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Abstract

Mobility as a Service (MaaS) is a promising concept which aims at offering seamless mobility
to end users and providing economic, societal, transport-related and environmental benefits to
the cities of the future. To achieve a successful future market take-up of Maas it is important
to develop prototype business models to offer high-value bundled mobility services to
customers, as well as enable the MaaS operator and the involved actors to capture value. This
paper aims at investigating the business perspective of Maas by collecting qualitative data from
workshops and in-depth interviews in three European metropolitan areas: Budapest, Greater
Manchester and the city of Luxembourg. The analysis of the collected data contributed to the
in-depth analysis of the MaaS business ecosystem and the identification of the champions of
MaaS in the three areas. Prototype business models for MaaS are developed based on the
Osterwalder’s canvas, to describe how MaaS operators may create, deliver, and capture value.
Our findings indicate that the Maa$S ecosystem comprises of public and private actors who need
to cooperate and compete in order to capture value. Although noticeable deviations among the
study areas are observed, mobility service providers, public transport authorities and regional
authorities were commonly indicated as the key actors in a MaaS partnership. In addition,
viewed as a system, enablers and barriers to Maa$S are identified based on the systems’ of
innovation approach. The analysis indicates that the regulatory framework of the cities, the lack
of standardization and openness of the application programming interfaces and the need for
transport-related investments constitute risks for the successful implementation of MaaS in the
study areas. Trust between MaaS actors and cooperation in e-ticketing are key enablers in some
of the study areas.

Keywords: Mobility as a Service; Business Model Canvas; Value proposition; MaaS
ecosystem; enablers and barriers to Maas.



1 Introduction

The rapid advancement of technology and innovation in transportation has resulted in the
emergence of various new transport modes and mobility services which aim to address the
issues of traffic congestion, accessibility, air pollution, energy use and social inclusion (EC,
2017a; Sprei, 2018). The synchronization of these new forms of urban mobility with the
traditional transport modes that are currently in place could contribute to the sustainability of
the urban environment (Ma et al., 2018; Polis, 2017; Hietanen, 2014). Within this rationale,
Mobility-as-a-Service (MaaS) is a user-centric, intelligent mobility management and
distribution system. The MaaS system integrator brings together the offerings of the multiple
mobility service providers, through a digital interface, allowing end users to seamlessly plan
and pay for mobility (MaaSLab, 2018; Hietanen, 2014; Kamargianni & Matyas, 2017).

The above terminology makes it clear that MaaS implementation requires the combination of
several transport modes and services, including public transport, taxi, car rentals (traditional
transport modes) and emerging transport options (e.g. autonomous vehicles, bike- and car-
sharing, ride hailing, carpooling, etc.) (Transport Systems Catapult, 2016; EC, 2017a), while
integrating some key components such as booking, ticketing and multimodal traveler
information services (Konig et al., 2016). Enabling cities to transform their current mobility
towards Maa$ requires a number of aspects to be considered and addressed, including meeting
operational and technical requirements and, most importantly, business viability.

The success of Maas significantly depends on understanding the unique particularities of each
implementation area so as to design appropriate business models which are capable of
providing the necessary business viability to the involved actors while flexibly responding to
the cities’ and end users’ needs. These models need to take into account the MaaS operator’s
mission, objectives and strategy. In addition, other aspects that need to be considered include:
(i) the current and foreseeable transport landscape of each implementation area (i.e. existing or
planned mobility services in a city, transportation-related technological achievements of the
area, etc.); (ii) the actors originating from different sectors, i.e. transport and information
technology (IT) sector, and their potential partnership within Maa$; (iii) the new sources of
revenue and new cost structure within the MaaS scheme; and (iv) the opportunities as well as
the potential barriers to MaaS implementation and how these are differentiated. The above
demonstrate that, to implement a MaaS business model in a specific city or region,
customization may be required to address local network externalities and the underlying
conditions of the market the MaaS operator serves.

The purpose of this paper is twofold. The first aim is to define the MaaS business ecosystem
and explore the value proposition created by the implementation of MaaS in three European
metropolitan areas. Specifically, the following study areas are considered: i) Budapest, Hungary
(BUD); i) Greater Manchester, United Kingdom (GM); and iii) Luxembourg city, Luxembourg
(LUX). In each of the examined business ecosystems, the importance of the different MaaS
actors and their role in creating value within the MaaS partnership is assessed. The second
objective is to design a prototype business model for MaaS and investigate whether and how it
should be customized for its successful take-up in different cities after specifying their
characteristics and identifying the potential opportunities and barriers. For this purpose, data
from stakeholders were obtained via workshops and in-depth interviews as part of the EC-
H2020 funded project MaaS4EU®. The contribution of our paper lies in the following advances
to the state-of-the-art. First, we develop a generic prototype business model for Maa$S using the
Osterwalder’s canvas to consider the full potential of the ideal MaaS. Second, we conduct an
analysis of the systemic enablers and barriers of MaaS based on the systems of innovation
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framework (Woolthuis et al., 2005; Roumboutsos et al., 2014) in the three study areas. The
above reveals the factors that may, in some cases, change the way a MaaS operator conducts
its business and should be considered when implementing a business model for MaaS. Finally,
the generic business model canvas is customized for each study area to provide city-specific
prototype business models for MaaS. Our analysis will deliver knowledge to various
stakeholders as follows: (i) MaaS operators, who plan to develop a MaaS scheme, by employing
the generic business model components to support their decision making, as well as to motivate
mobility service providers to offer specialized services; (ii) MaasS partners, who could consider
the proposed business model prototype when planning to participate in a MaaS scheme; (iii)
city governments, considering to implement a MaaS scheme in their city, who could consider
the opportunities and challenges identified to promote related investments, develop future
transport policies and potentially use MaaS as a travel demand management tool.

2 Background

Although Maa$ has recently emerged, a number of applications have already been developed
the past years in Europe and worldwide, showing a rapidly growing market. From the first pilot
of UbiGo in 2014 in Gothenburg, Sweden and the subsequent launch of Whim in 2016 in
Helsinki, Finland (Karlsson et al., 2016; Smith et al., 2018), several Maas$ initiatives have been
implemented worldwide. Switchh in Hamburg, Tuup in Turku, EMMA in Montpellier and
SkedGo in Australia and New Zealand are some of the MaaS schemes currently operating (Ho
et al., 2018; Veerapanane et al., 2018; Ebrahimi et al., 2018; Goodall et al., 2017; Hensher,
2017; Jittrapirom et al., 2017; Nikitas et al., 2017; Kogut and Rapacz, 2015; Konig et al., 2016;
Lane and McGuire, 2014).

MaaS currently builds on the integration of traditional transport modes (i.e. public transit
services, taxis) and on-demand services that have recently appeared in the transportation era
(i.e. shared mobility concepts) to deliver flexible, seamless and fit-for-purpose mobility. In this
way, MaasS provides an alternative to non-public transport users, who might prefer to replace
their car with other personalized mobility schemes within the city limits. It, also, introduces a
disruptive innovation covering gaps in the urban transit system through the creation of market
niches that deliver added-value services for public transport users through personalized
mobility schemes (Christensen, 1997; Christensen et al., 2015).

The way MaaS will unfold in the future is still uncertain and depends on a series of
technological, social, mobility and regulatory trends and developments. While traditional
transportation modes (auto, transit, bicycle) have evolved incrementally, mobility solutions
brought about by the sharing economy (i.e. car-sharing, bike-sharing, ride hailing, carpooling
etc.), that have substantially disrupted the transport market are expected to grow further (Sprei,
2018). More specifically, car sharing and ride hailing have grown exponentially, gaining a share
of urban and suburban mobility market (Shaheen et al., 2016). Current projections indicate
significant growth potential of car sharing (CAR, 2016; McKinsey & Company, 2016) and ride
hailing in the near future (Burgstaller et al., 2017), which means that they could form important
components of future MaasS. In addition, autonomous vehicles which are expected to gradually
enter the market, may have the potential to disrupt the current MaaS concept. Research suggests
that autonomous car-sharing and ride hailing schemes will become a reality in the next two
decades (Nazari et al., 2018; Litman, 2018) leveraging the benefits of autonomous vehicles on
MaaS. Besides, the utilization of new vehicle technologies in Maa$S, such as autonomous cars,
electric drives and fuel cells, might further deliver environmental benefits (Wadud et al., 2016).

If Maa$S evolves into a car-centric solution, this could have an adverse effect on road capacity
and increase traffic congestion (Hensher, 2018; Mulley and Kronsell, 2018). Therefore, a
critical issue under discussion is the importance of public transport in the delivery of MaaS



(Hensher, 2017, 2018; Mulley et al., 2018; Utriainen and Po6lldnen, 2018). Although the
significance of conventional public transport in MaaS has been widely acknowledged, several
challenges have been identified regarding the role of stakeholders in the delivery of public
transport, the future of public subsidization and the implications of existing regulatory regimes
on Maas. Indeed, transport deregulation and regulatory reform of urban public transport has
been a major world trend, due to concerns about the economic performance of public transport.
A survey to transportation executives and experts conducted by Oliver Wyman (2016) indicated
that liberalization of railways, bus services and taxis will continue to spread, thus, enabling new
players to enter the mobility market. In fact, many governments have started exploring private
operation or involvement in the management of urban transit systems, due to the increase of
government public transport subsidies (Currie, 2016). Similarly to shared mobility, the
successful development and implementation of MaaS depends highly on regulation and policies
that contribute to innovation (Jittrapirom et al., 2018). Although ride hailers are developing into
regional champions in Asia (i.e. Didi in China) and the United States (i.e. Uber and Lyft),
existing regulatory issues might challenge the adoption of such new mobility services in Europe
(Burgstaller et al., 2017).

Despite the fact that MaasS currently builds on existing technologies and business models, the
above discussion reveals that as new players enter the current MaaS business ecosystem, a
significant impact on the existing business models of transport operators is expected. The
companies involved in MaaS need to adapt their value creation process in order to remain
profitable in the changing ecosystem. Creating viable business models for Maa$ is crucial to
ensure that customers’ needs and preferences are met and the cooperation of multiple actors
under a unique mobility platform is achieved (Mulley and Kronsell, 2018). However, the
development of prototype business models for MaaS is an under-researched area, as existing
literature is mainly limited to: (i) contributions aiming to define the MaaS business ecosystem
and specify the actors involved and their roles within the ecosystem (Holmberg et al., 2016;
Konig et al., 2016; Kamargianni and Matyas, 2017) and (ii) contributions which analyze
existing schemes and categorize them in different types of MaaS operator models. More
specifically, in the context of the research projects “MAASIFiE” and ‘“Rural-MaaS”, Konig et
al. (2016), Aapaoja et al. (2017) and Eckhardt et al. (2017) considered various MaaS schemes
and pilots (including Tuup, Whim, Yllds Around, Kutsuplus, UbiGo, etc.) and concluded on
four categories of MaaS operator models, i.e. the MaaS operator as a private company, a public
transport operator, a public-private partnership (PPP) and a public-private-people partnership
(PPPP). Their analysis revealed that the public transport operator-based model would be more
common in cities, suburban areas and interurban transport, where public transport plays a vital
role in transportation, while the PPP and PPPP models could bring significant benefits for the
users in rural areas. Holmberg et al. (2016) presented Ubigo’s business model canvas and
described the potential role of public transport in a MaaS scheme, as coordinator (MaaS
operator) or collaborator (partner), emphasizing on potential barriers to its implementation.
Sarasini et al. (2017) identified different ways in which business models for MaaS can generate
sustainable value, linked to mobility services, data-based services, environmental technology
and material recirculation. Finally, Ebrahimi et al. (2018) presented a classification of business
architectures for MaaS based on the integration of the offered mobility services and the
(dis)integration of distribution and marketing channels.

The Osterwalder’s business model canvas framework has been used in the past by Konig et al.
(2016) to develop a general business model for MaaS, while Romanyuk (2018) based on it
developed a business model tha would apply in Finland. The contribution of our paper is the
development of a generic prototype business model for MaaS realizing its full potential i.e.
including all promising partners, serving all possible customer segments, exploiting all
probable resources, etc. However, real-life applications of MaaS business models must address



and adapt to the local conditions and unique particularities (such as infrastructure/technology,
operators’ capabilities, regulatory issues, social values). This paper addresses this challenge by
identifying commonalities and differences in three European metropolitan areas via workshops
and in-depth interviews revealing how the developed business model should be customized for
its successful deployment.

3 Research Approach

In order to achieve the objectives of this paper, a combination of different research methods is
employed, as illustrated in Figure 1. A literature review is conducted regarding the business
perspective of MaaS and other innovative transport concepts, such as shared mobility. The
information acquired by this review is then supplemented by qualitative data collected from
stakeholders in three European areas via workshops and interviews. The analysis of this data
enables (i) the identification of the most important MaaS actors and their roles (business
ecosystem approach), (ii) the mapping of the unique characteristics and imperfections of each
area (systems of innovation approach) and (iii) the development of a generic prototype business
model for MaaS based on Osterwalder’s business model canvas. The systems’ of innovation
framework is applied to analyze the opportunities and challenges of the three study areas and
provide insights on the factors that should be considered when implementing a city-specific
business model for MaasS. In this way, the generic canvas is customized to provide prototype
business models for the three study areas.
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Figure 1. Research Approach

The business model is seen as a tool for depicting and evaluating the business logics in both
new and existing organizations (Veit et al., 2014) and has especially gained prominence among
both practitioners and academics with the emergence of information and communication
technologies and internet companies (DaSilva and Trkma, 2014). Although there is a
considerable number of papers defining business models, no unique definition is accepted for
the term Business Model (Morris et al., 2005; Zott et al., 2011; Weil et al., 2011). Based on
Amit and Zott (2001), a business model depicts “the content, structure, and governance of
transactions designed so as to create value through the exploitation of business opportunities”,
while Magretta (2002) defines business models as “stories that explain how enterprises work”.
In a more general view, “the business model describes the design or architecture of the value
creation, delivery, and capture mechanisms a firm employs” (Teece, 2018). Although even
more definitions have been proposed in the past (Arend, 2013; Morris et al., 2005; Shafer et
al., 2005; Zott et al., 2011), the framework proposed by Osterwalder et al. (2005) is mostly used
by researchers and practitioners for the description, analysis and design of a business model.
For this reason, it is employed to develop the MaaS business model. The nine building blocks
of the business model, namely key partners, key activities, key resources, value propositions,



customer relationships, channels, customer segments, cost structure and revenue streams
(Osterwalder & Pigneur, 2010) are specifically analyzed (see Section 5.2).

3.1 Study areas

Our analysis concerns three European metropolitan areas: Budapest, Hungary (BUD); Greater
Manchester, United Kingdom (GM); and Luxembourg city, Luxembourg (LUX). These areas
have been selected so as to explore how the deployment of MaaS and its business perspective
might emerge among different cities. As presented in Table 1 and described below, several
factors and city-specific particularities motivated the selection of these study areas: the wide
geographical coverage; the different socioeconomic characteristics and mobility patterns of
citizens; the different levels of public transport regulation; the different levels of interest in
MaaS among the cities. Finally, as indicated in Table 1, a wide variety of mobility services (e.g.
public transport, sharing schemes, taxi) are available in the study areas and could contribute to
the materialization of MaaS.

Budapest is the capital of Hungary, located in Eastern Europe, and has a population of 1.73
million inhabitants (based on the 2011 Census data; HCSO, 2011). Hungary has the lowest per
capita gross domestic product (GDP) in comparison to the other selected study areas (ranked
27" in Europe with $28,799 in 2017; OECD, 2018a). However, Budapest is considered as a
growing economy and has been ranked as the second fastest-developing urban economy in
Europe, with an increase of 2.4% in the gross domestic product per capita and 4.7% increase in
employment for 2014 (Parilla et al., 2014). Stakeholders in Budapest had expressed strong
interest to implement MaasS in their city. In fact, current citizens’ mobility patterns indicate that
the majority of the trips within Budapest are conducted by public transport (45% of total trips),
while 35% and 20% are conducted by car and active transport modes respectively (Juhasz et
al., 2014). In addition, since 2010, with the establishment of the new, integrated transport
management model and the BKK Centre for Budapest Transport, a multimodal development
approach promoting public transport and cycling infrastructure projects was introduced.
Therefore, in Budapest, MaaS would further encourage multimodality by combining public
transport modes with private vehicles.

Greater Manchester is a city of the United Kingdom, located in Northern Europe and has a
population of 2.7 million people. In 2017, U.K. was the 14" European country in terms of GDP
per capita with $44,909 (OECD, 2018b). Based on the most recent statistics, its residents are
highly dependent on private vehicles for their trips. More specifically, in 2016 most residents
(about 70%) commuted to work by private vehicles, while each individual conducted 575 (out
of 921) annual trips by car (Transport for Greater Manchester, 2018). Greater Manchester is a
highly relevant case study for MaaS given its current high levels of car usage, despite significant
levels of investment in public transport. Moreover, Greater Manchester has shown strong
interest in MaaS and has established collaborations with several projects and networks so far to
promote new mobility services including MaaS, autonomous vehicles and bike sharing
schemes. Finally, it is an ideal policy test-bed, given the current deregulated nature of its bus
market, since all bus services in the United Kingdom outside London are deregulated.

Luxembourg city is a city located in Central Europe, with a population of more than 114
thousand residents (STATEC, 2017). Luxembourg is considered one of the richest countries in
Europe, with GDP per capita of $107,525 in 2017 (OECD, 2018c). The majority of the national
trips are conducted by car (82.9% of 2015 total trips; EC, 2017b). Luxembourg city is a special
case since a considerable percentage of the city’s employees (42% of the workforce) live in
neighboring countries (Belgium, Germany and France) due to the high cost of living in the
country (OECD, 2016) and conduct cross-border trips mainly by car on a daily basis. Thus,
MaaS could contribute to the decrease of car usage and promote alternatives offerings for cross-



border trips. Luxembourg City Council and mobility service providers located in the region,
initially, had a weak interest for MaaS. The recent publicly expressed interest of the Ministry
of Transport intrigued the mobility service providers to participate in the MaaS concept.

Table 1. Main characteristics of the three study areas

Budapest Greater Manchester Luxembourg city

Location Eastern Europe Northern Europe Central Europe

Population 1.73 million 2.7 million 0.11 million
Country’s economic indicators

- GDP per capita $28,799 $44,909 $107,525

- Average wage $22,576 $43,732 $63,062

Modal split High public High private car High private car usage

transport usage usage for cross-border trips

Public transport regulation ~ Public transport Public transport Public transport
regulated deregulated regulated

Availability of mobility services*

-Public Transport 1 1 1

authority

-Bus operators 1 6 4

-Tram operators 1 1 1

- Railway operators 1 4 1

- Bike sharing operators 1 6 1

- Car sharing operators 2 3 3

- Car pooling apps 1 3 1

- Taxi providers 3 4 4

- Other transport operators ~ Several car hire Several car hire Several car hire
companies companies; 1 coach companies; scooters;

hire company shuttle buses

Notes: *This information is based on a review conducted during 2018. Since the mobility

environment is continuously changing (especially concerning the emerging sharing schemes), this

information may be different at the time of the publication of this paper.
3.2 Data
To collect the data from the stakeholders, three workshops and four in-depth interviews were
conducted in the three study areas. The workshops were organized in round-table discussions,
where the participants were asked to address and discuss a structured questionnaire regarding
several aspects of MaasS, including the business perspective. Stakeholders were allocated to
round tables so as to ensure representation of different actors in the respective discussions. The
workshops provided the stakeholders’ viewpoints regarding MaaS’s most important actors;
anticipated benefits; most appropriate revenue distribution models; financing and funding
sources; targeted end users and ways to approach them; as well as barriers to MaaS
implementation. In addition, stakeholders were asked to express their viewpoints on different
business models with diversifying MaaS operators and organizational structures and to specify
the nine building blocks of a MaaS business model canvas for their city. A detailed analysis of
the questions asked and the main findings of the workshops can be found in Polydoropoulou et
al. (2019). The workshop in Budapest gathered 39 stakeholders, while the workshops in Greater
Manchester and Luxembourg gathered 51 and 28 participants respectively. The synthesis of
participating stakeholders in the workshops was decided with the aim to cover a wide range of
MaasS actors taking into consideration the MaaS ecosystem actors identified in a previous study
conducted by Kamargianni and Matyas (2017). As indicated in Table 2, different MaaS-related
actors were represented in each city, including public authorities (transport or government/local
authorities), public and private transport operators, information technology (IT) and data
companies, research organizations and institutes, transport consultants, financing companies
and passenger associations. The majority of the participants were representatives of public and
private transport operators (39% in BUD, 30% in GM and 41% in LUX), followed by research




organizations and universities (26% in BUD, 23% in GM and 23% in LUX), transport
consulting companies (9% in BUD, 19% in GM and 8% in LUX), and, finally, IT and data
companies (6%, 15% and 8% in BUD, GM and LUX respectively). The detailed list of the

workshops’ participants is presented in Tsirimpa et al. (2018).

Table 2. Type and number of entities involved in the workshops

Type of Budapest Greater Manchester Luxembourg city
entity
Public 1 Public Transport 1 Public Transport 1 Public Transport
authorities Authority Authority Authority
1 Local Authority 1 Local Authority 2 Local Authorities
1 Governmental 1 Governmental
Authority Authority
Transport 1 MaaS company 3 bus operators 1 bus operator
operators 1 public transport 1 tram operator 1 bike-sharing operator
operator 1 bike-sharing operator 1 car rental company
1 taxi provider 2 car-sharing operators
1 railway operator 1 car rental company
1 carpooling company 2 railway operators
2 car-sharing operators 2 taxi providers
1 shuttle bus operator

IT and data 2 companies 5 companies 1 company
companies
Research 3 universities 3 universities 4 universities
institutes/ 1 research institute 1 research institute 1 research institute
Universities
Transport 3 companies 4 companies 4 companies
consulting
companies
Other 2 energy companies - 1 automotive company
companies/ 1 financing company
associations 3 associations

The in-depth interviews were conducted with four important actors of the MaaS business
ecosystem in the three study areas (e.g. MaaS operators, public transport authorities, etc.) to
derive their opinion about critical aspects, challenges and opportunities to be faced when
developing the MaaS business model.

4 ldentifying Maas business ecosystem champions

As already explained, to deliver MaaS, multiple actors are required to cooperate under a unique
mobility platform. According to Kamargianni and Matyas (2017), Maa$S business ecosystem is
“the wider network of firms that influences how the MaasS provider, creates and captures value”
and comprises of a wide range of stakeholders including public authorities, public and private
transport operators, data providers, IT companies, ticketing and payment service providers,
telecommunications, financing companies, institutions, passenger associations, etc.
(Kamargianni and Matyas, 2017, Konig et al., 2016, Transport Systems Catapult, 2016).
However, the composition of each ecosystem may be totally different than the aforementioned
one due to the different conditions in each study area. The diversifying objectives and strategic
goals of the potential MaaS operators, the (un)availability of transport solutions and the
(un)willingness of the MaaS actors to cooperate within a MaaS partnership are some of the
reasons which may result in different compositions of MaaS business ecosystems.

To understand and define the business ecosystems of potential MaaS schemes in the three study
areas, the stakeholders were asked to define the key actors in a MaaS partnership. In specific,



they were presented with a list of different MaaS actors acknowledging the MaaS ecosystem
definition given by the existing literature, while they were asked to define any other actor that
they considered to be important in a MaaS scheme. These actors could be part of the MaaS
ecosystem either as key partners, contributing to the success of the business via adding value
through the provision of their services, or as the MaaS operator, integrating the mobility service
providers’ offerings and selling the MaaS products to end users. The results are illustrated in
Figure 2, where the importance of different types of entities (i.e. public or private transport
operators, authorities, governmental entities, etc.) to form the MaaS business ecosystem is
ranked in a scale of 1 to 5 where 1 means “not important actor” and 5 “extremely important
actor”. Overall, it is shown that stakeholders tend to regard the mobility service providers as
the most important actors in MaaS and especially the public transport operators in a city/region
(i.e. bus, metro, tram, and rail). In Europe, the role and participation of public transport
authorities is considered critical for a successful deployment of Maa$S, while this does not seem
to be the case in the United States where the regulatory and competition environment are
different (P6llanen, 2018; Buehler and Pucher, 2012) and emerging mobility service providers
are more likely to be the champions of MaaS (House, 2018). Moreover, MaaS Australia argues
that delivering the potential benefits of MaasS requires the public transport to be at the center of
Maas and be complemented with on-demand transport covering the first and last mile (Hensher,
2018). This approach also prevailed in the workshops and interviews.

More specifically, the importance of city/local governments was emphasized both in the in-
depth interviews and the workshops, as city/local governments are expected to act as facilitators
bringing all the relevant actors around the same table and supporting the market creation. Apart
from this, city/local governments could support MaaS through providing the general policy
formulation and setting the regulatory framework for transport rules (Polis, 2017; Wong et al.,
2019); and incentivizing end users to change their current travel behavior towards the offered
Maa$S services. Non-mobility entities (e.g. IT companies, institutions, data providers, etc.),
were rated lower in comparison with mobility service providers, even though they were
identified as important actors in MaaS. This provides an indication of the current perception of
MaaS as a concept that assigns more significance to transport operators (especially public
transport operators) than to other Maa$S actors, such as data providers, IT companies, who, also,
have a vital role in a MaaS partnership.

Citizen committees

. . 5 . . .
Car rental companies Private Financiers

o ; Public Transport
Car sharing companies A Authority

Bike-sharing companies City/Local government

Public bus operator(s) EV-charging companies

. Infrastructure rators
Private bus operator(s) i.e. pal‘kingﬂeoll)

Metro operator Rail operator

Tram operator

=——BUD =—=GM LUX

Figure 2. Key actors of the MaasS business ecosystem in the three study areas



At the heart of the MaaS business ecosystem is the MaaS operator who needs to manage a
multi-stakeholder environment. Current state of practice reveals that commercial MaaS
developments have been mainly led by private companies with little public authority
involvement in the Maa$S operator’s role. However, the stakeholders” workshops revealed that
there is a growing recognition that public transport authorities should take the lead (see Figure
3). It is perceived that the public transport authority which provides the main transportation
system of a city/region, i.e. metro, tram, buses and trains, and manages other key MaaS
elements (such as scheduling, ticketing, etc.) could deliver a successful MaaS scheme. This
finding was expected since public transport entities can built the needed trust with minimal risk
compared to a private company. However, as it became evident from the in-depth interviews
conducted with public transport authorities in the study areas, they are not willing to undertake
such a role because they are lacking the resources needed.

In Budapest, another identified candidate to lead MaaS was a private company dedicated to
develop and operate MaaS services. Finally, the option of a private transport operator acting as
the Maa$S operator was considered as the least appropriate in all study areas. Apart from the
aforementioned categories, the stakeholders did not indicate other entities, that could be
appropriate to act as the MaaS operator in a city or a wider region, such as companies
specialized in multimodal trip planning or road operators.
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Figure 3. Most appropriate MaasS operators by study area

5 Prototype business models for MaaS

This section presents the developed prototype business models for MaasS for the three study
areas based on the Osterwalder’s business model canvas using the findings from the literature
review, the workshops and the in-depth interviews. Special focus is given on the factors that
might affect the rationale of how the MaaS operator creates, delivers and captures value in the
different cities. For this purpose, the systemic enablers and barriers of MaaS in the three study
areas are initially presented.

5.1 System opportunities and challenges for MaaS implementation

This section presents the system’s opportunities that could enable MaaS implementation and
the challenges that might hinder it, as identified via the in-depth interviews and the workshops
in each study area. Both perspectives need to be considered when developing a MaaS business
model in a city or region. The analysis is based on the rationale of the systems of innovation
approach (Woolthuis et al., 2005, Roumboutsos et al., 2014). The system opportunities and



imperfections in the domains of infrastructure, hard and soft institutions and capabilities are
identified and discussed.

Infrastructure: Maas is a service which requires a number of digital technologies associated
with intelligent mobility innovation (ARUP, 2018; Transport Systems Catapult, 2016). First,
the MaaS operator should be capable of offering the MaaS products electronically (electronic
tickets) (Holmberg et al.,, 2016). Public transport tickets in Luxembourg and Greater
Manchester can be bought online, on the smartphone and in person, which is regarded as an
enabler for MaaS implementation. In Budapest, although the public transport authority is
discussing the replacement of current paper tickets and passes with card-based electronic
ticketing, currently the ticketing system of public transportation relies on paper tickets. This is
considered as an infrastructure barrier in Budapest. Another infrastructural issue for MaaS is
the availability of open application programming interfaces (APIs) from the different mobility
service providers. Availability of APIs and interoperability of systems are prerequisites for the
involved actors in a MaaS scheme. However, our analysis reveals that in our study areas few
operators have opened their API feeds. More specifically, it was found that in all three areas,
APIs regarding journey planning data are open. However, booking, ticketing and pricing data,
which are additionally required for MaaS (Transport Systems Catapult, 2016), are opened only
by few operators in the three study areas. This may be explained by the unwillingness of some
operators to share their data with their competitors.

Hard institutions concern regulatory and legal enablers and barriers faced. For example, the
regulatory framework for public transportation in many countries prescribes that no third party
is allowed to sell tickets oher than the operator itself (Li and VVoege, 2017). In all three areas,
pricing for public transport is regulated and thus, MaaS pricing would mean discussions and
negotiations between the public authorities and the MaaS operators. In Budapest, a MaaS
operator could be able to purchase tickets for its potential customers, but due to the prevailing
legal framework, the pass/ticket would be more expensive compared to the one sold to an
individual person. This reduces the potential of a MaaS operator to offer competitive prices for
its bundled services. Furthermore, discounted tickets (i.e. student and pensioner tickets) cannot
be sold by a third party. In addition, in all three study areas the API feeds of some transport
operators do not follow compatible data formats and some level of standardization is required.
This is, also, considered as a hard institutional barrier for MaaS. However, it is possible that
operators might realize the potential benefits of cooperation with respect to “matching” their
API feed standards and cooperate in an, otherwise, competitive environment. Hence, the
prevailing potential of coopetition (Ritala et al, 2016) arises, as competitors could reap benefits
from their collaboration and enable collective value creation.

Soft institutions concern issues related to political culture and social values that may influence
the uptake of MaaS. As already described, residents of Greater Manchester and Luxembourg
are highly dependent on private vehicles for their trips, while inhabitants in Budapest mostly
use public transport in their everyday life. Thus, from the social perspective, the prevailing car
ownership culture in the first two areas is regarded as a soft institutional barrier for MaaS. In
addition, in areas where the MaaS scheme offers attractive bundles which include car-related
options, such as car sharing, carpooling and ride hailing, there is the risk of leading to a car-
centered MaaS scheme, thus, reducing potential social benefits. Trust between the involved
Maas actors is another soft institutional issue for MaaS. Transport operators need to share their
data and open APIs feeds to enable the integration of the offered transport services within
Maas. Although this might constitute a threat to the individual operators’ business, the in-depth
interviews and workshops in Budapest and Greater Manchester indicated that there is a
relatively good level of trust between the involved actors. However, in Luxembourg the
involvement of small private companies which act as competitors outside MaaS and their



unwillingness to expose their business models to their competitors was indicated. Finally, the
political culture in Budapest would be an institutional barrier for MaaS. The stakeholders who
participated in the Budapest workshop stated that the current Hungarian political system and
government policy might negatively influence the business prospects of MaaS in their city.

Capabilities: MaaS partners may lack the capacity (resources and financing) to learn rapidly
and effectively and, thus, may not be able to make the leap to the technologies embedded in the
MaaS concept. This failure was expressed by the interviewee in Luxembourg, who stated that
there are many small private operators in Luxembourg, who have the capacities to operate their
services but may not have the finances and the human resources to manage an innovation-
related project. This leads to an unwillingness of transport operators to participate in such
schemes, although it is acknowledged that MaaS could increase their market and revenues.

Based on the above, Figure 4 presents the observed system enablers and barriers in the three
study areas. A range from -3 to +3 is used to depict the level of negative and positive impacts
of each study area (average score from the rating assigned to the involved MaaS actors) on the
innovation process of MaaS.
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Figure 4. Systemic enablers and barriers for Maas in the three study areas

5.2 Business Model Canvas

This section describes the strategy the MaaS operator should follow to materialize the ideal
Maa$S and offer seamless mobility within a specific region or city. Depending on the type of
the MaasS operator and the region/city of MaaS implementation, the rationale of how the Maa$S
operator creates, delivers and captures value may differ. Therefore, Figures 5 (for Budapest), 6
(for Greater Manchester) and 7 (for Luxembourg city) indicate how the building blocks of the
canvas and, thus, the business model changes among the study areas. The elements of the
canvas depicted in white correspond to the generic business model for MaaS, which are not
currently accounted by the study areas. The city-specific business models have resulted from
the combination of the knowledge acquired from the workshops and the in-depth interviews
with the MaaS stakeholders in each area. In the following text, the nine building blocks of the
MaaS business model canvas are described, while explaining the logic behind their variations
in each study area.



Key Partners: As already described in Section 4, the Maa$S ecosystem is built on the interaction
of different groups of actors. The main group of the key partners is the mobility service
providers, at the core of which is the public transport operators, including bus, tram, train and
metro operators. However, shared mobility operators (car sharing, bike sharing, carpooling,
ride hailing, etc.), taxi providers and car rental companies, extend the existing public transport
network and provide individualized travel solutions leading to the MaaS value proposition
(flexible, convenient and sustainable transport with increased accessibility). Regional
authorities (i.e. municipalities) are key partners in MaaS as well. In addition, airlines, freight
carriers and individuals who wish to share their own vehicles and offer them as a mobility
service can be also considered as key partners. MaaS may include car manufacturers, financial
transaction enablers and insurance companies. Infrastructure providers could also constitute
partners in a MaaS scheme. For example, parking places are needed to enable a MaaS scheme
which includes car sharing, bike sharing and carpooling, making parking companies a key
partner for MaaS. In addition, a road operator could be a partner in MaaS where additional
incentives (i.e. toll discounts etc.) may be given to the customers using car-related service of
MaaS (car sharing, carpooling, car rentals). Finally, the MaaS partnership could include
research organizations as well as event and entertainment services (when non-mobility services,
such as discount coupons or vouchers to be redeemed in stores are offered as part of MaaS).
The composition of the key partners in the three study areas is an indication of the potential
market interest in MaaS. As it is revealed in Figures 5, 6 and 7 mobility service providers are
mostly interested to participate in MaaS. This is also one of the findings of the workshops,
where the stakeholders indicated the transport operators as the most important actors in MaaS.
In addition, although city/local government were regarded by the workshops’ participants as
important actors in the MaaS business ecosystem, these entities did not express interest in
joining the Maa$S partnership in our study areas.

Key activities: To materialize MaaS, a number of activities need to be conducted. The main
activity is the development and the provision of the MaaS services, i.e. booking, journey
planning, ticketing and payment of the services. Another important activity is customer service
to support and assist MaaS customers. In addition, to ensure that customers’ needs and
preferences are met, the MaaS operator needs to gather, analyze and interpret customer data, as
well as feedback provided and ensure that the necessary actions are taken to improve the
services provided. Hence, data gathering and processing is a key activity. Also, the processing
of real time data concerning travel patterns of the MaaS customers is important, as it leads to a
better understanding of the demand side (i.e. origins, destinations, time of travel, mode of
transport, use of other services during the trip, etc.) and allows for the provision of route
recommendations. Having such kind of data is really important for the MaaS operator since
they contribute. As indicated in Figures 5-7, most of these activities are considered as key for
the MaaS operators of our study areas. However, due to the infrastructure challenges in
Budapest described in Section 5.1, the service provision in this study area is limited to booking
and journey planning.

Value Proposition: MaaS is designed in such a way so that all available modes from privately-
owned, shared (car-sharing, bike sharing) and rented vehicles to public transport modes (buses.
trams, metros and trains) and taxis (including ride hailing services such as Uber and Lyft) and
transport infrastructure (i.e. parking places, etc.) are integrated under a single platform for
booking, trip planning, ticketing and payment. Depending on the availability of the different
transport modes, MaaS may cover different trip types such as urban, suburban, interurban or
cross-border. As already identified by the analysis of the cities’ characteristics in Section 3.1,
urban and suburban trips are covered by the MaaS operators in Budapest and Greater
Manchester, while it was found that MaaS could provide value on serving cross-border trips in
the Luxembourg case. The value proposition of MaaS results from the provision of:




i.  Mobility services: The customers can be provided with personalized and customized
services, meaning that they can receive specific recommendations and tailor-made
plans based on their profile (personalization), while they can modify the offered service
option (customization) based on their needs and preferences (Jittrapirom et al., 2017;
Hietanen, 2014; Kamargianni et al., 2015). Therefore, end users (individuals and
corporate users) experience more convenient, flexible, sustainable and cost-effective
trips (ARUP, 2018; Mulley, 2017), while the inclusion of demand-responsive services,
such as taxi, Uber, etc. results in improved accessibility. Finally, MaaS can be
supplemented with non-mobility services, such as the provision of discount coupons or
vouchers to be redeemed in different types of stores (i.e. restaurants, shops, etc.) when
sustainable mobility choices are made. With regards to the value proposition of MaaS
to the involved actors, our findings from the stakeholders’ workshops indicated that it
varies depending on the type of the considered Maa$S actor (private or public transport
operator, parking company, etc.). For private actors, increasing revenues and market
share was the main value proposition identified by the stakeholders. Finally, social
benefits, such as environmental benefits, public health, reduction of congestion, social
equity, etc. constitute other value propositions of MaaS.

ii.  Travel-related data: MaaS heavily relies on access and exchange of high-quality data
and APIs. In fact, receiving richer data on travel demand patterns and dynamics was
indicated as the main value proposition of MaaS for public transport operators. Thus,
a potential role of the MaaS operator, who has access to dynamic traffic data (i.e. traffic
flows, speed, etc.), could be to provide travel demand management services and
forecast travel demand, traffic flows and travel times. This would benefit both the
mobility service providers and the MaaS operator, which will be able to provide more
precise services, and the travelers who will receive higher levels of service.

Customer segments: The main customer segments that MaaS should serve are private users
(residents, visitors and tourists) and corporate clients. Regarding private users, different groups
of people are served, including commuters, tourists, young people, elderly people, families and
students. To reach customers with different needs and characteristics, MaaS should offer
different plans with various combinations of transport modes, ticket prices, non-mobility
services, etc. For the specific study areas of this paper, the stakeholders’ workshops provided
evidence on the target customer segments of MaaS. In Greater Manchester and Budapest, young
people and professionals were identified as the main customers of MaaS, while in Budapest
older people were additionally identified by the stakeholders. Especially young people
constitute a significant customer segment for MaaS and are regarded as the most likely group
to adopt MaaS (Transport Systems Catapult, 2016), mainly due to their different behavior
towards technology, smartphones and car ownership (Kamargianni et al., 2015; Kamargianni
and Polydoropoulou, 2013; Klein and Smart, 2017). Corporate customers are also an important
customer segment for MaaS, where MaaS services are offered to employees through their
employer. Finally, other customer segments of MaaS could include authorities, policy makers,
transport planners and other entities interested in acquiring the travel demand management
services offered by the MaaS operator.

Channels: This building block includes the way the MaaS operator communicates with and
reaches its customer segments to deliver the value proposition. The main channels accessed by
customers are the MaaS scheme’s website and smartphone application. Through these channels,
the customers can be informed about the offered MaaS services (types of modes included, MaaS
plans, timetables, ticket prices, etc.), while they can book and purchase their MaaS journey.
Other channels to reach customers and attract new clients include media (television, newspaper,
etc.) and social media. In addition, the MaaS operator could reach its clients via third-party
retailers who could advertise the MaaS scheme on their own website or social media accounts.
Finally, since tourists could be an important customer segment of MaasS, an additional channel




could be the promotion and advertisement via tour operators, hotels, car rental companies,
airline companies, etc.

Customer relationships: With regards to customer relationships, the model of personal
assistance could be adopted in MaaS. In this way, the customers could be able to communicate
with a real customer representative for their assistance mainly through email or call centers.
Furthermore, some form of automated services could be developed via the MaaS website and
application where the customers could help themselves on a self-service basis. User
communities constitute another interface which could be utilized to enhance customer
relationships. Through the MaaS website or application, the users could communicate with each
other, exchange knowledge and solve each other’s problems. A loyalty program could be also
established to build customer relationships and maintain customer retention (Magatef and
Tomalieh, 2015). Loyalty programs have been widely used by several industries, including
airlines, hotels, supermarkets, banks, etc. Finally, co-creation could be used in Maas, by letting
or even inviting customers to write reviews about the MaaS products and plans and, thus, co-
create value for other MaasS customers.

Key resources: To make the business model work, the MaaS operator needs to commit the
necessary resources which can be categorized in two types: (i) physical and technological
resources, including the scheme’s website and mobile application and an integrated information
system, including the necessary information regarding the Maa$S services, the customers, etc.
and (ii) human resources, which comprise of the staff of the MaaS company including IT
professionals, analysts, engineers, management team, helpdesk staff etc.).

Cost structure: With regards to the costs of MaaS, these include the initial development of the
MaaS scheme (investment cost) and the costs for operating and maintaining the system
(operational cost). The investment costs include those associated with the design and the
development of the platform and the smartphone application and the brand creation. Regarding
the operational costs, they can be further distinguished in fixed and variable costs. Fixed costs
constitute the costs that do not change with a difference in the number of customers served and
include the amortization of the investment cost, marketing and advertising cost, maintenance
cost for the website, the mobile application and the information system, the legal-related costs
and the data security and privacy related costs. Variable costs for Maa$S include the costs to
provide the Maa$S services, customer service and support costs, personnel costs and insurance
costs.

Revenue streams: The main revenue stream for the MaaS operator is related to the provision
and the sales of the MaasS services. However, depending on the form of the MaaS company (i.e.
a MaaS company with shareholders or a MaaS partnership with the collaboration of the key
partners) different types of revenue streams may occur. In the shareholders’ case, the revenue
streams for the MaaS operator are related to the direct selling of the MaaS tickets, which are
then distributed to the different shareholders of the MaaS company based on a revenue
distribution model. In the second circumstance, the MaaS operator acts as a reseller of the
tickets of the mobility service providers that collaborate in the MaaS scheme. Thus, the
revenues are related to the commission on the Maa$ ticket sales agreed between the MaaS
operator and the mobility service providers. In general, MaaS tickets can be offered in two
ways: (i) subscription for an agreed time period, where it is assumed that end-users pay a
weekly, monthly or annual fee and receive bundled transit services from several transport
modes, based on their needs, and (ii) pay-as-you-go, where end-users pay separately for each
leg of their trip, based on the prices set by each transport service provider (Goodall et al., 2017).
Other revenue streams that could evolve in a MaaS scheme are related to advertisement and
commissions from non-mobility service providers (i.e. through the contracts conducted with
event and entertainment partners). Finally, depending on the legal framework of each
city/region, a revenue stream that might be possible is related to subsidization. Based on the
MaaS operators’ viewpoints in our study areas, revenues are expected as commission on the




sales of subscription packages, while in Greater Manchester the inclusion of non-mobility
services in the MaaS scheme could be an additional revenue stream.
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Figure 7. Business model canvas for MaaS in Luxembourg

6 Conclusions and policy recommendations

A holistic approach in analyzing the business perspective of Maas has been offered and tailored
to three study areas: Budapest, Hungary (BUD); Greater Manchester, United Kingdom (GM);
and Luxembourg city, Luxembourg (LUX). With respect to the MaaS business ecosystem, our
analysis indicated that mobility service providers (and especially public transport operators)
along with other local/regional public authorities are the key actors in MaaS. MaaS cannot be
materialized without these actors. Furthermore, the workshops’ results indicate that the public
transport authorities appear to be the best positioned players to act as the MaaS operators.
However, our findings from the in-depth analysis revealed that the public transport authorities
in the study areas are unable to undertake such role due to structural and resources constraints.

This paper identified the systemic enablers and barriers regarding MaaS implementation in the
three study areas. More specifically, infrastructural, regulatory, societal, political and capacity-
related aspects of MaaS were investigated. Our findings indicate that, in the three study areas,
several enablers with variations on their maturity level exist (i.e. electronic tickets, trust
between MaasS actors, some open APIs, etc.), while the identified challenges indicate that policy
interventions should be carried out by the involved actors (i.e. operators, authorities, societies,
policy makers) to support a successful MaaS deployment.

Our analysis also identified regulatory barriers that could hinder the ability of a MaaS operator
to apply commercial policies (such as selling discounted tickets and bundled services) to stay
competitive. To overcome this issue, the traditional transport-sector policy and regulatory
frameworks should be reviewed and adapted to facilitate MaaS implementation.

Another issue is the lack of compatible data formats and standardized APIs among the involved
transport operators. Policy makers should establish standards for the data collection,
management and sharing so as to support the interoperability of data and APIs feeds and
increase the effectiveness of the collaboration between MaaS actors. Given that such
standardization process may require investment by the transport operators, policy makers
should additionally consider incentivizing investment in this domain.

With respect to infrastructural challenges, it was found that in some areas flexible ticketing and
electronic transactions were not available. However, these two elements are key enablers for
MaaS. Public transport authorities should exploit the available technological developments and
support ticketing innovation on their transport networks. In the same line, the openness of data
and APIs feeds should be ensured in each area where MaaS deployment is considered.

Furthermore, our analysis revealed that a number of players in the MaaS ecosystem are
important. Collaborative relationships between the public sector (i.e. public transport
authorities, public transport operators and municipalities) and the private companies should be
fostered. The same applies to the relationships between private companies themselves. Within
MaaS private companies should cooperate and compete leveraging competition to create
maximum value and promote their businesses. Only if MaaS actors collaborate, will the MaaS
potential benefits be delivered to end users and cities.

As mentioned above, the knowledge acquired by the system of innovation framework was
utilized to customize the generic business model canvas and develop prototype business models
for the three study areas. These business models could be useful for potential MaaS actors
(MaaS operators and partners), policy makers, authorities and transport planners who are
willing to implement MaaS in cities with similar characteristics. However, special



consideration should be given when developing a business model for Maas, given the fact that
the landscape of the mobility market is radically changing; new mobility schemes are emerging,
new technologies are rapidly being adopted, while we may be experiencing a paradigm shift
from ownership to usership.

Finally, the analysis presented here was conducted in three European metropolitan areas and it
could be interesting to explore MaaS business models in cities with similar cultures,
transportation environment and economies. Further research could include the comparison of
our results with findings originated from cities in the United States and Asia. This effort could
provide interesting concluding remarks with regards to the impact of the cities’ characteristics
(i.e. citizens’ culture, configuration of the transportation network, power of public transport
authorities, dynamics of emerging schemes, etc.) on the development of a prototype business
model for MaaS. More attention should be paid as well to the demand side of MaaS, by
conducting further research on the impact of Maa$S on travel behavior changes, while a SWOT
analysis could provide sound insights on the strengths, weaknesses, opportunities and threats a
player might face when implementing a MaaS scheme. Future work is currently planned to
strengthen our contribution by exploring the impact of MaaS products’ costs and, thus, MaaS
products’ prices on market demand, investigating the market penetration of MaaS in the study
areas and the resulting share of the mobility market among the offered services.
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