 1

|Expert 2

Expert 3

Expert 4

Expert 5

'What are the greates
challenges for Public
transit today and for
the future?

Financing is a main concern since
ticket prices need to drop to
incentivice passengers to use
public trans port but on the other
hand costs rise due to mare
maodern and clean vehicles and
better services.

‘Offering more demand driven
transport would not work in the
current financing system

Very recent challenges are caused
by the COVID-19 pandemic that
has raised questions on how to
lorganize transport without
endagering people. Passenger
numbers hawve dropped
significanthy.

(COVID-19 poses an exceptional
diffcult situation to PT. It is
lestimated that PT could take up to
4 years to fully recover.

‘Customer demand for better and
icheaper service is rising especially
lon main axis and personel
ichallenges are the main concems

Modal split between public
transport, active modes |walking
& biking) and private wehicles is
unbalanced.

How can we be sure PT is the
backbone of citiy transport?
Answer lays in better service and
experience. COVID-19 further
challenges this.

Urbanization and risen mobility
demand in cities

Costs [Subsidies required)

Biggest challenge single
occupancy cars |interest in
individual mobility has risen due
to COVID-19)

Industry is not very advanced
technology wise

Costs for transport modes is
important. Rail traffic is typically
very expensive so cities that want to
deal with the high traffic and
maobility problems oftan can't afford
rail trans port and go for high
efficient bus systems. So costsis a
problem here.

COVID-19 raises demand for private
cars at the moment.

'What are the biggest
chances [ risks for
public transit in the
future?

Financing will become more and
maore difficult in the future and
posesa risk for public transit
companies. More passengers are
requied.

A more clean and attractive public
transport might attract more
‘customers.

MNew technologies like
autonomous driving might pose
chances for public transit since it
bears the opportunity to lower
icosts

Losing passenger bundling
icapability of PT as trade of for
maore individual mability.

Missing the opportunity to bundie
traffic in cities and strengthen
public transport as the backbone
of the citiy transport

Public transport is growing,
sharing in large vehicles is

increasing

Busses and trams will stil exist in
2050 and maybe even get more
attractive. Last mile vehicles will
serve public transit routes that make
public transport more attractive
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[electrification, environmental
questions ), electrification only
short term solution, not longterm.

Multimodal trips, on demand
systemns and alternative drive
systems is something that is in
preparation right now.

ervice around it.

Automation will become more
present but not everything of
surface transport will be fully
autonomous in the medium future.,

Dependson the country and city.

[Expert 1 [Expert 2 Expert 3 Expert 4 Expert 5
How doyou think will [The trend to cleaner, more Level 5 AV are far in the future Challenges in terms of Urbanization can't allow sing le Autonomous last milevehicles will
passenger intelligend and demand driven because not only technology but  |sustianability and environment occupancy vehicles anymore. We  |serve high frequency public transport
commute,/traffic look |pubic transit has already started 5o adoption rates for usersplay |force us towards a more shared need high volume movement. lines and individual cars may be
like in the future? land will continue to develop in the |a role. society. Additionally, technology  |[Automation in public transport is  [needed to be excluded from the
'What are the trends? [future. allows us to move less [(home already happening e.g. raibways inner city traffic to make it as

Right now planning better service |office etc.) efficent as possible.
Development of future n main axis and on demand

Those individual vehicles that still
travel in the city may have the
requirement to be autonomous to
ensure efficient traffic.

Bus share in the city traffic will
increase worldwide since it is the
cheapest way to achieve high
volume transport also for thrid world
countries.

Inwhich year doyou |Mot a specific year but between
see the first fully 2030 and 2050,

autonomous vehicles
on the european
roads?

Mot asked specifically but
tatement "Level 5 AV are far in
the future”

Very uncertain, it needs time, not
in short and medium term.

Aws are happening in public
transport already today. A
significant part of ril transport s
automated already today.

99% of autonomous travel that is
done today is happening in PT

Having individual AVs in streets
where people lve requires them
to stop every now and then, which
is only possible when they drive
really slowly because the risks
that they hit someone are too
high, unless the entire mad is
automated, which i not
happening within the next
decades.

Full autonomy will definetly come,
although it is not clear when exacthy
and definetly in larger shared
vehides as first. Those vehicles on
fined routes operated as fleets will
be the first(last mile vehicles). But
it will still take some decades.
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[Expert 1

|Expert 2

Expert 3

Expert 4

Expert 5

'What are the biggest
chances / risksfor
Av? What are the

biggest changes

ith todays traffic amount AV
might be overwhelmed. If all
hickes will be autonomous then
traffic will me much more
rganized.

If the passenger bundling
capability of PT gets lost on the
'way to AV, cties will be
overcrowded and traffic will
become inefficikent.

The biggest chances come from
increased efficiency in transport.

nat asked

not asked

How much will safety
in traffic improve
through technology?

If the majority of vehicles ison
the same technical level, safety
ill improve a lot. Vision zero

Iswision rero realistic? [sounds realistic, however

technical reliablitly will determine
the outcome.

Hawing AV and regular cars on the
road at the same time might be
risky.

Zero isunlikeby but driving will
|generally become safer because
technoloy can react faster than

humans in dangerous situations.

Technology will mast like by
mitigate accident risk.

“Zero"” fatalities should be treatet
carefully.

It is well believed but this & not
real and flawed by funding
sources. If safety was such a great
outcome of AV then why are
manuf acturers not so much
interest in safety and don't have it
at the core of their thinking 7 It
looks like they don't even care
about it and just use it becauseit
sales. E.g. in the Uber car that
killed Elain Herzberg the safety
systems had been turned off
because they were not pedforming
adequately with human driver
intervention and they wanted to
have better outcomes to make
them look good. The car had
recognized her but it was
deliberately put into a position
that could kill somebody.
"Deliberately turning off safety
systems to look good reveals a
culture that s the opposite of
safety.”

Furthermore, no central
organization is collecting data
about AV safety.

The discussion that is going on is
just not real and honest and,
therefore, autonomous cars are
mast certainly not safe, otherwise
the discussion would be different.

Safety will most likely improve, but
'what happens when sof bware
crashes or has bugs? There will be a
fallback alternative needed, e.g. a
survelllance system that controlls
wvehicles on the road for their smooth
FUnning.
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Expert 1

Expert 2

Expert 3

Expert 4

Expert 5

'Which changes would
regulation need to
empharise, to make
use of the most
important chances of
AV and to cancel out
the biggest risks?

‘German traffic and public transit
l=w is old and needs to be
adapted to todays needs. For
companies autonomous vehicles
are not allowed in the current
regulatory frame, this needs to be
adapted. At the same time, law
regulates safety and
accountability for the transport
provider and operator that needs
to be adapted for autonomous
wehicles for the future too. We
need a clear rules for
accountability and liability.

"Mobility in cites needs to be
regulsted do prevent too much
individual traffic from
overwhelming cities. *

Pasenger bundling should be
lemphasized to make mobility
mare efficient.

Regulztion should overwatch
lglobal impacts of AV, since
impacts are far reaching and do
not anly affect traffic itsalf.

Regulation should help to
overcome risks in the adoption to
the new technoliges.

Put emphasis on security [cyber
security)

If it's afree market there is a
chance that it will go to scenario 2

Depends on the view of how
society should run: Right wing
demands freedom; Left wing
demands as a social purpose that
societies should not be hold back
by private interests.

We need intervention to ensure

good outcomes.

not asked

Hows will sharing
habits change in the
future?

Individual trawel will probabhy
‘decrease and that trend isseenin
german metropoles already today.
[Besides COVID-19). Many people
don't own cars anymore and use
public transit and car sharing
already today.

A mix of both [shared & private) is
profitable. As of now, sharing is
not profitable for companies. If
that doesn't change, private will
be likely do dominate. Even if
|sharing gets more attractive, a
few private AV will exist.

Mot asked

Sharing in large vehiclesis
becoming more and more
popular. Cultural aspect of what
the car was has already shiftet. It
is not anymore the icon of the
status; it became something that
you just use.

There is a workdwide decline in
people getting a drivers license.

'We need shared occupancy, not
just wehicle sharing.

Especially younger generations in
cities are willing to share more,
whether that depends on
autonomous ve hicles is unknown. If
autonomous ve hicles offer a better
service, maybe.

The trends for younger people goes
away from the typical private car
towards longterm rentals.
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about the scenarios in
general? If you would
have to pick one,
which one do you
think is the most
realistic and which
one would you
personally favor?

Technology will most likely
improve fast enough to make it
_”_ca}. Although it is far in the
uture.

regulation does not intervene.

|Realistic scenario 1 if regulations
intervenes in an efficient way.

the more we move up on the
sharing scale

The more automated and more
sharing the better the efficiency.

Somewhere on the Y - Axis
between scenarios 1 and 4 is the
mast realistic.

|[Expert 1 |Expert 2 Expert 3 Expert 4 Expert 5
Will AV Inthe medium term will AV Depends highly on regulation. It'sup to cities and operators to | They will not replace it. They will support public transport by
replace /support/impr |support and improve public 'With good regulation itcanbea  |take advantage of automation. serving the last mile. Further will
ove PT? ransport and overall mobility. In  |chance to support PT (less/no public transport vehicles be the first
he longterm [ 2050) AV will be needed drivers), which would be to be autonomous. Tests with bus
present in traffic but ratherasa  |[desirable. rapid transit systems and metros
support for public transport than a hawe proven that the technology can
hreat. PT will probably focus on  [Autonomous driving in PT will be 'work in closed sytems.
he main trave| axis, easier and earlier than in private
cars because the fived routesin
PT will make it easier.
‘What do you think Scenario 1 the most realistic. |Realistic was scenario 2 if The more we move to the future, |MNot answered The future will probably consist of

autonomous last mile vehicles that
serve public transport on high
frequency routes, The cheapest and
easiest way to establish high
frequency PT routes is a bus rapit
transit system,
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Appendix 5 — Experts view on the future

Shared
Mobility
4 Expert 3
@ Expert @ cxpert 1
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Public Transit

automaton
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automation

Expert 2
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Private Pods eradicate
Public Transit

Individual
Mobility
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