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Social and economic impacts of Autonomous Shuttles for Collective Transport: an in-
depth benchmark study

Fabio Antonialli & Danielle Attias!

Abstract: Most of current managerial studies on Autonomous Vehicles (AVs) focus on future
social and economic impacts of privately-owned AVs. In contrast, the present study aimed on
carrying out an in-depth benchmark on successful experimentations with Autonomous Shuttles
for Collective Transport (ASCTs), identifying the most relevant social and economic findings
as well as understanding how such results may contribute to future projects and trials. The
research was designed as an in-depth qualitative benchmark of exploratory and descriptive
nature on three selected European projects with ASCTs: CityMobil2, GATEway, SHOJOA.
Results mainly focused on the trials’ social aspects (e.g., user acceptance, trust, willingness to
use and, shuttles’ interactions with mixed-traffic). Economic impacts were not widely disclosed
and/or explored (results were mainly centered on users’ willingness to pay and potential to
reduce fares). Thereby, we advocate that economic aspects shall not be considered as “ceteris
paribus” while measuring user acceptance. From the perspective of social sciences, the study
sheds light into what is currently being evaluated on ASCTs’ trials. Results are relevant for
future ASCTs projects to focus on neglected aspects and also to improve upon the trials’
successful results in a sense that, to date, no current studies were found aiming to understand
and evaluate the social and economic impacts of ASCTs deployments.

Keywords: Autonomous shuttles; Collective transport; Urban mobility; Social impacts;
Economic impacts.

1. Introduction

With two-thirds of the world’s population living in urban areas by 2050 (United Nations,
2018), this sheer number of inhabitants, together with economic growth, will lead to an
increasing need for effective modes of urban transport (Ainsalu et al., 2018).

Consequently, cities worldwide are coming to terms with the numerous threats posed
by urban growth, and are realizing that they may need to spearhead efforts to develop more
sustainable transportation systems (Clausen, 2017; Pancost, 2016; Rosenzweig et al., 2010).

Densely-populated cities are strongly dependent on high capacity trunk lines to be able
to sustain the necessary traffic flowrates required to meet travel demands (Ainsalu et al., 2018).
For the authors, as trunk lines are not directly accessible by the whole population, additional
more flexible first- and last-mile solutions are required to act as feeders and complementors.

As stated by Attias (2017), this revolution of urban areas will likely occur by the arrival
of autonomous cars and shuttles, thus building a new paradigm of urban mobility and smart
cities. If successfully deployed, automated minibusses and similar automated vehicles can
provide flexible and cost-efficient solutions for serving both peak and off-peak demand, parallel
and as feeders to trunk lines (Ainsalu et al., 2018, Merat, Madigan & Nordhoff, 2017).
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As the implementation of more advanced, sensors, radars and navigation technologies
in vehicles increases, there is now a potential for the mass-deployment of a new form of publicly
available, electrically operated, driverless shuttle for urban environments (Merat, Madigan &
Nordhoff, 2017). These driverless shuttles or hereinafter referred as Autonomous Shuttles for
Collective Transport (ASCTs) belong to the emerging group of automated mobility solutions,
that also encompasses the automated owned car and self-driving car-hail services (Smolnicki
& Soltys, 2016).

The number of experimentations with ASCTs has rapidly increased over the last few
years, with several pilot projects and test runs occurring in many developed countries across
the globe, mainly in Europe and North America (Antonialli, 2019; Milakis et al., 2017), which
has started to draw interest of various cities transport authorities, universities, companies and
other stakeholders (Ainsalu et al., 2018).

Large urban centers could strongly benefit from the introduction of ASCTs (Ainsalu et
al., 2018). For the authors, besides of being the first- and last-mile connection to mass transit,
ASCTs could compete with automobiles by price and be more effective than traditional public
transport buses (by taking 10 instead of 150 passengers), being on-demand instead of on-
schedule, and moving on flexible routes instead of fixed ones.

Under the upright policy, vehicular automation could support public transit, provide
accessibility for those who cannot or do not drive, as well as decrease housing development
costs — by eliminating garages and space-wasting on-ground parking (Ainsalu et al., 2018).
However, as stated by the authors, if regulations are depraved, the ubiquitous automated
mobility could lead to numerous rebound effects, such as the growth of traffic congestion,
obesity, urban sprawl and, reduced mass public transit use.

Until recently, much of the effort dedicated to the implementation of such vehicles has
focused on improving their operational and technical aspects (Gandia et al., 2018). However, it
is now time to consider the policy and behavioral factors that will allow successful deployment
and user/societal uptake (Merat, Madigan & Nordhoff, 2017), since there is still much to learn
about the operation of these vehicles from both policy and regulation perspective as well as
regarding businesses models and consumer acceptance (Harris, 2018; Cavazza et al., 2019).

The present study emerged as a follow up to the international benchmark on
experimentations with ASCTs carried out by Antonialli (2019), where 92 experimentations
with ASCTs were identified and highlighted the countries with most deployments, the most
prominent shuttles’ manufacturers, the main typologies of uses, the prevailing business models,
key-performance indicators as well as the main involved stakeholders and value flows.

With that, the guiding questions for the present study were as follows: what were the
main social and economic results found in the experimentations? What were the main
challenges and problems encountered? What were the key success factors? And ultimately,
what can be learned from these existing experimentations that could be applied and/or avoided
in future projects and deployments?

Thereby, this present study aimed at carrying out an in-depth benchmark on successful
experimentations with Autonomous Shuttles for Collective Transport by identifying the most
relevant social and economic findings as well as understanding how such results may contribute
to future projects and trials.

The present benchmark study is part of AVENUE’s project objective 5 (AVENUE,
2018). The Autonomous Vehicles to Evolve to a New Urban Experience project (AVENUE),
is an EU funded project under Horizon 2020 (grant agreement No. 769033), the project started
on May 1% 2018 and will last for 48 months. It aims to design and carry out full-scale
demonstrations of urban transport automation by deploying, for the first time worldwide, fleets
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of autonomous mini-buses on mixed-traffic conditions. Providing innovative services, like
door-to-door and multimodal transportations, in low to medium demand areas of 4 European
demonstrator cities: Geneva, Lyon, Copenhagen, and Luxembourg.

2. Methodology

The research design adopted in the present study was characterized as qualitative of
exploratory and descriptive nature (Gil, 2008; Malhotra, 2001). As a starting point for the in-
depth analysis, we took as reference the benchmark research carried out by Antonialli (2019).

Project’s AVENUE scope was used as a criterion for selecting the research corpus
(AVENUE, 2018). In this sense, in order to be considered into the research corpus the
experimentations should have been: 1) finished/completed, 2) deployed in mixed-traffic
conditions (not on exclusively dedicated roads); 3) mid- to long-term trials and/or regular
services (short-time showcases were not considered due to their limited data-gathering
potential) and 4) easy accessible (with public available final reports, academic papers, news,
videos, blogs, and etc.).

As depicted in Figure 1, a total of eleven experimentations were considered for this in-
depth benchmark and they were distributed within three main European projects: Citymobil2,
GATEway, SOHJOA. It is worth highlighting that other successful experimentations such as
WEPods and ParkShuttle in the Netherlands, Tallinkshuttle in Estonia, CATS EPFL in
Lausanne (France), Postbus Smartshuttle in Sion (Switzerland), have all been considered to
compose the research corpus, however, they were not analyzed due to the lack of robust online-
available materials regarding the deployments.

G In-depth query starting point

—| 92 experimentations with ASCTs |

Antonialli, F. (2019). International benchmark on experimentations with Autonomous
Shuttles for Collective Transport. Proceedings of the International Colloquium of Gerpisa:
Paradigm Shift? The automotive industry in Transition. Paris, 27.

A4
o
—| Finished deployments |# 41 experimentations excluded
Mixed-traffic conditions |ﬁ 25 experimentations excluded
I—| Mid- to long-term trials |ﬂ 2 experimentations excluded
4 |—| Available online detailed results |# 12 experimentations excluded

e Final research corpus

—| 11 experimentations |

CityMobil2 | - 7 deployments (Italy, France, Switzerland, Finland, Greece, Spain)
GATEway | =) | deployment (England)
\4 SOHJOA | =) 3 deployments (Finland)

o In-depth data collection

—| Descriptive qualitative analysis |

—| Categorical content analysis |

\ 4
e Results & Discussions

1"#3%8' () Research design
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Therefore, based on the three selected projects, snowball sampling technique (Penrod et
al., 2003) was used in order to continue collecting data on both academic and grey literature
(both structured and non-structured data) and, saturation criteria (Guerra, 2006) was used as a
stopping point for data collection.

At last, data was structured and analyzed via descriptive qualitative analysis (Kim,
Sefick & Bradway, 2016; Sanderlowski, 2000; 2010) and categorical content analysis (Bardin,
2010; Vergara, 2005). The next session presents the results and discussion of this study,
following, the order of our specific objectives.

3. Results and Discussion

The CityMobil2 project was carried out across six countries (Italy, France, Switzerland,
Finland, Greece and, Spain), the GATEway project took place in London on the Greenwich
peninsula and, the SOHJOA project in Finland (Espoo, Helsinki, and Tamper). All shuttles
deployed in the three analyzed projects were in accordance with SAE Level 4 vehicles (SAE,
2016), which, for legal and safety reasons where only allowed to drive at slow speeds (no more
than 15 km/h) and were required to have a human operator on board at all times — in case
automation failed (DfT, 2015).

3.1. CityMobil 2

The CityMobil2 project was a European Commission funded project — with an overall
budget of €15.286.789,52 — led by Universita Degli Studi di Firenze (Italy), carried out from
September 2012 to August 2016.

The project aimed at fostering the implementation of ASCTs in seven European cities
spread across six countries, the general objectives included the study of long term socio-
economic impacts of automated mobility; and the definition of a legal framework that would
finally allow ASCTs on urban roads (Alessandrini, 2016). As pointed out by some of the key
people involved in the project:

“The project demonstrates in real-life the implementation of this fully
automated road vehicles in city centers.” — Patrick Mercier-Handisyde
(CityMobil2 Project Officer).

“What we are really looking is how an automated transport system
would really be integrated into the transportation system of a city (...)
Citymobil2 is looking not just to automated vehicles but to the whole transport
system. The reason for that is that is not enough just to look on vehicles, but
you have to have a holistic approach on automation.” — Angelos Amditis
(Research Director ICCS).

With the seven demonstrators cities, CityMobil2 covered more than 25,000 km driven
by the autonomous shuttles and carried over 60,000 passengers. The project is — to date — the
most extensive trial with ASCTs worldwide (Ainsalu et al., 2018).

The autonomous shuttles were provided by two different manufacturers (both French-
based start-up companies): Robosoft and EasyMile. The main difference among the shuttles is
that the former was remotely controlled by a human in a central control room while the latter
was fully autonomous-driven. Ainsalu et al. (2018) summarize the overall outcome of the
project:

“As the most important project carried out until then, CityMobil
provided a comprehensive set of conclusions regarding the implementation of
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an Automated Road Transport System and the barriers to overcome: the lack
of an implementation framework for cities, the absence of a specific legal
framework, and the unknown wider economic effects.” (Ainsalu et al., 2018,

p-11).

3.2. GATEway

The Greenwich Automated Transport Environment project (GATEway), was a British
founded consortium led by the consulting company TRL (Transport Research Laboratory) that
took place from July 2014 to the end 0of 2017 in London at the Greenwich Peninsula. The project
was jointly funded by government and industry, having received £5.5 million in funding from
the Business, Energy, and Industrial Strategy (BEIS) and the British Department for Transport
(DfT) and was further supported by an additional £2.5 million from the commercial
organizations within the GATEway consortium.

GATEway was divided into three main experimentations with automated vehicles: 1)
an autonomous shuttle service on the Greenwich peninsula (launched on April 4™ 2017); 2)
simulations and trials on how automation could support accessibility transport for disabled
people; and simulations and trials with the delivery of goods (Cuerden, 2018). As elucidated
by the project’s organizers:

“These trials are all about engaging members of the public and getting
their feedback and their perceptions on how these vehicles are going to fit in
with their lifestyles, how they’re going to fit in with smart cities in the
future.”- Kristen Fernandez-Medina (TRL Technical Lead).

“We’re looking to learn more about how pedestrians interact with the
vehicles, how the users interact with the vehicle and the level of acceptance
they have from it.” — Dr. Graeme Smith (Oxbotica CEO).

“(...) GATEway is providing valuable sociological insight into
mobility solutions and the part they could play in our cities of the future.” -
Richard Cuerden (TRL Academy director).

“The results of the trial will be used to understand what are the use cases
where these shuttle vehicles, these automated vehicles can really deliver value
for the city. What is the way in which these vehicles could be used in cities
around the world.” — Prof. Nick Reed (TRL Academy Director).

The project ran during April 2017 in a 1.6 km mixed traffic route (among pedestrians
and cyclists) on the Greenwich peninsula in London. A total of 2,310 trips were completed
yielding in a total distance covered of 3,700 km and carrying a total of 320 passengers.

It is worth noting that different from the other two experimentations described in this
study, the shuttles used in the GATEway project had a capacity of transporting a maximum of
four passengers at a time, while the Shuttles on CityMobil2 and SOHJOA could carry two or
three times more passengers.

The shuttle “Harry” utilized in the trials was the result of a partnership among Westfield,
Heathrow Pods and Oxbotica (all British-based companies). Westfield is a car manufacturer
specialized in delivering lightweight electric vehicles. Heathrow Pods is the company
responsible for running the autonomous shuttles between the Heathrow Airport (terminal 5)
and the parking lots, hence, it has experience and know-how on operating ASCTs (however on
dedicated lanes). At last, Oxbotica is the software company responsible for the technology used
for the pod’s autonomous driving.

The overall outcome of the various trials carried out on the GATEway project was the
creation of a research startup called “Smart Mobility Living Lab: London”. Which has been
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designed to operate as an innovation hub where innovators in industry, service, commerce,
government as well as on research bodies, can come together to exchange ideas and develop
technical and business solutions for the future development of smart mobility solutions by
facilitating working partnerships, sharing the cost of testing and development and therefore
significantly reducing the timescales of bringing new technologies and services to market.

3.3. SOHJOA

The Physical and Virtual Innovation Platform of Autonomous Last Mile Urban
Transportation project (SOHJOA project) was a Finnish consortium formed among the
Metropolia University of Applied Sciences, Tampere University of Technology, Aalto
University, Forum Virium Helsinki and the National Land Survey of Finland from June 2016
to May 2018 with a total budget of € 559,597 (of which 65% was funded by the European
Regional Development Fund - ERDF).

The project was the first of its kind to introduce ASCTs in mixed traffic conditions on
Finnish roads. The aim was to utilize an enterprise- and area-based approach to creating new
innovations and understanding related to the use of autonomous minibusses in last-mile
transportation for the benefit of both the public sector and companies specializing in IoT and
transport services. It allowed participants (particularly innovation-focused transport
companies) to increase their practical competence in utilizing autonomous vehicles.

Trials were carried out on three demonstrators cities (Espoo, Helsinki and, Tamper)
carrying passengers on fleets of EasyMile’s EZ10 shuttles over small mixed traffic looped
routes (no longer than 1 km), in addition, the shuttles where able to face Finland’s harsh weather
conditions, as pointed out by SOHJOA’s project director:

“We have the weather which is quite challenging and we have the
saying that ‘if it works in Finland it works everywhere’ (...) I think other
countries in the European Union would be able to learn what we have been
doing.” — Oscar Nissin (SOHJOA project director).

The shuttles were offered as innovation platforms to companies (particularly smaller
ones) for piloting their smart mobility products and services. According to professor Nissin:

“We have been able to change small Finnish companies’ way of
thinking. Their product may not be directly connected to autonomous
transport, but their technology can be utilized there (...) a good example of
this is the affordable infrared sensor that can be used to calculate the number
of passengers on a bus (...) or services intended for tourists, which one
company has implemented.” — Oscar Nissin (SOHJOA project director).

The SOHJOA project gave rise to a Finnish-based start-up that continues (to date) on
developing robot-taxis technologies. In addition, Metropolia University was able to establish a
new Smart Mobility Innovation Hub.

At last, the success achieved with the project enabled the creation of a spin-off project
named “SOHJOA Baltic”, which is a 3.8 million euros consortium (funded by Interreg — Baltic
Sea Region programme) with partners in six Baltic regions that promises to bring ASCTs as
part of the cities’ transportation chain, especially for the first/last-mile connectivity. The project
duration is from October 2017 to September 2020 and is expected to bring trials with ASCT to
Helsinki (Finland), Tallinn (Estonia), Kongsberg (Norway), Vejle (Denmark), Gdansk (Poland)
and Zemgale (Latvia).
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Before getting into the social and economic findings of the selected projects, Figure 2
summarizes the main features of each of the eleven experimentations within the sampled
projects in this benchmark study.
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