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Abstract. Cities should try to combine the various conflicting interests in the
field of urban mobility aiming to extract the maximum benefits of the different
mobility options. Although this task concerns mainly the current situation, cities
should also prioritize future mobility measures. The purpose of this paper is to
explore how emerging mobility concepts would evolve under future mobility
scenarios related to carsharing services, micromobility services, Demand
Responsive Transport (DRT) services, Connected Autonomous Vehicles
(CAVs), Urban Air Mobility and Mobility-as-a-Service. Two diverging or
complementary scenarios have been associated to each concept expected to
transform future urban mobility. A Delphi poll has identified the future scenarios
related to data sources and transport modelling and assessed the effects that each
mobility innovation may have on urban transportation. The impacts of these
emerging mobility solutions on transport planning tools and techniques are also
investigated and prioritized. Finally, data sharing between operators and policy-
makers and the lack of skills among transport planners are rated by the Delphi
poll as the most important gaps in terms of transport data sources and barriers
that hinder the modelling of the new urban mobility options respectively.

Keywords: Urban mobility � Alternative futures � Impacts � Transport
planning tools

1 Introduction

The disruptive technological developments and the societal changes operate as accel-
erators for the urban mobility transformation changes. The rapid development of ICTs
is facilitating the operation of a wide range of new mobility alternatives grouped under
the concept of smart mobility with uncertain impacts for the future of sustainable
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mobility. The combination of emerging mobility services will boost multimodality,
contributing to the promotion of the public transport. A cleaner, cheaper, safer and
more efficient transport system with improved accessibility in low demand areas will be
the first step towards the reduction of car ownership and road fatalities.

Regarding the success of carsharing systems, the population density and the col-
laboration between private and public stakeholders have been identified as critical
factors [1–3]. The urban areas ensure high demand for operators and targeting to both
public and private interests is positively evaluated [3]. In addition, a city with infras-
tructure for electric vehicle is more likely to provide a successful electric vehicle based
carsharing system [2].

Similarly to all privately-led shared mobility services, it is not yet clear if micro-
mobility companies will be profitable in the future, since they are based on their
competence to raise funds [4, 5]. Although there are still gaps in the regulatory
framework some cities are taking a leading role collaborating with the operators [6].
Beside the stakeholders’ cooperation, agreements on data sharing [6–8] and regulations
on the public space management [5–7] seem to affect the success of these systems.

In general, DRT are highly subsidized by authorities since they are low profit
services [9, 10]. However, there are some Public Transport Authorities that evaluate
that the DRT systems contribute positively to their supply networks. Among the
success factors are the coordination between the itineraries of the DRT and the
scheduled public transport [9, 11], the minimisation of costs and empty trips [11].
Moreover, the strong stakeholders’ engagement in providing a sufficient fleet [11] and
the customised communication strategies are crucial to the increased attractiveness of
the service.

In CAVs field there are already vehicles that have incorporate some automate
functionalities but the achievement of higher-level production depends not only on
vehicle technical advancements but also on cooperative ITS infrastructure. Although
there are some programmes for supporting testing and implementation of CAV tech-
nologies in many European countries, the EU is aiming to launch large scale pilots in
order to assess the maturity of these technologies [12]. The prerequisites for the suc-
cessful implementation of CAV can be clustered in two groups: user acceptance and
management. It is not yet clear how the users will be convinced to trust a totally
automated vehicle [13] while in terms of management, the public-private partnership
seems to be a necessary condition [14].

Regarding the UAM there aren’t currently commercial services fully responding to
the basic operational requirements of these services, but there are some precursors
across the world such as Voom services in São Paulo and Mexico City [15] and Uber
helicopter services in New York [16]. There are also some relevant initiatives regarding
UAM to be launched in the following years such as the case of Paris where a service
between Charles de Gaulle airport and the city centre will be provided by Airbus and
RATP for 2024 Olympic Games [17]. Furthermore, an initiative related to UAM has
been launched by the European Innovation Partnership on Smart Cities and Commu-
nities (EIP-SCC). The initiative is supported by 43 members and includes a manifesto
aiming to foster UAM demonstration projects.

Finally, regarding MaaS there are two main conditions for their successful
implementation based on the experiences and the related literature [18, 19]: (i) the
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ability of a MaaS operator to deploy its services in a city or region; (ii) users’ will-
ingness to change their mobility behavior. MaaS schemes require not only the avail-
ability of a wide range of transport modes but also the willingness of operators to share
their real-time data with third parties and to sell their services via e-ticketing [20]. Cost
savings, user friendly applications, freedom of modal choice and vehicle and high
customization levels are reported as fields of MaaS added value [21].

The present paper aims at the identification of the future scenarios for mobility
innovations and their impacts in cities and transport models. After the review of the
basic concepts behind each of the mobility innovation trends and the detection of the
key factors or the obstacles for their successful integration in sustainable mobility, the
future scenarios are described in Sect. 2. The results of the assessment of their impacts
on the urban mobility resulted from the Delphi poll are outlined in Sect. 3. Finally, a
summary of the main concluding remarks is provided in Sect. 4.

2 Future Mobility Scenarios

Two diverging or complementary scenarios for each of the emerging mobility concepts
were developed as they are described below. The generation of the future scenarios was
based on the literature review of roadmaps, white papers, vision papers and policy
documents related to mobility. Moreover, the identification of the success factors and
the gaps described in Sect. 1 contributed to the final formulation of the scenarios.

2.1 Alternative Futures for Carsharing Services

In the first medium term horizon scenario the electric carsharing operates as an addi-
tional transport mode in the cities. The implementation of stricter urban vehicle access
regulations and parking management policies in the metropolitan areas imposes limi-
tations in the use of the private cars. The transport sector is characterized by multi-
modality, combining mass and individual transport. This situation combined with the
high acquisition cost of the electric cars benefits the integration of sharing schemes in
the transport sector increasing its modal share up to 20–25%. Electric vehicle infras-
tructure exists in certain urban areas in order to serves the increasing use of electric
vehicles sharing schemes. Electric carsharing is combined with public transport and the
new mobility services offer more flexibility and better quality of combined transport
options.

The second, long-term time horizon scenario, proposes a holistic housing solution
which integrates aspects such as mobility, housing, energy distribution and ICT net-
works. In this scenario the electric sharing vehicle schemes are included in the modern
collective housing policies. The different urban electricity needs throughout the day are
balanced through smart energy grids. Thus, the holistic housing-mobility approach
leads to an easily accessible community-based electric vehicle scheme with low
parking requirements. The large-scale implementation of this approach contributes to
the homogeneous modal share of electric vehicle solutions.
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2.2 Alternative Futures for Micromobility Services

Micromobility is one of the most recent trends among shared mobility services. The
first scenario describes a transport landscape where other transport modes are substi-
tuted by micromobility in short distance trips. The regulatory framework for micro-
mobility has been defined in most cities and dedicated lanes for e-scooters and similar
vehicles are provided to road users. Thus, they are used for daily short distance trips
instead of car and taxi rides since car ownership appears a decline especially in young
people who prefer new transport modes based on pay-per-use rather than a car pur-
chase. In addition, since all of the competitors in the field are subjected to the same
regulation, new business schemes will emerge based on the results of the pilot projects
and the market’s needs,

In the long-term scenario, micromobility is a part of a longer combined trip pro-
viding most flexible, efficient, and sustainable transport options. It is combined with
public mass transport and following a strict regulatory framework it is completely
integrated in the transport system. The mobility packages provided to travelers through
MaaS platforms include the micromobility option mainly as a mode to reach or leave
the transition stations or combined with the private car in Park&Ride solutions. The
design is more user friendly for vulnerable users such as disabled or aged people.

2.3 Alternative Futures for Demand Responsive Transport Services

The new intelligent applications facilitated the diffusion of digital content among the
travelers and allow the operators to improve the quality of the services (i.e. less waiting
time, more accessibility) reducing the operational costs by 2030. On-demand trans-
portation emerges as a supplementary alternative to traditional public transport services
combined with the backbone public transport network in first/last mile. Citizens of
remote areas and users of special categories such as ageing population or vulnerable
users, being dissatisfied of the quality of the traditional bus and railway services, are
attracted by the on-demand public services. User visibility allows the efficient demand
management providing to travelers a variety of alternatives options of different prices
and connectivity to other transport modes.

The on-demand transport system of the first scenario expands to freight and goods
delivery by 2050. Both passengers and cargo are transported by the same vehicle in an
efficient and safe way. More than one passenger and parcel are allowed in the same
vehicle and thus the capacity of the vehicles is completely exploited. The consolidation
of the goods flows increases the efficiency of the last mile deliveries since the
unnecessary/empty vehicle movements in urban areas are avoided. Innovative logistics
business models which integrate the use of public transport infrastructure for both
passenger and goods delivery are developed thanks to shared data.

2.4 Alternative Futures for Connected Autonomous Vehicles

The use of Connected Autonomous Vehicles for passenger delivery will bring dis-
ruptive changes in the current transport system. In the short-term scenario, privately
owned CAVs Level 4 have been already introduced into the car fleet by 2030.
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Conventional vehicles are limited to highways and motorways. This means that the car-
share fleets are used mainly for short-distance trips within cities. Due to high cost of the
purchase and the maintenance, the CAVs’ ownership is limited to the wealthier part of
society. The intercity CAV traffic is prohibited in the inner cities, due to the lack of
parking spaces and therefore, the creation of P+R parkings and the connection with the
public transport is required. Since the majority of CAVs are electric, the level of the
total emissions from cars will be reduced.

After the availability of Level 4 CAVs, Level 5 vehicles will also enter the market
by 2050. Completely autonomous vehicles without human interaction over any kind of
traffic situation will be available. All transport modes are connected thanks to the
advanced information sharing systems and multimodal trips provided through MaaS
platforms are promoted. As a result, private car use is decreased and a boost in the
public transport use is observed. Fewer parking spaces are required and the majority of
them are converted to hubs for mobility services. C-ITS equipment has been installed
over various kinds of traffic infrastructure, when not only V2V but V2I connectivity is
considered. Full automation provides more safety and convenience compared to the
current fixed public transport lines.

2.5 Alternative Futures for Urban Air Mobility

Urban Air Mobility (UAM) is based on highly automated and efficient air vehicles for
the transportation of passenger and cargo within metropolitan areas. In the short-term
scenario, the willingness of manufacturers and other stakeholders to operate UAM
services contributes to the advancement of regulatory framework for this mode but the
high requirements of coordination among stakeholders hinders the progress in this
field. Sustainable production levels have been achieved by the manufacturers but car
production schemes are still at an early stage. Although European aviation authorities
have leaded some demonstration projects in certain metropolitan areas, there are still
issues that have not been solved. Thus, the adoption of a holistic standard system across
Europe is not yet the case. Except of some large cities that have planned to use heliports
and create some additional vertiports in suburban areas, the majority of the cities have a
lack of related infrastructure. UAM is still an exclusive mode and it is not included in
the public transportation system of the city.

In the long-term scenario, profitable business models for UAM are developed.
Cooperation among different public and private stakeholders is achieved and the
technological advances contribute to high production volumes. Standards for urban air
traffic management have been set by the EU aviation authorities after intensive funding
of research activities and demonstration projects. Large cities are funded for the
deployment of UAM infrastructure. Vertiport network that covers airports, transport
hubs and important nodes in suburban areas have been developed and UAM services
have been incorporated in the mobility packages of MaaS aggregators. Thus, UAM is
gradually become part of the cities’ transport system.
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2.6 Alternative Futures for Mobility-as-a-Service

The introduction of MaaS in the transport system is expected to result in a shift from
private towards multimodal and sustainable modes. In the first scenario MaaS are
limited in large cities at a local level offering to citizens an alternative for their daily
trips instead of private car use. Individual providers are responsible for the organisation
and pricing of the traffic services. The MaaS provider just plan trips and provide a
limited number of fixed package purchasing simply bundled individual tickets of the
specific transport providers. There is no flexibility in the pricing and route options and
the same options are addressed to everyone.

In the second scenario, an EU-level network of MaaS services is created beyond
city boundaries reaching areas that would be impossible to be served with traditional
public transport modes. MaaS stakeholder group comprises of cooperating stakeholders
from mobility providers to local and regional governments, who are all strongly
engaged in the planning, operation and maintenance of transport services. There are no
more bundles of individual tickets but single mobility offers from point A to B irre-
spective of the modes used. Individual mobility patterns and attributes are considered
in the offerings of a MaaS app to design a package and a price that fits a given person’s
needs. Public transport services are still the key element of MaaS services (trains,
trams, and metro lines).

3 Impacts

A Delphi poll is conducted in MOMENTUM project, assessing the impacts of
emerging mobility solutions in urban transportation and the planning techniques and
tools.

3.1 Future Impacts in Cities

In the 1st Round, the factors and impacts of emerging mobility solutions for cities are
identified by the participants of the Delphi poll through open-ended questions. The
collected answers were prioritized in the 2nd Round. Among the current factors
underlying the emergence of the mobility solutions, the collaboration between public
and private stakeholders, the societal benefits as well as the improvement of mobility
services’ quality for the users are mentioned. In terms of current impacts in European
cities, 25% of the panel answered that there are no current impacts but they were aware
about potential future impacts such as modal shift from public transport services and
car ownership decrease.

In addition, the participants share their opinions about the factors for the successful
implementation of the presented mobility options. The deployment of Urban Vehicle
Access Regulations (UVARs) as well as parking regulations were the most common
answers followed by services reliability and affordability and the cooperation between
operators and cities towards the deployment of the systems. Interestingly, the answers
for the future impacts were by far more positive, with few exceptions. In the 2nd
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Round, these impacts were grouped in terms of importance in an adverse and a positive
group as it is shown in Fig. 1 and Fig. 2 respectively.

3.2 Future Impacts in Transport Models

The Delphi poll also discussed about the effects of the emerging mobility solutions in
transport planning tools and techniques. Participants believe that the shared mobility,
micromobility and MaaS already represent a challenge for these techniques. The DRT,
shared mobility systems and micromobility are expected to be included in transport
planning techniques between 2020 and 2030. On the contrary, the majority of the panel
considers that the inclusion of CAV and UAM in the transport planning techniques will
not happen before 2030 and a percentage of 10–20% considers that this will not
happen. The research gaps and challenges among transport data sources and modelling
tools identified by the Delphi poll are presented in Fig. 3 and Fig. 4.

Fig. 1. Importance of new mobility options’ adverse impacts

Fig. 2. Importance of new mobility options’ benefits
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In terms of the barriers that appear in planning cycle during the modeling process of
the new mobility options, the lack of skills among transport planners, the lack of
resources among transportation departments and the limited cooperation between
transport and urban planning are mentioned by the experts. Finally, the panel outlined
that indicators related to emission levels, safety, accessibility, modal split, car own-
ership, public space consumption, energy consumption changes and general compre-
hensive indicators related to urban life quality will have crucial role in the future
transport planning.

Fig. 3. Importance of gaps in transport data sources for new mobility options’ modelling

Fig. 4. Importance of transport modelling gaps for new mobility options’ modelling
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4 Conclusions

The present paper captures the future mobility scenarios of the emerging mobility
concepts related to carsharing services, micromobility services, Demand Responsive
Transport services, Connected Autonomous Vehicles, Urban Air Mobility and
Mobility-as-a-Service. The identification through the Delphi poll of the more chal-
lenging factors for the successful implementation of these services and the effects that
each mobility innovation may have on urban transportation and the transport models
could be a valuable input for the stakeholders, from the planners to providers and local
and regional governments, who are all participate in the planning, design and operation
of transport services.
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