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Executive Summary

The AVENUE project aims to design and carry out full scale demonstrations of urban transport
automation by deploying fleets of automated mini-buses in European cities. Within the project, the
Work Package 8 (WP8), task T8.3 aims to evaluate the environmental, economic and social
implications of implemented urban and suburban automated full-scale demonstrators.

This deliverable D8.4 deepens the insights presented in the deliverable D8.3 taking into account the
remarks of the internal and external reviewers on previous D8.3. All remarks are addressed along the
document with a short synthesis in the conclusion.

After the definition of the Sustainability Assessment framework and the Avenue Assessment
framework on Section 2, this deliverable presents and details four business scenarios for the AVENUE
services in Section 3 explaining all the relevant elements, stakeholders and possible business models
within the contexts of Mobility-as-a-Service.

To assess the economic impact of AV of AVENUE in cities, we will first describe potential key scenario
parameters to test the external cost of introducing the shuttles in cities. Section 5, the team proposes
a macro-calculator tool for externalities at the city level based on data from the testing sites of the
project. The methodology to calculate the externalities is detailed as well as the fleet calculator
which is used to support the different scenarios planning to assess the impact of on-demand AV
integrated in public transport in cities.

The economic impact is analysed at two levels: the local (micro) level and the macro level. On section
4, the micro level economic analysis is presented as a business case for the focused Business Scenario
1. The aim is to understand how the local economic balance of an automated fleet can be assessed
before its deployment in a specific context. The pre-assessment is needed by policy makers or local
government to take the decision of an automated fleet implementation. he pre-assessment must
take into account the context, the targeted service specifications, the total cost of service
deployment including externalities. WP8 T8.3 proposes a decision support tool that helps decision
makers to calculate and analyze the economic impact on a micro level of automated collective
vehicles before or after the service implementation. The tool is designed as a decision support tool. It
aims to evaluate the economic impact of automated shuttle deployment either ante- or post
implementation.

Section 5, the macro level analysis broadens the perspective by providing a complete qualitative
analysis of the foreseen AVENUE services scenarios. A macro-calculator tool for externalities at the
city is presented level based on data from the testing sites of the project. The methodology to
calculate the externalities is detailed as well as the fleet calculator which is used to support the
different scenarios planning to assess the impact of on-demand AV integrated in public transport in
cities. At last, section 6 presents the overall conclusions of this deliverables and the next steps to be
taken in the project.
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1 Introduction

AVENUE aims to design and carry out full-scale demonstrations of urban transport automation by
deploying, for the first time worldwide, fleets of Automated minibuses in low to medium-demand
areas of 4 European demonstrator cities (Geneva, Lyon, Copenhagen and Luxembourg) and 2 to'3
replicator cities. The AVENUE vision for future public transport in urban and suburban areas, is-that
Automated vehicles will ensure safe, rapid, economic, sustainable and personalised transport of
passengers. AVENUE introduces disruptive public transportation paradigms on the basis of on-
demand, door-to-door services, aiming to set up a new model of public transportation, by revisiting
the offered public transportation services, and aiming to suppress prescheduled fixed bus itineraries.

Vehicle services that substantially enhance the passenger experience as well as the overall quality
and value of the service will be introduced, also targeting elderly people, people with disabilities and
vulnerable users. Road behaviour, security of the Automated vehicles and passengers’ safety are
central points of the AVENUE project.

At the end of the AVENUE project four-year period the mission is to have demonstrated that
Automated vehicles will become the future solution for public transport. The AVENUE project will
demonstrate the economic, environmental and social potential of Automated vehicles for both
companies and public commuters while assessing the vehicle road behaviour safety.

1.1 On-demand Mobility

Public transportation is a key element of a region's economic development and the quality of life of
its citizens.

Governments around the world are defining strategies for the development of efficient public
transport based on different criteria of importance to their regions, such as topography, citizens'
needs, social and economic barriers, environmental concerns and historical development. However,
new technologies, modes of transport and services are appearing, which seem very promising to the
support of regional strategies for the development of public transport.

On-demand transport is a public transport service that only works when a reservation has been
recorded and will be a relevant solution where the demand for transport is diffuse and regular
transport is inefficient.

On-demand transport differs from other public transport services in that vehicles do not follow a
fixed route and do not use a predefined timetable. Unlike taxis, on-demand public transport is usually
also not individual. An operator or an automated system takes care of the booking, planning and
organization.

It is recognized that the use and integration of on-demand Automated vehicles has the potential to
significantly improve services and provide solutions to many of the problems encountered today in
the development of sustainable and efficient public transport.

1.2 Fully Automated Vehicles

A self-driving car, referred in the AVENUE project as an Fully Automated Vehicle (AV), also referred
as Autonomous Vehicle, is a vehicle that is capable of sensing its environment and moving safely with
no human input.

The terms automated vehicles and autonomous vehicles are often used together. The Regulation
2019/2144 of the European Parliament and of the Council of 27 November 2019 on type-approval
requirements for motor vehicles defines "automated vehicle" and "fully automated vehicle" based on
their autonomous capacity:
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e An "automated vehicle" means a motor vehicle designed and constructed to move
autonomously for certain periods of time without continuous driver supervision but in
respect of which driver intervention is still expected or required

o "fully automated vehicle" means a motor vehicle that has been designed and constructed to
move autonomously without any driver supervision

In AVENUE we operate Fully Automated minibuses for public transport, (previously referred as
Autonomous shuttles, or Autonomous buses), and we refer to them as simply Automated minibuses
or the AVENUE minibuses.

In relation to the SAE levels, the AVENUE project will operate SAE Level 4 vehicles.

% SAE J3016™LEVELS OF DRIVING AUTOMATION

SAE
LEVEL 4

SE SE SE SE
LEVELO J LEVEL1 J LEVEL2 J LEVEL3

You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
Yhat does the you are not steering “the driver's seat”
Herman in the
1@;%5“““ You must constantly supervise these support features; When the feature These automated driving features
you must steer, brake or accelerate as needed to requests, will not require you to take
maintain safety you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
to providing steering steering not operate unless all required vehicle under
What do mm warnings and OR brake/ AND brake,/ conditions are met all conditions
features momentary acceleration acceleration
assistance support to support to
the driver the driver
automatic *lane centering *[ane centering =traffic jam «local driverless @ =same as
emergency OR AND chauffeur taxi level 4,
braking . . . . «pedals/ but feature
Example blind spot ~adaptive cruise W - adaptive cruise Et 2 can drive
Festures | ISRl control control at the steering everywhere
warning same time wheel may or in all
*lane departure m:%ra:gébe conditions
CELG T

©2020 SAE International

1.2.1 Automated vehicle operation overview

We distinguish in AVENUE two levels of control of the AV: micro-navigation and macro-navigation.
Micro navigation is fully integrated in the vehicle and implements the road behaviour of the vehicle,
while macro-navigation is controlled by the operator running the vehicle and defines the destination
and path of the vehicle, as defined the higher view of the overall fleet management.

For micro-navigation Automated Vehicles combine a variety of sensors to perceive their
surroundings, such as 3D video, LIDAR , sonar, GNSS, odometry and other types sensors. Control
software and systems, integrated in the vehicle, fusion and interpret the sensor information to
identify the current position of the vehicle, detecting obstacles in the surround environment, and
choosing the most appropriate reaction of the vehicle, ranging from stopping to bypassing the
obstacle, reducing its speed, making a turn etc.

For the Macro-navigation, that is the destination to reach, the Automated Vehicle receives the
information from either the in-vehicle operator (in the current configuration with a fixed path route),
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or from the remote control service via a dedicated 4/5G communication channel, for a fleet-managed
operation. The fleet management system takes into account all available vehicles in the services area,
the passenger request, the operator policies, the street conditions (closed streets) and send route
and stop information to the vehicle (route to follow and destination to reach).

1.2.2 Automated vehicle capabilities in AVENUE

The Automated vehicles employed in AVENUE fully and automatically manage the above defined,
micro-navigation and road behaviour, in an open street environment. The vehicles are Automatically
capable to recognise obstacles (and identify some of them), identify moving and stationary objects,
and Automatically decide to bypass them or wait behind them, based on the defined policies. For
example, with small changes in its route the AVENUE shuttle is able to bypass a parked car, while it
will slow down and follow behind a slowly moving car. The AVENUE vehicles are able to handle
different complex road situations, like entering and exiting round-about in the presence of other fast
running cars, stop in zebra crossings, communicate with infrastructure via V2l interfaces (ex. red light
control).

The shuttles used in the AVENUE project technically can achieve speeds of more than 60Km/h.
However, this speed cannot be used in the project demonstrators for several reasons, ranging from
regulatory to safety. Under current regulations the maximum authorised speed is 25 or 30 Km/h
(depending on the site). In the current demonstrators the speed does not exceed 23 Km/h, with an
operational speed of 14 to 18 Km/h. Another, more important reason for limiting the vehicle speed is
safety for passengers and pedestrians. Due to the fact that the current LIDAR has a range of 100m
and the obstacle identification is done for objects no further than 40 meters, and considering that
the vehicle must safely stop in case of an obstacle on the road (which will be “seen” at less than 40
meters distance) we cannot guarantee a safe braking if the speed is more than 25 Km/h. Note that
technically the vehicle can make harsh break and stop with 40 meters in high speeds (40 -50 Km/h)
but then the break would too harsh putting in risk the vehicle passengers. The project is working in
finding an optimal point between passenger and pedestrian safety.

Due to legal requirements a Safety Operator must always be present in the vehicle, able to take
control any moment. Additionally, at the control room, a Supervisor is present controlling the fleet
operations. An Intervention Team is present in the deployment area ready to intervene in case of
incident to any of the mini-busses.

1.3 On-demand Mobility

Public transportation is a key element of a region's economic development and the quality of life of
its citizens.

Governments around the world are defining strategies for the development of efficient public
transport based on different criteria of importance to their regions, such as topography, citizens'
needs, social and economic barriers, environmental concerns and historical development. However,
new technologies, modes of transport and services are appearing, which seem very promising to the
support of regional strategies for the development of public transport.

On-demand transport is a public transport service that only works when a reservation has been
recorded and will be a relevant solution where the demand for transport is diffuse and regular
transport is inefficient.

On-demand transport differs from other public transport services in that vehicles do not follow a
fixed route and do not use a predefined timetable. Unlike taxis, on-demand public transport is usually
also not individual. An operator or an automated system takes care of the booking, planning and
organization.

It is recognized that the use and integration of on-demand automated vehicles has the potential to
significantly improve services and provide solutions to many of the problems encountered today in
the development of sustainable and efficient public transport.
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1.4 Automated Vehicles

A self-driving car, referred in the AVENUE project as an Automated Vehicle (AV) is a vehicle that is
capable of sensing its environment and moving safely with no human input. The choice of
Automated vs Automated was made in AVENUE since, in the current literature, most of the vehicle
concepts have a person in the driver's seat, utilize a communication connection to the Cloud or other
vehicles, and do not independently select either destinations or routes for reaching them, thus being
“automated”. The automated vehicles are considered to provide assistance (at various levels) to the
driver. In AVENUE there will be no driver (so no assistance will be needed), while the route and
destinations will be defined automatedly (by the fleet management system). The target is to reach a
system comprising of vehicles and services that independently select and optimize their destination
and routes, based on the passenger demands. In relation to the SAE levels, the AVENUE project will
operate SAE Level 4 vehicles (see Figure 1).

% SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE
LEVEL3 J LEVEL 4

SE SE SE
LEVELO J LEVEL1 J LEVEL 2

You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
What doas the you are not steering “the driver's seat”
Fvars sat
hwer.tso da? You must constantly supervise these support features; When the feature These automated driving features
you must steer, brake or accelerate as needed to requests, will not require you to take
maintain safety you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
to providing steering steering not operate unless all required vehicle under
What do thm warnings and OR brake/f AND brake/ conditions are met all conditions
(eatures momentary acceleration acceleration
assistance support to support to
the driver the driver
automatic *lane centering * lane centering «traffic jam +local driverless W =same as
emergency OR AND chauffeur taxi level 4,
braking . . . . e but feature
Example blind spot adaptive cruise Wl =adaptive Cruise E[ x can drive
Features L) control control at the SLEEIITION everywhere
warning same lime wheel may or in all
*lane departure mg%;::ijhp conditions
warning

Figure 1. SAE levels of automation (©2020 SAE International)

1.4.1 Automated vehicle operation overview

We distinguish in AVENUE two levels of control of the AV: micro-navigation and macro-navigation.
Micro navigation is fully integrated in the vehicle and implements the road behavior of the vehicle,
while macro-navigation is controlled by the operator running the vehicle and defines the destination
and path of the vehicle, as defined the higher view of the overall fleet management.

For micro-navigation Automated Vehicles combine a variety of sensors to perceive their
surroundings, such as 3D video, lidar, sonar, GNSS, odometry and other types sensors. Control
software and systems, integrated in the vehicle, fusion and interpret the sensor information to
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identify the current position of the vehicle, detecting obstacles in_the surround environment, and
choosing the most appropriate reaction of the vehicle, ranging from stopping to bypassing the
obstacle, reducing its speed, making a turn etc.

For the Macro-navigation, that is the destination to reach, the Automated Vehicle receives the
information from either the in-vehicle operator (in the current configuration with afixed path route),
or from the remote control service via a dedicated 4/5G communication channel, for a fleet-managed
operation. The fleet management system takes into account all available vehicles in the services area,
the passenger request, the operator policies, the street conditions (closed streets) and send route
and stop information to the vehicle (route to follow and destination to reach).

1.4.2 Automated vehicle capabilities in AVENUE

The automated vehicles employed in AVENUE fully and automatedly manage the above defined,
micro-navigation and road behavior, in an open street environment. The vehicles are automatedly
capable to recognize obstacles (and identify some of them), identify moving and stationary objects,
and automatedly decide to bypass them or wait behind them, based on the defined policies. For
example, with small changes in its route the AVENUE shuttle is able to bypass a parked car, while it
will slow down and follow behind a slowly moving car. The AVENUE vehicles are able to handle
different complex road situations, like entering and exiting round-about in the presence of other fast
running cars, stop in zebra crossings, communicate with infrastructure via V2X interfaces (ex. red
light control).

The shuttles used in the AVENUE project technically can achieve speeds of more than 60Km/h.
However, this speed cannot be used in the project demonstrators for several reasons, ranging from
regulatory to safety. Under current regulations the maximum authorized speed is 25 or 30 Km/h
(depending on the site). In the current demonstrators the speed does not exceed 23 Km/h, with an
operational speed of 14 to 18 Km/h. Another, more important reason for limiting the vehicle speed is
safety for passengers and pedestrians. Due to the fact that the current LIDAR has a range of 100m
and the obstacle identification is done for objects no further than 40 meters, and considering that
the vehicle must safely stop in case of an obstacle on the road (which will be “seen” at less than 40
meters distance) we cannot guarantee a safe braking if the speed is more than 25 Km/h. Note that
technically the vehicle can make harsh break and stop with 40 meters in high speeds (40 -50 Km/h)
but then the break would too harsh putting in risk the vehicle passengers. The project is working in
finding an optimal point between passenger and pedestrian safety.

17




=/AVENUE

D8.4 Second Iteration Economic Impact

2 Methodology

This iteration of the deliverable presents different analysis tools to assess the costs and implications
of the deployment of the Automated vehicles for public transport. It also presents strategic-business
design for AVENUE business scenarios. First, it starts by defining the Sustainable Urban Mobility Plans
since it is the foundation of the sustainability assessment and by consequence the economic
assessment. Second, it presents the AVENUE assessment framework as well as the resulting
sustainable assessment. Finally, the methodology also defines the business strategy analysis adopted
in this iteration.

2.1. Sustainability assessment: The SUMP Concept

Sustainable Urban Mobility Plan (SUMP) has been widely recognised, targeting sustainable and
integrative planning processes to deal with the complexity and dynamicity of urban mobility (Eltis,
2020). It embraces new modes of transport, e.g. micro-mobility, automated and connected vehicles,
and new concepts as Mobility as a Service (MaaS), shared mobility and so on.
The concept of SUMP comprehends the integration of all modes of transport, public and private,
motorised and non-motorised and a long-term planning vision. It targets to improve the mobility
accessibility, sustainability and citizens’ well-being (European Commission, 2013).
SUMP is defined as “a strategic plan designed to satisfy the mobility needs of people and businesses
in cities and their surroundings for a better quality of life. It builds on existing planning practices and
takes due consideration of integration, participation, and evaluation principles.” (Rupprecht Consult,
2019)
And it is guided by eight principles (Chinellato and Morfoulaki, 2019):

1) Aim of sustainable mobility for the ‘functional urban area’

2) Assessment of current and future performance

3) Long-term vision as well as a clear implementation plan

4) Development of all transport modes in an integrated manner
5) Cooperation across institutional boundaries

6) Involvement of citizens and relevant stakeholders

7) Arrangements for monitoring and evaluation

8) Quality assurance

SUMP provides general guidelines for planning and implementation. It is composed by four main
phases: i) Preparation and context analysis; ii) Strategy development; iii) Measure planning; iv)
Implementation and monitoring.

Therefore, the present deliverable 'Economic impact assessment' aims to contribute bringing
concepts, tools and findings that could support SUMP by addressing: the long-term vision and diverse
business scenarios for AVs; a user centric approach and the integration of AVs with the different
modes of transport. The outcomes from the business scenarios analysis, Total Cost of Ownership
(TCO), Total Cost of Mobility (TCM) for AVs and mobility externalities could provide valuable inputs
for instance for the SUMP phases 'Preparation and context analysis' and 'Strategy and Development'
aiming the deployment of AVs to enhance public transport.

2.2 Avenue assessment framework

WP8 focuses on the environmental, economic and social assessment of the trials of AVENUE. It
adopts an interdisciplinary approach to better conduct different analyses. It also helps to better
understand the complexity of deploying new form of mobility in urban areas and as part of the
transportation system. The goal is to implement a new mobility that is beneficial for the city and
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complementary to public transport. For instance, the surveys realized within the social assessment
provide important insights to predict scenario for the automated vehicles and to calculate direct and
indirect costs. Even more, the Life Cycle Assessment (LCA) is a source-of environmental data that
could be used to calculate environmental externalities. To better “‘understand he different
connections to the economic impact analysis, the AVENUE assessment framework-is presented on
Figure 2.

The framework describes three major axes: data input, methods and analysis, social economic, and
environment assessments, and the concluding assessment which depends on the stakeholder
analysis and the use cases of deployment. This figure will be further explained in the second iteration
of the sustainability deliverable.

[ Data input, methods and analysis ] Social, economic and [ Sustainability assessment ]
environmental impact assessment
+ Stakeholder Ethics of Connected and Regulatory and technical
analysis: T2.3 Automated Vehicles, WP11 (T2.1) Obstacles and
analysis: T2.4
Ext. costs categories: Scenarii: BAU, AV on Environmental + +
Congestion costs, site, full operation AV Impact: LCA /
Moise, accidents, climate routes, AV (2030) [ ]
change, air pollution, (based on survey) Rebound Environmental impact assessment il
Habitat damage scenario effects? on iy levet -—--M
(available, comfortable, barrier-free, indlusive)
) « Potential :
vehicle savings, space savings in square meters,
- ) parking cost reduction, cost savings of accident
Mability behavior in cities: Economic Analysis - Environmental impact assessment reduction, congestion avoidance, cost savings of
Modal share in local area of pilots Externalities on local area (pilot level) reduced emissions [CO2e, Nox, PM],
— - * Costs or savings for the city budget,
dicators: 8, 9 2 i L
A r; 16 Sustain. Indicators: 8, 9,10, 11, 1 « Effect on SUMP, urbian mebility, and urban
planning
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{pilots)r Social impact analysis cial impact assessment on city I
- level i
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Contern),

Potential profitable Use Case / Business models

+ Copenhagen,

19.1,79.3, T9.4, T9.5:
Policy recommandation

for city, public transport

operators and authorities

;;;;;;; Demonstrator Social impact assessment on local
evaluation: T7.6 area (pilot level)

Market research methods: Operaho‘nal_TCM )
* Lresr, survey on city level; analysis

2 repr, surveys on pilot level
* 2user surveys (zeroand
control measurement),
* Llongitudinal survey for pilot Scenarii: BAU, AV on site, AV with
aress (households) operator inside, AV with superviser, full
*  Ad-hoc survey to capture the operation AV routes, AV (2030) (based on
experience of operators / survey) scenario
project managers of the sites

and of the project
_./ Demonstrator use case def. T2.5 \

+ Lyon Mability as a Service ecosystem/stakeholders

Sustain. Indicators 1, 2, 3,4, 5,6, 7 i i
Sustain. Indicators: 1, 2, 3,4,5, 6, Business viability of the MAAS public transport
ecosystem

Business case for Avenue
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profitability for deploying aut
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Figure 2. Framework of the AVENUE assessment of WP8

The following parts focus on the sustainable assessment axe and specifically on the stakeholder
analysis and the demonstrator use cases because they contribute to the actual economic analysis.

In this framework, the stakeholders’ analysis from WP2 as well as the ethics study of connected and
automated vehicles from WP11 combined with the different economic tools help paint a picture on
the impacts of these vehicles on different stakeholder groups. The use cases are divided based on
potential impact on: the city, the public transport operator, the mobility as a service MaaS
ecosystem, and the citizens.

The stakeholder analysis from WP2 is carried out on the city level. The assessment is in the form of
interviews. The interviews are conducted with representatives of the stakeholders groups. It helps
study in-depth the objectives of the key actors and the interactions between them. The insights
collected play a role in determining the different business use cases, and to predict their feasibility
and consequences (Feys et al., 2020). Moreover, understanding the relations between the
stakeholders will also lead to better policy that is based on a participatory approach (Edelenbos,
1999). Even more, this study also helps in predicting future scenarios of use of automated vehicles in
cities. These scenarios are further tested using the economic (externalities calculations, profitability
analysis) .

Use cases are developed to showcase realistic situations that represents the interactions between
the different stakeholders but to also reflect the mobility behaviour of users. The analysis takes into
account the business development needs of the transport operators as well as the public interest of
cities and citizens (Gebhardt et al. 2016). The different context of the AVENUE cities gives valuable
insights in end-use behavioural patterns. This helps to further elaborate targeted and long-term use
cases with different models of services integration. For instance, the shuttles as part of a mobility
platform where the integrator is private and/or public. The use cases concern business development
opportunities but also could provide the backbone for deployment scenarios within the cities.

19




=/AVENUE

D8.4 Second Iteration Economic Impact

Accordingly, the analysis falls within the overall AVENUE assessment where it contributes further to
enriching, not only the economic assessment, but also the environmental and social assessment.

2.3 Economic assessment framework

The Economic Assessment Framework

The economic assessment is integrated in the WP8 framework and follows the people centric vision
of mobility of the EU (German EU Council Presidency 2020) and UITP (UITP 2020). This vision is
coherent with SUMP framework as mobility of people should respect the environment and be
inclusive. The economic assessment framework analyses accordingly business scenario and
externalities for several stakeholders like user and potential user, PTOs, cities and the new business
ecosystems is a modular approach for a comprehensive analysis, identification, analysis & evaluation
and planning of businesses for AVENUE. The planning modules are defined as follows:

1. Analysis of the individual Status Quo Business Scenario (‘As-Is Use Case’) - ECP task
The As-Is Use Case is representing the Status Quo Business Scenario of AVENUE (PTO centred
Ecosystem) as starting point of future focused business planning.

2. Identification of applicable Future Business Scenarios (‘To-Be Use Cases’) = HSPF / Siemens
Possible To-Be Use Cases are representing Future Business Scenarios of AVENUE. The To-Be
Use Cases are elaborated by a systematic identification methodology leading to a systemic
model resulting in the Future Scenarios: 1. Automotive centred Ecosystem, 2. New Mobility
Provider centred Ecosystem, 3. Customer/Citizen centred intermodal Maa$S Ecosystem.

3. Elaboration of operational Business Cases for the Status Quo Business Scenario - ECP task
Operational Business Cases are defined as Profitability Analyses. They are relevant only for
the As-Is Use Case (PTO centred Ecosystem) due to the detailed availability of data of the
Status Quo Scenario from AVENUE Use cases from pilot regions in the EU.

4. Economic Analysis of Expected Externalities for cities for Business Scenarios & Use Cases
= HSPF task in collaboration with environmental assessment task

Externalities are defined as positive or negative external impacts on the environment caused

by AVENUE. These impacts are analyzed qualitatively and quantitatively by dedicated

methods as a basis for conclusions, recommendations and improvement measures.

5. Identification of Business Opportunities - HSPF / Siemens
Future Business Scenarios (To-Be Use Cases) are the examination field for the identification
of attractive future Business Hunting Fields (Business Action or Business Innovation Fields)
within an analytical analysis. Business Hunting Fields themselves are representing portfolios
of promising Business Opportunities which have to be elicited, analyzed and evaluated within
a creative expert based process.

7. Identification of Business Strategies - Siemens / HSPF
Selected most promising Business Opportunities are the elaboration field for strategic
business planning and thus for the definition of Business Strategies. Business Strategies
represent a set of multi-functional promising Strategies (suggested strategic directions)
covering different relevant perspectives of business activities of a socio-technical system.

8. Definition of Business Model Concepts - Siemens / HSPF
Business Strategies are the strategic basis and guidance for the further exploitation of
Business Opportunities by deployment into innovative Business Model concepts as a

20




=AVENUE

D8.4 Second Iteration Economic Impact

promising logical story of how to run a business successfully. Business Models for AVENUE
are suggested in a more general way for clusters of future businesses due to the open
variability of application fields.

9. Elaboration of operational Business Cases for intended Future Business Scenarios
- analog to elaboration in 3.
This task can only be approached by business planners after having conducted the tasks 4. -
8. (systematic elaboration of concrete business models) and defining concrete hypotheses for
strategic directions (goals & strategies) and operational (e.g.) data and constraints.

Focusing an efficient qualitative approach of a strategic Business Planning for the Economic
Assessment Framework, a practice proven 4 step approach has been applied as described in the
items:

1. & 2. (Status Quo & Future) Business Scenarios Characterization 2> Design Step 1
5. Business Opportunities Identification 2> Design Step 2
7. Business Strategies Identification > Design Step 3
8. Business Models Definition > Design Step 4

In this Economic Assessment Framework these steps are titled as evolutionary ‘Design Steps’. Each of
the so-called ‘Design Steps’ are refined by a set of complementary methods (templates) for
description or characterization, analysis, evaluation or design (see Figure 3).

Methodology of Strategic AVENUE Business Design
(Design Steps) for AVENUE Business Scenarios

Design Step 1 Design Step 2 Design Step 3 Design Step 4

Business Business Business Business
Scenarios Opportunities Strategies Models
Characterization Identification Identification Definition

* General Description

+ Strategic Direction

* SWOT Analysis

* Success Factors &
Risks

+ Typical Partner

* Business Opportunity
,Staircase’
(Characterization of
promising Business
Opportunities: Why,
What, How, Benefits)

* Business Strategies
Table

(Definition of
Strategies relevant
for Business Models)

* Business Model
Canvas Method
(Modular
Representation &
Story of selected
Business Models)

Network

Figure 3. Methodology of Strategic AVENUE Business Design for AVENUE Business Scenarios

With this systematic methodological Economic Assessment Framework, the following elaborations
have been conducted. They are intended as pragmatic guiding suggestions for structuring, analyzing,
reflecting and planning of concrete future AVENUE businesses, e.g. as a user guide and high-level
blueprint for AVENUE business planners.

This methodological approach of ‘Design Steps’ has been applied to alternative Business Scenarios
(BS1 — BS4) which have been identified. Together they represent a conceptional Framework of
building blocks for further elaborations of strategic business planning focusing the business with
Automated Minibuses for Public Transport (AMPT)" as shown in (figure 4):

! AMPT = Automated Minibuses for Public Transport
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Figure 4: Conceptional Framework of Strategic Business Planning for AMPT

In the following chapters the Design Modules (Task Building Blocks) determined by Business
Scenarios vs. Design Steps within the Economic Assessment Framework are elaborated characterizing
alternative AVENUE businesses from a general and highly aggregated point of view. They are
prepared for being focused and refined to a concrete AVENUE application scenario offered by a
likewise concrete tender.

3 Business Scenarios

Goal of this chapter is to develop a method concept and basic framework for the general
identification of As Is (Past/Status Quo) and main To Be (Future) Business Scenarios as well as the
identification and selection of most promising Business Opportunities within each of these Business
Scenarios. Both are the basis for the detailed elaborations within the subsequent subchapters.

3.1 The Mobility Ecosystem approach as the central
success factor

Platform based digital Business Ecosystems are regarded as success factors for companies in the
highly competitive ‘Age of Digitalization’. Triggered by this megatrend, Mobility Ecosystems are
transforming all their assets (strategies, offerings, processes, collaborative relations, etc.) to be ready
for platform based digital businesses with horizontal or vertical business partners and end users. In
this sense Mobility Business Ecosystems (BES®) are regarded as core networks of players in the
mobility market. This mobility market can be represented by the existing Status Quo Business
Scenario as well as by various possible alternative Future Business Scenarios (BS). Especially
multimodal seamless transportation needs - integrating AMPT'’s as a missing link - are predestined for
applying digital technologies and leveraging virtual collaboration approaches within mobility
ecosystems. With AMPT, public transport offering could be individualised, much more attractive and
thus a real alternative to individual vehicles. The following elaborations regard Mobility Ecosystems
as a precondition for the success of AMPT’s and their related partners and offerings. In this sense
Mobility Ecosystems are regarded as the central success factor for AVENUE and the basis for future
scenarios.

? BES = Business Ecosystem
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3.2 Development of a conceptional-grid for busi-
ness scenarios

As an extension of an existing empirical Study (McKinsey)® identifying the competitive landscape for
the individual automotive market for the past & present as well as the future (2030), the following
competitive landscape (Business Scenarios) for Automated Shuttles for Public Transport (AMPT) has
been derived using an analogue structure.

This empirical study shows that in the past and present (Status Quo) established automotive OEMs
and their traditional business ecosystems (e.g. suppliers) are competing generally with one another
as separate players. In the future (horizon 2030) competition will happen in a complex market
landscape with digital business ecosystems of established and new players (integrators). At the same
time there are further game changing shifts or extensions of the transportation market upcoming:
from unimodal to multimodal mobility providers, from offering platforms to interaction platforms,
from ownership to Mobility-as-a-Service, and more.

These disruptive competition developments and general Business Scenarios can be also detected in
the market for AMPT’s due to the fact that both subdomains of the superordinated automotive
domain are technologically extremely related or identically (e.g. sensor technologies, automated
driving) and businesswise also very comparable (e.g. archetypical categories of mobility competitors).
For this reason, it is valid to adapt the empirical Study from McKinsey in an analogue way for the
competitive landscape of AMPT’s. Additional to this adapted Business Scenario concept there is a
strong trend or development of Maa$S and data space ecosystems to be recognized within the public
mobility sector, which has to be regarded and which extends the so defined Business Scenario
concept. This fits also to the new strategy of the European Union where “smart digitalisation
presents great opportunities for future-proof mobility” and where it is expected that “integrated
multimodal transport ecosystem” will emerge to realise these opportunities. The new ITS Directive
2021 is being drafted accordingly (see German EU Council Presidency 2020). These adaptions are
displayed in (figure 5):

3 Adapted from McKinsey: https://www?2.ineel.mx/vehiculo_electrico/documentos/automotive-revolution.pdf,
Mohr, Detlev; Kaas, Hans-Werner: Automotive revolution - perspective towards 2030. How the convergence of
disruptive technology-driven trends could transform the auto industry. In: McKinsey & Company 2016. Online
verfigbar unter https://www?2.ineel.mx/vehiculo electrico/documentos/automotive-revolution.pdf, zuletzt
geprift am 08.11.2020.
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Figure 5. Competitive Landscape for Automated Shuttles for Public Transport (AMPTs")

While the Business Scenario of the Status Quo (or Past) in this AMPT adapted concept is titled as (BS
1), there will be a competition of several AMPT providers with according Business Ecosystems (BES)
in the future AMPT market (horizon: 2030) which represent separate Future Business Scenarios. All
Business Scenarios identified this way are:

1. Status Quo Scenario—BS 1
PTO centred Business Ecosystems

2. Future Business Scenario — BS 2:
Automotive (OEM) Provider centred Business Ecosystems

3. Future Business Scenario —BS 3:
New Mobility Providers centred Business Ecosystems

4. Business Scenario —BS 4:
Mobility-as-a-Service (MaaS) centred Business Ecosystems

Regarding the New Mobility Providers centred Business Ecosystems (BS 3) the following Sub-
Scenarios — categorized by their technology or business origin — can be identified according to their
business origin (either data business, or mobility transaction business, or technological/business
innovators). This way the Business Scenario BS 3 are refined into 3 further categories:

1. Business Scenario — BS 3.1: Business Ecosystem Providers with data based origin
2. Business Scenario — BS 3.2: Business Ecosystem Providers with transaction based origin
3. Business Scenario — BS 3.3: Business Ecosystem Providers with innovation based origin

The conceptual extension of the Business Scenario with Mobility-as-a-Service (Maa$S) centred
Business Ecosystems — Business Scenario - BS 4 provides additional subcategories of Business
Ecosystems which will be analyzed in depth in a further conceptional analysis:

* AMPT = Automated Minibuses for Public Transport
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Private integrated Mobility-as-a-Service (Maa$S) centred Business Ecosystems
Public integrated Mobility-as-a-Service (Maa$S) centred Business Ecosystems

3. Private & Public (both) integrated Mobility-as-a-Service (MaaS) centred Business
Ecosystems

Summarizing all 4 Business Scenarios and identified refinements the following final framework of
Business Ecosystem Scenarios (BES) (see figure 6) can be displayed, defining the conceptional grid for
all subsequent strategic business planning elaborations for AMPT’s:

Business Ecosystem (BES) Scenarios

s N ( Y N ( D

Automated e-Shuttle (AVENUE) Automotive New Mobility Mobility as a Service
Provider centered Provider centered Provider centered (Maa$) centered
Business Ecosystem Business Ecosystem Business Ecosystem Business Ecosystem

Private &
Public
integrated

Data Transaction | Innovation VPrwate ,P”bl'c
integrated J integrated

based origin | based origin | based origin Maas Maas

\_ VAN VA - 7

Figure 6. Framework of Business Ecosystem (BES) Scenarios

The Business Scenarios and Subscenarios displayed in this conceptional grid can be characterized in a
preliminary and high-level way by first comparing definitions describing the different background and
focus as well as main differentiating characteristics and emphases (see figure 7):

Business Ecosystem (BES) Scenarios

Automated e-Shuttle Provider (AVENUE) Automotive Provider New Mobility Provider Mobility as a Service (MaaS)
centered Business Ecosystem centered Business Ecosystem centered Business Ecosystem centered Business Ecosystem
+ Mix of unimodal and multimodal approaches * Automotive Manufacturers become Digital transformation enables competitors from + MaaS Providers connect different
« Automative provided centred, new mobility custc?mer—nrlented mobility & service different industries to appear as new players on .mudalltles of transport to _
providers through product- and market ~ the market: intermodal seamless travel chains.

provided centred and MAAS centred business o
diversification

ecosystems (BS 2-4) in embryonal maturity 1. New DATA BASED mobility providers or * Maas offerings provide a fully
statuses * Existing business models are facing internal startups from IT-Tech giants diversify integrated and seamless transport

« AVENUE as a consortium of complementary digitalization, cnnnecti\fity and their offering Pnrtfolio by exterlding their for dedicated passenger journeys,
partners for automated e-shuttles tries to disruptivg innovations in vehicle ecosystems with mobility services enabled by In‘tegrated ticketing
develop its own business ecosystem within technologies. 2. New TRANSACTION BASED mobility e
the developing market situation described « shift of value creation from automotive providers or transaction platform startups ion & on
above (i.e. vehicle) offerings towards usage of are entering the market with innovative digital technologies (ICT)

o Pt e sl user and vehicle data. mobility services and provid!n.g transaction * MaasS svstems_al\ow consuTers to
market coverage and customer access are * Integrated digital service innovations patiogn=iofinatiger=ancicitizens pur:.hase O Ty
very limited are needed in order to meet changing 3. New INNOVATION BASED mobility providers services offered.l?y centr.al or

. customer requirements or ing OEMs and aut i Gl i s

Currently no integration with other
platforms / ecosystems available

(TPOs) on a common single

technology startups are trying to conquer the
platform

market through e-mobility and automated

+ Strong competition (e.g. EasyMile, smarter vehicles, which will provide innovative * Mobility providers and ecosystems
together) with similar platform / ecosystems products, selutions, services and from BS1/2/3 are integrated in a
based on automated e-shuttle innovations infrastructures complementary & synergetic way

Figure 7. High Level Characterization of Business Ecosystem (BES) Scenarios

The Business Scenarios characterized and defined this way are further on regarded as ‘Action Fields’
for this strategic AMPT study representing a reference frame for detailed elaborations.
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3.3 Identification of Business Opportunities with-
in Business Scenarios

After the conceptional development of AVENUE Business Scenarios to be characterized in-details
within Design Step S1, it is a main goal of this study to provide a methodology to identify and
describe attractive AVENUE Business Opportunities (or at least Business Opportunity Clusters)
further on elaborated within Design Step S2. Business Opportunities are regarded as strategic action
fields for which promising AVENUE Business Strategies are designed within Design Step S3 as
strategic guidance of promising AVENUE Business Models identified within Design Step S4.

A useful basis for identifying Business Opportunities are the previously identified Hunting Fields and
their according Business Opportunities (Clusters) elaborated from AVENUE Use Cases (AVENUE
Deliverable 2019, see figure 8):
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Figure 8. Adaption of Hunting Fields and Business Opportunity Clusters (vertical categories) for
competitive elaborations for AMPT Ecosystems

These Hunting Fields and Business Opportunities (vertical categories) from the previous AVENUE
Deliverable have been originally identified to identify Passenger Scenario Use Cases regarding
passenger (end user) groups. In this context of competitive Business Scenarios with PTOs however
they are beneficial as well and can be reused and adapted for Business (Opportunity) Ecosystem
purposes, where all stakeholders of an identified Business Opportunity are interacting with each
other in order to generate value for every player (i.e. AVENUE, other AMPT system providers, PTOs,
passengers).

Combining these Hunting Fields and Business Opportunities with the now focused Business Scenarios
BS2 - BS3 (BS3.1, BS3.2, BS3.3) within a matrix, they have been creatively reinterpreted, evaluated
and selected towards ‘most promising’ Business Opportunities & Business Opportunity Clusters
(green fields) - represented by competitive ecosystem applications - for the mentioned Business
Scenarios (see figure 9).
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Figure 9. Identification of most promising Business Opportunity Clusters & Opportunities (green)
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This selection of most promising Business Opportunity Clusters (BO 1 —BO 4) obtained this way can
be assigned to the Business Scenarios (BS 2 & BS 3) evaluated or justified for differentiated relevance
using the SWOT analysis method (see figure 10):

SWOT Justification of Business Opportunities

Lack of competencies of software

Qutsourcing of non-core services

BO 1

Automotive Provide Value Added
Centred Lack of userrelated data of OEMs ;(!\‘:J;c;;nated E-Shuttle Services
Ecosystem Since AVENUE is already testing to Automotive Centered
(BS2) Automated shuttles, they have more Mobility Providers
experience from which the OEMs can
benefit
Lack of competencies in the field of BO 2
vehicle construction
D at':%‘:s ed Since AVENUE is already testing with Prcl)vi(.je Automated E-Shuttle
Automated shuttles, they have more Solutions d bili
Ecosystem experience (special equipment, placement | t© Neéw Data Based Mobility
(BS3.1) of sensors, placement of seats) from Providers
which new data based maobility providers
New can benefit
Mob_“it‘l Transaction based mobility provider does BO 3
Provider New not offer shuttle solutions so far .
Centred Transactions o Provu_:le Automated E-Shuttle
Based AVENUE can eamn a share of the driving Solutions
ECUSBVS-"'atem Ecosystem costs to New Transaction Based
( ) (BS3.1) High level of initial investment required Mobility Providers
which can be bypassed
NEW_ High level of initial investment to build a Provide Product Related | BO 4
Innovation service network can be bypassed Automated E-Shuttle Services

Based
Ecosystem
(BS3.1)

Complex fleet management can be
efficiently handled by AVENUE

(PRS)
to New Innovation Based
Mobility Providers

Figure 10. Assignment of most promising Business Opportunity Clusters (BO1-4) to Business
Scenarios BS2 & BS 3

After the identification and rough characterization of Business Opportunities for BS2 & BS3 it is
necessary to find a conceptual form for the classification of most relevant Maa$S Business Ecosystem
patterns which have been empirically identified (Fournier, 2020) as ‘Customer/ Citizen Centred
Intermodal MaaS$ centred Ecosystems’ (see Figure 11).

The current transportation offer could be described as a unimodal. There is a clear separation
between individual means of transport, and private and public transport providers (public transport,
taxis, Uber, etc.). Due to the introduction of smart mobility, such as automated vehicles and shared
mobility, this model is changing (UITP, 2019a).
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Figure 11. ‘Customer/ Citizen Centred Intermodal Maa$ centred Ecosystems’ (Fournier, 2020)

Policymakers are trying to advocate for an intermodal integration to replace car centricity (Roland
Berger, 2018). MaaS is positioned to offer solutions to shift towards a citizen-centred intermodal
ecosystem. Under this approach, MaaS plays the role of a provider of services but also of a mobility
integrator. The Maa$S concept focuses on the passenger's needs while considering the needs of the
different stakeholders. By optimising on-demand services and relying on new digitalised features, the
user could access an integrated and digital platform, and book one journey combining different
means of transport (private, public) with one ticket. Integrated ticketing and smart card schemes
could lead to a better travel experience and a stronger collaboration between public and private
transport (OECD, 2016). The digital platform combines end-to-end trip planning, booking, and
ticketing which facilitates door-to-door journeys (Goodall et al. 2017)

The following Customer centric MaaS Providers are systemically interconnected with the Mobility
integrator as a central role (see Figure 12):

- N
i N m Automated e-minibus
‘5)5 & Bike-sharing

=3 Scooter-sharing
anas Tt

a Ride-hailing

@ N B .
ﬁOﬁso § ﬁ : TQT Car-sharing, Ride-pooling
Q B Public transport

Figure 12. Customer- centric Maa$S Provider and Mobility integrator (Fournier, 2020)

According to UITP (2019a), a MaaS provider or an integrator is responsible for the framework
connecting transport operators and citizens and providing access to mobility services. An integrator
could be a public transport authority, public or private transport operator, or a
telecommunication/banking company. The role of the integrator also defines the boundaries of this
ecosystem. An integrator is responsible for customer and data monetization, commissioning,
advertising, as well as big data (Roland Berger, 2018). Thus, it is essential to identify who should be
the MaaS integrator that could potentially “attract the maximum customers to produce the
maximum benefits for sustainable and affordable mobility” (UITP 2019a). The integrator requires
access to essential transport, ticketing, and passenger data. The main concern for the transport
operator would be the loss of customers if they were to make their data accessible to a third party.
Thus, an integrator must be unbiased, fair, innovative, and reliable, even more, they must be capable
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of processing and combining data from different transport‘and _infrastructure operators (UITP,
2019b).

This topic is more relevant due to the deployment of automated vehicles and.shared automated
vehicles. More specifically, on demand-automated e-minibuses could be‘integrated into the public
transport system, as feeders to public transport stations or as area-based on-demand vehicles. To
avoid repeating the car-centric model with AVs, the UITP (2017) recommends the deployment of Avs
in the form of shared fleets that are integrated with public transport, this is established through an
integrated Maa$ platform. Hence, the Maa$S operator has the power to influence mobility behavior
(UITP, 2017). MaaS business models rely on the power balance between private and public transport
(Pickford and Chung, 2019). This part presents the potential MaaS$ integrators

There are 3 basic patterns for Maa$S ecosystem configurations:

1. MaaS ecosystem Pattern 1: Private transport operator is the integrator
2. Maas ecosystem Pattern 2: Public transport operator is the integrator
3. MaasS ecosystem Pattern 3: Public and private transport operators are the integrators

Maa$S ecosystem Pattern 1 (Private transport operator is the integrator) can be represented in the
following graphical schematics (see

Figure 13):

w
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Figure 13. Private transport operator is the integrator (Fournier, 2020)

In this scenario, private transport is competing with public transport rather than both parties
assuming complementary roles. It is characterized with a monopoly of data, where the private
operators do not share their data with the public operators. Thus, private transport is most likely to
prioritize their transport services over public ones (Pickford and Chung, 2019). However, the user has
access to customer-centric data. This case further increases the division between the transport
operators and the Maa$S operators. The consequences are a divided vision on achieving intermodal
transport, fragmented market, ambiguity concerning data sharing and privacy, and no collaboration
among the different stakeholders (Roland Berger, 2018). This approach is less effective and is
eventually less sustainable as it leads to the displacement of public transport as well as an increased
in urban traffic and by consequence, an increase in external costs.

Maa$S ecosystem Pattern 2 (Public transport operator is the integrator) can be represented in the
following graphical schematics (see Figure 14):
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A

Figure 14. Public transport operator is the integrator (Fournier, 2020)

With public transport as an integrator, data is shared to an open platform, and it provides integrated
customer-centric data to passengers. This could reduce the privatization of urban transport services
and secure the position of public transport (UITP, 2017). However, if the MaaS integration is the
responsibility of public transport, it might lead to less competitive services (Arby, 2016).

MaaS ecosystem Pattern 3 (Public and private transport operators are the integrators) can be
represented in the following graphical schematics (see

Figure 15):
ram l e
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Figure 15. Public and Private transport operators are the integrators (Fournier, 2020)

With both sides as an integrator, it is expected to have a fully integrated market with fair
competition, the public and private platform provide data to both the open platform and private
platform while providing integrated customer-centric data to the passengers. In this model, fixed
standards for data sharing, as well as open and fair exchange of data, lead to mutual trust between
private and public sectors. Consequently, this model generates benefit for all stakeholders and
enhances services quality (Pickford and Chung, 2019). If cities work in collaboration with private
MaaS operators, they can set regulations protecting passengers data while integrating the private
operators' services into open platforms. The traditional public transport is complementary to shared
mobility through a platform that is regulated by a public authority, and AVs are integrated into a well-
connected local transport network (UITP, 2020)
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Eventually, Maa$S provide services for all citizens rather than. limiting the access to few who can
afford it. This approach is already being implemented in Europe-in the form of a public-private
partnership: Maa$ Alliance. It includes private and public operators, including Uber (Gindrat, 2019).
This model is effective and sustainable since it relies on the collaboration between private and public
transport to support shared mobility and reduce traffic, air pollution and parking-problems (Maa$S
Alliance 2017).

The positioning of the 3 identified MaaS Business Ecosystem patterns within a matrix of the two
dimensions: 1. Role of Maas Integrator, and 2. Input Provider to Open Maa$ Platform, allows the
analysis of further pattern options and their potential relevance for MaaS Business Opportunities
(see Figure 16):

o I A e i
Public & Public PTO impacted Private PTO impacted Public & Private PTO controlled | |
Frtvate Private Maa$ BES Public Maa$ BES Maas BES

FIO | enfpiie | MR

i i

el e MaaS ECOSYSTEM
: aE ( l:
Role of ~ B B Public PTO controlled i Business Scenario (BS54
MaaS PublicPTO Public PTO controlled Autarcic / Non-integrated Maas BES o
Private Maa5 BES Public Maa$ BES il : -
P g omite i am Open MazS Data Platfarm
Iintegrator PasmLe | 4R R
| « Private ANDFOR Public
M : Gowernanceas Shaper &
o
‘ (1 B R A e
Private PTO controlled |
Autarcic / Non-integrated Private PTO controlled
Privat= FTO Private Maas BES One-sided MaaS BES ¢ = Maas BES
£ & fai. & | e Q ;
i Selected
MaaSs Options

Private FTO ONLY Public PTO ONLY Public & Private PTO

Open MaaS Platform Input Provider

Figure 16. Classification Matrix for Positioning of most relevant MaaS Ecosystem Patterns (Patterns
identified by G. Fournier)

In Addition to Maa$ Business Opportunities (BO5-B0O8) there’s basically another ,Non-Integration’
Business Opportunity relevant for automated e-shuttles businesses within public MaaS Business
Ecosystems — additional to the module focused Business Opportunities BO1 - BO4 — where singular
private unimodal transport platforms are not integrated with a common public Maa$S platform and
thus in competition with this (see Figure 17).

This Business Opportunity for MaaS Business Ecosystems however is already covered by the
Business Opportunity 4 (BO4 — New Mobility Providers) and thus need not be elaborated separately

anymore.

—_—

PRIVATE UNIMODAL
L TRANSPORT PLATFORMS

taafel. & & ah & @

Figure 17. Classification Matrix for Positioning of most relevant MaaS Ecosystem Patterns
(Fournier, 2020)
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The 3 selected Maa$S patterns evaluated above are the starting point for the extraction of MaaS
Ecosystem Business Opportunities for the Maa$S Ecosystem Business Scenario BS4. As a conceptional
model it is useful to differentiate between Private or Public PTO as ‘Sub-Ecosystem Integrator
(Dimension 1) as well as to differentiate between Collaborative or Competitive Ecosystem Relation
(Dimension 2). This model allows the identification of 4 significantly different Business Opportunities
(see Figure 18 and Figure 19).

Character (Examples):

* Public Tendering — Private Public Partnerships - PPP

+ Sustainability / Social/Accessability as legal
Constraints

* Primary Cost Focus for predefined Performance

Public PTO
(as Sub-
Ecosystem
Integrator)

Character
Exames:

Character

(Examples}:

+ Market
Niche/Segment
Strategies (e,g,
Spa / Touristic
Areas)

Technical Focu-
sing (e.g. Elderly,
Disabled)

Consequent free-
of-competition
Adaption /
Integration to
existing BES

Total Market
Coverage
Strategies (e.g.
Urban Areas)

Comprehensive
Technical Focus
(all Passenger
Groups)

Character (Examples):

* FreeTendering / Contracting

+ Sustainability / Social/Accessabilityas
potential USPs

+ Primary Performance & Innovation Focus

Private PTO
(as Sub-
Ecosystem
Integrator)

* Permanent
Flexibility for
different BES &
Competition
Constellations

Figure 18. Conceptional design for the identification of the 4 Maa$S Ecosystem Business Opportunity
Clusters
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Figure 19. Rough Characterization of MaaS Ecosystem Business Opportunity Clusters
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Integrators)

These 4 identified and significantly different MaaS Ecosystem Business Opportunities can be
illustrated by using the previous platform pattern representations. As a proof of empirical evidence
concrete examples for these 4 MaaS Ecosystem Business Opportunities have been identified and
added to the concept representation (see bubbles in figure 20):

34




=/AVENUE

D8.4 Second Iteration Economic Impact

Multi-
modal
Sub-BES
Examples

Figure 20. Application of most relevant MaaS Ecosystem Patterns to MaaS Ecosystem Business
Opportunity Clusters

The 4 significantly different Maa$S Ecosystem Business Opportunities can be characterized individually
in details and in a clearly distinguishing way by several criteria aspects (see

Figure 21 and
Figure 22):

1. Data Accessibility
Collaboration Rules
Partnership

Strategic Focus

Switching to other Ecosystem

2.
3.
4.
5.
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Figure 21. Detailed Characterization of MaaS ECOSYSTEM Business Scenario (BS4): Business
Opportunity Clusters BO5 & BO6
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Figure 22. Detailed Characterization of MaaS ECOSYSTEM Business Scenario (BS4): Business
Opportunity Clusters BO7 & BO8
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A final total overview shows all 8 Business Opportunities / Clusters (BO1-8) which have been
evaluated, prioritized and selected by the previous methodologies (see Figure 23):
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Figure 23. Final Overview of Business Ecosystem Opportunities Clusters for Business Scenarios

This conceptional Overview about the interdependencies of Business Scenarios — consisting of most
attractive Ecosystems BS2 (Automotive Centred Ecosystem), BS3 (New Mobility Provider Centred
Ecosystem) [BS3.1, BS3.2, BS3.3] and BS4 (MaaS Ecosystem) — and the according selected, most
promising Business Opportunities (functional Business Opportunities: BO1-BO4 and MaaS Business
Opportunities BO5-B0O8), the basis for the subsequent elaborations on strategic planning building
blocks.

Regarding the high aggregation level of business scenarios and its business opportunities it is
important to regard and utilize the subsequent design modules for the business scenarios as rough
directional strategic guidelines and recommendation suggestions or motivational examples for
further analyses, discussions and refinement focused on the concrete acquisition use case which
AVENUE as a potential entrepreneurial provider is facing.

3.4 Business scenario 1: PTO centred ecosystem

a) Business Characterization and Definition (BS 1)

This scenario entails the current autonomous transportation offers with automated shuttles by Public
Transport Operators (PTOs) and other stakeholders, including demonstrations, trials and regular
services.

On a worldwide benchmark study carried out by Antonialli (2021a), the author identified 176
experimentations that unfold in 142 cities spread over 32 countries enabled by 20 different
autonomous shuttles manufacturers (Figure 24). However, not only due to the current technological
limitations of automation for mixed-traffic conditions, but also due to regulatory constraints and
consumer acceptance, only 5.71% of these deployments were regular permanent services. The
majority were short to mid-term trials (81.15%) with the aim of allowing consumers to examine, use
and test the services, and the remaining 13.14% were showcases to promote the technology and the
services.

37




=/AVENUE

D8.4 Second Iteration Economic Impact

Europe (57.39%)

v 101 projects # % o
~ ks, v 9 OEMs 'f,,.
¥" 20 countries

v 79 cities

North America (20.45'

¥ 36 projects Asia (13.07%)

v’ 7TOEMs v" 23 projects

v 2 countries v 9 OEMs

v 35 cities v 8 countries
v 18 cities

<

Oceania (9.09%

v 16 projects
v 3 OEMs v
¥ 2 countries

v 11 cities

B Australia [l] China Finland [l Ireland Luxembourg ] Qatar B south Korea Taiwan
B Austria [l Denmark France Italy [l Netherlands [l Russia ] Spain Turkey
B Belgium England [
B cCanada [l Estonia Greece [l Lithuania Norway I slovenia |l Switzerland [l United States

Figure 24. Worldwide experimentations with Automated Shuttles for Collective Transport
(Antonialli, 2021a).
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As observed in Figure 24, Europe is on the lead in the number of projects. From the 32 countries
presented in the sample, the continent holds 20, comprising a total of 101 of the 176 projects
(57.39%). According to Antonialli (2021, p.10) “such figures may be explained by the fact that the
continent is also on the lead when it comes to the number of shuttles deployed by its manufacturers,
and also currently holds 17 projects related to vehicular automation funded by the European
Commission programme Horizon 2020, being one of them, the AVENUE project.

As stated by the author, one of the first services with Automated Shuttles was offered by the Dutch
company 2getthere. Their first applications were pilot tests with automated guided shuttles on
dedicated lanes at Amsterdam’s Schiphol airport in 1997, and in Rotterdam’s business park Rivium in
1999. On the other hand, the major advances in AVCTs tests in mixed-traffic conditions occurred
from 2014 onwards with the emergence of two pioneering French start-ups: Navya and Easymile.
According to Antonialli (2021a), from the 176 sampled deployments, the two companies together
accounted for a total of 78.5% of the number of shuttles used, and more than half (51.13%) of the
total of experimentations were in mixed-traffic conditions.

As stated by Mira-Bonnardel, Antonialli and Attias (2020, p.4), “Automated Shuttles can be described
as a “technology push” innovation. In this sense, in order for them to succeed in the market, it is
essential for the general public to be acquainted with the technology and its use forms, not only to
cease their inherent human curiosity but also as a way to build trust”. Thereby, due to this inherent
“technology push” nature of the deployments, as for the revenue models, since the majority of
experimentations were either showcases or short to mid-term trials, Antonialli (2021) concluded that
they were mainly offered free of charge to riders (95.73% of the total sample), being subsidised
either by the PTO, a municipality, a research project and/or other stakeholders. In the other few
sampled cases were the commute was paid to a PTO (4.27%), the adopted revenue model was similar
to what these companies usually do (ticketing and/or subscriptions).

Regarding the service ecosystem (or the network of partners) for the deployment of such services,
Antonialli (2021a) proposes a generical stakeholder and value flows framework that can be seen in
Figure 25.
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Figure 25. Automated Shuttles generical stakeholders and value flows (Antonialli, 2021a).

Starting from the shuttle manufacturer on Figure 25, it has the option to sell (or lease) their
Automated Shuttles to a transport operator, which in turn will financially compensate the
manufacturer (Antonialli, 2021a, p.21). Next, by possessing the shuttles, the transport operator will
offer transportation services to: 1) a client city (which by means of a concession will allow the
transport operator to offer services to the end consumers-commuters) or, 2) a client firm (which by
means of a transport contract will provide commute to its employees).

Still according to the author, a second alternative is the transport operator partnering with a digital
service provider to enhance users’ experience by offering customised mobility services whether in
relation to route planning, forms of payment, infotainment features, and so on. Thus, the digital
service provider will act as a platform operator for online mobility services.

At last, is also important to highlight the role of local transport authorities — responsible for
legislation and supervision of other stakeholders involved in the ecosystem, and also the importance
of R&D centers for the technical and marketing advances of the whole ecosystem.

b) Business Opportunities and Strategies (BS 1)

According to Mira-Bonnardel, Antonialli and Attias (2020, p.9), “commuters and city’s inhabitants are
now, more than ever expecting a new type of mobility that is more sustainable but also more flexible
than the everyday mobility they have been used to for a long time. If they claim to be ready to share
their mobility, they also require a customized mobility. In the framework of Mobility-as-a-Service, the
city’s authorities have to supply their voters with shared on-demand mobility.”

As pointed out by Barrett, Santha and Khanna (2019, p.3) from the L.E.K. consulting group, there is no
universally accepted definition of on-demand public transport, however they chose to define it as a
“form of publicly subsidized transport that takes multiple passengers within a predefined area from
one place to another on a next-available, or pre-book basis”. Thereby, not all on-demand transport
services are the same, the authors state that their business models and level of service may vary
considerably from context to context, and across key dimensions such as route (flexible, fixed or
semi-fixed), schedule (flexible or fixed), fleet (size and variety), relationship to existing public
transport network (supplementing or replacing existing routes), technology (digital platforms that
may be integrated with the PTO app or via stand-alone applications), service area (urban core, urban
fringe, rural areas) and, branding (PTOs may choose separate branding for the DRT service, may or
may not identify the platform provider, etc.).
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In this regard, Antonialli (2021b) proposes a framework to categorize the different levels of on-
demand services that a PTO can offer to their local communities with the Automated Shuttles (see
Figure 26).

E Works as a metro, always stopping on each stop;
o Follows a fixed looped route;

E Fixed frequency (timetable);

. Fixed operating hours.

. Works as a city-bus, doesn’t stop on each stop, only when requested;
E Follows a fixed looped route;

E Fixed frequency (timetable);

E Fixed operating hours.

E Works as a city-bus, doesn’t stop on each stop, only when requested;

. Follows a fixed looped route but can take detours on pre-programmed routes
and pre-programmed stops according to requests;

. Flexible frequency (adaptable timetable);

= Operating hours may be fixed or not.

. Works as an intermediate mode between a city-bus and a taxi;

E Does not follow a fixed looped route, runs on a geofenced mapped grid, and it
is able to provide hub-to-hub (or point-to-point) trips among the various
scattered pre-programmed (virtual) stops;

E No fixed frequency (no timetable);

. Operating hours may be fixed or not.

E ‘Works as a free-floating taxi;

- Does not follow a fixed looped route, runs on a fully mapped geofenced area,
and is able to provide fully customizable door-to-door trips from any point A
to any point B within the selected area.

© No fixed frequency (no timetable);

o Operating hours may be fixed or not.

Figure 26. Levels of on-demand services for public transport with Automated Shuttles (Antonialli,
2021b).

These on-demand mobility configurations go beyond seeing an Automated Shuttle simply as a new
product but rather as a new system, the product-service system (PSS) (Tukker, 2004), combining
technological innovation with service and market innovation. The PSS may be developed within new
business models for diversifying the options the users and the revenue sources for the PTOs.

As exemplified by Mira-Bonnardel (2021) and as shown in Figure 27, during peak-hours (from 6 to 9
a.m. and, from 5 to 8 p.m.) the shuttles can be used for predetermined journeys with regular
schedule and fixed-stops by (for instance) taking commuters to and from their neighborhoods to
trunk-lines or by taking children to/from schools (thus being within levels 0 and 1 proposed on Figure
26). However, in off-peak hours (from 9 a.m. to 5 p.m. and, from 8 p.m. to 6 a.m.), they can be used
for several tailored-made journeys upon request (fitting the proposed levels 3, 4 and 5). During these
off-peak times, AVCTs could be used for transportation of goods (last mile) in city centers for retailers
and individuals, transportation for targeted user-groups (people with reduced mobility, leisure
centers, care centers, etc.), transportation for city tours and outings, and even night transportation
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for specific and emergency requests (as a night bus for people returning home from bars and parties,
for emergency transport of injured or sick people, specific delivery-of goods, etc.) (Mira-Bonnardel,
2020).

Time Slot Mobility Services
6-9 AM Transportation with predetermined stops for regular, fixed time mobility
Point-to-Point  (employees and schoolchildren)

Transportation of goods (last mile) in city centers for retailers and individuals,

with booking and connection to track the delivery process in real time
9-5 PM Transportation for targeted needs (people with reduced mobility, leisure centers,
On-demand care centers, specific goods, etc.)

Transportation for disabled people at set times

Transportation for city tours and outings
5-8 PM Transportation with predetermined stops for regular, fixed time mobility
Point-to-Point  (employees and schoolchildren)
Night transportation for specific and emergency requests (like injured or sick
people, delivery, deliveries for hospitals, tourist trips, etc.) Specific requests
should be privately funded (individuals, travel agencies, retailer associations, etc.)
Figure 27. Business Model scenarios for a typical week day for an Automated Shuttle service (Mira-
Bonnardel, 2021).

8-6 AM
On-demand

According to Mira-Bonnardel, Antonialli and Attias (2020) and Mira-Bonnardel (2021), these
scenarios allow a wide range of journey requests that have to be optimized by alternating point-to-
point journeys with on-demand ones.

Thus, mobility-on-demand (for people or for goods) is the cornerstone for a TCO owned autonomous
fleet that could easily be combined with conventional, regular transport management featuring
predetermined stops and times.

3.5 Business scenario 2: Automotive centred
ecosystem

Within this chapter all 4 Design Steps for Strategic Business Planning for Business Scenario 2 —
Automotive centred Ecosystem mentioned in the conceptional grid (see chapter 2 — methodology,
figure x) - are elaborated:

1. AVENUE Business Scenario 2 Characterization

— for Automotive centred Ecosystem,
2. AVENUE Business Opportunity Identification (most promising)
— within Business Scenario 2: Automotive centred Ecosystem,
3. AVENUE Business Strategies Identification
— for most promising Automotive centred Ecosystem Opportunity within Business Scenario 2,
4. AVENUE Business Model Definition
— for most promising Opportunity within Business Scenario 2, guided by suggested Business
Strategies.

a) Business Characterization (BS 2)

The Characterization of Business Scenario 2 is elaborated by the following methods or templates
addressing the most relevant issues relevant for the concrete strategic planning (see Figure 28 and
Figure 29):

1. BES General Description and Practice Examples
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BES Strategic Direction

BES General Evaluation

BES Success Factors & Risks

Typical exemplary Traditional BES — Partner Network

vk wnN

BES General Description and Practice Examples

The General Description of the Automotive centred Ecosystem provides main descriptional issues of
understanding and identified practice examples of typical companies representing the Business
Scenario for the Automotive centred Ecosystem.

The hypothesis for the Description of this Business Scenario is that established automotive
manufacturers are diversifying their technology, product, service and business/market portfolio as
well as the according business infrastructures by the AMPT business. The characterization of this
Business Scenario shows that there is a broad existing variety of offerings and business types from
established automotive manufacturers as starting basis for the AMPT business with simultaneous
consideration of trends in digitalization, technology and business innovation. As a general conclusion
it can be determined that established automotive manufacturers will make a disruptive shift from
their current business to become consequently customer-oriented diversified mobility providers.

BES General Description BES Examples

* Existing business model is influenced by digitalization, ¢ Bike Sharing .
connectivity and disruptive innovations in vehicle GoBike (Ford) FordGo ike

technologies i
* Car Sharing (one-way point to point rentals)
» Shift of value creation from the automotive product SHARE NOW (formerly: car2go & DriveNow)

towards business models based on the usage of user

and vehicle data * Ride Hailing FREEV
FREE NOW (formerly: myTaxi) NOW

" e el e rovtons e EOS0 ot MOIA
ging 4 & MOIA (volkswagen); e-PALETTE (Toyota)
=) Ma nyfactu rers wi!l becom_e customer-oriented +  Casual carpooling
mobility and service providers through product- Flinc (Daimler)

and market diversification )

Figure 28. BES General Description and Practice Examples (Business Scenario 2)°

BES Strategic Direction

The Strategic Direction for the Automotive centred Ecosystem (BES) analyzes the general strategic
orientation (Purpose & Goals and Vision) and characteristic emphases of Business Opportunities,
General Strategies and Business Models for this Business Scenario. These issues are the basis for
further refinement in the subsequent subchapters of this Business Scenario.

The hypothesis for the Strategic Direction of this Business Scenario is that the diversification of
technologies, products, services and businesses/markets require fundamental shifts in thinking and
acting by dedicated and integrated strategic concepts for AMPT businesses for being successful.

* Strelow, Michael; Wussmann, Marius (2016): Digitalisierung in der Automobilindustrie. In: Iskander Business Partner GmbH. Online
verfligbar unter https://i-b-partner.com/wp-content/uploads/2016-09-06-Iskander-RZ-Whitepaper-Digitalisierung-in-der-
Automobilindustrie-DIGITAL.pdf, zuletzt geprift am 03.11.2020.
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The analysis of this Business Scenario shows that it is necessary to innovate technologies and
business strategies and models for AMPTs as well as taking calculated risks and a widened and
integrated scope of mobility than before. As a general conclusion it can be determined that a certain
degree of mind and strategic shift towards openness for partnerships (i.e.” with jautomminibus
specialists like AVENUE) for fast ramp up, integration, and general customer mobility orientation will
be essential for AMPT diversification success.

BES Topic Characterization

Purpose & Goals - Exploit existing and identify new markets through development of mobility services (market diversification) due to decreasing sales of new
cars (pandemic effects, technological disruption => electronification/robotics/automation, emission scandals, regulatory environmental
restrictions) => set the rules and maintain leading role in the mobility sector + create new sources of income (1)

- React to changing business customer and citizen requirements/behavior => focus on shared mobility concepts instead of vehicle ownership

Catch up on the latest technological trends (electrification of drive train, automated driving, connected driving)

- React to changing business strategies of TPOs (e.g. leasing instead of buying, subcontracting)

- Increase innovation potential

Pressure to identify new innovative business models and strategies regarding future disruptions

- Increased engagement in public mass transportation due to regulatory trend regarding avoidance of congested cities

Vision 2030 - Become #1 customer-oriented mobility and service providers that not only produce and sell cars, but also offer mobility services (1)
- Maintain and extend leading position in the automotive and mobility market under optimal utilization of current trends

Business Opportunities - Opening up and better penetration of the market through partnerships

Investments and venture capital in mobility start-ups to gain access to technologies and capabilities
- Compensate decreasing sales by selling fleets to mobility providers

- Increase in revenue through new vehicle financing models (3

Develop new and improve existing data based services

- Increase value creation by covering a larger part of the customer journey

General Strategies - Partnering with mobility platform companies or other OEMs to access their large customer bases and benefit
from risk diversification (2)(4)
- Establish a new product/service in a new market through product diversification (1)(a)
=> Diversification of modalities (bikes, e-scooters, bus/shuttles,...)
=> Diversification of services (mobility services, vehicle services, financing models, roadside assistance,...)

Business Model Types - Revenue Model (e.g. Leasing)

Figure 29. BES Strategic Direction (Business Scenario 2)°

BES General Evaluation

For a deeper understanding of the Business Scenario — Automotive centred Ecosystem it is essential
to analyze it by using the SWOT method. In this context the SWOT analysis expresses 4 central
business planning relevant factors for scenario stakeholders and business ecosystems:

a. the general opportunities (on a higher abstraction level of concrete business opportunities)
provided by this business scenario, b. the general threats within this business scenario, c. the general
strengths of business ecosystems or players supported by this business scenario, d. the general
weaknesses which business ecosystems or players are facing within this business scenario.

The hypothesis for the SWOT analysis of this business scenario is that the strengths of long-term
automotive experiences and other potentials (e.g. financial power, brand, manufacturing) will be
beneficial for AMPT engagement — weaknesses will be compensated by partnerships with AMPT
providers and innovation effort e.g. in digitalization or specific AMPT business competency to exploit
the opportunities (e.g. digitalization, market potentials, business models) and defend potential
threats like revenue decrease of traditional vehicle businesses, innovation delays, etc..

® Accenture GmbH (2015): Wie die Autoindustrie die Chancen der Digitalisierung richtig nutzt, 2015

springerprofessional.de (2019): Digitale Dienstleistungen in der  Automobilbranche. Online verfligbar unter
https://www.springerprofessional.de/digitale-dienstleistungen-in-der-automobilbranche/16235598, zuletzt aktualisiert am
15.04.2019, zuletzt geprift am 20.10.2020.

springerprofessional.de (2019): Digitale Dienstleistungen in der  Automobilbranche. Online verfligbar unter
https://www.springerprofessional.de/digitale-dienstleistungen-in-der-automobilbranche/16235598, zuletzt aktualisiert am
15.04.2019, zuletzt geprift am 20.10.2020.

Arthur D Little (2019): Automated Mobility Journal. Online verfigbar unter https://www.adlittle.com/en/automated-mobility-journal,
zuletzt aktualisiert am 11.12.2019, zuletzt gepriift am 21.10.2020.

Spulber, Adela; Dennis, Eric Paul; Wallace, Richard; Schultz, Michael (2016): The Impact of New Mobility Services on the Automotive
Industry

Bea, Franz Xaver; Haas, Jurgen (2019): strategisches Management

Janasz, Tomasz (2018): Paradigm Shift in Urban Mobility. Wiesbaden: Springer Fachmedien Wiesbaden.
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The analysis of this Business Scenario shows that it requires @ multi-factor analysis for the specific
situation of the automotive manufacturer to balance positive and-negative issues to manage the
disruptive mind offering and business shift from traditional to future (i.e. AMPT) businesses.

As a general conclusion it can be determined that automotive provider specific SWOT strategies can
solve this core task for business success balancing all 4 segments of this analysis.

Vehicle as complex industrial product => existing network of capital-intensive Manufacturers think mainly product- and technology-driven
_ and complex processes makes it hard for competitors to enter the market (lack of business risk diversification)
<Zt Drivers of innovation and quality in the automotive industry Missing competence in the area of automation and
= e nElientiEanenta bt digitalization makes it difficult to achieve set goals
L Lack of start- It igid
- Well established partner network (suppliers, ackors Tac;Sf?;ﬁl\:\::r?f‘nm:/rlicdetesi
= distributors,...) 8Es.-
Global market coverage and market access
Close customer relations
Possibility of being a mobility data supplier offers Security risks in the form of cyber attacks
opportunities to generate new business models
<_3:| b2 £ Revenue from traditional vehicle sales will decline
S rting busi T th hout thi ti
=2 .uppo e u?me.ss. e ome.rs LIS Gl New competitors (Google, Tesla,...) threaten the
life cycle with individual vehicle-dependentand N
o q 5 current business models
w independent product features and services
= Design of the digital control elements and interaction with the customer Culee toEnc R ?f |nnovat|gn. mﬂue_nces CUEIET ) pass_enger
E needs which makes it increasingly hard to keep up with for

Expand markets, offer a broader variety of products and services,

. e Lock-in effects of competitors make automotive centred ecosystem
diversify risks,...

increasingly unattractive

Increased value creation through the implementation of new services . . . .
High regulatory uncertainty (Regulations determine future success

of Business Model)

POSITIVE NEGATIVE

Figure 30. BES General Evaluation (Business Scenario 2)

BES Success Factors & Risks

A fundamental focus for strategic planning of business ecosystems is the identification of Success
Factors and Risks for entrepreneurial behavior for the setup and management of Business
Ecosystems within the Business Scenario of Automotive centred Ecosystems.

The hypothesis for the Success Factors and Risks of this Business Scenario is that many success
factors for an engagement of automotive manufacturers into the AMPT business are strongly fulfilled
(e.g. strong brand, market infrastructures, manufacturing capabilities, finances etc.) and business
risks can be strongly compensated by adequate partnerships (e.g. with AMPT specialized providers).
The analysis of this Business Scenario shows that there are success factors as well as risks or pitfalls
on every level and facet (market, offering, finance, capacities/potentials) of the AMPT business
diversification that are interdependent and each for itself critical.

As a general conclusion it can be determined that the individual analysis of success factors and risks
and their prioritization and application to the diversification and transformation process (i.e.
strategies for make or buy, and partnering with AMPT specialists) is critical to the general AMPT
business success of automotive manufacturers.
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1. Global market coverage and market / customer access 1. Lack of competencesin the field of mobility IT technology,
data-based services and automated driving compared to new
2. Strong brand identification market entrants (Data giants, startups,...)
3. Well established global partner network (vehicles, product 2. Trend moves from c!wnership of vehicles to mobility services
related services, supplier network, distribution network...) => core competencies no longer needed
3. Many new and highly innovative competitors enter the market
4. Long time business and technology experience in automotive
production (battery / e-vehicles, automated driving) 4. Large automotive corporations with rigid processes and
hierarchic decision processes impede innovative strength
5. Broad financial basis for ecosystem development
5. Regulatory framework is still in development and not clearly
6. Starting from a medium maturity level of ecosystems defined by government (Regulations on local, regional, country
and global level determine success of business model)
7. Existing activities and experiences in the field of public
transportation (e.g. Daimler Evobus) 6. IT infrastructures are not sufficiently available in many regions
8. Large R&D, production and innovation capacities / potentials 7. Vehicle infrastructures e.g. charging stations are still in an
for vehicles embryonal status

8. IT security risks

Figure 31. BES Success Factors & Risks (Business Scenario 2)

Typical exemplary BES — Partner Network

For a pragmatic strategic planning of a business ecosystem within this business scenario it is
beneficial to have an idea of an archetypical model of a partner network as an exemplary structure of
a Business Ecosystem represented by typical ecosystem partners as well as the central ecosystem
lead partner (as ecosystem management platform owner) shaping and orchestrating this Business
Ecosystem.

The hypothesis for the Partner Network of this Business Scenario is that there will be a coexistence of
the traditional and future (digital and multimodal focused) ecosystems and ecosystem businesses of
the automotive manufacturers. In this sense the analysis of typical or exemplary ecosystems this
Business Scenario shows that today the traditional automotive centred BES partner ecosystem
(consisting of BES platform, partner network, partners, etc.) for offerings (products, services, etc.) like
cars, buses, trucks are evolving towards new situations (digitalization, shared economy, new setrvices,
etc.). In the future these ecosystems have to be extended by additional vehicles like AMPTs to create
a new digital multimodal ecosystem with a respective platform and partner network.

As a general conclusion it can be determined that it will be a challenging but often necessary task for
traditional automotive manufacturers to evolve their traditional BES not only by further modality
partners towards a multimodal offering portfolio and BES, but also by synergetic application of
digitalization technologies and other trends for consequent customer centricity.

Regarding the Future Business Ecosystem - Partner Network of Automotive centred Ecosystem
Scenario it is important to remark that automotive providers are continuing to make business with
their ‘traditional’ but evolving BES partners and offerings impacted by new technological and
business trends. However, they are sustaining, complementing and synergetically integrating their
‘“traditional’ BES with ‘digital multimodal’ BES due to the high synergy potential of technologies and
businesses in the future.
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Status Quo: Automotive centred Traditional BES Partner Network

Example & Motivation:
VW or Daimler {Innovations) increases business BES Of

with own vehicles (goal) and has options AUTOMOTIVE

to diversify into data/infrastructure/service

and transaction businesses etc. . Traditional Automotive Mobility Provider
Taditions OOTILE Fleat Operators P e
Automotive freeea,,,
RN Distributors

et e
wet?®
.

Automotive
Vehicle Traditional
Component Suppliers
(e.g. Spare Parts)

Automotive centred Traditional BES Partner Network

Traditional Automotive
Vehicle Provider
(Platform Owner / Ecosys:

0
Vehicles Sales Platform o
(cars, shuttles, trucks) Private (Traditional)
Transport Planning.

Organizations (TPO)

Automotive
Vehicle Traditional
Equipment Providers

et

we®
Public (Traditional) wet
Transport Planning
Organizations (TPO)

Automotive
Services Providers.
(Value Added Traditional
Services, e.g. Finaneing)

Automotive
Traditional Services Providers
Taww (Pr lated

Figure 32. Typical exemplary Traditional BES — Partner Network (Business Scenario 2)

Future (additional): Automotive centred Digital MULTIMODAL BES Partner Network (green)

Example & Motivation:

VW or Daimler {innovations) increases business BES Of
with own vehicles (goal) and has options
to diversify into data/infrastructure/service A U:T-.O MOTI \./E
and transaction businesses etc. . Multimodal Mobil ity Provider
..... Fleetoperators  LRRRTTH
Automotive Mobilty Providers
______ Distributors & Subecosystems ey,
Infrastructure
Automotive Providers
Vehicle Digital
Com Supplie + A ..
b, ihapscll¥ Automotive centred Digital MULTIMODAL BES Partner Network

— Digital Automotive
Automated e-Vehicles [Cars/Shuttle) Provider
(Platform Owner / Ecosystem Orchestrator)

:
s, Vehicles Sales Platform ,".
J— (cars, shuttles, trucks) Private [Digital) 4
Vehicle Digital Transport Planning

Equipment Providers. Organizations (TPO)

------ Aurtomet Public (Digital)
" 5o Attomotive A e Pl
Legend: WolueAdded PR mgs?"lr?dnhnw _______ Organizations (TPO)
Future BES = Traditional Automotive Partners Digitol Services. e.g. Data) Sem‘:?es.e.;ﬂng;in::ﬂance

and additionally New Digital Multimodal Partners

Figure 33. Typical exemplary Future BES — Partner Network (Business Scenario 2)

b) Business Opportunities for Automotive centred
Ecosystem (Business Scenario 2)

Referring to the table of relevant Business Opportunities within Business Scenarios from Chapter 3
(Business Scenarios — Concept Overview, ldentification of most promising Business Opportunity
Clusters & Opportunities, Figure x) the most promising Business Opportunity (BO 1) for the
Automotive centred Ecosystem has been identified as: ‘Value Added AMPT Services for Automotive
centred Mobility Providers'.

For characterizing this Business Opportunity on a general level, it is beneficial to use a ‘staircase’ of
sequential core questions as a simple standardized method (see figure x). A more detailed analysis
and evaluation of this selected Business Opportunity can be only conducted after a concrete business
use case has been detected.

The hypothesis for the Business Opportunity of this Business Scenario is that Value Added AMPT

Services are a highly attractive business for future automotive centred mobility providers due to the
fact that the most profitable types of businesses are based on any type of digitalization / ‘big data’
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(generated by passengers, AMPT-vehicles, AMPT infrastructure, etc.) as well as services focusing
passenger centricity (e.g. routing, physical comfort, safety. etc.).

The analysis of this Business Scenario shows that Value Added AMPT Services can be systematically
designed and strategically planned from former deficits (gaps/lacks) in gathering and analyzing data
and passenger requirements, generating offerings with value driven features fulfilling tangible and
intangible passenger values and benefits.

As a general conclusion it can be determined that Value Added AMPT Services is a necessary and
profitable complementary business for AMPT-diversified automotive centred mobility providers.

BO 1 Value Added Automated E-Shuttle Services
for Automotive centred Mobility Providers

BENEFIT?
Added Value/ Advantage

+ Passenger satisfaction
and retention by special
passenger offerings in

HOW?
Function/ Application

1. Offer analyzing /
tracking / tracing /
prediction / routing /

cooperation with other
stakeholders (tourist
offices, App developer,

WHAT?
Solution/ General Value

WHY?
Challenge/ Reason

+ Lack of competencies of
OEMs in the area of
digitalization (software
development / data
management / artificial
intelligence)

* More and more non-core
activities of automotive
centred mobility
providers are outsourced

. Data based Services

(Analyses, Forecasting)

. Passenger Services
. Ticketing Services

(cyber-)security tools

2. Infotainment services
(personalized
recommendations via
app, interactive
displays, gamification
offerings)

3. Offer flexible ticket

purchase concepts
(app/website)

etc.)

Routing efficiency and
fleet management
quality increase by
additional information
about passengers

Unique positive travel
experience by
individually customized
additional passenger
services

Customer confidence
enhanced by cyber and
vehicle security/safety

Figure 34. Business Opportunity Staircase (Business Scenario 2)

c) Business Strategies for Automotive centred Ecosystem
(BS 2)

The typical and most promising Business Strategies for the selected most promising Business
Opportunity BO1 within this Business Scenario have been identified by a sequence of strategic core
issues which are most relevant for the further definition of future business models.

These categories of strategies have been purposefully selected to be focused to the typical building
blocks of a business model canvas elaborated in the next subchapter.

Additionally to the assignment to business model modules, it is inevitable for the completeness of a
set of business strategies to highlight the core innovation strategies (e.g. business / technology /
management innovations for and across each module), which are central for a successful conduction
of these businesses (see Figure 35):
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. Value Added Automated E-Shuttle Services
for Automotive centred Mob

m BES Strategy Category Vision / Strategic Goal (WHAT) Recommended Strategies (HOW) Strategy Justification (WHY)

VO Value / Offering (Product/Solution/ Availability of complementary VAS offerings for — Offer complementary VAS (e.g. Data based Services < Need for an extensive portfolio of aligned
Service) Strategies ASCT for every customer demand (Analyses, Forecasting) Passenger Services, Ticketing and up-to-date VAS
Services) for ASCT within the automotive centred
imability ecosystem

MC Markgt[ Customer Group Strategies Common marketing strategies and exploiting - Utilizing/Adapting of existing markets from automotive - Utilizing existing market coverage and
existing market coverage of automotive providers and alignment of marketing strategies with access of automotive provider for VAS:
providers automotive providers purposes

CA  Competition & Competition Eliminate potential competitors by - [ of the USP portfolio of - Common IPs provide a protectionshicld

Advantage/USPs Strategies and close collaboration with i ive providers by specific public transportation against the external competitors
provider VAS USPs - Close collaborationand technical/
- Utilizing of common IPs as technological synergy effects business alignment with automotive
(e.g. patents) with the automotive centred mobility provider as protection against
provider competitors
sD Distribution & Sales Channel Strategies Utilizing existing distribution network and sales - Close i and sales (| ) - Synergy effects regarding cost/effort,
{incl. Partnering) channels of automotive providers to market coverage and market access sales network and increase of sales
- Branding strategy: utilizing of existing well known success by collaborative concepts
automotive provider brand

RD R&Dﬂlmducﬁon & Te:hnnlogyjcc.m. Permanent R&D/Production/Technology - Cooperation/collaborative R&D of VAS with offering - Need for an extensive portfolio of VAS

petency Stmtegies (ind. Partnerl'ng) collaboration for an aligned development of VAS providers (vehicle/modul/infrastructure etc.) within the - Close and up-to-date development of
automotive centred mobility ecosystem VAS solutions aligned to offering and
solutions of other ecosystem providers
Fl Financing & Invest Strategies Invest goal: longterm business partnership with - Financing by multisided business revenues (e.g. VAS Invest: Securing longterm business
automotive provider platform fees, analyses for automotive providers and partnership
Financing goal: multisided/distributed financing other ecosystem partners) Financing: Risk diversification for
sources - Invest into ASCT specific VAS businesses or VAS financing sources
technologies prioritised by automotive centred mobility
provider
co Cost Strategies = Minimum costs for given performance - Public tenders: Target Costing strategy focused on - Defined or negotiated within
- Maximum performance/quality for fix budget of public PTOs tenders/contracts
costs - Private tenders: Flexible cost strategy dependend from
performance/ quality target of private PTOs
RE Revenue Strategies Common revenues (sales, operations, Flexible, individual or integrated revenues from: - Continous revenues by integrated
rental, leasing etc.) together with other - Performance based Contracting revenue concepts by automotive centred
ASCT offerings within an integrated - Sales, rental, leasing revenues ecosystem solutions
solution for PTOs - Operations business fees
T Offering/Technology | i gi Close ci 1and partnership within daption of i ion goals and gies from Consequent collaboration and deep
automotive centred ecosystem allows a automotive mobility provider for VAS innovations: e.g. partnership with automotive mobility
flexible, fast and proactive adaption of the - Modularization strategy provider provides stable strategic direction
trends for offerings, technologies, - Fast customizing strategy for VAS offerings, technologies and
competencies etc. for development of Transfer of all driving technology from car to but also takes the risk of
future driven VAS shuttle unilateral dependency from business success
of the automotive mobility provider
BI Busi /Marketing Ir ion St { Close ci ion and partnership within Utilizing and adaption of and business G and deep
automotive centred ecosystem allows a of the automotive mobility providers for VAS business partnership with automotive mobility
flexible, fast and proactive adaptionof the  concepts: e.g provider provides stable strategic direction
trends for market demands for - Adaption of market age and for VAS but also takes the risk of
development of future driven business of automotive providers unilateral dependency from business success
concepts - of culture and i tion p of of the automotive mobility provider
AVENUE as start up company
Branding strategy: utilizing of existing well known
automotive provider brand

Figure 35. Business Strategies Table (Business Scenario 2)

d) Business Models for Automotive centred Ecosystem
(BS 2)

The typical Business Model BO1 (characterized by its complementary systemically interacting
modules and its integrating logical story) for a selected Business Opportunity within this Business
Scenario derived from and guided by the previously identified Business Strategies has been defined
based on a business model canvas template defined in (Figure 36).
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Business Model — Canvas

Revenue Module @ Invest & Finance Module Cost'Module @

e Whatis your pricing model? *  What is the cross-margin of your * What are the most important costs/inherent in your

- bsine sbsfrewem Uy Covs) ? business model?
¢ Which revenue streams do you generate? - ) _—

e
What are the characteristics per mvemm}mzﬂ‘ﬂ? *  When and why do you need capital to lmwa‘!'uc Lh.o characteristics of these cost blagks?

- finance your business model? ~,
il i
. ~
i P . oy
Custemer Module Value Proposition @ Delivery Mod{Ie
Target Segmeﬂs Module Key Processes \
* Howdo y&l segment your customer-base? * Whatis the portfolio you offer? * What key processes do your value pi§position,

distribution channels, customer relationship and

. Whoar!’ymu most important customers?
revenue streams require?

* Which one of your customer’s
problems are you helping to solve?

| What is the job you do for your '
- customer?
Marketingh Sales Channels « What is the money-earning logic of Key Resources ] @
* Through w\i(h channels are you selling and P e am‘_j .Whal |r_m;au I * What key resources do your valueﬁo;)osilion,
delivering yoiyvalue proposition? your value proposition on it? distribution channel, customer pglationship and
* How do you sell w_Qur value proposition? * What value / benefit do you deliver to revenue streams require?
¢ How are you lnlegral@ the channels into the customer? What is your USP? ’
’, ? - ;
S e s Description of an underlying
- . .
Customer Relationship ~ - @ Business Model Logic Key Pgnqi'
¢ How do you connect with your customers? N Interdependencies —_ T ==Who are your key partners?

.
e - - -— s  What is the focus of these partnerships?

* What is your value in these partnerships?

¢ What is the money-earning logic of your key

partners?

+ How do you foster customer loyalty / retention?

(incl. Innovative Issues)

() soquence of guiiing qustions

Figure 36. Concept & Guiding Questions for the Application of the Business Model Canvas
(Osterwalder’, modified by Siemens)

By applying this Business Model canvas template to the present Business Opportunity and Strategy it
is important to remark that the suggested Business Model has to be regarded as a more general
suggestion following consequently the previously defined Opportunity and Strategies. Many generic
business models suggested from the literature (e.g. St. Gallen Business Model Navigator and others®)
have to be regarded as further specified suggestions for business model variants and patterns for the
subsequently elaborated and more general Business Model. Only after analyzing a concrete Business
Use Case it is possible to analyze these suggestions as valuable refinements.

Business Model — BS 2

The hypothesis for the Business Models of this Business Scenario is that all modules for the
respective business model with their building blocks are conceptionally integrated and aligned for
each of the individual value added AMPT businesses, like data based or physical vehicle services,
passenger services, etc.. Also, it is assumed that this category of services provides a signification
contribution to the total profit volume of the AMPT business.

The analysis of this Business Scenario shows that especially intangible (i.e. data based) values /
benefits for passengers, AMPT (minibus) providers, and automotive centred mobility providers are
providing a nearly unlimited flexibility and bandwidth of offerings and businesses which can be

"https://www.strategyzer.com/canvas/business-model-canvas?kw=%2Bosterwalder%20%2Bcanvas&cpn=8150275091&utm_campaign=S-
EMEA-Branded-strategyzer=&utm_medium=cpc=&utm_source=google=&utm_term=%2Bosterwalder%20%2Bcanvas&utm_campaign=S-
EMEA-Branded-strategyzer&utm_source=adwords&utm_medium=ppc&utm_content=:8150275091:kwd-
370328503612:%2Bosterwalder%20%2Bcanvas:c:b&hsa_acc=8970299481&hsa_cam=8150275091&hsa_grp=85806354138&hsa_ad=39767
2404417&hsa_src=g&hsa_tgt=kwd-
370328503612&hsa_kw=%2Bosterwalder%20%2Bcanvas&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjOKCQiA3smABhCjARIsAKtrg6J
1J51Cvuje_eRXqlqlI5BIVI4tE-EjL7CmklIsIF3556vZe6Ya3AFwaAgKPEALwW_wcB

® https://www.alexandria.unisg.ch/224941/7/Business%20Model%20Navigator%20working%20paper.pdf
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supported by a big variety of Business Model types collected in) numerous publications (e.g.
multisided models like freemium model, licensing/performance based/etc. models).

As a general conclusion it can be determined that it is recommended to generate a separate sub-BES
(sub platform, partner network, governance concept, etc.) specifically for Value Added data based
AMPT Services due to huge evolution / innovation potential and variety of offerings and'necessary
management of specialized partners. Furthermore, each of the Value Added AMPT Services requires
a specifically designed business model following predefined digitalization strategies.

The generally elaborated Business Model for Value Added AMPT Services for Automotive Centred
Mobility Providers is represented in the following (figure 37):

. BO1 Value Added Automated E-Shuttle Services
for Automotive centred Mobility Providers

-8 Revenue Module L] Invest & Finance Module (-l Cost Module

Finance Focus:

Rental / Licensing Performance based multisided business revenues (e.g. VAS platform
Revenue: Contracting fees, analyses for automotive providers and other

ecosystem partners)

VAS R&D Costs ” Marketing/Distribution Costs

: . VAS Operation & Maintenance
Sales Revenues Operation Fees . Invest Focus: VAS Personnel Costs
P ASCT specific VAS businesses or VAS technologies Costs
prioritized by automaotive centred mobility provider
Customer Module n Value Propesition Module \L.r,::'a'luc_s, Delivery Module
=Offerings
Target Segments or Passengers: R Key Processes
- 0: Data based Services (e.g. Infotainment), V:
Innovation Collaboration

R&D Collab. Process for ASCT
vehiclefinfrastr./module VAS

Existing automotive provider markets Information / Navigation / Entertainment
- O:Healthcare Services (Medical Supply —

on country/region level Process for ASCT VAS
Defi/Medicine) V: Emergency Care
{~ O:Security Services (e.g. Video Surveillance), V:
Sense of Security/Safety
- O: Comfort Services (e.g. Food, Luggage) V: Positive
Travel Experience

Service Collab. Process with
Ecosystem Partners &
Automotive Provider

Collab. Markefing/Sales Process
for ASCT with Automotive

‘ Public and/or private PTO Customers
Provider

B Marketing & Sales Channels 0: Ticketing Services, V: Comfortable purchasing, Key Resources
N art (RuralfUrban] Mobiity Flexible / individualized Tariffing BIlab. roauction “GITah. Marketing/ Distrib./Sales
Private or public PTO tenders Associations & Platform Resources Utilization w. Resources Utilization w. Autom.
Providers Autom. Provider Provider
or ASCTs: ( )
b - " . - i~ O:Data based Services (Analyses, Forecasting) V: Collaborative R&D & Technology/IP Resources Utilization with
of aum[r’-:g::;eyr?oblhlv | Direct Regional PTO Relations ?hp:rgirfgdeiﬁme Operations (Routing, Schedu-ling, Automoti\%‘ Provider
I~ 0: vehicle Security Services V: Protection against
n Customer Relationship Vandalism B Key Partners (Major Value Contribution)
ustomer Information, 1 T
Newsletters, Experience ong term frame VAS contract: . Ecosystem internal partners e.g. for
Communities - . ) Automlgtlve centred passenger services
For A centred Mobility Providers: mobility provider

Periodic Updates of SW & il L Seules i) [ Data based Services (Analyses, Forecasting) V: (primary partner) e.g. for | ners: 6.8, 1T
Service Packages L'“"”"&";ﬁiﬁg;"‘?”m“ LS Profitability Transparency for Application Areas vehicle services g—B— o i b s b

Figure 37. Business Model Canvas (Business Scenario 2)

Business Model Story — BS 2

As indicated as a dotted line in the Business Model Canvas Template it is beneficial for the
understanding of Business Model logic to explain the integration and interaction of the modules of
the Business Model in the sense of a logical ‘Business Model Story’ and in the form of a easy-to-
understand ‘elevator pitch’ (see figure 38):

The hypothesis for the Business Model Stories of this Business Scenario is that the extremely high
innovation potential requires a dedicated correlation / interaction / synergy management, a. within
each Value Added AMPT Services business model modules for the respective offering / business, b.
among these Value Added AMPT Services business models, and c. between these Value Added AMPT
Services and other business models of the AMPT business components of the Automotive centred
Mobility Provider.

The analysis of this Business Scenario shows that this multi-level and multi-relation task is a complex
but nevertheless highly beneficial challenge for the Automotive centred Mobility Provider.

As a general conclusion it can be determined that Business Ecosystem related business model
complexity management for Value Added AMPT Services (especially with data based businesses)
regarding values, partners and interactions / correlations are a central success factor for the whole
AMPT business.
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. m Value Added Automated E-Shuttle Services
for Automotive centred Mobility Providers

_ Business Model — Description of Module Interdependencies

Business Story — main success critical correlations:

1. General: Business Ecosystem internal Win-Win collaboration of ASCT's (e.g. synergetic use of resources, markets, brands) with
Automotive centred Mobility Providers (benefits: e.g. portfolio complementation)

2. Specific ASCT VAS Offerings & Values utilize as far as possible existing Market Access/Coverage & Sales Channels from Automotive
Business Model Provider
Logic
(Central ) 3. Specific ASCT VAS Offerings & Values utilize as far as possible existing innovation, R&D & production Resources from Automotive
Providers

4. Specific ASCT VAS Offerings & Values utilize as far as possible collaboration with existing Ecosystem Partners (synergy effects etc.)

Figure 38. Business Model Story (Business Scenario 2)

3.6 Business scenario 3: New Mobility Provider
centered Ecosystem

Within this chapter all 4 Design Steps for Strategic Business Planning for Business Scenario 3 —
mentioned in the conceptional grid - are elaborated:

1. AVENUE Business Scenario Characterization,

2. AVENUE Business Opportunity Identification,

3. AVENUE Business Strategies Identification,

4. AVENUE Business Model Definition.

a) Business Characterization (BS 3)

The Characterization of Business Scenario BS 3 is elaborated by the following methods or templates
addressing the most relevant issues relevant for the concrete strategic planning:

BES General Description and Practice Examples

BES Strategic Direction

BES General Evaluation

BES Success Factors & Risks

Typical exemplary Traditional BES — Partner Network

vk wnN e

BES General Description and Practice Examples

The General Description of the New Mobility Provider centred Ecosystem provides main descriptional
issues of understanding and identified practice examples of typical companies representing the
Business Scenario for the Automotive centred Ecosystem.

The hypothesis for the Description of this Business Scenario is that there will be 3 significant
categories or types of New Mobility Providers of AMPTs and their ecosystems in the future
originating from different industries, perspectives and businesses: 1. data-based businesses, 2.
transaction-based businesses, 3. innovation-based businesses. Besides the established automotive
providers (BS 2) they could or will play a major role in the AMPT market.
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The analysis of this Business Scenario shows that there are already many renowned companies from
these 3 categories in the starting blocks (see figure x) with the technological and business potential to
create diversified ecosystems with AMPT products portfolio and businesses as a core component.

As a general conclusion it can be determined that new mobility providers/from each of these
categories could or will be serious AMPT players in the mobility market for different reasons (e.g.
data/software power, financial power, innovation power, network power).

BES Description BES Examples

The digital transformation enables competitors from different
industries to appear as new players on the market

!

New data-based
mobility providers

}

New innovation-based
mobility providers

| ; : ¢

Autonemous Electric
it i (autanomous)

private vehicles

1) New data-based mobility providers / Internal startups from
IT-Tech giants (e.g. Apple, Google)
expand their ecosystems into providing mobility services

IT/Data platform Autonomous Taxis

Apple Google AVENUE Te«l‘. BYD Robocabs
[ 3 G =

New transaction-based
mobility providers

2) New transaction-based mobility providers / Transaction
platform startups (e.g. Uber, Lyft, DiDi, Zipcar)

are entering the market with innovative digital mobility
services and providing transaction platforms for partners and ' ' ' '

citizens E-Scooter

sharing

Private car

Bike sharin;
5 drivers hiring

Car Sharing

Call-aBike Nextbike

Lime  Hive Joer Lyt Didh

3 oo

New innovation-based mobility providers / Emerging OEMs
and automotive technology startups (e.g. Tesla, BYD)

are trying to conquer the market through e-mobility and ' ' J l
automated vehicles, which will provide innovative products, e iy b
solutions, services and infrastructures (1) (2) i

@ uberPOOL b

e

(=

a
=
=

Ride pooling

pool blablacar  Wetruck Waze Rider getaround

B o)
Figure 39. BES General Description and Practice Examples (Business Scenario 3)

getaround

BES Strategic Direction

The Strategic Direction for the New Mobility Provider centred Ecosystem (BES) analyzes the general
strategic orientation (Purpose & Goals and Vision) and characteristic emphases of Business
Opportunities, General Strategies and Business Models for this Business Scenario. These issues are
the basis for further refinement in the subsequent subchapters of this Business Scenario.

The hypothesis for the Strategic Direction of this Business Scenario is that New Mobility Providers
without specific competency of AMPTs are entering the market by diversification of their mobility
offering and business portfolios, extending their previous BES Purpose, Vision, Strategies and
Business Models with those of the AMPT business and focusing on this.

The analysis of this Business Scenario shows that entering a new promising AMPT market, the
technological and business setup requires a significant ramp up or transformation of the whole BES
business concept accompanied by high effort, business or technology innovation power and financial
invest. However, the more technology or business related the previous businesses have been, the
easier the transformation will be — the less it is, the more attractive is the probability of a respective
acquisition of an AMPT specialist.

As a general conclusion it can be determined that the Strategic Direction of a New Mobility Provider
centred Ecosystem including AMPTs and related BES needs to be redefined, adapted, or defined
comprehensively. Depending on the previous business setup there’s a big chance for specialized
AMPT providers to collaborate synergetically as a complementary BES partner.
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Characterization

BES Pu rpose - New mobility providers try to establish themselves with innovative technologies and business models in the mobility market
- Diversification of companies from other domains (e.g. IT / Communication) into the mobility sector
- With different competencies (IT, communication, automotive technology) companies try to position themselves on future mobility
markets and exploit market potentials with innovative ideas and new business models

BES

BES Vision 1) Market leadership from ecosystems based on IT and Data platform competence and current leadership in IT markets
2) Market leadership from ecosystems based on communication / transactien platform competencies
3) Market leadership from ecosystems based on innovation and technology platform competencies

BES Business Opportunities - Entering the automotive market through high investments in emerging mobility ecosystem
{First Ideas) - Offer broader variety of mobility services and gain customer contacts through partnerships with OEMs
- Development of new or existing market segments through new business models, services, products and/or technologies
- Examples: IT based services, communication services, innovative vehicle technologies, innovative infrastructure services, innovative
VAS (value added services) / PRS (product related services)

General BES Strategies 1) Data/ IT based innovation / diversification strategies
2) Communication and transaction-based innovation / diversification strategies
3) Vehicle and technology-based innovation / diversification strategies
1)/2)/3) Offer a variety of services to consumers to provide a unique user experience in arder to keep customers loyal to the
mobility services ecosystem

Business Model Types 1) Data / IT based platform startup business models
2) Transaction based platform startup business models
3) Vehicle / technology based startup business models

Figure 40. BES Strategic Direction (Business Scenario 3)

BES General Evaluation

For a deeper understanding of the Business Scenario — New Mobility Provider centred Ecosystem it is
essential to analyze it by using the SWOT method. In this context the SWOT analysis expresses 4
central business planning relevant factors for scenario stakeholders and business ecosystems:

a. the general opportunities (on a higher abstraction level of concrete business opportunities)
provided by this business scenario, b. the general threats within this business scenario, c. the general
strengths of business ecosystems or players supported by this business scenario, d. the general
weaknesses which business ecosystems or players are facing within this business scenario.

The hypothesis for the General Evaluation of this Business Scenario is that New Mobility Provider
centred Ecosystems can find a manageable playing field for mastering the challenge of a BES
extension by AMPT engagement.

The analysis of this Business Scenario shows that the strengths of the New Mobility Provider centred
Ecosystems (e.g. data business, technology innovations, transaction networks) can enhance the
AMPT business significantly and the weaknesses are compensated by AMPT specialized companies
(like AVENUE), both in order to ramp up fast into the AMPT market, seize opportunities and fend off
threats.

As a general conclusion it can be determined that New Mobility Provider centred Ecosystems can
manage the challenge of stepping or expanding into the lucrative AMPT business by individual and
dedicated strategies (e.g. AMPT partnerships).
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STRENGTHS WEAKNESSES
* Control the graphical user interface -> potential customer * Currently not enough customer contacts in the mobility market
—1
L o vehicle technology expertise, no-customer contacts in
= coverage 1N hicl hnol . .
E * Large driver networks and efficient routing algorithms the mobility market, lack of business expertise in mobility
(NN * 1) Big IT company as support with high financial EETE 25
E strength, customer access, large market * 2)/3) Lackof financial strength, market access
— coverage and IT expertise or market coverage, partners, competence in
* 2)/3) High agility, patents, innovative business on mobility rggights
strength
OPPORTUNITIES THREATS
® 2) Leverage existing customer * 1)/2)/3) are currently not profitable
= relationships with technology platforms « 2)/3) Threat of being taken over by large
nz: * 2) Extend reach into mobility solutions and existing automotive companies
w eventually vehicle technology development o Uhearsfmsyase e e
; * 1) Bringing popular tech products into vehicles(1) investment will pay off (2)
(NN}

* High regulatory uncertainty (Regulations on local,
regional, country and global level will determine
future success of business model)

POSITIVE NEGATIVE

Figure 41. BES SWOT Analysis (Business Scenario 3)

BES Success Factors & Risks

A fundamental focus for strategic planning of business ecosystems is the identification of Success
Factors and Risks for entrepreneurial behavior for the setup and management of Business
Ecosystems within the Business Scenario of New Mobility Provider centred Ecosystems.

The hypothesis for the Success Factors and Risks of this Business Scenario is that they have their
cause in the individually different entrepreneurial challenge when diversifying into a new AMPT
market.

The analysis of this Business Scenario shows that depending from the individual origin of the New
Mobility Provider centred Ecosystems other success factors support the transition or expansion into
the AMPT market, while these ‘newcomers’ are facing general external and internal risks which have
to be mitigated. As a general conclusion it can be determined that only the individual analysis of
success and risk factors for New Mobility Provider centred Ecosystems are the basis for deriving
individual and adequate business strategies.
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1) - High financial basis for acquiring technology partners 1) - Regulatory framework is still in development and not
- Market coverage and customer access clearly defined by government (Regulations on local,
- High innovative strength in IT technology, data-based regional, country and global level determine success of
services and automated driving business model)

IT infrastructure is not sufficiently available in many
regions

- High impact of IT-giants on mobility platform worldwide

2) - High manag.em.ent flexibility due to. I?w hierarchies - Vehicle infrastructure (e.g. charging stations) is still in
- Competencies in management of digital ecosystems an embryonal status
(virtual network of partners) => often more important - IT security risks
than technological competencies (e.g. Uber)
. ) . 2) - Lack of trust in new companies
3) - Strong technological competencies (e-vehicles, - e A aEEl GrEnE

automated vehicles) => patents for ke.y technqlogies . Potential attractive technology and service partners are
(e.g. battery management, power train, electrical engine) already involved in renowned automotive ecosystems
Threat of being taken over by large companies

Lack of broad technological competencies

3) - Lack of trust in new companies

Figure 42. Success Factors & Risks (Business Scenario 3)

Typical exemplary BES — Partner Network

For a pragmatic strategic planning of a business ecosystem within this business scenario it is
beneficial to have an idea of an archetypical model of a partner network as an exemplary structure of
a Business Ecosystem represented by typical ecosystem partners as well as the central ecosystem
lead partner (as ecosystem management platform owner) shaping and orchestrating this Business
Ecosystem.

Typical exemplary BES — Partner Network — New data-based Mobility Provider

The hypothesis for the Partner Network of this Business Scenario is that the New data-based Mobility
Provider is the Orchestrator and Platform Owner of a Mobility BES-Partner Network, providing own
vehicles and/or diversifying into the transaction and vehicle business, profiting from its own data
services.

The analysis of this Business Scenario shows that besides the platform management task the core
offering / competency of the New data-based Mobility Provider lies in Value Added Digital Services
(i.e. data services) - additionally to the offerings / competencies of other relevant BES partners.

As a general conclusion it can be determined that the New data-based Mobility Provider manages the
BES based on its originating core competency and core business.
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Future: New Mobility Provider centred Dgital BES Partner Network

Example & Motivation:

Google (data) could provide own vehicles, et BES of New
PP . N . ultimodal
and/or diversifies -mtu tru.nsa'crron and veh-tc.'e hEs Fleat Operators .. D AT A BASED
and profit from its own data services Lenett (ncownership) R LI
= Other Modalities : :
Digital Mobilty Providers Mobllity Provider
Automotive & Subecosystems
Distributors .
0..' "0‘
o *e
o .
B
3 (Multimodal) Electric
. Infrastructure
S Providers
Automotive
Vehicle Digital
Component Suppliers {Platform Owner /
(e.g. Spare Parts) Ecosystem Orchestrator)
. s-r:‘nmf:'ndv;' Collaboration Platform Private (Digital)
ces Providers =
. Valve Added (1 Bf’f ;:m::::mﬁ

Digital Services, e.g. Data forV

Automotive Public [Digital)
Vehicle Digital Transport Planning
Equipment Providers Organizations [TPO)

Digital Services Providers
(Product Related

rvices, e.g. Malntenang

Figure 43. Typical exemplary BES — Partner Network — New Data Based Mobility Provider (Business
Scenario 3)

Typical exemplary BES — Partner Network — New transaction-based Mobility Provider

The hypothesis for the Partner Network of this Business Scenario is that the New transaction-based
Mobility Provider is the Orchestrator and Platform Owner of a Mobility BES-Partner Network,
increasing business with innovative vehicles (e.g. AMPTs) with options to diversify into vehicle /
infrastructure / service data businesses.

The analysis of this Business Scenario shows that besides the platform management task the core
offering / competency of the New transaction-based Mobility Provider lies in Transaction Services
(i.e. network services) - additionally to the offerings / competencies of other relevant BES partners.
As a general conclusion it can be determined that the New transaction-based Mobility Provider
manages the BES based on its originating core competency and core business.

Example & Motivation:
Tesla (Vehicle Innovations) increases business

BES of New

Multimodal
options to diversify into data/infrastructure/service gt VRl T;:;g::mm ----------- Other Modalitias INNOVATION BASED
and transaction businesses etc. . Automotive Mobilty Providers Mobili ty Provider

(Platform Owner /
Ecosystem Orchestrator)

Autom Automotive i ;
— oy s e,
i) s Saraparil Organizations (TPO)
o

Public (Digital)
Transport Planning
Organizations (TPO)

Automotive
Services Providers
Volue Added
Digital Services, e.6. Data) A DR s Pt

S {Product Related
Services, e.g. Maintenance,

Figure 44. Typical exemplary BES — Partner Network — New Innovation Based Mobility Provider
(Business Scenario 3)
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Typical exemplary BES — Partner Network — New innovation-based Mobility Provider

The hypothesis for the Partner Network of this Business Scenario is that'the New innovation-based
Mobility Provider is the Orchestrator and Platform Owner of a Mobility BES-Partner Network,
increasing business with own innovative vehicles (e.g. AMPTs) with options to diversify into data /
infrastructure / service and transaction businesses.

The analysis of this Business Scenario shows that besides the platform management task the core
offering / competency of the New innovation-based Mobility Provider lies in the supply of
Automotive Vehicle Digital Components (i.e. spare parts) - additionally to the offerings */
competencies of other relevant BES partners.

As a general conclusion it can be determined that the New innovation-based Mobility Provider
manages the BES based on its originating core competency and core business.

Future: New Mobility Provider centred Digital BES Partner Network

Example & Motivation: BES of New
Uber (Transactions) increases business Imecs
with innovative vehicles (e.g. TRANSACTION BASED
. Mobility Provider

toomnershi) _ANNERRELTTIU

automated e-shuttles)
and has options to diversify into
vehicle/infrastructure/service dat
businesses etc. .

Figure 45. Typical exemplary BES — Partner Network — New Transaction Based Mobility Provider
(Business Scenario 3)

b) Business Opportunities (Business Scenario 3)

Referring to the table of relevant Business Opportunities within Business Scenarios from Chapter 3
(Business Scenarios — Concept Overview, Identification of most promising Business Opportunity
Clusters & Opportunities, Figure x) the most promising Business Opportunities (BO 2-4) for the New
Mobility Provider centred Ecosystem have been identified as: ‘Provide AMPT Solutions to New data-
based Mobility Providers’ (BO 2), ‘Provide AMPT Solutions to New transaction-based Mobility
Providers’ (BO 3), and ‘Providing Product-Related Services (PRS) to New innovation-based Mobility
Providers’ (BO 4).

For characterizing these Business Opportunity on a general level, it is beneficial to use a ‘staircase’ of
sequential core questions as a simple standardized method). A more detailed analysis and evaluation
of these selected Business Opportunities can be only conducted after a concrete business use cases
have been detected.

The most promising Business Opportunities BO2, BO3, BO4 for this Business Scenario have been
characterized by a ‘staircase’ of sequential core questions (see Figure 46/Figure 47/Figure 48)

Business Opportunity - New data-based Mobility Provider

The hypothesis for the Business Opportunity of this Business Scenario is New data-based Mobility
Providers are completely lacking AMPT competencies and this can be taken as an opportunity for
AMPT providers to provide respective comprehensive offering solutions via BES partnerships.
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The analysis of this Business Scenario shows that AMPT construction, production, fleet operation and
other competencies are lacking where AMPT specialized companies can provide value to the
respective BES.

As a general conclusion it can be determined that AMPT Solutions is a promising offer to New data-
based Mobility Providers and their BES.

Provide Automated E-Shuttle Solutions

to New Data-based Mobility Providers

BENEFIT?
Added Value/ Advantage

HOW?
Function/ Application

+ Best possible mobility
experience for the end

WHY?
Challenge/ Reason

* Mobility providers

lacking of competencies
in the area of shuttle
construction

High initial investment
are necessary for shuttle
production

New Data-Based Mobility
Providers are lacking of
experience in the area of
shuttle operation

WHAT?
Solution/ Benefit

. Operation of shuttle

fleets

. Vehicle Sales
. Leasing/Rental/Licensin

. Vehicle concept

consulting

. Individual shuttle

design and/or
adaptation

. Vehicle/fleet operation

within new data-based
mobility providers
ecosystem

. Sales of ready-to-use

shuttles

. Leasing/rental/licensin

g of vehicle concepts

. Consulting regarding

possible vehicle
concepts for individual
use cases

. Adaptation of shuttles

to specific customer
needs (wheelchair
ramps, luggage space,
power sockets, etc.)

user by complementing
the competency of data
provider with shuttle
solution competencies
(Know-How, Skills,
Experience)

Avoidance of high initial
investment for the
mobility provider by
outsourcing of shuttle
solutions

Relief of existing
traditional
infrastructures e.g. road
lanes by using shuttles
(up to 15 passengers)
instead of individual
vehicles (max. 4
passengers)

+ Reduction of negative
effects of externalities

Figure 46. Business Opportunities Staircase - New Data Based Mobility Provider (Business Scenario
3)

The hypothesis for the Business Opportunity of this Business Scenario is New transaction-based
Mobility Providers are (just like New data-based Mobility Providers) completely lacking AMPT
competencies and this can be taken as an opportunity for AMPT providers to provide respective
comprehensive offering solutions via BES partnerships.

The analysis of this Business Scenario shows that complete AMPT solutions (operations, sales, design,
etc.) and other competencies are lacking where AMPT specialized companies can provide value to
the respective BES.

As a general conclusion it can be determined that complete AMPT Solutions is a promising offer to
New transaction-based Mobility Providers and their BES.
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Business Opportunity - New transaction-based Mobility Provider

Provide Automated E-Shuttle Solutions

to New Transaction Based Mobility Providers

o’ Ae
», . ;q A BENEFIT?
& k Added Value/ Advantage
= ADEALE avenu HOW?
o S * Expansion of mobility
Gunction/Rpplicstion offering portfolio with
WHAT? Automated e-shuttles
Solution/ Benefit * Partnering with + Specific vehicle
transaction based configurations allow an
WHY? ecosystem providers and increased accessibility
* + Offering complete sharing of transaction and usability for
Challenge/ Reason Shuttle solutions fees different customer

* Neg_'lc.rtavnsacti.gn based COII'ISiSéiﬂE of shuttle « Sales of shuttle solutions EIOHDS
mobility providers are related... . . .
lacking 0? shuttle ; + Leasing/Rental/Licensin ng;:fzﬁﬂjgzﬁsnger
services and thus e- — Operations g of shuttle solution et By
shuttle fleet/solutions — Sales RS individualized shuttle
+ Own engagement of — Leasing/Rental/Li * Individual demand adaptions
shuttle service business censing adaptation of shuttles
requires a high level of = Concept consulting for
initial investment a Eg;ISCSI%tng individual use cases
q + Individual adaption of
- Rg:lstrilélgemand shuttles for special

customer needs

Figure 47. Business Opportunities Staircase - New Transaction Based Mobility Provider (Business
Scenario 3)

Business Opportunity - New innovation-based Mobility Provider

The hypothesis for the Business Opportunity of this Business Scenario is New innovation-based
Mobility Providers are often lacking PRS (product related services) competencies and this can be
taken as an opportunity for AMPT providers to provide respective comprehensive offering solutions
via BES partnerships.

The analysis of this Business Scenario shows that PRS for AMPTs (fleet management, vehicle &
component maintenance, etc.) are lacking where AMPT specialized companies can provide value to
the respective BES.

As a general conclusion it can be determined that PRS for AMPTs is a promising offer to New
innovation-based Mobility Providers and their BES.
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Providing Product Related Services (PRS)

BO 4 . . .
to New Innovation Based Mobility Providers

BENEFIT?
Added Value/ Advantage

HOW?
Function/ Application

+ Avoiding vehicle
downtimes by efficient
maintenance and

WHY?
Challenge/ Reason

* High initial investment

as well as high operating
costs to build up a
professional service
network

WHAT?
Solution/ Benefit

1.

2.

Providing Vehicle
Maintenance / spare
parts (Vehicles /
Batteries / Sensorics
Equipment /
Infotainment)

Vehicle fleet
management services

1. Construction of
decentralized service
stations, reliable
installations and
emergency call buttons
for unpredictable
damages

2. Monitoring / Tracking
and scheduling of
vehicles by a centralized
control system. Fleet

damage prevention

* Positive passenger

experience by high
reliability and availability
of vehicles

* Increased vehicle safety

and security

* Increased efficiency and

performance of vehicle
fleet operations

*+ High effort and building management software

up specific competencies
for complex fleet
management

3. Maintenance for tooling and operation
Batteries, Sensor services
Equipment,

Infotainment, etc. 3. Vebhicle incident service

level support concepts

Figure 48. Business Opportunities Staircase - New Innovation-Based Mobility Provider (Business
Scenario 3)

The hypothesis for the Business Opportunity of this Business Scenario is New innovation-based
Mobility Providers are often lacking PRS (product related services) competencies and this can be
taken as an opportunity for AMPT providers to provide respective comprehensive offering solutions
via BES partnerships.

The analysis of this Business Scenario shows that PRS for AMPTs (fleet management, vehicle &
component maintenance, etc.) are lacking where AMPT specialized companies can provide value to
the respective BES.

As a general conclusion it can be determined that PRS for AMPTs is a promising offer to New
innovation-based Mobility Providers and their BES.

c) Business Strategies (Business Scenario 3)

The typical and most promising Business Strategies for the most promising Business Opportunities
BO1, BO3, BO4 within this Business Scenario have been identified by a sequence of strategic core
issues that are most relevant for the further definition of future business models. These strategy
categories are focused on the typical building blocks of a business model canvas, and additionally
highlighting the core innovation strategies relevant for successful conduction of these businesses.
(see Figure 49/Figure 50/Figure 51)

Business Strategies - New data-based Mobility Provider

The hypothesis for the Business Strategies of this Business Scenario is generally that AMPT
technologies, solutions and businesses are consequently aligned and integrated with the data-based
technologies, solutions and businesses of the Mobility Providers in every facet of the strategies
portfolio.

The analysis of this Business Scenario shows for example AMPT components and solutions strategies
are adapted with loT based technology strategies to transfer data, marketing strategies are
integrated between AMPT and data businesses, revenue strategies are aligned with data strategies
(e.g. at performance contracting). Furthermore marketing & sales strategies are integrated with
market strategies of ‘data giants’ (e.g. branding).
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As a general conclusion it can be determined that the ‘more_ passengers, vehicles, services,
infrastructures etc. and thus also AMPTs are regarded as data exchanging bodies, the higher the
strategic synergies and integration is requested and necessary.

. m Provide Automated E-Shuttle Solutions
to New Data-based Mobility Providers

i | BES Strategy Category Vision / Strategic Goal (WHAT) Recommended Strategies (HOW) Strategy Justification (WHY)

VO  Value / Offering (Product/Solution/
Service) Strategies

MC  Market / Customer Group Strategies

CA  Competition & Competition
Advantage/USPs Strategies

SD  Distribution & Sales Channel Strategies

(incl. Partnering)

RD  R&D/Production & Technology/Com-
petency Strategies (incl. Partnering)

Offer the best possible mobility experience
for the end user by complementing the
competency of data provider with shuttle
solution competencies (Know-How, Skills,
Experience)

Common marketing strategies and
exploiting existing market coverage of new
data-based mobility providers

Eliminate potential competitors by
permanent and close collaboration with
new data-based mobility providers by
innovative ASCT technology/solutions

Utilizing existing distribution network and
sales channels (e.g. platform) of new data-
based mability provider

Permanent R&D/Production/Technology
collaboration for an aligned development
of ASCT solution concepts

- Utilizing and

- OfferloT-based ASCT solution concepts (e.g. operation,

sales, leasing, rental, licensing, consulting) for new data-
based mobility provider

of market/
with new data-based mobility providers

- Utilizing of common IPs as synergy effects (e.g. patents)

with the new data-based mobility provider

- Close collaboration in distribution and sales related to

market coverage and market access

- Branding strategy: utilizing of well known data-based

mobility provider brand

- Cooperation of R&D strategies with new mohility

providers to improve continuously ACST shuttle solution
and adapt it to customer requirements

- Requirement of the customer access and
data to offer new mobility solutions

- Utilizing existing market coverage and
access of new data-based mobility
providers for ASCT solution purposes

- Common IPs provide a protection shield
against the external competitors

- Close collaboration and technical/
business alignment with new data-based
mobility providers as protection against
competitors

- Synergy effects regarding cost/effort,
sales network and increase of sales
success by collaborative concepts

- Need for adaptation of shuttles to
specific customer needs (wheelchair
ramps, luggage space, power sockets,
etc.)

- Close and up-to-date development of
ASCT solutions aligned to offering and
solutions of other ecosystem providers

FI Financing & Invest Strategies

CO  Cost Strategies

RE  Revenue Strategies

Invest goal: longterm business
partnership with new data-based
mobility provider

Financing goal: multisided/distributed
financing sources

Minimum costs for given performance
- Maximum performance/quality for fix
costs

Common revenues (sales, operations,
rental, leasing, consulting etc.) together
with other ASCT offerings withinan
integrated solution for PTOs

- Invest into ASCT businesses or ASCT technologies

prioritised by new data-based mobility providers.

- Financing by various business revenues from ASCT

Offerings/Solutions/Technologies/Consulting

- Public: Target Costing strategy focused on budget of

public tenders

- Private: Flexible cost strategy dependend of

performance/ quality target

Flexible, individual or integrated revenues from:

Performance based Contractil

ng
- Sales, operation, rental, leasing, consulting revenues

from ASCT solution concepts

- Sharing of transaction fees

- Invest: Securing longterm business
partnership

- Financing: Risk diversification for
financing sources

- Defined or negotiated within
tenders/contracts

- Continous revenues by integrated
revenue concepts by new data-based
mobility providers ecosystem solutions

T Offering/Technol I i i Close collaboration and partnership within - Adaption of goals and from new Ci and deep
4 = new data-based centred ecosystem allows data-based mobility providers for ASCT: e.g. partnership with new data-based mobility
a flexible, fast and proactive adaption of - Flexible innovation of the drive systems provider provides stable strategic direction
the trends for offerings, technologies, - Modularization strategy for ASCT offerings, technologies and
competencies etc. for development of - Fast customizing strategy competencies, but also takes the risk of
future driven ASCT solutions - Consulting of new data-based mobility providers unilateral dependency from business success
regarding possible vehicle concepts for individual use of the new data-based mobility provider
cases
- Data-Management of ASCT
Busi /| 1 i Close collaboration and partnership within utili; and adaption of marketing and business Ci and deep
Bl Marketing I¥ st new data-based centred ecosystem allows of the data-based maobility providers for ASCT business partnership with new data-based mobility

a flexible, fast and proactive adaption of concepts: e.g provider provides stable strategic direction

the trends for market demands for p of market age and marketing g for ASCT businesses, but also takes the risk

development of future driven ASCT of automotive providers of unilateral dependency from business

business concepts - Branding strategy: utilizing of existing well known data-  success of the new data-based mobility
based provider brand provider

Figure 49. Business Strategies Table - New Data-Based Mobility Provider (Business Scenario 3)

Business Strategies - New data-based Mobility Provider

The hypothesis for the Business Strategies of this Business Scenario is generally that AMPT
technologies, solutions and businesses are consequently aligned and integrated with the data-based
technologies, solutions and businesses of the Mobility Providers in every facet of the strategies
portfolio.

The analysis of this Business Scenario shows for example AMPT components and solutions strategies
are adapted with loT based technology strategies to transfer data, marketing strategies are
integrated between AMPT and data businesses, revenue strategies are aligned with data strategies
(e.g. at performance contracting). Furthermore marketing & sales strategies are integrated with
market strategies of ‘data giants’ (e.g. branding).

As a general conclusion it can be determined that the more passengers, vehicles, services,
infrastructures etc. and thus also AMPTs are regarded as data exchanging bodies, the higher the
strategic synergies and integration is requested and necessary.
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e Automated E-Shuttle Solutions
to New Transaction Based Mobility Providers

“ BES Strategy Category Vision / Strategic Goal Recommended Strategies Strategy Justification

VO  Value / Offering (Product/Solution/
Service) Strategies

MC  Market / Customer Group Strategies

CA  Competition & Competition
Advantage/USPs Strategies

SD  Distribution & Sales Channel Strategies
(incl. Partnering)

RD  R&D/Production & Technology/Com-
petency Strategies (incl. Partnering)

Offer the best possible mobility experience
for the end user by complementing the
competency of transaction-based mability
provider with shuttle solution
competencies (Know-How, Skills,
Experience)

Commen marketing strategies and
exploiting existing market coverage of
transaction-based mobility providers

Eliminate potential competitors by
permanent and close collaboration with
transaction-based mobility providers by
innovative ASCT technology/solutions

Utilizing existing distribution network and
sales channels (e.g. platform) of
transaction-based mobility providers

Permanent R&D/Production/Technology
collaboration for an aligned development
of ASCT solution concepts

- Utilizing and of

- Offer a fleetof ASCT vehicles and solutions (e.g.

operation, sales, leasing, rental, licensing, consulting)
specificaly disgned and with automated interaction with
transaction-based platform

with transaction-based mobility pr(w'lders

- Utilizing of common IPs as synergy effects (e.g. patents)

with the transaction-based mobility providers

- Close collaboration in distribution and sales related to

market coverage and market access

- Branding strategy: utilizing of well known transaction-

based mobility providers

- G of R&D and with

transaction-based maobility providers to improve
continuously ACST shuttle solution and adapt it to
customer requirements

- Expansionof mobility offering portfolio
with ASCT

- Utilizing existing market coverage and
access of transaction-based mobility
providers for ASCT solution purposes

- Common IPs provide a protection shield
against the external competitors

- Close collaboration and technical/
business alignment with transaction-
based mohbility providers as protection
against competitors

- Synergy effects regarding cost/effort,
sales network and increase of sales
success by collaborative concepts

- Need for adaptation of shuttles to
specific customer needs (wheelchair
ramps, luggage space, power sockets,
etc.)

- Close and up-to-date development of
ASCT solutions aligned to offering and
solutions of other ecosystem providers

FfI Financing & Invest Strategies

co  Cost Strategies

RE  Revenue Strategies

m Offering/Technoll 1 Py gi

Bl  Business/Marketing Ir ion St

Invest goal: longterm business
partnership with transaction-based
maobility providers
Financing goal: mul

isided/distributed

- Invest into ASCT businesses or ASCT technologies

prioritised by new transaction-based mobility providers

- Financing by multisided business revenues (e.g.
fees)

financing sources

Minimum costs for given performance
- Maximum performance/quality for fix
costs

Common revenues (sales, operations,
rental, leasing, consulting etc.) together
with other ASCT offerings withinan
integrated solution for PTOs

Close collaboration and partnership within
new transaction-based centred ecosystem
allows a flexible, fast and proactive
adaption of the trends for offerings,
technologies, competencies etc, for
development of future driven ASCT
solutions

Close collaboration and partnership within
new transaction-based centred ecosystem
allows a flexible, fast and proactive
adaption of the trends for market demands
for development of future driven ASCT
business concepts

" AVENUE as start up company
- Utilization of the a

- Public: Target Costing strategy focused on budget of

public tenders

- Private: Flexible cost strategy dependend of

performance/ quality target

- Flexible, individual or integrated revenues from:

- Performance based Contracting
- Sales, op rental, leasing,
from ASCT solution concepts

g revenues

- Rmnuosrllrlnl strategy (mnu:ucn fees)

from new

- Invest: Securing longterm business
partnership

- Financing: Risk diversification for
financing sources

- Defined or negotiated within
tenders/contracts

Continous revenues by integrated revenue
concepts by new transaction-based mobility
providers ecosystem solutions

Ce and deep

transxt\on based moblll‘l: prw\ders for ASCT: e.g.
= Flexible innovation of the drive systems

- Modularization strategy

- Fast customizing strategy

- Consulting of new transaction-based mobility providers

regarding possible vehicle concepts for individual use

cases
- Design a fleet of ASCT/solution with optimal interaction

‘with transaction platforms

- Sharing of transaction fees by partnership with new

transaction-based ecosystem
of culture and of

digital ecosystems and the resulting network of
partners from new transaction-based mobility providers

pnrmorshlp with new transaction-| based
mobility provider provides stable strategic
direction for ASCT offerings, technologies
and competencies, but also takes the risk of
unilateral dependency from business success
of the new transaction-based mobility
provider

Consequent collaboration and deep
partnership with new transaction-based
mobility provider provides stable strategic
direction for ASCT businesses, but also takes
the risk of unilateral dependency from
business success of the new transaction-
based mobility provider

Figure 50. Business Strategies Table - New Transaction Based Mobility Provider (Business Scenario

3)

Business Strategies - New innovation-based Mobility Provider

The hypothesis for the Business Strategies of this Business Scenario is generally that new innovation-
based Mobility Providers are themselves often technology and / or solution innovators e.g. in the
automotive or even AMPT sector. In this case it is necessary to analyze the strategies portfolio of the
New innovation-based Mobility Providers and offer complementary PRS strategies in order enhance
the common market position and to avoid unnecessary competition.
The analysis of this Business Scenario shows for example that strategies as AMPT component or
vehicle maintenance (e.g. spare parts) businesses or fleet management services may be an attractive
BES partnering offering for New innovation-based Mobility Providers to achieve common business
goals of technology ramp up, market coverage and penetration as well as synergetic revenue

increase.

As a general conclusion it can be determined that a close complementary and synergetic BES
partnership collaboration among mobility innovators on various strategy levels can be a promising
way for mutual support and busines success.
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®

Providing Product Related Services (PRS)
to New Innovation Based Mobility Providers

“ BES Strategy Category Vision / Strategic Goal Recommended Strategies Strategy Justification

VO  Value / Offering (Product/Solution Offering complementary PRS with new Offer/Provide Product Related Services for new inngtiation=" - Need for an extensive portfolio of aligned
N f g,{ " j innovation-based mobility providers to based mobility provider: e.g. and up-to-date PRS
Service) Strategies ensure a positive and safe passenger - Vehicle Maintenance / spare parts (Vehicles / Batteries
experience by high reliability and increased / Sensorics Equipment / Infotainment)
vehicle safety and security - Vehicle fleet management services
- Maintenance for Batteries, Sensor Equipment,
Infotainment, etc.

MC  Market / Customer Group Strategies Common marketing strategies and - Utilizing/Adapting of existing markets from automotive - Utilizing existing market coverage and
exploiting existing market coverage of new providers of marketi i ith access of new innovation-based mobility
innovation-based mobility providers new innovation-based mobility providers providers for PRS purposes

CA Competition & Competition Eliminate potential competitors by - Utilizing of common IPs as technological synergy effects - Common IPs provide a protection shield

P P N permanent and close collaboration with (e.g. patents for key technologies) with the new against the external competitors
Advantage/USPs Strategies new innovation-based mobility providers innovation-based mobility provider - Close collaboration and technical/
¥ P! Y P
by common patents for key technologies - Extension/complementation of the USP portfolio of business alignment with new innovation-
(e.g. battery management, power train, new innovation-based mobility provider by specific PRS based mobility providers as protection
electrical engine) usPs against competitors
SD  Distribution & Sales Channel Strategies Utilizing existing distribution network and - Clase collaboration in and sales - Synergy effects regarding cost/effort,
. N sales channels of new innovation-based to market coverage and market access sales network and increase of sales
(incl. Partnering) mobility provider - Branding strategy: utilizing of existing well known new success by collaborative concepts
innovation-based mobility provider brand
5 Permanent R&D/Production/Technology Coop laborative R&D and - Need for an extensive portfolio of PRS
i R&DlPrnductiar] & ‘!’echnnlngv/t_:om collaboration for an aligned development strategies of PRS with offering providers - Close and up-to-date development of PRS
petency Strategies (incl. Partnering) of PRS (vehicle/modul/infrastructure etc.) within the new solutions aligned to offering and solutions
innovation-based centred mobility ecosystem of other ecosystem providers
= o 3 - Invest goal: longterm business - Financing by various business revenues from PRS - Invest: Securing longterm business
A A= partnership with new innovation-based Offerings/Solutions/Technologies partnership
mobility provider - Invest into ASCT specific PRS businesses or PRS - Financing: Risk diversification for
- Financing goal: multisided/distributed technologies prioritised by new innovation-based financing sources
financing sources mobility provider

co Cost Strategies - Minimum costs for given performance - Public tenders: Target Costing strategy focused on - Defined or negotiated within
- Maximum performance/quality for fix budget of public PTOs tenders/contracts

costs - Private tenders: Flexible cost strategy dependend from
performance/ quality target of private PTOs

RE  Revenue Strategies Common revenues (e.g. Vehicle Flexible, individual or integrated revenues from: Continous revenues by integrated revenue
maintenance, vehicle fleet B ) - based C I'4 concepts by new innovation-based centred
together with other PRS offerings withinan | - Vehicle/spare parts maintenance mobility ecosystem solutions
integrated solution for PTOs - Operations business fees from vehicle fleet

management
TI Offering/Technology Innovation Strategies  Close collaborationand partnership within of strong g P (e.g.e- C q and deep
new innovation-based centred ecosystem vehicles, automated vehicles)of new innovation-based P hip with new it jon-based
a:uwlsl a ﬂe:cit:le,lfistdar:d pr;a:‘tive mobility providers ::ohit\:tv pfruvi'(:‘esr:;'o:i'des stable :l:'t.egic »
adaption of e trends for offerings, _ Ad on of the innovative stre h {e.g. patents) rection for erings, techn es al
technologies, competencies etc. for ngth (e.g. pa ) competencies, but also takes the risk of
development of future driven PRS solutions unilateral dependency from business success
of the new innovation-based mobility
provider
Bl Business/Marketing Innovation Strategies Close collaboration and partnership within ~ Utilizing and adaption of g and business i C laboration and deep
new innovation-based centred ecosystem of the new innovation-based mability p for PRS with new i -based
allows a flexible, fast and proactive business concepts: e.g mobility provider provides stable strategic
adaption of the trends for market demands - laption of market coverage and marketing strategies direction for PRS businesses, but also takes
for development of future driven PRS - Branding strategy: utilizing of existing well known new the risk of unilateral dependency from
business concepts innovation-based provider brand business success of the new innovation-
- Intensification of culture and innovation potential of based mobility provider
AVENUE as start up company

Figure 51. Business Strategies Table - New Innovation Based Mobility Provider (Business Scenario
3)

d) Business Models (Business Scenario 3)

The typical Business Models BO2, BO3, BO4 (characterized by its complementary systemically
interacting modules and its integrating logical story) for this Business Scenario derived from and
guided by the previously identified Business Strategies have been defined based on the business
model canvas template defined in chapter 3.2.

Using these exemplary and suggested business models is important to notice that they have to be
regarded as business model categories, aggregating multiple business model subtypes for each
module mentioned and suggested from the literature (e.g. St. Gallen Business Model Navigator and
others®) (see Figure 52/Figure 53/Figure 54)

Business Model and Business Model Story - New data-based Mobility Provider

The hypothesis for the Business Models of this Business Scenario is that the business model for AMPT
solutions by AMPT providing partners (e.g. AVENUE) is as far as possible aligned and integrated with
the business model of the New data-based Mobility Provider.

The analysis of this Business Scenario shows that this synergetic alignment and integration should be
conducted in all modules of the business model due to the fact that digitalization and thus data
related issues (AMPT solution features / value & delivery module, sales & marketing / customer
module, revenue module, etc.) and the impact of ‘data giants’ are a key success factor for the AMPT
business.

® https://www.alexandria.unisg.ch/224941/7/Business%20Model%20Navigator%20working%20paper.pdf
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As a general conclusion it can be determined that the strong synergetic partnership and thus
complementary business model integration between AMPT and New data-based Mobility Providers
has to be analyzed designed individually and guided by the respective module strategies in order to
achieve a completely aligned business model consistency.

The generally elaborated Business Model for AMPT Solutions provided to New data-based Mobility
Providers for New Mobility Provider centred BES is represented in the following (figure x):

. m Provide Automated E-Shuttle Solutions
to New Data-based Mobility Providers

-3 Revenue Module t1s] Invest & Finance Module (-} Cost Module
[r— Finance Focus:
‘ Rental / ';:E‘;';'S'“g H Perfg;wtarggfmbased ‘ Various business revenues from ASCT ASCT R&D Costs ” Marketing/Distribution Costs
B Offerings/Solutions/Technologies/Consulting
Sales Revenues Operation Fe Invest Focus: ASCT Pers | Cost ASCT Operation Costs
‘ 1S Revenues H R ‘ AASCT specific ASCT businesses or ASCT technologies Frsonnel tosts [l pLel s
prioritized by new data-based mobility provider
Customer Module n Value Proposition Module V=Values, Delivery Module

0=Offerings

Key Processes
[For P n Y

Innovation Collaboration R&D Collab. Process for ASCT
[~ O:Individual shuttle design and adaption, -
V: Satisfaction of spaclllcg':ustomer r'\zeeds (wheel Process for ASCT Solutions vehicle/module
chair ramps, luggage space, power sockets, etc.) rvice Collab. Process with || Collab. Markeling/Sales Process
‘ Public andjor private PTO Customers ‘ B a‘é"s’ma’:sg“l‘]'r‘l%ln"gocrﬁg‘eil’grc'l“e‘svﬁ’(‘n';i‘h‘fHPD’x"'dE’ Ecosystem Partners & new- || for ASCT with new-data-based
skills, Experience), V: Eest possible mobility data-based mobility provider mobility provider
experience for passeng
[~ O:loT-based :omponents V: Right ASCT for intended n

Target Segments

Existing new data-based mobility markets
on country/region level

n Marketing & Sales Channels

Key Resources

R ‘ rban] Mobili journey ollab- R&D & Productiol ab- Warketing/0 e
Private or public PTO tenders " pssociations & Plotiorm Resources ulmmum o || e I e e
Providers = data-based mobility provider data-based mobility provider

For ASCT Providers:

XISt STIDUTTON Netwi -
of new datarbgsed mobility || Direct Regional PTO Relations ( O:Data based Services (Analyses, Forecasting)
provider V: Optimized Shuttle Operations (Support for

Routing, Scheduling, Charging Planning, etc.)

Collaborative ASCT R&D & Technology/IP Resources
Utilization with new-data-based mability provider

Customer Relationship ﬂ Key Partners (Major Value Contribution)
I\(I:»:tls[\:gtlgrls”'g;'pr:n[eul;ze LD”BftE’"‘ ASC{ ‘“r‘”ti“” For New data-based mobility provider: o data based mobili Ecosystem internal partners e.g.
Communities IEILS ERnEs Ly ASCT component providers

- O:ASCT solution concepts, V: Avoidance of high .
initial investment by outsourcing of ASCT solutions (P”lm?cyr‘if[ﬂff‘)oig or Ecosystem external partners: e.g. IT
provders for ASCT operation tools

Figure 52. Business Model - New Data Based Mobility Provider (Business Scenario 3)

Modular extensions/updates/
adaptations of ASCT

Periodic ASCT Certification /
Licensing / Security Audits

The hypothesis for the Business Model Story of this Business Scenario is that the guiding collaborative
and synergetic strategy approach leads to a reciprocal alighment and integration of all business
model modules.

The analysis of this Business Scenario shows that the all modules of the business model from the New
data-based Mobility Provider (data technologies & business) are impacting and integrated with the
corresponding modules of the AMPT business model.

As a general conclusion it can be determined that a consequent integration of AMPT business models
with those from New data-based Mobility Providers are the key for a successful BES partnership.

. Provide Automated E-Shuttle Solutions
to New Data-based Mobility Providers

‘_ Business Model — Description of Module Interdependencies

Business Story — main success critical correlations:

1. General: Business Ecosystem internal Win-Win collaboration of ASCT's (e.g. synergetic use of resources, markets, brands) with
New Data-based Mobility Providers (benefits: e.g. portfolio complementation)

Specific ASCT Offerings & Values utilize as far as possible existing Market Access/Coverage & Sales Channels from New Data-based

Business Model Mobility Providers and vice versa
Logic
(Central ) 3. Specific ASCT Offerings & Values collaborative innovation with New Data-based Mobility Provider for loT-based ASCT and

components providing permanently data for further processing

4. Specific ASCT Offerings & Values utilize as far as possible collaboration with existing Ecosystem Partners (synergy effects etc.) and
vice versa

Figure 53. Business Model Story - New Data Based Mobility Provider (Business Scenario 3)
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Business Model and Business Model Story — New transaction-based Mobility Provider

The hypothesis for the Business Models of this Business Scenario is that the business model for AMPT
solutions by AMPT providing partners (e.g. AVENUE) is as far as possible aligned and integrated with
the business model of the New transaction-based Mobility Provider.

The analysis of this Business Scenario shows that this synergetic alignment and integration should be
conducted in all modules of the business model due to the fact that digitalization and thus
transaction related issues (AMPT solution features [e.g. minibuses customized for passenger needs -
robustness, comfort or accessibility] / value & delivery module, sales & marketing / customer
module, revenue module, etc.) and the requirements of ‘transaction business focused companies’
are a key success factor for the AMPT business.

As a general conclusion it can be determined that the strong synergetic partnership and thus
complementary business model integration between AMPT and New transaction-based Mobility
Providers has to be analyzed designed individually and guided by the respective module strategies in
order to achieve a completely aligned business model consistency.

The generally elaborated Business Model for AMPT Solutions provided to New transaction-based
Mobility Providers for New Mobility Provider centred BES is represented in the following (figure 54):

. m Provide Automated E-Shuttle Solutions
to New Transaction Based Mobility Providers

I3 Revenue Module £1i] Invest & Finance Module [-} cost module
Rental / Licensing Performance based Finance Focus: PR
‘ Revenues Contracting Multisided business revenues (e.g. transaction fees) ASCT R&D Costs Marketing/Distribution Costs
. TNVESTFOCUs: -
Sales & Operation Revenues Transaction Fees ASCT specific ASCT businesses or ASCT technologies ASCT Personnel Costs ASCT Operation Costs
prioritized by new transaction-based mobility
ider
Customer Module n Value Proposition Module V=Values, Delivery Module
0-Offerings
G S—— X <vrroceses
Existing new transaction-based mobility markets 0 Indivi £ i Innovation Collaboration R&D Collab. Process for ASCT
: Individual shuttle design and adaption,
on country/region level V: Satisfaction of specific customer needs (wheel- Process for ASCT Solutions vehicle/module

chair ramps, luggage space, power sockets, etc.)
0: Complementing the competency of data provider
with shuttle solution competencies (Know-How,
Skills, Experience), V: Best possible mobility

Service Collab. Process w.
Ecosystem Partner & new
transact. -based mob. provider|

Collab. Marketing/Sales Process
for ASCT with new transaction-

‘ Public and/or private PTO Customers
based mobility provider

E Marketing & Sales Channels e 5 e R T n Key Resources
- - mmart [Rural/Urban] Mobili Glfab. RED & Prod. Resources ab. Markefing/ Distrib.
Private or public PTO tenders Associations & Platform ASCT Providers: Utilization w. new transaction-|| Resources Utilization w. new
Providers [EouASCT Frovic sx: based mob. provider transaction-based mob. provider
XSt STBUToN netw f~ O: Data based Services (Analyses, Forecasting) -
of new transaction-based || Direct Regional PTO Relations V: Optimized Shuttle Operations {Support for Ut%ﬂfm’ﬁ.‘t"l‘e gﬂgﬁgf{{i‘gggﬂ%ﬂﬁ ‘I‘Fl‘s"urgcféer
mobility provider Routing, Scheduling, Charging Planning, etc.) i e 1on- Y RICY
Customer Relationship n Key Partners (Major Value Contribution)

Newsletters, Experience
Communities

Tustomer Information, 5
: Long term ASCT solution ot i idar:
H Doty ‘ For New transaction-based mobility provider: New transaction-based
- O:ASCT solution concepts, V: Avoidance of high mobility provider

initial investment by outsourcing of ASCT solutions (p”"",’;?é%‘!!é'?f{.}{,ﬁg for | [Ecosystem external partners: e.g, IT
providers for ASCT operation toals

Figure 54. Business Model - New Transaction Based Mobility Provider (Business Scenario 3)

Ecosystem internal partners e.g.
ASCT component providers

Periodic ASCT Certification /

Modular extensions/updates/
Licensing / Security Audits

adaptations of ASCT

The hypothesis for the Business Model Story of this Business Scenario is that the guiding collaborative
and synergetic strategy approach leads to a reciprocal alignment and integration of all business
model modules.

The analysis of this Business Scenario shows that the all modules of the business model from the New
transaction-based Mobility Provider (transaction concept & business) are impacting and integrated
with the corresponding modules of the AMPT business model.

As a general conclusion it can be determined that a consequent integration of AMPT business models
with those from New transaction-based Mobility Providers are the key for a successful BES
partnership.
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. m Provide Automated E-Shuttle Solutions
to New Transaction Based Mobility Providers

_ Business Model — Description of Module Interdependencies

Business Story — main success critical correlations:

1. General: Business Ecosystem internal Win-Win collaboration of ASCT's (e.g. synergetic use of resources, markets, brands) with
New Transaction Based Mobility Providers (benefits: e.g. portfolio complementation)

2. Specific ASCT Offerings & Values utilize as far as possible existing Market Access/Coverage & Sales Channels from New Transaction

Business Model Based Mobility Providers and vice versa
Logic
(Central ) 3. Specific ASCT Offerings & Values collaborate with New Transaction Based Mobility Providers for fully automated interaction

between ASCT fleet and transaction platform

4, Specific ASCT Offerings & Values utilize as far as possible collaboration with existing Ecosystem Partners (synergy effects etc.) and
vice versa

Figure 55. Business Model Story - New Transaction Based Mobility Provider (Business Scenario 3)

Business Model and Business Model Story — New innovation-based Mobility Provider

The hypothesis for the Business Models of this Business Scenario is that the business model by AMPT
providing partners (e.g. AVENUE) for Providing Product related Services (PRS) to New innovation-
based Mobility Providers is as far as possible aligned and integrated with the business model of the
New innovation-based Mobility Provider.

The analysis of this Business Scenario shows that this synergetic alignment and integration between
both innovator business models (AMPT and other New innovation-based Mobility Provider) should
be conducted in all modules of the business model due to the fact that product related services (PRS)
are technologically and businesswise complementary and dependent from each other in the sense of
a value chain. In this sense innovation-based companies and AMPT PRS providers are close partners
of the same value chain.

As a general conclusion it can be determined that the strong synergetic BES partnership and thus
complementary business model integration between AMPT and New innvation-based Mobility
Providers has to be analyzed designed individually and guided by the respective module strategies in
order to achieve a completely aligned business model consistency.

The generally elaborated Business Model for AMPT Solutions provided to New innovation-based
Mobility Providers for New Mobility Provider centred BES is represented in the following (figure 56):
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. Providing Product Related Services (PRS)
to New Innovation Based Mobility Providers

Revenue Module Invest & Finance Module Cost Module
Vehicle fleet management Performance based Finance Focus: - et
nues | Contracting ‘ multisided business revenues (e.g. transaction fees) PRYR&D Costy ” Matketing/Distribution Costs ‘
Operation Revenues Spare Parts Sales Revenues invest Focus PRS Personnel Costs PRS Operation Costs
‘ P H P ASCT specific PRS businesses or PP.S technologies Pe
prioritized by new innov.-based mobility provider
Customer Module n Value Proposition Module V=Values, Delivery Module
0=0fferings
TargetSegments IEH «<evrrocesses

Innovation Collaboration
Process for PRS Solutions

Existing new innovation-based mobility markets
on country/region level

R&D Collab. Process for PRS
 O: Construction of decentralized service stations, vehicle/module

reliable installations and emergency call buttons for

‘ or P

Service Collab. Process w.
Ecosystem Partner & new
transact. -based mob. provider|

. unpredictable damages, V: Positive passenger
‘ Public and/or private PTO Customers ‘ experience by high reliability and emergency care for ASCT with new innovation-

based mobility provider

Collab. Markefing/Sales Process ‘

BN =rctng & setes channets For Ascr providors | 7 e
- - ural/Urban] Mol ; Ollab. Market,/Distrib./Sales
Private or public PTO tenders .'mm iations & Platform [~ O:Complementary Product related services V: Close Utlh{almnw new innovation- ||  Resources Utilization w. new
Providers and up-to-date devel{gjmen! of ASCT PRS solutions based mob. provider innovation-based mob. provider
fstAbution netw aligned to offering and solutions of other ecosystem b %D & Technology/
. . ive PRS R&D & Technology/IP Resources
i o Direct Regional PTO Relations praviders Collaborative PRS f i Re S
mobility provider Utilization with new innovation-based mobility provider
Customer Relationship For New innovation-based mobility provider: n Key Partners (Major Value Contribution)
Tustomer nformation,
Long term PRS (- O:Efficient Maintenance and damage prevention, "
News\cetrers Exlpenence H frame contracts V: Avoidance vehicle downtimes New innovation-based E‘i?’é{“c’g‘,‘“”‘g’,,l’"'."a,ré.']ﬁj'j,i'g'
ommunities [ 0:Manage, plan, control and monitor ASCT fleets V: mobility provider P B
fF Y pi

Periodic PRS Certification /

Modular extensions/updates/
Licensing / Security Audits

adaptations of PRS

Increased efficiency and performance of vehicle fleet nmary partnerg e.g. for
operations B e e e |[Ecosystem external partners: e.g. IT
providers for ASCT operation tools

Figure 56. Business Model - New Innovation Based Mobility Provider (Business Scenario 3)

The hypothesis for the Business Model Story of this Business Scenario is that the guiding collaborative
and synergetic strategy approach leads to a reciprocal alignment and integration of all business
model modules.

The analysis of this Business Scenario shows that the all modules of the business model from the New
innovation-based Mobility Provider (product or technology innovation concept & business) are
impacting and integrated with the corresponding modules of the AMPT PRS business model.

As a general conclusion it can be determined that a consequent integration of AMPT business models
with those from New innovation-based Mobility Providers are systemically mandatory and beneficial.

. Providing Product Related Services (PRS)
to New Innovation Based Mobility Providers

‘- Business Model — Description of Module Interdependencies

Business Story — main success critical correlations:

1. General: Business Ecosystem internal Win-Win collaboration of ASCT PRS (e.g. synergetic use of resources, markets, brands) with
New Innovation Based Mobility Providers (benefits: e.g. portfolio complementation)

Business Model 2. Specific ASCT PRS Offerings & Values utilize as far as possible existing Market Access/Coverage & Sales Channels from New
Logic Innovation Based Mobility Providers and vice versa
(Central )
3. Specific ASCT PRS Offerings & Values utilize as far as possible existing innovation, R&D & production Resources from New
Innovation Based Mobility Providers and vice versa

4. Specific ASCT PRS Offerings & Values utilize as far as possible collaboration with existing Ecosystem Partners (synergy effects etc.)
and and vice versa

Figure 57. Business Model Story — New Innovation Based Mobility Provider (Business Scenario 3)
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3.7 Business scenario 4: Customer/Citizen
Centred Intermodal MaaS centred Ecosystem

Elaborations on this Business Scenario are available but still in improvement progress and will be
provided at the next iteration of the deliverable.

3.8 Final Remarks on Business Scenarios

For the practical application of the elaborated results on all 4 Design Steps for Strategic Business
Planning for the Business Scenarios BS2, BS3, BS4 — it is recommended for a future AVENUE
entrepreneur to identify and analyze the concrete focus use case adapting these Design Steps as a
systematic guide and identify, analyze and select the business scenarios, business opportunities,
business strategies and business models suggested stepwise iteratively for relevance. On each Design
Step level further iterative adaption, discussion and refinement processes have to be conducted and
decisions have to be made before a final strategic business planning concept for the concrete use
case can be compiled and implemented.
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4 Business Case for focused.Business

Scenario 1 (AVENUE demonstrators and pilots)

4.1 Methodology

Inspired by the studies from Bosch et al. (2018), Henderson et al. (2017) and, Kalakuntla (2017) as
well as by applying the Total Cost of Ownership (TCO) approach as done by Ongel et al. (2019), we
developed a simulation tool for assessing the economic impact of services with Automated Shuttles
for Collective Transport. The tool operates at 2 levels (local and global). The local level, presented
here at section 4, integrates the internal costs (for designing and implementing the services with
automated shuttles) while the global level — presented on section 5, integrates the macro external
costs for the city.

The overall scope, methodology and previous results from this whole section 4 has already been
approved and is going to be published in the book “The Robomobility Revolution of Urban Public
Transport - A Social Sciences Perspective” , Mira-Bonnardel S., Antonialli F., Attias D., Springer Nature
International Publishing 2021, (chapter 4: Antonialli, F., Mira-Bonnardel, S., Bulteau, J., Economic
Assessment of Services with Intelligent Automated Vehicles: EASI-AV®)

During the past 12 months, a simulation tool with the aim of assessing the economic impact of
services with automated shuttles was developed and validated by the Public Transport Operators
(PTOs) from the demonstrator cities in the AVENUE project.

Our tool, kindly named as EASI-AV® proposes an Economic Assessment of Services with Intelligent
Automated Vehicles by: providing the fleet dimensioning for the service, calculating the total cost of
ownership (CAPEX and OPEX) and comparing those with a given baseline vehicle, and by calculating
the local external costs for the communities where the shuttles are deployed (also in a comparative
manner with a baseline vehicle).

EASI-AV® was designed with the objective of helping policy makers in cities, regions, Public Transport
Operators (PTOs), and even others interested stakeholders that may wish to implement services with
Automated Shuttles (e.g.: private corporate sites or university/hospital campuses).

This tool aims to evaluate the economic impact of different implementation scenarios - supply-
pushed or demand-pulled strategy, fixed road or on-demand service — offering a comparison
between an automated service and any other transport mode. Currently, EASI-AV® is being
developed for four generic itinerary scenarios (Figure 58)

Figure 58. Service scenarios encompassed by EASI-AV® (Antonialli, Mira-Bonnardel, Bulteau, 2021)

Each scenario induces algorithms to calculate costs both local and external. Also each scenario allows
to think about different revenue models, not only based on ticketing or subsidies like the current
public transport situation but we may think of specific tariff for on-demand with different customers
like schools, hospitals, private companies with different on-board services integrated in the mobility
app all that may conduct to new revenue generation and a different economic balance.
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EASI-AV® helps to simulate the economic impact of those ‘scenarios and to analyse the global
economic balance. The AVENUE project demonstrators have been implemented on a supply-pushed
strategy starting with fixed-road service and evolving to on-demand service as shown Figure 59.

Groupama Stadium Lyon
- Geneva 1™ test
Pfaffenthal in Luxembourg

- Copenhagen
- Contern

- Next demonstration at

. - Belle-Idée Geneva
Groupama stadium

Figure 59. AVENUE’s demonstrators operating sites scenarios.

4.2 EASI-AV®: Internal costs simulation tool

The present version of the EASI-AV® tool was designed using a spreadsheet software with manual
data entry and automated calculation of results. As shown on Figure 60, the tool is divided into
different tabs for each of the simulations proposed (fleet size, TCO comparison and, local impact).
Over the next pages each analytical element of the EASI-AV® tool is precisely presented and
exemplified with validated data from the AVENUE testing site in Pfaffenthal in Luxembourg. By the
end of 2021, the excel file should be replaced by a web application in open access.

LA The cells in orange are data entries and need to be filled in. =i
The cells in blue are results and should not be completed. é % s AVI N U I

L3 This spreadsheet was created as a support tool. Autonomous Vehicles to Evolve
Ell The authors, the AVENUE project and the European C ission assume no ility for the ion of the and method. to a New Urban Experience
Bl Any contributions and questions should be directed to: fabio.antonialli@ec-lyon.fr -

search and Innovation programme under grant agreement No 768033

0. Introduction P — 3ITCO/Comanson E Data oy 3.1, TCO Comparison - Results
Figure 60. EASI-AV® calculation tabs (Antonialli, Mira-Bonnardel, Bulteau, 2021)

4.2.1 Service contextualization

As observed in Figure 60, the first tab to be completed (1. Contextualization) entails the generic
contextualization of the envisioned service to be deployed. Contextualizing the service helps to build
more accurate businesses scenarios, and allows decision makers to have a holistic view of the service
to be implemented.

As depicted in Figure 61 (with exemplified data from Luxembourg’s Pfaffenthal pilot site), EASI-AV®
helps to properly frame the territorial typology (urban, peri-urban, rural environments), the zoning
(residential, commercial, industrial or mixed areas), define the public transport supply (whether or
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not public transport services are existent in the area) as well as the area’s population density by
asking the overall size (km?) and the population in the area. The data entered here is automatically
considered by the software for the subsequent analyses.

Framing the territory helps to design the service since population flows schedule differently in a
residential area compared to a commercial one. Also, service supply strategies are different in urban
or rural areas likewise business model innovations.

. A B C D E F G H | ] K L M N 0 P Q R s T u
1 1. Service Contextualization (territorial dimensioning)

Bl 71 purpose of this tab is to provide a qualitative overview of the service to be impl d. The ions to be here do not have a direct impact on the calculations of the other tabs (with the exception of

Guidelines

3
Dota entry

u R ER’W";

8 @ No

10 ‘Autanamous shuttles will be offered as a new public transport service

J¥N What is the environment where the service will be deployed?

14 @ Urban
15 O Peri-urban
16 O Rural

18 i beoffered y to the current existi ic transport services

19 Potential users will most likely be the current public transport users. Likelihood of modal-shift from other transport mods ly below
20 The service will most likely be rapidly integrated in the public transport offerings
21 public transport utilization number of potential users can be based on data rather than estimations

PEN What is the zoning to be served by the service in such environment?

25 Residential
26 Commercial
27 Industrial
28 Touristic

29 Mixed

EP| | whatisthe average extension of the areato be served by the service (km2 or mi2)? 0,38 km2 |
£}  |How many inhabitantsare in the area? 1284 people |

» 0. Introduction 1. Contextualization 2. Fle j 3. TCO Comparison - Data entry 3.1. TCO Comparison - Results
Figure 61. EASI-AV® service contextualization (Antonialli, Mira-Bonnardel, Bulteau, 2021)

4.2.2 Fleet size dimensioning

Before calculating the investments and operating costs, it is paramount to dimension the fleet size of
shuttles that are needed for the proper functioning of the service.

The overall goal of this analysis within EASI-AV® is to provide the fleet dimensioning for both fixed-
route as well as for on-demand services with the option of estimating the fleet either via supply-push
(where the service demand is unknown) or via demand-pull (where public transport in the area is
already existent and demand is known) (as detailed on the scenarios proposed on Figure 58 in section
4.1). For the present version of EASI-AV® both supply-push and demand-pull calculation options for
fixed-route were already tested and validated. The algorithms and calculations for on-demand fleet
size are currently being developed and tested and will be presented on the next deliverable.

For option 1 (fixed-route) the dimensioning is based on traditional fleet size calculations. Besides the
usual general parameters used for characterizing the service (e.g., route length, average operational
speed, layover time, shuttle capacity, etc.) we considered some other specific elements that are
particular for automated electric vehicles as a way of leading to a finer calculation (e.g., battery
autonomy and its charging time) — which allows us to make a time differential to integrate in the
calculation for how long a vehicle will be out of service to recharge. Simple algorithms compute these
data and propose an optimum fleet size.

For option 2 (on-demand) more complex algorithms are needed to evaluate how many kilometres
the vehicle may drive across the service area to meet user’s demand for any direction at any time.
Key elements for these calculations are the passenger waiting time (i.e. how long should a requester
wait before a vehicle arrives), and the maximum distance between the requester and the vehicle at
the time of the request. As previously stated, the present version of EASI-AV® only encompasses
option 1, since the on-demand algorithms are currently being developed and tested.

For Service 1, EASI-AV® proposes the fleet-size dimension by demand-pull, that is: for when the
demand for mobility in the service area is known. Three calculation scenarios are proposed
depending on the degree of knowledge of data concerning the existing transport demand (e.g., the
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exact number of passengers, the expected percentage of passengers during the peak and off-peak
hours, etc.). The objective is to offer a flexible and modular tool depending on the transport demand
and level of data available about it (see Figure 62).

For when data concerning the number of passengers per hour are known (both peak and off-peak
hours), data for Scenario 1 must be filled in. For when data concerning the exact number of
passengers are not available but rather an estimate percentage of passengers for peak and off-peak
hours are known, Scenario 2 data must be filled in. At last, when no precise number nor estimate
percentage of passengers for peak/off-peak hours are available, results will be present in Scenario 3.
For Service 2, the tool offers calculations via supply, that is: where demand on public transport is
unknown or the service will be offered as a new transport offering in a supply-pushed strategy.
Figure 6 presents the data-entry spreadsheet with the general parameters to be filled in (needed for
both demand-pull and supply-push calculations) and also presents in yellow the data entry options
for calculating the fleet by demand-pull and in green by supply-push. Data was filled in based on
Luxembourg’s Pfaffenthal pilot site (which fits the 01S2 model as previously depicted in Figure 58).

A B C D 3 F G H | ] K L
2. FLEET SIZE CALCULATION - Data entry

El In this tab, you will fill in the necessary data for the calculation of the fleet required to meet the service to be proposed.

EW First, you will be asked to fill in the general parameters about the service to be offered (for example: the size of the route, the number of stops, the average speed, the capacity of the wehicle, etc). After doing this, you

must decide the way you want to calculate the fleet size either vie demand (in yellow - where the service will complement the existing transport offers and dota on routes and users are available) or via supply {in green
B where the service will meet new demands and new audiences, and pre-existing data are not available).

[ Guldebines.

|General parameters Variables [Fixed routd
|Average OME-WAY route length [kms or miles)

|Depot distance from the cperating site {kms or miles) [ [ sz
Humber of sinstls's siops/shrtions L1 o) MOTE: use an averoge expected speed for the

Average duration of a stop (min) = 05 deployment ervronment of the service.

Average expected speed (km/h e mph) Su 0

fuerage operational speed (lan/h or mph) 2 123 NOTE: battery autonomy may wory considerably according o the specificities af the service contest. For

Average layover time [min) T 3 Inaterncs, e fo:

Shuttle's capacity (max. number of ¢ 15 7| - weather: very hig g wsoge of ok wivie ver ¥

Shattle's battery autonomy (total IN MINUTES 1o run on a single charge) A 480 | | reguires heating, which both affect battery autonomy.
w T 220 - Tapography: variations in terrain inclinatian affect the necessary energy demand for the eleatric motors and

consequently the battery autonomy;
- Lowd factor: The larger the number of passengers for carga), the greater the energy demand for the maters

How will the fleat skze ba calculated? ond consequently affecting battery autoncemy.
() Via demand: the service is designed to complement existing collective transpoet services
@ Via supply: the service is designed to foster new demands for collective transport services

Fill in data - Owerall SUPPLY side -in GREEN below

o ) sid Fill in data|
Estimated % of public transport users in the cityfarea FTU 0% Operating hours of the service (number of hours per day) (2] 8
i 5 of modal shifters: cars to collective transport MS, 0% Number of thase hours as peak hours Hy 4
Estimated % of modal shifters: bicycles to collective transport S, % Number of thase hours considered as off-peak hours = 4
Estimated % of modal shifters: i llective transport M5, (23 Number of working days per month wo 16
i the area P 1284 Frequency for peak bours (e.g.: 1 shuttle every FPH minutes) Fu 15
Estimated % of peaple in the area wha do not travel NT, 0% Frequency for off-peak hours (e.g.: 1 shuttle every FOH minutes] Fun 30
Operating hours of the service [number of HOURS per day) o 0
Mumber of working days per menth WD 0
‘Which of these scenarios batter sults the fleet calculation wia the demand side?
(0 Data concerning number of passengers per haur are known [for both peak and off-prak hours)
(O Data concerning the percentage of passengers for peak and off-peak hours are known
@) Data concerning peak and off-peak hours of service are unknown

| Proceed to tab 2.1, Results - Demand-side: Scenario 3

Demand-side: Scenario 1 Variables | Fill in data
Number of passengers expected per hour for peak hours 5Cpn o

| Number of passengers expected per hour for off-peak hours 5 [

| Demand-side: Scenario 2 Varlables | Fill in data

Mumber of HOURS considered as peak howrs Ha, [t}
Number of HOURS corsidered as aff-peak hours Han 0
Average % of passengers eaxpected during peak hours Pron %
Average % of passengers eaxpected duing off-peak howrs Pro, 100%

» 0. Introduction 1. Contextualization 2. Fleet Size - Data entry 2.1. Fleet Size - Results 3. TCO Comparison - Data entry 3.1. TCO Comparison - Results 4. Local In +

Figure 62. EASI-AV® fleet size calculation - data entry (Antonialli, Mira-Bonnardel, Bulteau, 2021)

Once all elements for the fleet size calculation data entry are completed, results will be automatically
displayed on the next tab of tool (2.1. Fleet Size — Results). As observed on Figure 63, the results are
color-coded to the service options (yellow: demand-pull, or green: supply-push). As aforementioned,
for calculations via the demand-pull service option, results are displayed by one of three distinct
scenarios (according to data availability on transport demand for the envisioned service area).
Besides the total fleet size estimation, some other relevant data and KPIs are available on Figure 63
results, such as: estimated frequency of the service (for both peak and off-peak hours); fleet size for
both peak and off-peak hours, estimated number of daily users (for both peak and off-peak hours) as
well as the estimated maximum kilometers to be completed by the shuttle (daily, monthly and
yearly) — which can help estimating the costs with maintenance, energy consumption, etc.
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Based on the data entry provided for the Pfaffenthal pilot site, EASI-AV® estimated a total fleet size
of 2 shuttles. Which in fact is the exact number of shuttles used by Sales-Lentz in their trials in the
site. Thus, the results presented by the tool are consistent with the reality of the project The tool was
also validated with data from the Groupama Stadium testing site in Lyon (KEOLIS), the Nordhavn
testing site in Copenhagen (Holo) and the Ormgya testing site in Oslo (Holo), yielding the same fleet
size and the real number of shuttles used for the operators in these AVENUE testing sites.

2.1 FLEET SIZE CALCULATION - Results

W This tab presents the results for the fleet calculation based on the inputs of the previous tab (wo demand, presenting the fleet for ome of the three possible scenarios) or via supply.
EW Oesides the fleet size, some additional results are also presented here, such as: frequency and number of passengers for both peak and off-peak hours as well as the total maximum kilometers (per shuttle) per day,
month, and year,

Guidelines
Qualitative summary of the service to be offered:
h vill be affe publi Dota entry
ina _URBAN Results
DEMAND SIDE
Scenario 1: Scenario 2: Scenario 3: Number of passengers for ‘
peak hours:
Frequency for peak hours e Number of patential 0,00 '“"’"‘""“"l MNumber of potential 0,00 patential Number of passengers for 30,00 users/hour
calculation: users per day: users per day: users. off-peak howrs:
r
L el e o () [
rs calouation: umnber of passengers for ool " pe leet size for peak hours AT s
peak hours: caleulation:
T
Fleet size for peak hours s " Number of passengers for #DIV/01 i Frequency per hour: na Fleet size for off-peak 0,89
calculation: off-peak hours: houwrs calculation:
Fleet size for off-peak Fleet size for 1 hour of
hours calculation: = Frequency for peak hours service v Maximum total of kilometers per shuttle
nfa minutes 7
calculation: Daily: 43,27 |kms
Maximum total of kilometers per shuttle Frequency for off-peak nfa minutes Maximum total of kilometers per shuttle Monthily: kms
Daily: kms. hours calouation: Daily: 0,00| kms Yearly: 830738 kms
Manthly: kms Monthly:| 0,00 kms
Yearly: kms Fleet size for peak hours Yearly: 0,00 kms
TOTAL FLEET SIZE*: shuttles
when average % of nfa shuttles 2
E passengers are known: * value roundedd off to the nearest whole rumber
TOTAL FLEET SIZE*: f TOTAL FLEET SIZE*: !
, | n/a shuttles | Flaet sizs for off-peak % [ n/a shuttles
* value rounded off 1o the nearest whole number hours when average % of nfa shuttles * walue rounded off to the nearest whale number
L_passengers are bnown:
Maximum total of kilometers per shuttle
Daily: kms
Monthly: kms
Yearly: kms

|TOT!\LFLEFI'SIZE’.' nfa shuttles |

* value rounded off to the nearest whole rumber

» 0. Introduction 1. Contextualization

2.1. Fleet Size - Results 3. TCO Comparison - Data entry 3.1. TCO Comparison - Results 4. Local In +

Figure 63. EASI-AV® fleet size calculation — results (Antonialli, Mira-Bonnardel, Bulteau, 2021)

4.2.3 TCO comparison analysis

Once estimated the fleet size to be used, the total costs for implementing the services can be
calculated. Thereby, the TCO evaluation may be used as a follow up of part 2 (fleet size
dimensioning), however, as shown on Figure 64, if the fleet size is already known, the tool also allows
the possibility to carry out the TCO comparison by simply entering the fleet size that the users seek to
evaluate.

Once the desired fleet size was calculated (or manually filled in) EASY-AV users are requested to fill in
the expected lifetime for the shuttle (once this will impact on the depreciation costs). Next there are
two questions about the staff needed for the service. Regarding the need of on-board safety drivers
for the operations of the service (currently required by law in the four countries with the AVENUE
trials) and the need/presence of off-board supervisors (for on-demand services and/or on-board
safety drivers are no longer required). These staff numbers will directly impact the yearly operating
expenses for the service (as further discussed on section 2.3).

The next data to be filled concern the base-line vehicle in which the shuttle service costs will be
compared to. As described on Figure 64, the tool allows the user to choose the type of baseline
vehicle that best suits its local reality; for instance, the comparison can be made between the
automated shuttle and a 12 or 6 meters bus (combustion or electric); as well as with carsharing,
private cars or even other transport mode available in the area. Thus, users are required to complete
the capacity of the baseline vehicle, and going even further, for carsharing and private-car modalities,
the tool even gives users the option to estimate the average percentage of occupation of these
vehicles.
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At last, similar to what was requested for the shuttle, users are also required to fill in the lifetime
data for the baseline vehicle as well as the number of drivers needed for a full daily operation of the
service.

. A 8 c D E F G H [ [ K L M N o P
3. TCO Comparision - Data ent
The Total Cost of O ip (TCO) ion provides a i ion of the total i i D ion costs and foreseen revenues for implemeting a service with autonomous shuttles for collective
transport.

O |Scenario 1 Guidelines
O |Scenario2 |Viademand
O [Scenario3 Eumemy

Results

I Shuttle fleet size 2|
1 Lifetime for shuttle 5 |
fEN Are onboard safety fort fthe service| Yes =]

Number of onboard safety drivers needed for the full operation of ONE shuttle: 2

FIW Are offboard sup for the the service? | No ~[

Proceed to next item, no need tofill in datahere 0

Maximum total ofkilometers per shuttle
43,27[kms |
Monthly:| 692,28 [kms

I Vﬂar\z; 8307,38[kms_

‘Comparative analysis with human driven transit vehicles (baseline bus):
i[Baseline vehicle: | Abbreviation Capacity

@ |12 metersInternal Combustion Engine bus 12mICE &0

O |12 meters Electric bus 12mEV 60

O |6 meters Internal Combustion Engine bus 6m ICE 30

O |6 meters Electric bus 6m EV 30

O |carsharing Carsharing 5 Estimated carsharing occupancy: | 70%
O [Private car Private car 5 Estimated private car occupancy:|70%
O |Other (specify) Other (specify) 0 Estimated occupancy:|0%

Fleet size for _12m ICE 1 NOTE: number of vehicles needed to meet the total ocupancy of the shuttle fleet size (cell D14).
Lifetime for _ 12mICE 15
I Number of drivers needed for the full operation of ONE baseline vehicle: 3 |

Capital Expenditures (CAPEX) comparative simulation

0. Introduction 1. Contextualization 2.1. Fleet Size - Results 3. TCO Comparison - Data entry I 3.1. TCO Comparison - Results

Figure 64. EASI-AV® TCO comparison - data entry (part 1) (Antonialli, Mira-Bonnardel, Bulteau, 2021)

Once this first part of the data entry for the TCO calculation has been completed, by scrolling down
on the spreadsheet, users must then fill in the data for the Capital Expenditures (CAPEX), operation
expenditures (OPEX) and revenue sources for the services (both for the automated shuttle and for
the baseline vehicle of their choosing).

In order to select the cost sources to compose the structure of both CAPEX and OPEX, an extensive
literature review was conducted (both in scientific articles as well as on management reports of
transport operators available online). Once the costs list was created, validation sessions were held
with the PTOs (Keolis and TPG) and also with the other project partners (HSPF and UniGE). A PDF
manual with the complete qualitative description of the cost sources has been created and will be
made available to users together with the EASI-AV® tool. Figure 65 depicts the CAPEX, OPEX and
revenues data entry.

74




D8.4 Second Iteration Economic Impact

=:AVENUE

A

Frll If monetary values for the shuttle are not available, please use the sliders in column M to provide an estimate percentage for the costs for the autonomous shuttle compared to the baseline wehicle. For example: If
Pty the shuttle feasibility studies cost 20% higher than the baseline vehicle, move the slider to 20%. If a given CAPEX for the shuttle is 10% lower than your baseline, move the slider until it indicates -10%. An automatic

B C +]

E

G H

]

K L

Capital Expenditures (CAPEX) comparative simulation
Rl On the table below, complete with MONETARY values regarding the investiments costs (or Capital Expenditures - CAPEX) for bath the baselinevehicle you have chosen and for the outonomous shuttie.

EEY percentual variation of the shuttle cost compared to the baseline bus will be displayed on column O of the comparative analysis .

50

M

N o

If you do not know the exact costs for the autonomous shuttles (neither an estimate), please select the button to use generic costs: | O Use genericcosts (@ Fill data manually (or use the sliders for estimation) |

53 Current CAPEX evaluation of the service compared to baseline bus

54 If monetal lues for the shutth not

= Does this CAPEX apply toasingle | . Doss this CAPEX apply toa single | Autonamous [ HenRRE ¥ 8 B0 E e x| SPutle CAPEX estimation
5 :N " buis of to the entire BUS fleet? shuttle or to the entire fleet? shuttle variation compared ta the baseline bus compared to baseline bus
LTl 1 |Feasibility study @ Single wehicle () Entire fleet 000¢€| | ® Single vehicle O Entire fleat ] A
L) 2| commissioning costs O Single vehicle @ Entire fleet 000€| [ O Single vehicle @ Entire fleet 1 nfa
W 3 |vehice acquisition @ Single vehicle () Entire fleet 579.400,00€| | @ Single vehicle () Entire Flzet | These data 1 na
IO 4| infrastructure works i Single wehicle @ Entire fleet 5.000,00 £] O Single vehicle @ Entire fleet | are not public L n/al
[3W s |Certification and standardization ® Single wehicle O Entire fleet 600,00 €} @ Single vehicle () Entire fleet | 4] | ] n/a|
[7] 6. Addtional senvices* () Single wehicle @ Entire fleet 800,00 €] | O Single vehicle @ Entire flest 4] ﬂ
63 * mrtas all supglementary senvions, for imatancn the ones provided by Besthdile, such a5 Nesel managemant asd dispaching platfom ma P ——r——

64

65 Yearly Operation Expenditures (OPEX) comparative simulation

Ll On the table below, complete with MONETARY values regarding the ANNUAL Operation Expenditures (OPEX) for both the baseline vehicle you have chosen and for the autonomous shuttle.

I3 f monetory values for the shuttle are not available, please use the sliders in column M to provide an estimate percentage for the costs for the outonomous shuttle compared to the baseline wehicle. For example: If
[} the insurance costs are 20% higher than the baseline vehicle, move the slider to 20%. If a given OPEX for the shuttle is 10% lower than your baseline, move the slider until it indicates -10%. An automatic percentual
el variation of the shuttle cost compared to the baseline bus will be displayed on column O of the comparative analysis.

7

T2 If you do not know the exoct costs for the autonomous shuttles (neither an estimate), please select the button to use generic costs: | O Usegenericcosts @ Fill data manually for wse the sliders for estimation) |
3

kLl Current OPEX evaluation of the service compared to baseline bus

= Does this OPEX apply to a single o Does this OPEX apply taa single |  Autonomous “B::: m' “:‘;:m::;m;:‘;:‘ﬁ: Shuttle OPEX estimation
5 Fearly OFEX so0rees bus or to the entire fleet? shuttle or to the entire fleet? shuttle _variation compared o the baselive bus compared to baseline bus
7= @ Single vehicle O Entire fleet 43.133,48 {] @ Single vehicle O Entire fleet b ] H % n/a|
7 B @ Single vehicle ) Entire fleet 1.420,00 €] @ Single vehicle () Entire fleet I 0% n/fal
f:0) 3| Tawes and Fees ® Single vehicle O Entire fleat 30,00€| | ® Single vehicle (O Entire flest | 0% n/a)
= i nce ® Single vehicle () Entire fleet 6.280,00 €| | @ Single vehicle () Entire fleet i o nfal
F¥Y s |Addtional senices* ® Single vehicle () Entire fleet 800,00 €| | @ Single venicle () Entie fieet | These data %

PR &.|Fuel/Energy consumption @ Single vehicle () Entire fleet 10.000,00 €| | @ Single vehicle O Entire fleet_|are not public| « I 0% 3|
7Y 7| Oeaning @ Single vehicle () Entire fleet 6.000,00 €] | @ Single vehicle () Entire Fleet ] 0% nfa
[l 5| Advertising ) Single wehicle @ Entire flest 150000 €] | O Single vehicle @ Entire Fleet ] 0% |
LEl 9| Hidden costs @ Single vehicle Entire fleet 500,00 € @ Single vehicle (3 Entire fleet ) % nfa)
[:xl 10| Depreciation [} Single vehicle () Entire fleet 3B.626,67 €| i Single vehicle Entire flest 4 0% nfa)
88 ** enter the salary fora SINGLE debver/operator,

89 * entais all supghrnary Sencices, for atance the 0w provided Iy Becthdie, Such &% el managemaent aed dispahing. slatfom mand gment, fodow.svy-id, ¢te.

91 Revenues sources comparative simulation

£ On the toble below, pleose use the sliders to provide the estimate percentge of the operational costs that are covered by each type of revenue source, both for the baseline vehicle as well as for the autonomous shuttle.

EYY NOTE: the sum of revenue sources should not surpass 100%

9%
a7 REVENUE SOURCE i2m IE ous Shuttle | * |

Ticketing

Subsidies

Finarcing from companies
Advertising by lrd pames
Data commercialization | A1
EU Funding 4 »

99
100
10
w0z
103
104
105
106 Expected profit margin
107 Payment transaction fee
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Figure 65. EASI- AV® TCO comparlson data entry (part 2) (Antonialli, Mira-Bonnardel, Bulteau, 2021)

For both CAPEX and OPEX, users are requested to fill in data with monetary values (in euros) for each
of the cost sources for both the baseline vehicle as well as to the automated shuttle. As observed on
Figure 8, the tool gives the possibility to select if the cost-source is applied to a single vehicle (e.g.,
fuel/energy consumption in the OPEX) or to the entire fleet (e.g., infrastructure works in the CAPEX).
With automated shuttles being a new and not widely spread know technology, the decision makers
completing the data may not know the precise monetary values for the listed cost sources. In this
regard, EASI-AV® gives two flexible alternatives to complete the data:

1) After completing the values for the baseline vehicle of their choosing, the decision makers

can use the provided sliders on column M to simulate (estimate) how much more (or less)
each given cost would be for the automated shuttles compared to their baseline vehicle.
If given the circumstances the decision makers are not able to provide neither the precise
monetary values or the estimate (by using the sliders) for the shuttle costs, they can simply
click on the option of using generic costs (highlighted in red on Figure 65), and all CAPEX and
OPEX will be automatically filled in with data. The generic costs were developed by
considering inputs from literature review as well as by the average costs from the AVENUE
operating sites. Although not as accurate, generic costs can be an appealing resource for
decision makers who have little knowledge of the needed investment and operating costs for
an automated shuttle service.

2)

After completing the CAPEX and OPEX data entry, users are requested to provide the estimate
percentage of the operational costs that are covered by the available revenue sources (both for the
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baseline vehicle as well as for the automated shuttle. The revenues sources may be ticketing,
subsidies, financing from companies, third-party advertising, data commercialization and, EU funding.
At last, for the sake of estimating the ticketing price (for those cases where the service will be paid),
the user is asked to complete data for the expected profit margin, the payment transaction fee (if
any) and the value added tax.

Once all these elements for the TCO comparison data entry are completed, results-will- be
automatically displayed on the next tab of tool (3.1. Fleet Size — Results). As seen on Figure 66, the
results for both CAPEX and OPEX as well as for the revenue sources are displayed both in a graphic
manner (via pie charts) and in detailed tables, allowing the user to easily compare the results for the
baseline vehicle and for the automated shuttle.

3. 70 Comparision - Results

: These data are not public

Figure 66. EASI-AV° TCO comparison - results (part 1) (Antonialli, Mira-Bonnardel, Bulteau, 2021)

As exemplified with data for the Pfaffenthal pilot site in Figure 66, the most significant CAPEX source
for both the baseline vehicle and for the automated shuttle is vehicle acquisition (98.91% and 87,73%
respectively). However, for the automated shuttle, the costs with infrastructure works and other
additional services are much higher than the baseline vehicle (500% and 3025% more), which is
justified due to the need for several street and signs adaptations for the correct functioning of the
service, as well as the several additional services to be offered in the shuttle (e.g.: follow-my-kid by
MobileThinking).

In general, even with the high acquisition cost of the automated shuttles, it can be seen that for the
case of Pfaffenthal, the total CAPEX for the fleet shuttle fleet would only be 7% higher than the
baseline 12m ICE vehicle, and considering only a single shuttle (compared to a single 12m ICE) the
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CAPEX would be 41% lower. This shows, even on an experimental basis, the potential for reducing
the investment costs by using an automated shuttle fleet for collective transport services.

As for the annual Operation Expenditures (OPEX), the most relevant cost source for the baseline
vehicle is costs with personnel (that is: drivers’ salaries), representing more than half of the total
OPEX (82.99%). For the current stage of deployments with the automated shuttles, costs with
personnel are the most representative OPEX (71%).

In the current experimental stages of the service, the total OPEX for the shuttle is higher than the
baseline (56% more), thereby, not currently cost-effective, as also found by Henderson et al. (2017).
However, as stated by Ongel et al. (2019), Bosch et al. (2018), and Fagnant and Kockelman (2015)
these figures are bound to change in favor of the shuttles once advances in legislation may no longer
require on-board safety-drivers (reducing dramatically the personnel costs) and advances in
technology shall extend the shuttle’s life-cycle.

For the Luxembourg case depicted on Figure 66, as of March 1* 2020, the government made free all
public transport in the country (Lo, 2020), thereby for traditional buses 100% of the transport is
subsidized and there are no revenue from ticketing. While for the shuttles, by being a pilot site
partially funded by the AVENUE project, part of the funding come from subsidies (around 70%) and
part of it comes from the EC (around 30%).

By scrolling down the screen for the TCO comparison results, users will be able to see a range of
indicators such as the cost per passenger/km, cost per vehicle/km, that are calculated taking into
account the annual operating costs and the total early milage for a single shuttle in the route. These
KPlIs are important metrics for the decision making process, and allow an easy comparison with other
transport modes and with other mobility services.

TCO Comparison - overall results

% Ehangel

12mICE Autonomous shuttle

l COST per passenger/km| 0,31€

| COST per vehicle/kml 18,77 €

These data are not public

[ ONE-WAY COST per passengerl 0,38€

22,52€

I ONE-WAY COST per vehicle|

NOTE: The 4 aforementioned KPIs are based on the annual OPEX for both the baseline vehicle and the autonomous shuttle.

Figure 67. EASI-AV® TCO comparison - results (part 2) (Antonialli, Mira-Bonnardel, Bulteau, 2021)

Considering the indicators shown on Figure 67 for the Pfaffenthal pilot site, it is clear that the service
with the shuttles is not yet as cost-effective as a traditional bus, beinnglhigher — mainly due to
the legal need of a safety-driver operator on-board the shuttles that considerably elevates the OPEX,
thereby elevating the cost per passenger/km. However, even with all the current constraints,
advances can already be seen in favor of the shuttles, with a cost vehicle/km being already 22% less
than the baseline, which shows the promising potential of this technology on reducing the overall
costs and prices of the service.

If we simulate on EASI-AV® a scenario where no safety drivers are needed for Pfaffental (only an off-
board supervisor in charge of the two shuttles for the site), the estimates show the potential to
reduce the cost per passenger/km to |:]euros. Furthermore, it is worth highlighting that the
comparison shown on Figure 67 is based on the data given to us by the PTO and it is between a 12m
ICE with a capacity for 60 passengers and an automated shuttle with a capacity of 15, thereby, if we
further simulate on EASI-AV® that both vehicles had the same capacity (of 15 passengers) the cost
per passenger/km for the baseline bus would be higher at 1,24 € versus the current |:|€ for the
shuttle.

After a second round of data collection and validation with the PTOs, for the next interaction of this
deliverable, an extended comparative table of CAPEX, OPEX and KPIs between the shuttles and other
vehicles (in particular small electric buses) will be proposed.
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4.2.4 Local externalities costs simulation

The final analysis provided by the current version of EASI-AVE is a local impact analysis. The aim of
this analysis is to provide decisions makers with an overview of the local external costs or gain of
implementing a new mobility service with automated shuttles. A complete and in-depth.-analysis on
external costs for the AVENUE services is provided by HSPF on their macro-analysis calculation'(in‘the
second part of this deliverable).

This analysis is based on secondary data the "Handbook on the external costs of transport"
(European Commission, 2019) and relate to local externalities for cars and buses for each member
country of the European Union. The reference values for the automated shuttles have been
calculated and adapted to suit the parameters of this type of vehicle. In this sense, as shown by
Figure 68, the only input required in this tab is to select the country in which the service will be
implemented.

3. Local Impact - Data entry

The Local Impact ion provides a i ion of the external costs for a service with shuttles for ive transport,
External costs are costs that borne by the municipalities and not by the users and/or PTOs, such as: accidents costs, airpollution, noise, and c i

1
2
3
S The data from this analysis are secondary data from the "Handbook on the external costs of transport” (European Commission, 2019) and relate to local externalities for cars and buses for each member country of the

Ll European Union. The reference values for the autonomous shuttles have been calculated and adapted to suit the parameters of this type of vehicle. In this sense, the only input required in this tab is to select the country in
[l which the service will be implemented.
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Figure 68. EASI-AV® Local Impact analysis - data entry (Antonialli, Mira-Bonnardel, Bulteau, 2021)

Similarly to the TCO comparison analysis, the results here (Figure 69) are given both for the baseline
vehicle and for the automated shuttle, allowing decision makers to compare the overall accidents, air
pollution, noise and congestion costs for the service to be implemented. The results also provide
relevant KPIs such as the local external cost per passenger and per vehicle/km for both the baseline
vehicle and the shuttle as well as the daily, monthly and yearly local external costs for both types of
vehicle.

For the Luxembourg Pfaffenthal site, results show a promising reduction on the local external costs,
being 52% lower for the passengers and 53% lower when considering the cost per vehicle/km.
Results corroborate the findings by Ongel et al. (2019) and show the positive environmental potential
benefits of deploying fleets of electric automated shuttles for collective transport.
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3. Local Impact - RESULTS

B This tab brings the comparative cost results (between the shuttle and the baseline vehicle) regarding the externalities that impact the local service envirdnment. Besides the detailed cost for each externality (accidents,
B sir-pollution, noise and ). the tab also brings the total eost of the externalities per passenger/kim and per vehicule/km as well as dally, monthly and yearly external costs per vehicle.
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Figure 69. EASI-AV® Local Impact analysis — results (Antonialli, Mira-Bonnardel, Bulteau, 2021)

4.3 Preliminary results from AVENUE demonstrators

Besides the results for the Pfaffenthal site in Luxembourg (used to present and explain the EASI-AV®
tool), we present below the preliminary results for the other AVENUE testing sites based on
preliminary data made available to us by the PTOs. Figure 14 below summarizes the main CAPEX,
OPEX and main KPIs for the testing sites of Pfaffenthal and Contern (Luxembourg), Meyrin (Geneva),
Nordhavn (Copenhagen), Ormgya (Oslo), Décines (Lyon) and the average values for the AVENUE
program. On appendix 2, the summary description of each AVENUE operating site are displayed (with
details about, the operating hours, time tables, number of vehicles and stops, etc). These data were
used for the fleet size calculation and consequently for the TCO calculation show on Figure 70.
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These data are not public

Figure 70. Total Cost of Ownership of the AVENUE service
* By being an on-demand site, values for the Belle Idée (Geneva) were not calculated yet.
** Values comprise the Total Cost of Ownership considering the CAPEX, OPEX and Local externalities.

The variations on the CAPEX values among the operating sites shown on Figure 70 are due the
different prices and levels of investments needed mainly on feasibility studies, commissioning costs,
infrastructure works, and certification and standardization for each country. Those values vary
according to the specificity of each site as well as based on local legislation. For Lyon for example, the
feasibility studies and infrastructure works needed (70.000,00 euros and 500.000,00 euros
respectively) were much higher than the other AVENUE operating sites where their average values
were 5.940,00 euros for feasibility studies and 25.800,00 euros for infrastructure works. That is the
reason why the CAPEX values for Lyon are an outlier when compared to the other sites.

The variations seen on the OPEX values are mainly due to the costs with personnel. That is the
average salary paid for the operators and supervisors on each country are varied as well as the
number of operators needed for the daily operation of a single shuttle. For Lyon and Switzerland the
reported average annual salary for the safety drivers range about 90.000,00 euros while for
Luxembourg the values are around 43.133,48 euros, for Denmark around 48.000,00 euros and for
Sweden 55.700,00 euros.

Also worth noting that the KPIs calculations are based on the maximum daily milage that a shuttle
can run, and such variable is dependent on the route length, operating hours and frequency of the
service), in this regard the KPIs (cost passenger/km and cost shuttle/km) vary accordingly. For
instance in the Meyrin site, and in Pfaffenthal the shuttles run much less than on the other sites
(31.66 kms and 43,27 kms respectively versus the average of 72.73 kms for the other 4 testing sites).

At last, it is worth highlighting that the results in Figure 70 are still preliminary, and based on a first
round of data collection with the PTOs and thereby need to be further refined and validated.
However, these results already show us that the cost per passenger/km for the current
demonstrators are still higher than other traditional public transport offerings (AVENUE average: 1,07
euros per passenger/km), corroborating the findings by Henderson et al. (2017) in their feasibly study
for a shuttle-service trial in Ohio State University Campus where the authors also concluded that the
automated shuttle is indeed currently not cost-effective relative to traditional buses.

However, as technology and legislation evolves, it is expected that in the coming years an onboard
safety driver will no longer be needed (thereby drastically reducing the costs with personnel), which
assures that our tool is also aligned with the results of the prospective studies carried out by Fagnant
and Kockelman (2015), Bosch et al. (2018) and, Ongel et al. (2019).
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4.4 Conclusion research agenda on micro level

The task 8.2 aims to analyse the economic impact of the used automated electric vehiclesfocusing on
first economic balance and business viability. Therefore, a comparison of the demonstrators.has been
conducted via a Total-Cost-of-Ownership (TCO) calculation. To conduct this analysis we designed the
EASI-AV® tool.

With the use of the EASI-AV® tool, direct and indirect costs and savings as well as cost drivers, hidden
costs (e.g. cleaning costs or vandalism in vehicles without drivers) and externalities are clearly
identified and evaluated as a basis to evaluate the economic viability of automated vehicles as a part
of an integrated public transport system. The tool helps to calculate a global cost per kilometre or
cost per passenger for a site. It allows comparison with any other transport mode. It offers the
valuation of scenarios. In a nutshell the EASI-AV® has been designed as a decision support tool.
EASI-AV® is still a work in progress, we are currently working on a web application for the EASY-AV
tool, to make it widely accessible and easier to use than the current version. EASI-AV® application is
due to be on open access on the AVENUE project website. The aim of our current work is to include
automated data collection (extraction of geolocation data, traffic data mining, population, square
meter, ...).

We are also currently developing the algorithms for the on-demand fleet size calculation as well as a
global rentability and business model analysis (comprising the costs and revenues to better
understand and formulate future business models) which will propose a wider range of revenue
model than those existing currently for public transport in order to simulate the global economic
balance of an automated service.
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1. Expected externalities for cities

AVs are poised to cause a modal shift, but their deployment in cities could be a double-edged sword.
If AVs are used as a private transport mode, they could reinforce further car-centric mobility;
Consequently, cities will have to bear increasing external costs. On the other hand, if they are
integrated within the public transport network in the form of a shared, on-demand, door-to-door'and
efficient means of transport, they could mitigate externalities such as pollution, congestion, and air
pollution. In the form of shared automated electric mini-buses, AVs could accelerate the modal shift
towards sustainable urban public transport through the customer-centric offer, better use of
different means of transport and intermodality (UITP 2020; Ceccato and Diana 2018). Public
transport similar to AVENUE transport solutions could thus increase the attractiveness for citizens
and thus enable an attractive alternative to ICE cars in cities. Due to the impacts of different modes
of transport on the environment and the society, the research relies on the economic assessment
and comparison of the externalities of shared automated minibuses with other transportations
schemes (Jochem et al., 2016). The further integration of private transport providers with an open
data platform like described before could further raise positive externalities and diminish negative
externalities. For now, they are not included in this chapter. This should be a focus of further
research.

To assess the economic impact of automated minibuses of AVENUE in cities, we will first describe
potential key scenario parameters to test the external cost of introducing the automated minibus in
cities (5.1). Then, we develop a methodology to calculate the externalities (5.2) and afterwards
describe the fleet calculator (5.3). In later steps, we will use the fleet calculator to support the
different scenarios planning to assess the impact of on-demand AV integrated into public transport in
cities. Figure x below describes the structure of this part. The key parts of the analysis, rebound
effects and the selected scenarios will be addressed in the next deliverable. See Figure 71 for further
details.

~avenue Economic Assessment: Externalities and fleet calculator
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Figure 71: econmic assessment and fleet calculator
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5.1 Parameters for Potential scenarios for cities

This part aims to describe the variables that help in building potential scenarios for the assessment.
As mentioned previously, the assessment focuses on the impacts of introducing Automated-minibus
in urban areas. These potential scenarios will help to select an ideal scenario that will align best with
the guidelines of SUMP described in 2.1 and the Sustainable Development Goals (SDGs) of the United
Nations, precisely goal 11 for sustainable cities and communities. A range of potential scenarios and
their effects on the city of the future can thus be reflected to provide a comparative analysis of
externalities for a defined geographical area between conventional transport such as public
transport, private cars, non-motorised transport NMT and smart mobility such as automated
vehicles. Thus, a solution that promotes sustainable urban mobility and sustainable urban cities can
be determined. The following set of parameters could be grouped as follows:

Vehicle specifications

- occupancy rates,

- speed
Traffic situation
- type of roads

- speed limit
- dense or thin traffic

Mobility behaviour
- modal shares and

- the overall travelled kilometres.

The parameters from vehicle specifications and the traffic situation, such as occupancy rates, type of
roads, and average speed, were determined from the results of WP7 and interviews with the PTOs.
The parameters of mobility behaviour, such as the modal shares and the overall travelled kilometres,
are determined based on national mobility surveys as well as representative surveys of the pilot cities
(see social impact assessment WP8). They are important for defining the different scenarios, and they
play a role in the decision of the externalities factors in 5.2.

5.1.1 Vehicle specifications

The occupancy rates are classified as follows: low for 2 or fewer passengers in the AV on average,
moderate for up to 6 passengers, and high for more than 6 passengers. The values are based on
interviews with the PTOs. The occupancy rate is used in the calculations for the space externality and
is considered for the congestion as well.

The speed is also used in the externality of dynamic urban space. Also, it helps determine if the
automated minibus will drive for long distances or short distances. This is a key factor for transport
and urban planning and helps build the scenarios (Knoflacher 2007). Currently, in the pilots, it has on
average 4-6 passengers on average per trip and an average speed ranging between 12-30 km/h.

5.1.2 Traffic situation

Based on the current AVENUE trials, it is important to note that the Automated minibus circulate in
urban areas and on urban roads described as trunk roads (main roads) and other urban roads. This is
based on the deliverables of WP7 “Autonomous vehicles demonstrators”. Other variables such as the
congestion situation (near congested, congested, overcapacity) and the time of circulation (day or
night) are kept variable because they are too specific and could be altered based on the scenario.
They are also kept variable in the externalities calculation in 5.2.

5.1.3 Mobility Behaviour

It is furthermore considered that the deployment of Automated minibus could affect: individual
mobility (cars, taxis), collective mobility (buses), and non-motorised transport like walking and biking
(Janasz 2018). Thus, it is crucial to consider the effect of their introduction on the different modal
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shares. The automated minibuses are poised to be a first/last mile solution, impacting intermodal
journeys. The reason is to provide an individual combination of several means of transport in one trip
(see social impact assessment), which is attractive for citizens (see social impact assessment). The
assumption is that the automated minibuses deployment for public transport in‘the cities will lead to
a modal shift. So far, only data of Lyon have been collected before the COVID-19. Other
representative surveys are planned.

Nevertheless, it is essential to acknowledge that this technology, in case of a large scale deployment,
might cause an increase in travel demand and consequently cause a rebound effect. The induced
demand is estimated based on Fagnant and Kockelman (2015) research. They assume that for a
penetration rate of 10% of automated vehicles, the vehicle kilometres travelled (Vkm) will increase
by 20% (for 90% rate, Vkm will increase by 10%). Similarly, a study from the Technical University of
Munich anticipates an increase of 8% in Vkm caused by shared automated vehicles (Moreno et al.,
2018). Finally, for on-demand shared rides as in the case for AVENUE vehicles, Fagnant and
Kockelman (2018) anticipate an increase of 4.5%. In our iteration, the assumption used in a first stage
(also for the calculations for the test case in Geneva in 5.2.4) is that the deployment of the
automated minibuses will not lead to an increase in the overall kilometres travelled. This is supported
by Transportation Demand management TDM™ (Ferguson 1990). First, the technology provides
better connectivity and coordination with other modes of transportation within a Maa$S platform.
Thus, the mobility gap will be fulfilled by Automated minibuses and replace other individual means of
transport. Second, policies and incentives will be used to support walking, biking, and ridesharing
(Shared mobility principales 2017).

Finally, by varying the different parameters like modal shares, speed, and VKm,... we can build
different deployment scenarios. These scenarios are used to calculate the different externalities and
some of them also rely on the fleet size for on-demand service. Scenario planning will be elaborated
in future work.

5.2 Methodology for the externalities

The methodology to calculate the externalities implementing Automated minibuses is very important
as it can impact the results and the recommendations accordingly. The assessment will combine
deployment scenarios of the automated vehicles for public transport and the related calculation of
externalities. For each scenario, there is an estimation of the costs of transport externalities. The
goal is to produce externalities values for different scenarios to find the most sustainable urban
development scenario.

Thus, we will first define the categories (5.2.1). It specifies the considered impacts considered for the
calculations (5.2.2). Finally, it provides the methods to calculate each externality category and the
values of externalities (factors in €-cent/pkm) per the mode of transport (bus, car, and the
automated minibus) for the four cities of AVENUE (5.2.3). Moreover, a test case (5.2.4) is included
based on one scenario to replace 18% of the projected increase in ICEV in 2040 in Geneva using the
assumptions from 5.1.

The categories, impacts and externalities values are based on the 2019 study from CE Delft which
comprises the most exhaustive research on external costs of different transport modes, specifically,
of different passenger road transport vehicles in the EU (van Essen et al. 2019).

See more details in Figure 96.

10 Transportation demand management (TDM) is the art of modifying travel behavior, usually to avoid more costly expansion of the transportation system
(Ferguson 1990).
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Figure 72: The structure for the methodology

5.2.1 The categories of Externalities assessment

Transport Externalities are at the core of this part of the economic assessment. First, a definition of
external costs and external transport costs are provided. Then, the categories based on the CE Delft
(2019) are presented.
The CE Delft report focuses on air, maritime, and road transportation. AVENUE focuses only on-road
passenger transport externalities, specifically passengers’ cars and buses externalities.
Moreover, it is important to note that this model results are total external costs. Total external costs
are incurred in a predefined geographical area and caused by one mode of transport. They represent
the result of combining the short-run marginal costs (correlation with the current infrastructure
capacity and the traffic flow) from the report in (€-cent/pkm) with the modal share ( in pkm ). Long-
run marginal costs take into account future infrastructure expansions to meet the rise in traffic
demands (Miola et al. 2008), and they are not part of this assessment.
The categories of the externalities adopted from (van Essen et al. 2019) study are:
1-Environmental externalities
a-aggregated Well-to tank emissions (air pollution and climate change)
b-Wheel-to-tank emissions
- Air pollution
- Climate change
c- Noise
d- Habitat damage
2- Accidents
3-Congestion
And to further strengthen this model, our AVENUE Assessment will include the externalities classes
that were not addressed in the CE delft report like
- Urban space,
- Production and disposal emissions (not in this iteration).
To calculate the externalities, the categories will refer to vehicles externalities induced by cars, buses,
and automated vehicles for public transport. Active mobility externalities like walking, biking etc., are
considered negligible (Keall et al., 2018).
As a result, the marginal costs adopted from the handbook are presented on a national level for
Luxembourg, France, Denmark, and Switzerland and are used for the cities level. The distinction
between rural and urban areas will be made through a sensitivity analysis using European level
values.

5.2.2 The Impacts and methods considered in the externalities calculations
The following describes the impacts to be considered later on for the calculations.
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- Environmental externalities

Environmental externalities include well-to-wheel emissions, noise, and habitat damage.

The assessment of the environmental externalities follows the LCA well-to-wheel. The LCA is used
because it aims at analysing the composition of materials and their environmental.damage potential
Jochem et al., 2016).

Well-to wheel assessment

The LCA focuses on the environmental assessment during the life cycle of a product: primary material
extraction, production, use, and disposal or recycling. Ramachandran and Stimming (2015) explain
that “Well-to-wheel (WTW) analysis is an application of LCA which is used to compare
drivetrains/vehicles from a global perspective”. The Well-to-wheel represents the energy flow and
the associated emissions. It starts from the mining phase or the raw materials extraction phase: “the
well” until the use phase “ the wheel”.

The well-to-wheel (WTW) is composed of 2 parts: well-to-tank (WTT) and tank-to-wheel (TTW). The
WTT has 5 steps: extraction of primary materials- well, the primary fuel production, transport of the
fuel, production of vehicles fuel, distribution of road fuel, and fuelling the vehicle. The TTW
represents the driving of the vehicle: the burning of the fuel in the vehicle and the wheel phase (JCR,
2016; Woo et al., 2017). See Figure 73

| Well to Wheel WTT ‘

— 1 well Produce Transport | | Produceroad | | Distribute road | | Fu_el Bum[juflin Wheel
primary fuel primary fuel fuel fuel vehicle vehicle

| Well to Tank WTT | | Tank to Wheel TTW |

Figure 73: Well-to-wheel analysis

Air pollution
Air pollution leads to harmful health effects. Up to 30% of strokes, lung and heart disease are caused
or aggravated by air pollution (Jochem et al., 2016; WHO, 2016, 2018). The pollutants to be
considered are PM2.5, PM10, NOx, SO2, and non-methane volatile organic compound NMVOC. The
analysis is built on 4 types of impacts caused by air pollution:

e Health effects (medical costs, loss of work productivity due to sickness),

e Crop losses (lower crop production),

e building damage (damage to building surfaces and building facades and materials - corrosion
due to NOx),

e and biodiversity loss (soil and water acidification, eutrophication of ecosystems).

Climate change
Transportation sector contributes with around 25% of GHG emissions in the EU. Road transportation
emissions account for 70% of that share in 2017 (European Commission, 2016). The calculations for
climate change costs, in line with the CE Delft report, accounts for costs related to global warming:

e sea-levelrise,

e biodiversity loss,

e water management difficulties,
e extreme weather conditions,

e and crop failures.

The emissions of CO2, N20, and CH4 are leading factors of global warming.
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Noise

van Essen (2019) defines noise is as “unwanted sounds of varying duration, intensity or other quality
that causes physical or psychological harm to humans”. According to the European Environment
Agency, around 72,000 people are admitted to hospitals, while 16,600 fatalities could be attributed
to noise pollution. Road transportation remains the leading cause. It is even considered as the second
most environmental stressor in the EU (EEA, 2014).

The model accounts for:

e the annoyance
e and health effects caused by road traffic noise.

The WHO (2011) describes annoyance as a leading burden of road transport environmental noise. It
causes irritation and stress, which could disturb daily activities. Noise pollution is a culprit in
cardiovascular diseases and sleep deprivations (van Essen et al., 2019).

Habitat damage
Habitat loss is caused by:

e the construction of infrastructure
e and the damage to the natural wildlife.

Specifically, habitat fragmentation affects biodiversity. Moreover, transport emissions aggravate the
effects on natural species. The estimation for habitat damage account for the following impacts:

e habitat loss: the loss of natural ecosystems. The land use of transport leads to
e negative effects on biodiversity. Habitat loss is caused during the building phase of transport
infrastructure, but its effects are continuing during the lifetime of the road.

habitat fragmentation: fragmentation has a bad influence on animals and on biodiversity. Habitat
fragmentation is the result of the transport infrastructure and the transport demand on the
infrastructure.

- Accidents
Around 1.2 million fatality is caused by road transport, and up to 90% of these accidents are due to
human error. Automated vehicles could lead to a significant reduction in these rates (UITP 2017).
Road accidents costs are incurred because of injuries and fatalities.
They constitute:
- material damage,
- production losses,
- and administrative, medical, and human costs
van Essen et al. (2019) define the external accident costs as: “the social costs of traffic accidents that
are not covered by risk-oriented insurance”. Human costs are a way to represent the pain and
suffering caused by traffic accidents. The external costs depend significantly on the severity of the
accident (Jochem et al., 2016).

- Congestion

Congestion remains a significant nuisance for cities. Banister (2008) states that it is unrealistic to opt
for a transportation system without congestion. Thus, policymakers should seek to establish
reasonable travel times rather than minimising them. The deployment of AV as an on-demand
service complementary to public transport could be a solution to achieve optimised travel durations.
The technology could enhance the transport network performance and reduce delays. In contrast, if
AV were to be introduced as personal transportation, it will cause an increase in trips distance as it
gets more efficient and accessible, which is described as induced demand. Consequently, congestion
will worsen (Simoni et al., 2019; UITP, 2017).

According to van Essen et al. (2019), external costs of congestion result from not meeting passengers’
mobility demand due to the temporary scarcity of infrastructure. In other words, this cost occurs
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when an additional vehicle enters the traffic flow; it reduces the speed and increases the travel time.
Hence, it causes traffic flow to reach its capacity.

- The potential impact of Urban space

Space plays an important role in the externalities calculations for the habitat damage. Also, it
provides an indicator that will be used in determining the scenarios for sustainable urban
development. For instance, if the automated minibuses are replacing individual transportation; one
minibus could replace numerous vehicles, and there will be no need for a lot of road space nor
parking spaces. This means more urban space that could be designated for more sustainable and
liveable cities.

Currently, cities are designed to reserves up to 80% of the urban space for cars (Cugurullo et al. 2020;
Gonzalez-Guzman and Robusté, 2011). According to the European Parking Association (2013), there
is around 47 million parking space in the EU (17 million on the street and 30 million off-street). This is
further aggravated because a car is used around 5% of the day (Janasz 2018).

The introduction of automated vehicles is destined to trigger a transition in urban design. Transport
systems affect the built environment, and the switch from private transport to more shared,
sustainable, and automated mobility would reduce the needed space to accommodate cars. This
switch hinges on introducing automated vehicles as a MaaS$ rather than a private transport option.
The saved urban space could be reclaimed for green parks and housing. This supports mixed land use
development (residential, commercial, and workplaces are mixed within urban areas) in smart cities
(Plumer 2016; UITP 2017).

5.2.3 The methods and values of the externalities in €-cent per pkm

The methods used to calculate them are described briefly; a detailed description is in the second
iteration of the environmental deliverable. This analysis follows the work of van Essen et al. (2019).
Then we present the different values for the external costs per category and per mode of transport
to be adopted for Geneva, Lyon, Luxembourg, and Copenhagen based on the impacts in 5.2.2. It
follows the same order: environmental externalities, accidents and congestion.

- Externalities of environmental impacts
The following cites the costs and methods to calculate the environmental impacts of 5.2.2. It also
represents tank-to-wheel aggregated costs.

Air pollution costs

The methodology used to estimate the external costs of the impacts of air pollution described
previously is a damage cost estimation. A damage cost estimation estimates all damage borne by
individuals as a result of the existence of an externality. It relies on cost factors from an adapted
version of NEEDS approach, the emission factors from COPERT data, and transport performance data
from Eurostat.

The marginal costs are taken on a national level for the values for the passenger cars and the
standard buses. They are presented in Table 1.

Table 1: Marginal costs for air pollution in €-cent/pkm

Average costs in €-cent per pkm
Pass car - petrol | Pass car — | Pass car - total Bus
diesel
Denmark 0.292 0.809 0.483 0.513
France 0.387 1.260 1.001 1.010
Luxembourg | 0.429 2.630 1.880 1.846
Switzerland | 0.311 1.461 0.626 0.755

Using national values for the city-level assessment could affect the calculations because of the PM
emissions differe between rural and urban areas. However, this could be adressed using the
European values for urban and rural parts in a sensitivity analysis in Table 2.
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Table 2: EU level average costs for air pollution in €-cent’per pkm

Vehicle Urban areas- urban roads
Petrol passenger car 0.11
Diesel passenger car 0.99
Standard bus 1.07

As for the Automated minibus, the values follow the analysis on the potential competitors from the
environmental deliverable. The emissions of an electric automated minibus are comparable to those
of an automated one. Thus, the values used are those of urban electric mini-bus. For now, we use the
values on a European level because the limited deployment of Automated minibuses will not vary
immensely from one European country to another. All the values for the well to wheel emissions are
also presented in Table 5

Climate change costs

The methodology to estimate the marginal external costs of climate change follows the avoidance
cost approach. It accounts the costs needed to meet the EU CO2 reduction targets. This presents an
indication of the willingness to pay (WTP) to avoid the damage of climate change. According to
(Miola et al., 2008) The avoidance costs are defined as “the least-cost option to achieve a required
level of GHG reduction.”

First, the study uses the emission factors from COPERT data of CO,, CH,, N,O, and transport
performance data from Eurostat. Then, it applies the Global Warming Potential GWP to sum up the
total emissions of the GHG in a tonne of CO, equivalent. Finally, the cost factors from the NEEDS
approach provides the total costs of climate change per vehicle per country.

The values are in Table 3; they present the average costs for climate change.

Table 3: Average costs for climate change in €-cent per pkm

Average costs (€-cent per pkm)
Pass car - petrol | Pass car — | Passcar-total | Bus
diesel

Denmark 1.168 1.054 1.126 0.418
Finland 1.503 1.398 1.478 0.418
France 1.122 1.096 1.104 0.519
Luxembourg | 1.385 1.206 1.267 0.477
Switzerland | 1.358 1.174 1.308 0.438

Following the same comparison with the small electric urban bus from the air pollution costs, the
average costs for Automated minibus for climate change are negligible van Essen et al., (2019).

Aggregated emission of well-to-tank
The well-to-tank phase represents the energy provision for driving. It accounts for the aggregated
emissions of fossil fuel as well as electricity extraction, processing, transport, and transmissions
(Hagedorn and Sieg, 2019).
The methodology to estimate the costs is similar to that of air pollution and climate change during
the tank-to-wheel assessment (using damage cost for air pollution and avoidance costs for GHG
emissions). The marginal costs of well-to-tank emissions are in Table 4.

Table 4: Average costs of WTT in €-cent/pkm

Average costs (€-cent per pkm)
Pass car - | Passcar-diesel | Pass car - | Bus
petrol total
Denmark 0.374 0.340 0.361 0.158
France 0.425 0.393 0.403 0.191
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Luxembourg | 0.653 0.603 0.620 0.296
Switzerland | 0.430 0.397 0.421 0.190
Similarly to the previous analysis, the marginal cost of WTT for the automated minibus is 0.54 — 0.63
€-cent per pkm.

Finally, the summed average costs of the emissions for the well-to-wheel assessment (aggregated
well to tank, air pollution and climate change for tank-to-wheel) for the buses, cars, and Automated
minibuses are presented in Table 5.

Table 5: The average external cost per the mode of transport in €-cent per pkm for the WTW
emissions

Average costs — WTW emissions in €-cent per pkm

Passenger car Bus Automated

petrol | diesel total minibus
Denmark 1.83 2.20 1.97 0.67 0.59
France 1.93 2.75 2.51 1.20 0.59
Luxembourg 2.47 4.44 3.77 2.14 0.59
Switzerland 2.10 3.03 2.35 0.94 0.59

Noise
The estimation of the noise impact relies mainly on noise maps. It depends on the number of people
exposed to noise based on 5dB thresholds from noise maps from EEA (2014).
Following the analysis of the Delft report, the annoyance cost is calculated based on willingness-to-
pay (WTP). WTP is the price (or below) a person is willing to pay to avoid the nuisance of noise. It
estimates a € 14/dB per person as an annoyance cost for people exposed to a range of 50-55 dB. The
health values are estimated based on a burden of disease approach from the Defra (2014) report. It
accounts for €40,300 for Value-of-statistical life (VOLY).
Notably, the noise effects depend on the population density, traffic status, and time of day. Thus, the
marginal costs differ from the average costs. However, the data on a country level for theses specific
contexts is limited. Thus, the model at hand uses average costs (Table 6) to reflect more the specifics
on the deployment location. The marginal costs for the UE28 (Table 7) level will be used in the
sensitivity analysis.

Table 6: Average costs per country for noise per the mode of transport in €-cent/pkm

Average costs (€-cent per pkm )

Pass car -|Pass ~car - | Passcar-total Bus

petrol diesel
Denmark 0.60 0.64 0.62 0.34
France 0.36 0.38 0.38 0.28
Luxembourg | 0.52 0.54 0.53 0.28
Switzerland | 1.89 2.00 1.92 0.84

Table 7: Marginal costs for noise per €-cent per pkm

Marginal costs in €-cent per pkm for EU level
Mode of transport Time of the day Traffic situation Cost
Passenger car Day time Dense 0.5
Thin 1.1
Night time Dense 0.9
Thin 2.1
Bus Day time Dense 0.5
Thin 1.3
Nighttime dense 1
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\ | Thin | 2.4 \
For the Automated minibus, the costs depend on the traffic status on the operation time of the day,
similarly to an Internal combustion engine vehicle. At higher speeds/{(higher than 40km/h), there is
no significant difference between an electric vehicle and an ICEV. For constant low speed, electric
vehicles are quieter (Pallas et al., 2015)
The noise from the electric engine in the vehicle is negligible for speeds between 30-50 km/h.The
lion’s share of the noise goes to the tires and the aerodynamic components. The Automated minibus
circulates in a speed between 12 and 30 km/h in urban areas where maximum speed limits are
around 50km/h.
There are potential savings in external costs when replacing Automated minibuses and ICEV (or
standard buses). The automated components do not emit significant noise. Thus, the Automated
minibus is comparable to an electric vehicle in term of noise pollution.
of Jochem et al. (2016) study for the external costs of electric vehicles is followed to estimate the
average costs. His research considers the traffic situation in estimating the cost; the operation time
during the night leads to higher costs.
The final result for the EU level costs for Automated minibus for noise in €-cent/pkm are in Table 8.
Further analysis is required to distinguish the effect of different traffic situation (dense/thin).

Table 8: The average costs for the Automated minibus for noise in €-cent/pkm

Day time Nighttime
EU level for Automated minibus | 0.2 0.4

Habitat damage

Simalarly to the marginal costs of air pollution, cost factors from NEEDS are combined with the
extent of the road infrastructure. The marginal costs for damage habitat depend on the
infrastructure.
The automated minibuses are circulating on the same road network, thus using the same existing
roads. However, they contribute to a reduction in the road space needed because of less vehicles
circulating in general. Thus, we estimate the potential urban road space saved by reducing the
number of vehicles circulating. The urban space calculation is explained later on.
The space saved is then multiplied by the cost factors €/km’ from Table 9 to produce the overall
saved externality). This represents the potential savings from different deployment (or replacement)
scenarios

Table 9: Cost factors for Habitat damage for urban roads in €/km?

Road €/km’
EU-28 4,100
Denmark 5,500
France 4,900
Luxembourg 4,300
Switzerland 6,800

If the fleet size is reduced due to the use of automated minibuses. The road space called dynamic
space will also be reduced. Thus, it is expected to have significant savings in term of space and
external costs. Indeed, one on-demand shared automated minibus could replace between 8 to 10
vehicles (Fagnant and Kockelman 2015; ITF 2020)

- Urban Space

The total urban space is expressed in km? (or m?). The modal shares are a key component to obtain
the potential saved overall space since it helps determine how many road space and parking spots we
can save when we know how many vehicles could be replaced. Occupancy factors
(passenger/vehicle) for different vehicles are also used to convert from vkm to pkm, which is
important to calculate the habitat loss externality as well and determine the space needed per the
mode of transportation. The values are from Héran and Ravalet (2008) study. They are presented in
Table 10.
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Table 10: Occupancy rates of different modes of transportation

Passenger car bus Automated bike
minibus
‘ Occupancy rates | 1.7* 20 * 6 1

*Value adjusted according to the average occupancy factors from Delft report
Road transportation occupies plenty of valuable and scarce space in cities (Gossling 2020). This space
can be divided into dynamic space and static space.

Dynamic space
The calculations of the urban space account for the potential saved road space ( dynamic space) if
fewer cars are used because of the modal shift caused by the introduction of the automated
transport system. The preliminary estimation relies on the safe separation distance; It is the space
needed between the vehicles in full traffic based on the speed to ensure the safety of drivers. The
assessment utilises Héran and Ravalet (2008) report as part of the program for Research &
Development in road transport in France. Based on the number of passengers. The dynamic space
dedicated to a vehicle is computed as follows:

DS=(L+SSD)xW

DS: dynamic space of circulation
L: Length of the vehicle
SSD: safe separation distance in the function of speed
W: average width of roadway
Based on the same report, Shalkamy et al. (2015), and the Navya vehicle dimensions, the vehicle
dimensions are in Table 11. They are needed for the calculations of dynamic space using the formula
above.

Table 11: Vehicle dimensions in m

Length of the vehicle (m)
Car 4
Standard bus 12
Bike 1,8
Automated vehicle for public transport 4.75"

The dynamic space depends on the speed of circulation due to the Safe Separation Distance and
Width of the roadway values.
SSD =V + 0,01371V?2
W = 2,2 + 0,0052 1?2
Thus, the dynamic space for one car is
DS = 88 + 2,2V + 0,050962 V2 + 0,0052V3 + 0,000071292 V'*

In the AVENUE case, the automated vehicles’ speed for public transport is between 12-30 km/h. As
explained in 5.1, the modal shift will occur in urban areas; thus, the speed circulation limit is 50 km/h
(Shalkamy et al., 2015). The values for dynamic space needed per the mode of transport are in Table
12.

Table 12: Dynamic space needed based on speed in m

Speed km/h 10 30 50
DS per car 15 34 66
DS per standard bus 46 78 135
shuttle 36 75 113

For the replacement of buses by the shuttles, additional development is needed in term of dedicated
bus lanes. According to Héran and Ravalet (2008), bus lanes width measure 3,5 m. Notably, the lanes

1 Navya autonomous shuttle brochure - https://navya.tech/wp-

content/uploads/documents/Brochure_Shuttle_EN.pdf
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are used more and more as bike lanes as well. This leads to a potential width that ranges from 7,7 m
to 8 m. The AVENUE vehicles circulate in mixed traffic and do not-use the dedicated lanes, which
means more urban space savings. This is due to these lanes not being used. as the automated
minibuses circulate in mixed traffic and replace a percentage of buses modal share.

However, we should also account for the possibility of utilising these lanes by-the automated
shuttles during night shifts. For now, this space is not considered in the assessment and will need
further research

Static space
The parking space is composed of on-the-road (public) parking. The dimensions are based on the
average size of a European car. These values vary based on vehicle usage trends; for instance,
vehicles are usually larger in the USA, requiring more parking space. The estimations are based on
(Héran and Ravalet 2008). The values needed for parking spaces are in Table 13.
Table 13: Space for parking per the mode of transport in m2

Space for parking per vehicle Space for parking per person
Cars 10 19,2
Bikes 1 1,5
Standard bus 42 2,3
Automated minibus ~10 ~1.6

- Accidents

For this cost category, the damage cost approach is used. Furthermore, costs related to the
prevention or avoidance of accidents are not considered. The Delft report (2019) considers that some
of the social costs are internalised by the road user. The computed costs characterise the impact of
an extra vehicle entering the traffic flow.

The delft report relies on accidents statistics from the Road Accident Database CARE, and the costs
per causality are adopted from SafetyCube. It is supported by human costs based on the value of
statistical life VSL without considering the potential of consumption loss potential. For instance, the
EU28 VSL is 3,6 million euros, and the value used for the calculations is 2,9 million euros. The VSL is
determined through the stated preference method, which indicates the willingness to pay for safety.
The values adopted for the passenger cars and the buses from van Essen et al. (2019) analysis are in
the following table. These values account for the underreporting of accidents in the form of
correction factors.

Table 14: Marginal costs for accidents in €-cent/euro

Marginal costs (€-cent/pkm)
Pass Car Bus
Denmark 0.49 0.23
France 0.76 0.23
Luxembourg | 2.31 0.33
Switzerland | 1.35 1.62

For the AVENUE vehicles, the calculations for marginal costs were computed based on the inputs of
accident risk per vehicle, costs per causality, and the risk elasticity. The formula to calculate the
accidents from van Essen et al. (2019)

Is used to calculate the accidents marginal cost for the automated minibus.

MC=r (a+b+c )(1+E)-6r(a+b)

MC = marginal cost

r = risk of the vehicle causing an accident or being in one

a = The costs due to an accident for the person exposed to the risk

b= The costs for the relatives and friends of the person exposed to the risk

c = The costs of the accident to the rest of society (production loss, material damages,
administrative costs, medical costs)
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6 =The share of the accident costs that is internal for each vehicle category
E = risk elasticity which reflects how much a 1% increase .in traffic (measured in vkm)
increases the accident risk

The risk of being in an accident in the automated vehicle for public transport is_the ratio of the
number of injuries (or fatalities) and the number of vkm driven. Based on the number of incidents
reported from the pilot sites of AVENUE compared to the total km driven, we assume that the risk
values are negligible. Furthermore, data found regarding the number of incidents related to different
AVs from the literature review supports this assumption (Dixit et al., 2016; Filiz 2020; Petrovic¢ et al-
2020). In conclusion, with a negligible risk value, the marginal cost for accidents per automated
vehicle for public transport is 0 €-cent/pkm.

- Congestion

Similarly to previous categories, the model relies on Delft report externalities values. The costs are
computed thanks to delay cost and deadweight loss approaches. The delay cost approach defines the
road congestion cost as the value of the travel time lost relative to a free-flow situation, while the
deadweight loss DWL approach determines the economically optimal solution for transport pricing.
However, the process of monetising congestion is complicated as it depends on an EU-level study to
reach national marginal costs (Jochem et al., 2016). The meta-analysis requires inputs of speed-flow
functions, demand curves, and value of time (VOT). The VOT differs based on the travel purpose
Costs carried by the driver, such as fuel and travel time, are considered internal costs and are not
included in the externalities. This is called marginal private costs (Janasz, 2018). The focus of this
modelling is the social marginal costs.

The calculations also neglect network effects. They account for delays, unreliable travel times, extra
operation costs, and loss in economic activity. The costs hinge on circulation circumstances and local
conditions, such as the type of road addressed in 5.1 and the level of traffic. The Delft study accounts
for the traffic intensity estimated based on the volume and capacity of traffic flow; thus, there is a
distinction between the cost for overcapacity, congested, near capacity, and well below capacity
traffic. Notably, the bus estimations are based on simplified assumptions using the Passenger Car
Unit PCU (PCU for a car is 1 and for a bus is 2) (Smith and Belwit 2010; van Essen et al. 2019).

The values for marginal costs for congestion per country for cars and buses based on the urban road
type and the traffic situation are presented in Table 15.

Table 15: Marginal costs for congestion per mode of transport in €-cent/pkm

Car bus
Trunk Road Other urban roads Trunk Road Other urban roads
Overcapacity Congested Near Overcapacity Congested Near Overcapacity Congested Near Overcapacity Congested Near
capacity capacity capacity capacity
EU-28 19.9 15.4 10.8 412 36.1 29.3 33 25 1.8 6.8 5.9 4.8
Denmark 20.8 16.0 11.3 43.0 37.7 30.6 34 2.6 1.8 7.0 6.2 5.0
France 18.7 14.4 10.2 38.6 339 27.5 3.1 2.4 17 6.4 5.7 4.6
Luxembourg 43.8 33.8 238 90.5 79.5 64.4 7.1 5.5 3.9 14.8 13.0 10.5
Switzerland 26.7 20.6 14.5 55.2 48.5 39.3 4.4 3.4 2.4 9.1 8.0 6.5

First, it is notable that the values are high; for example, the passenger car marginal cost is 43.8 €-cent
per pkm for overcapacity trunk roads in Luxembourg which is a significant value compared to the
other values for the other categories of marginal costs. Moreover, it could skew the overall results.
This is explained by the dependence on a meta-analysis that requires inputs of speed-flow functions,
demand curves, and value of time VOT. The data sets are broad and detailed enough (van Essen et
al., 2019). Also, the calculations combine methods of deadweight loss and delay cost, which could
overestimate the costs.

Second, for automated vehicles, some researchers attest to the positive effects on congestion due to
cooperative technologies (tighter separation distances between vehicles, better intersection
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manoeuvering; faster reaction times). At the same time, (Martinez-Diaz et al. 2018) argue that
driverless technology’s current development is conservative and-cautious because it focuses on
safety. Thus driving manoeuvres such as changing lanes and bypassing ‘vehicles will be limited.
Consequently, the AV deployment will increase traffic jams due to cautious driving (Medina-Tapia
and Robusté 2019). The cautious driving could be accounted as a rebound effect. For the sake of the
calculations, automated vehicles are considered capable of reducing congestion and competently
predicting driving decisions (Fagnant and Kockelman 2015). Based on Fagnant and Kockelman (2015),
the congestion is reduced by 5% in urban areas with a 10% penetration rates of automated driving.
The different values are present in Table 16. The penetration rates of AV, as well as their effect on
modal shares, could be tested in the different scenarios in future steps.

Table 16: congestion reduction based on AV penetration rates
The penetration rate of AV 10 50 90
Reduction of congestion 5 10 15
To better incorporate the fact that the automated vehicle is used as a public transport solution, the
automated minibus’s marginal cost is comparable to a mini-bus as they both have similar dimensions
and occupancy rates. The Potential Capacity Unit for a mini-bus from Pajecki et al. (2019) and
Shalkamy et al. (2015) study is between 1,25 and 1,5. Finally, the marginal social cost for congestion
for a mini-bus in €-cent per pkm for a PCU of 1.25 is presented in Table 17.

Table 17: Marginal social costs of congestion for a mini-bus in €-cent/pkm

Automated minibus
Trunk Road Other urban roads
Overcapacity Congested | Near capacity | Overcapacity Congested | Near
capacity

EU-28 1.8 3.9 3.6 13.8 12.1 9.8
Denmark 6.9 53 3.8 14.3 12.6 10.2
France 6.4 4.9 3.5 13.1 11.5 9.4
Luxembourg 14.6 11.3 7.9 30.1 26.4 21.4
Switzerland 9.0 6.9 4.9 18.5 16.2 13.2

Finally, the combination of the values in table x and table xx leads to an estimation of the marginal
social costs for an automated minibus based on AV's estimated penetration rates. Thus, the study of
modal shares is crucial for estimating total external costs for different scenarios.

The following part tests the externalities on a selected scenario to assess the estimations and
calculations from 5.2.2 and 5.2.3. It accounts for a mobility survey of 2015 in Geneva as well as one
scenario of mobility from a study of the spatial development office in Switzerland.

5.2.4 Test application of the city of Geneva — externalities calculations

A test case is a good method to test the validity of the values from 5.2.3 and insight into how the
calculations will be for a specific scenario based on 5.1.

First, mobility behaviour data from the transportation survey is presented. Then, the savings in
externalities for the described scenario are calculated.

The data from “The mobility of the residents of Geneva, results from the microcensus of mobility and
transportation 2000-2015 “** delivers input on daily distances, number of annual trips and modal
shares. Further development was needed to estimate the overall annual pkm by determining the
average annual distance travelled per person per transport mode. The values of the average daily
distance and the modal shares of the annual trips per person and the Geneva population were used
from the microcensu for 2015 see Table 18.

It estimates an average of individual trips per day as 3.6 and an average distance of 30.3 km per day.

2 N° 59 — MAI 2019 — COMMUNICATIONS STATISTIQUES
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The mobility survey is a residential based survey; hence it accounts for only the trips conducted by
Geneva residents. The population of Geneva in 2015 was 484 736 residents, and the number of
private cars was 221 143 (FSO, 2016).

Table 18: Mobility behaviour — Geneva 2015

Mode of transport | Percentage of | Average daily distance per | person mobility distance
annual trips person pkm

public transport 16.6 7 2555

private cars 33.9 19.2 7008

cycling 5.6 0.9 328.5

walking 39 2.3 839.5

The scenario in consideration relies on estimation from the federal office for spatial development
ARE of Switzerland **. The report predicts an increase of 18% in the modal share of private vehicles.
In this scenario, the automated vehicles for public transport will absorb this increase but will not

increase total VKm as the deployment is part of a TDM; this was explained in 5.1.

Table 19: The externalities calculation for Geneva scenario

externalities in million€ 18% | externalities in million€ externalities in
share of private cars 18% replaced by | million€ Savings
automated minibuses

Air pollution 3.83 0.306 3.52

Climate change | 7.995 0 8

WTT 2.572 3.302 -0.73

Noise 11.747 1.223 10.52

Accidents 826.7 0 331.83

Congestion 8875.4 2973 5607

The calculations consider automated minibuses deployed to compensate the pkm travelled on near
capacity trunk roads during the day using the scenario parameters' assumptions from 5.1. For this
scenario in 2040 in Geneva, the total savings from replacing 18% of the current modal share of
private vehicles (the expected increase in private vehicles modal share in 2040) with the automated
minibuses is around 6455 million euros. The values of the congestion could be overestimated and
should be validated at a later stage. The values for congestion depend on metadata which could skew
the savings. Moreover, the noise values depend on the country; Switzerland had the highest
estimation for 1.92 €-cent per pkm compared to 0.38 €-cent per pkm for France, which proves the
importance of using national values for external costs instead of an EU average.

However, these monetary values show promising results for the potential of these vehicles if
deployed under adequate conditions (for example: urban/suburban, time of operation, connections
to train stations and mobility hubs, complementarity with public transport and active mobility,
Transport demand strategy, and part of a Maas service) to benefit cities. The next steps should focus
on describing different potential scenarios based on the parameters from 5.1. Then, we should
calculate the different externalities for these scenarios and further support them with sensitivity
analysis. The scenarios with the most savings of externalities will be the ones to recommend and
support the guidelines of the SUMP and SDG as described in 5.1.

5.3 Input for On-Demand Services: Fleet

Calculator — Description, User Manual, XLS tool

The fleet calculator aims to calculate the number of on-demand AV needed to satisfy mobility needs
and replace a mean of transport like ICE vehicles. This will be an input for scenarios to calculate the
externalities described above in later steps. The on-demand service could fil mobility gaps and

B Transport outlook 2040, 2016

96




=/AVENUE

D8.4 Second Iteration Economic Impact

support travel demand management. This means that the on-demand fleet could help reduce the
number of travelled kilometres and support public transport rather than'compete with it.

To take mobility-on-demand and door-to-door services into account, the current calculators are
unfortunately not sufficient anymore as timetables become obsolete and routes are not fixed
anymore. This means that complex algorithms had to be developed to know how many vehicles are
needed to satisfy citizens’” mobility needs in a certain area. Furthermore, the factor of time was
considered to calculate how many vehicles are needed depending on the waiting time (see figure 7):
the longer a passenger is waiting, the fewer vehicles are needed in the fleet. This has an impact on
costs for the PTO and external costs.

In this part, we describe the development of the model that the calculator is based on, the inputs
needed by the user, and then use a test case in Lyon to estimate the number of vehicles needed.
Finally, it includes conclusions and future development of this tool.

5.3.1 The model used

The model is designed based on the Fournier et al. (2020) model for robotaxis. It is further
developed to focus on automated minibuses rather than carsharing schemes. The core of the
calculations is summed up in Figure 74. It depends on a vehicle's waiting time to pick up a passenger
after they ask for a ride.

** | Waiting time to fleet size

3
Fleet size — Lyon

2.5 Replace 30% of cars for
waiting time of 2 minutes

[\

—_
o

—_

o
wu

Waiting Time (in Min.)

o
© ¢

20000 40000 60000
Fleet Size

Figure 74: fleet size based on waiting time

Based on this model, a geographical area of the service and a daily trip rate are determined. Similarly,
the AVENUE fleet calculator depends on trip data for the operation cities: average number of trips of
the mobile population and average duration and distance per trip per car.

Furthermore, the calculation assumes a period for processing passengers’ request. Finally, the
automated minibuses supply starts with a request and follows a strict scheme that must be digitally
executed and supported by the provider’s staff. The procedure is: a customer’s trip request is
submitted at a random time within the defined area through a smartphone app. Infrastructure with
continuous GPS-signal and mobile internet is needed to guarantee real-time information. Then, the
system looks for all available vehicles and then deploys the fastest to reach the passenger. After the
trip, it directly fulfils the next trip request assigned by central control or switches into an inactive
condition and waits for a new order. However, the AVENUE version also includes the charging time
needed as part of the estimations (Fournier et al., 2020).

5.3.2 The inputs needed from the user

The model is also repurposed to be user friendly. The calculator relies accordingly on key parameters
that a user can alter based on different use cases. These variables are summed up in Table 20.
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Table 20: Inputs from the XLS user

Vehicle specification | On-demand service Mobility behaviour inputs

- speed Waiting time - The city

- occupancy rate Time for ordering the | - The mode of transport to be replaced and
service

its average occupancy rate

- How much of the modal share of the
selected mode is to be replaced by
automated minibuses

The XLS user’s inputs help predict the fleet needed to replace one mode of transport by the
automated minibuses. It also considers the variables of time of day, desired waiting time, the
replacement rate, and the occupancy rates.

5.3.3 Test Case for Lyon

For instance, to determine the fleet needed to replace a part of the modal share of ICEV in Lyon, the
XLS user selects an average capacity of 6 passengers for the automated minibus, a waiting time of 2
minutes, and a speed of 25km/h. The replacement rate is 30% of ICEV passenger cars. The operation
of these vehicles is during peak time. The occupancy of the IECV to be replaced is 1 passenger per
vehicle. Then, the fleet calculator estimates the number of vehicles needed to deliver the use case. In
this example, the fleet is composed of 2130 vehicles. This is shown in Figure 75, the green part is the
input part, and the grey is the final results generated by the calculator

Fleet calculator:

Input:

Please choose the city: Lyon
Please choose the type of roads: urban road
Expected Waiting time for the shuttle [in minutes]: 2

Average speed of the shuttle (MAX [25 km/h]:) 25

Please choose the time of departure/ Peak time/ average time: Peak Time
'Which means of transport is replaced by electric automated minibus? Cars

How much percentage of the Cars do you want to replace with the shuttles to extend the service area? Replace 30%
The occupancy rate of Cars to be replaced are ...7 [High=75%; Moderate = 50%; Low =25%] Low

The occupancy rate of the electric shuttle is? [Low =2 passenger; Moderate = 7 passenger ; High = 13 passenger] Moderate
Results: P
Needed Vehicles: ( 2,130 )
Saved road space [km]: N

Saved parking space [in km?]: 0.2045
Reduced parking costs (direct) [in €/ hour]: 46,235.20
Reduced parking costs (indirect [in hours]): 1,420.000
Vehicle kilometre {electric Bus) [vkm]: 11,494.919
Vehicle kilometre {without electric Bus) [vkm]: 91,959.353
A vehicle kilometre (saved vkm) [vkm]: 80,464.43
Passenger kilometres [pkm]: 721,978.06
Created Scenario: Replace 30% of Cars in Lyon

Figure 75: The user interface
Inputs of waiting time and time of the trip help determine the number of automated minibus needed
for this shift, while the speed limit influences the urban space’s externality. The result is mobility
guaranteed by the model.

5.4 Conclusion research agenda on the city-level
externalities

The external costs factors are fixes based on operation assumption and data availability. The next
steps should focus on the potential modal shifts caused by the introduction of automated minibus.
The modal share distributions, as well as the initial assumptions of the external costs such as (limited
speed, urban roads, near congested roads, the introduction of travel demand strategy, passenger’s
acceptability, open mobility platforms....), will help define the scenarios. The calculations for the
externalities of different scenarios should help determine the optimal scenario for sustainable urban
development.
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Furthermore, the definition of the potential rebound effects such as social exclusion due to
technology illiteracy, induced demand, overcapacity infrastructure should be addressed. Finally, the
role of carsharing (robotaxis), new mobility (e-scooters) and the impact on active:mobility will be the
focus of future studies.

The assessment will be further strengthened with the categories for production-and end of life
externalities. The scenarios also will account for extrapolation for current values of externalities for
the private vehicle due to technological progress in the ICEV energy use (Jochem et al. 2016). It will
also consider the induced demand and network effects on the deployment of the automated minibus
and the future cities.

The fleet calculator supports the development of scenarios to calculate the externalities of
deployment of on-demand automated. The fleet size is also important to support the calculations of
the urban space externality. It can also compensate for the uncertainty of predicting future modal
shares.

Finally, it is important to note that the calculator is also adaptable to include other operation
locations. It requires the submission of trip data, mobility behaviour, and modal shares of the
calculations' desired area.
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5 General Conclusion

The deliverable D8.4 presents current state of work of WP8 T8.3. The deliverable D8.4 presents the
economic impact evaluation at two levels: the micro-level analysis considers a local context withiits
specification, the macro-level analysis considers a larger perspective at least like a city.

The remarks and recommendations of the external reviewer concerning D8.3 have been addressed
along the document. The principal answers are listed hereafter.

At the service-level, the working team takes into account current situation that is call base scenario
and proposes a simulation tool (EASI—AV©) as a decision support tool. The tool helps to analyze the
economic impact by adjusting different cost variables like the cost of staff (operator on boar, remote
center, no staff...), the cost of infrastructure investment (required or not), the cost of energy etc.
The urban dimension is addressed by taking the externalities evaluation into the total evaluation.

Variables linked to the vehicle, like speed limit, charging time, vehicle capacity, loading factor etc.,
are taken into account to calculate the fleet size. As a simulation tool, EASI-AV can investigate any
realistic conditions to evaluate the economic impact of an automated fleet. The D8.4 presents the
operational case of Luxembourg demonstrator. By providing a comparative approach with any other
transport mode, the tool enlightens in which way AV can allow cost savings concerning TCO as well as
externalities. The final calculation of cost per km or cost per passenger is provided as comparative
ratio.

Business model with analysis of ticketing strategies and new revenue models will be analysed in the
forthcoming months while a web-application is under development.

At the the city-level the analysis relates more to SUMPs with a critical review of the role of
shuttles/mini-bus services in the wider SUMP context, in intermodal chains and multimodal car
independent lifestyle. Several scenarios have been presented in details showing how AVENUE can
enhance the innovation potential in various fields, analyzing stakeholders and users behaviors as well
as business opportunities.

The urban dimension is largely addressed with externalities analysis at all levels: pollution, noises,
accidents as well as urban space. The macro calculator helps to evaluate all externalities with a cost
per km.

Both micro and macro analysis (service and city-levels) help to simulate in which conditions an
automated fleet service will create benefit for the community.

The next steps for WP8 T8.3 will allow to present:

1. A deepening of the identified 4 business opportunities presented in section 3 and analyse
under which circumstances the business models are viable for the stakeholders. A particular
attention will be paid to PTO and the users.

2. An operational version of the web application for EASI-AV® simulation tool including a total
cost calculation in comparison with other transport modes and a complete profitability
economic balance with revenue scenarios.
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APPENDIX 1

WP8 — Task 8.2
Economic Impact Assessment

Fabio Antonialli
Julie Bulteau
Sylvie Mira-Bonnardel

Glossary of CAPEX, OPEX and REVENUE sources

This document is a glossary to assist on the second part of the overall economic assessment and it aims to
present the main sources of internal costs and gains for the implementation of a service with Automated
Shuttles for Collective Transport (ASCTs).

The glossary is divided in three main parts: 1) the initial investment costs, as known as Capital Expenditures
(CaPex), 2) the annual exploitation costs, as known as Operation Expenditures (OpEx), and 3) the main revenue
sources.

It is important to note that not all the sources of costs and revenues listed here need to be considered. The
implementation of services with ASCTs is context-based, therefore for each given context, the city, PTO or firm
shall select what are the costs and revenues for their own context.

Moreover, it should be noted that this proposition is meant to serve as an initial guideline. In this sense, it is at
the discretion of each PTO, city and other involved stakeholders to apply the calculation methods and formulas
that better suit their needs. In addition, this glossary does not identify who should be the bearer of each source
of cost or benefit. However, for the calculation sheet a column indicating the bearer should be added.

With an overall calculation of the internal costs and revenues the aim is to assist the calculation of metrics such
as: cost per passenger/km, which would allow the comparison with other transport modes within the modal
split and better identify the economic assessment of the deployments

Capital expenditures (CaPex)

Feasibility study
Comprehensive report that examines the practicality of the proposed project. It aims to objectively and
rationally uncover the strengths and weaknesses of the proposed venture, the opportunities and threats
present in the environment of the deployment, as well as the resources required to carry through.
It should provide a historical background of the project, a description of the product/service, accounting
statements, details of the operations and management, marketing research and policies, financial data, legal
requirements and tax obligations.
The common assessment factors to be included in the report are:

e Cost of Technical feasibility assessment;

. Economic feasibility assessment;

° Environmental impact assessment;

o Legal feasibility assessment;

e Operational feasibility assessment;

e Scheduling feasibility assessment.

e  Other R&D costs.
It can be carried out by a designated team within the PTO’s staff or even by a third-party hired consulting firm
(or by a combination of both).
* It is worth highlighting that some additional reports, documents and data to assist in the feasibility study may
need to be acquired from third-party entities or institutions.

Commissioning costs
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Entails all expenditures needed before the implementation of the project, it;is mainly divided into: 1) vehicle
homologation, and 2) test site homologation.

Vehicle homologation

It requires a technical inspection by the designated transport authority. The inspection is comprised of a series
of tests (e.g., brake-test and test of electrical components) which are normally carried out by an specialized
firm. In addition, a full technical documentation of the shuttle should be provided to the designated transport
authority.

* vehicle homologation is normally done only once — not requiring periodical renewals.

Operating site homologation

It mainly requires a technical inspection and authorization by the designated transport authority (and other
select stakeholders whenever needed) of the selected track (in the case of fixed traffic routes) or selected
driving area (in the case of on-demand geofenced routes). It is mainly sub-divided into concessions, and
application.

Concessions:

Telecommunications concessions: transmission of radio and 3/4/5G signals — normally granted by the country’s
Federal Communications Office.

Passenger transport concessions: transport of people — normally granted by the country’s Federal Transport
Office.

Application:
Complete written document (normally divided by chapters) containing detailed information on:
e  Project (description; official waiver request; objectives);
e Authorities (PTOs service agreement);
e  Concessions (telecom and passenger transport);
e  Routes (in-depth description);
e  Bus stops (description and identification);
e  Vebhicle (description; technical information; documents);
e  Safety (operational measures, legal bases, traffic rules);
e  Operations (timetables, supervision, procedures);
e  Positions (experts, trainers, operator);
e  QOperators (commitment, instructions, accident procedures);
e  Training (theoretical, practical, assessment, certification);
. IT (data security, software, embedded systems);
. Reporting;
e  Communication (internal, external, clients).

Depending on the complexity of the project (road environment where the shuttles will be deployed), the PTO
could opt to carry out tests and simulations on designated test-tracks (e.g.: Transpolis in France) to reduce
uncertainties and errors in the test site.

The working hours of the PTO’s employees involved in writing the application document may also be
considered in the cost structure.

Furthermore, steps and bureaucracy may vary according to different countries and cities. As well as it may
require periodic renewals of such homologation.

Vehicles acquisition

It entails the purchase of the Automated Shuttles fleet from selected OEMs. Prices may vary according to each
OEM as well as according to the shuttle’s specifications (e.g.: added seatbelts, air-conditioning, ramps for
persons with reduced mobility, etc.). Paint-jobs for the vehicle exterior may also incur in additional costs.
Another alternative for the acquisition of the fleet is a leasing contract. If the PTO or the city chooses this
alternative, there will be no initial purchasing costs, but recurring expenses (OpEx) for the lease payment.

Observation: according to Bosch et al. (2018), in comparison to traditional vehicles, the cost of automation

would increase vehicle price by an average of 20%. For instance, the Olli shuttle has an initial price of $275,000
(859,500 when annualized for a 5-year lifespan) (Henderson et al., 2017). According to a comparative
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cost/benefit study carried out by the authors: “Olli outperforms traditional fleet vehicles and CABS shuttles in
annual carbon emissions, maintenance costs, and fuel costs... The variable that it differed significantly from the
other vehicles was initial purchase price, which was over $100,000 more expensive than a traditional minivan.”
* costs with insurances as well as annual inspections and taxes are listed in the OpEx.

Infrastructure works
Costs here may be divided among the PTO and the municipality depending on each city’s agreements among
the transport authorities and the PTOs. The main recurrent expenditures are described below.

Road work infrastructure

According to Nacto (2012), many city streets were created in a different era and need to be reconfigured to
meet new mobility needs. With that, transportation engineers can work flexibly within the building envelope of
a street, which includes moving curbs, changing alignments, daylighting corners and redirecting traffic where
necessary. Therefore, Automated Shuttles will require infrastructure adaptations and constructions, therefore
public spaces of the city will have to be reallocated to properly accommodate the shuttle service.

It should include works on infrastructure adaptation and construction, such as:
e road-marking paintings;
e traffic signs;
o traffic lights (with V2I; V2X technology);
e  asphalt pavement;
e  roundabouts (construction and/or adaptation);
e stops for the shuttles (station and platforms);
e  GNSS/GPS base station (stationary station for shuttle’s location correction);
e andsoon.
* these costs are paid by either the city or by the PTO, and in some cases the costs can be spread and divided
among the two.

Mapping of operating site

Entails the costs for creating a compressive 3D mapping of the operating site (or testing route) and embedding
it into the shuttle’s driving software. It is normally carried out by the OEM (but in some cases it could also be
done by a third-party firm or even the PTO).

* if the operating site changes and/or expand, further mapping should be done, which will incur is additional
expenses for.

Depot & Maintenance

Includes costs with building a space for the shuttles’ depot and maintenance site. Normally both are in the
same physical space (depot and maintenance) however, this could vary according to the city and available area
for construction.

Costs with charging stations must also be considered for the depot (since most shuttles charge overnight or in
idle hours).

Depending on the nature of the operation (e.g.: on-demand routing) a mobile office may also need to be put in
place (it can be installed in the same physical space and the depot, or somewhere nearby the operating site).

* in some cases, the PTO and the city may opt to rent a place for the depot and maintenance site instead of
building it. In that case, there will be no constructions costs, but instead recurring operating costs (OPex) with
rent, electricity and others.

Surveillance systems

Investments with surveillance systems to assure safety, those may include: cameras; storage units (in-vehicle
and on-the-cloud) as well as costs related to software security against possible cyber- attacks (e.g.: hackers
aiming to take control of the vehicle).

* such services may be carried out by the PTO or by hiring a third-party company or even by the OEM.

Certification & Standardization

Includes the costs with implementation and certification of international standards for automated vehicles road
safety, being the most relevant:

ISO 26262 “Road Vehicles — Functional safety”;

SOTIF (ISO/PAS 21448) “Road Vehicles — Safety of the intended functionality”
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* these certifications are not yet mandatory for the PTO to deploy the service. Their costs may be borne by the
OEM and not necessarily the PTO.
** once certified, there may be periodical OPex costs regarding the certification.

Additional services
Include investments costs for supplementary services, such as software development and/or acquisition, which
can be divided into different categories of applications (those can be provided by different firms):
e Traveler interaction (mobile app for users);
e  Vehicle management (mobile app for vehicle operator);
e  Fleet orchestration (as provided by BestMile);
e Operations and customer management.
e  Ticketing infrastructure (networks and integration with the PTO’s ticketing service)
e  Others.
* recurrent operational expenses are specified in the OpEx table.

Depreciation

Depreciation of tangible assets
For each group of tangible assets the depreciation taxes and life-span may vary, for instance:

e Buildings: annual depreciation rate of 4% and life-span of 25 years;

e Installations: annual depreciation rate of 10% and life-span of 10 years;

e Machinery and equipment: annual depreciation rate of 10% and life-span of 10 years;

e Furniture and utensils: annual depreciation rate of 10% and life-span of 10 years;

e Vehicles: annual depreciation rate of 20% and life-span of 5 years;

e Computer equipment: annual depreciation rate of 20% and life-span of 5 years;
* As stated by Ongel et al. (2019), public transportation buses are scrapped at the end of their lifetime. In the
EOL cost calculations, it was assumed that the revenue of selling vehicle scrap material would be equal to the
costs of scrapping. Therefore, no EOL value are normally assigned to diesel buses. However, for automated
shuttles (which the life-span is about 5-years), their batteries are replaced when the remaining maximum
battery capacity reaches 70-80% of its original value. Therefore, remaining battery value is added as a negative
cost to the operational costs for the years when the battery is replaced. The authors assume that the price for
the second-life batteries with 70—-80% of its original capacity would be 50% of the new battery.

Annual Operation expenditures (OpEx)

Personnel expenses
It comprises the total remuneration, in cash or in kind, payable to employees in return for work done during
the reference period. It also entails the costs with capacity building and training.

Salaries
Remuneration, in cash or in kind, payable by the TPO to the designated staff involved in the project, such as:

e  Steward/Operator (Safety driver - for now, requested by law); - For the Olli shuttle, the average salary is

$22.50/hour (Henderson et al. 2017).

. Supervisor;

o Interns;

. Engineers;

e Mechanics.

e andsoon..
* Some PTOs are opting to hire students and interns to be their in-vehicle operators (in some countries and
areas the law states that for vehicles that runs on less than 25km/h a simple tractor driver’s license is sufficient).
Therefore, by hiring students for those posts it reduces the costs of hiring a professional bus-driver as operator
and also does not imply in training such regular drivers for a job that is likely to be temporary.
** salaries may normally include all payroll taxes and healthcare benefits.
*** the aforementioned positions are non-exhaustive and may vary from PTO to PTO.

Training and capacity building

Expenditures on training, qualification and certification of personnel for the correct implementation and
execution of the project.

* it may need specific training sessions and courses (in person or at a distance) which may result in added
expenses with travel missions and other costs and fees.
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Insurances
It entails the total insurance annual costs per shuttle. It is worth noting that commercial buses insurances can
be broken up into several types of coverage, however, a typical insurance policy will likely include:

e Liability insurance (public liability insurance);

e  Property damage (automobile liability insurance);

e  Collision coverage;

e  Medical payments coverage;

° Uninsured/underinsured drivers coverage;

Depending on the hired insurance policy it could also include:
e  Comprehensive coverage (which entails comprehensive, or “other than collision” coverage, compensating the PTO
for loss due to things like vandalism fire, theft or damage.

However, depending on the price to be paid for the insurance deductible, damage caused by vandalism for
instance, may not justify triggering the insurance company. Therefore, such costs can be borne directly by the
PTO (these are listed on the hidden costs category).

It is worth noting that rates for commercial bus insurance vary considerably, depending upon the fleet size, the
use of the buses, how far they drive and other factors. Some of the factors that go into the cost of the
insurance policy include:

. Fleet size;

e Number of seats in the shuttle;

e Driving records;

. Number of kilometers/year expected;

e  Type of business (purpose of the service);

e Insurance company to be chosen and available discounts.

As pointed out by Bosch et al. (2018) and Ongel et al. (2019) based on earlier research, it was assumed that
safer driving would lower insurance rates by 50%. This is regarded as conservative, as today's Tesla Autopilot is
reported to have already decreased accident rates by 40%. However, premiums may not decline immediately
after the deployment of AVs, since the AVs should prove to be safer over the human operated vehicles for the
insurance premiums to adjust accordingly.

Taxes and fees
Licensing fees, taxes and tolls for the permission of vehicle circulation in the public roads.
Those fees may vary from country to country but wherever they are mandatory, they are mainly divided into:
e  Road taxes (normally charged annually per vehicle);
e Vehicle registration taxes (normally paid only once — on the act of purchase);
e Vehicle emission taxes (normally charged annually per vehicle);
o Tolls.

Maintenance costs
Comprises all expenses directly related to the annual maintenance of the service, those being:

Shuttle maintenance

Due to their electric powertrain, Automated Shuttles benefit from regenerative braking, fewer moving parts
and less fluids than a traditional ICE bus. Which means that generally they come with lower maintenance costs.
However, maintenance is still needed and, it can be divided into 1) hardware and 2) software:

Hardware (mechanical) maintenance:
. Powertrain (electric engine; inverter; on-board charger; battery);
. Brakes and brake pads;
° Windscreen wipers;
e Tires;
e Lights (headlights, brake lights and blinkers);
e  Sensors (odometer, lidars);
. Cameras;
e  Antennas (GNSS);
e  Computers.
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Software maintenance:

e  Updates & optimization;

. Errors corrections.
* PTOs are today heavily dependent on the OEMs to oversee the vehicles and perform maintenance (following
SAE’s automation levels, if the required maintenance is between levels 1-3 it can be done in house by the PTO,
however if its higher, it requires intervention of the OEM). However, such business model is not well suited for
larger fleets as well as it is not sustainable in the long-run. A better and more fluid arrangement will have to be
achieved between PTOs and OEMs regarding the overall aspects of shuttles’ maintenance.

According to Bosch et al. (2018), due to more considerate automatic driving, it is expected that automated
vehicles will need less maintenance for traditional car components. However, since it can be expected that the
new sensors themselves need periodic maintenance different cost figures for the total maintenance costs are
not assumed. According to Henderson et al. (2017) the average annual maintenance costs for the Olli shuttle —
from Local Motors, is 600 dollars/year. Furthermore, according to Ongel et al. (2019), maintenance costs for
ASCTs consist mainly of the battery replacement and service costs.

Transfer

It entails the annual costs for transporting the shuttles to and from the operating site. Such transfers may be
divided into two categories: 1) initial transfer — which is the cost to be payed to get the shuttles from the OEM
to the operating site and, 2) recurrent transfers — in some rate cases, the shuttle’s depot may not be located
close to the operating site, which may require daily transfers to take the shuttle to and from the site (this of
course it is not the ideal situation, given that such costs may be avoided by having the depot close to the
operating site).

* Such costs may be higher or lower depending on the fleet’s size as well as on how far the operating site is
located from the depot.

Inspection

Depending on the country and/or city, yearly inspections of the shuttles may be required by the transport
authority.

* The inspection is comprised of a series of tests (e.g., brake-test, test of electrical components and software)
which are normally carried out by an specialized firm.

Safety and security

Yearly costs with in-vehicle surveillance to assure safety, those may include: cameras; storage units (in-vehicle
and on-the-cloud) as well as costs related to software security against possible cyber- attacks (e.g.: hackers
aiming to take control of the vehicle).

* such services may be carried out by the PTO or by hiring a third-party company or even by the OEM.

Vandalism

It entails all repair costs derived from vandalism which are not representative enough to pay for the insurance
deductible, and thereby trigger the insurance company. Some PTOs make only minor repairs in-house, while
others run their own upholstery shops and other repair facilities and take care of their buses’ needs from top to
bottom.

* It is worth noting that repairs caused by vandalism should be done the right way, since damaged equipment
invites further damage, because it sends the message to passengers that bus property is not respected or
protected. In this sense, it’s helpful to keep replacement parts in stock so that damaged equipment, such as
broken windows, can be replaced immediately.

** A well-placed and well-advertised surveillance system as well as good cleaning and property of the shuttles
are likely to reduce and inhibit acts of vandalism.

Operating site maintenance

Similarly to the shuttles, the operating site itself may need some regular maintenance, such as repairs and
replacements of traffic signs and lights, asphalt pavement, road-mark paintings, V2I infrastructure, shuttle
stops and platforms, depot and maintenance site, and so on.

* depending on the city these costs are paid by either the PTO or by the municipality itself, and in some cases
the costs can be spread and divided among the two.

** regarding the depot and maintenance site, energy costs and other overhead costs should also be considered.

Depot and Maintenance
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PTOs may opt to rent the physical spaces for the depot and maintenance sites rather than building them. In this
sense, PTOs will not have investment expenses on these assets, but recurring rental ones.

Inspection

Similarly to the shuttles, yearly inspections of the operating site may be required by the transport authority
(and other selected stakeholders), regarding the renewal of the concessions fees and application forms.

* such early inspection of the operating site are context-base and may not be mandatory for all cities and
countries.

Vandalism

Acts of vandalism may occur not only with shuttles, but also in the operating site infrastructure. If the
infrastructure is damaged, PTOs run the risk of a service malfunction or even interruption.

* Similarly to the shuttles, repairs caused by vandalism should be done the right way, since damaged equipment
invites further damage.

** The costs of repairing damaged infrastructure may be paid by either the PTO or municipality (or both),
depending on the contracts, agreements and arrangements made between the two parties.

Software’s and mobile applications
Yearly costs related to the running and maintenance of the IT applications necessary for the proper functioning
of the Automated Shuttle service. It may be divided into the different types of applications needed to run the
service:

e  Fleet management system;

e  End-user application (routing, scheduling, booking platform);

e Free in-vehicle wi-fi for the users.

e Such applications can be provided by different firms and shall be integrated according to the PTO’s needs.

Additional services
Include the recurrent costs for supplementary services, such as software development and/or acquisition,
which can be divided into different categories of applications (those can be provided by different firms):

e  Traveler interaction (mobile app for users);

e  Vehicle management (mobile app for vehicle operator);

e  Fleet orchestration (as provided by BestMile);

e  Operations and customer management.

e  Ticketing infrastructure (networks and integration with the PTO’s ticketing service)

e  Others.

Fuel/Energy consumption

It entails the annual costs with energy (kWh) for recharging the batteries of the shuttles. Due to more balanced
driving, it is further assumed that automation lowers fuel costs by 10% (Stephens et al. apud Bdsch et al.
(2018). According to Ongel et al. (2019), the annual electricity costs for ASCTs can be calculated as a function of
the daily hours of operation, electricity consumption of the vehicle, efficiency of the charging station, and
electricity prices. Comparatively, for a diesel vehicle, costs can be calculated as a function of the daily distances
travelled, diesel prices, and diesel consumption per vehicle.

* As exemplified by Ongel et al. (2019) and Kalakuntla (2017), it is possible that the powertrain of the
automated shuttle in an Internal Combustion Engine (ICE) rather than an electric one. In this case, the
purchasing price of the fleet may be lower, but the environmental effects are negative and not desired by the
regulatory bodies (especially in Europe and North America where many policies are being put in place to replace
ICEs to more sustainable sources).

Cleaning

It entails the annual costs with cleaning and organization of the shuttles both regarding the internal space and
the fuselage.

* Data suggests that PTOs that keep their buses clean will generally have fewer incidences of graffiti and
property damage.

According to the economic assessment of ASCTs proposed by Ongel et al. (2019) for the city of Singapore, the
average service line time for cleaning is generally around 15 minutes per bus and buses are usually cleaned
once a day on days of operation. The Ministry of Manpower (MOM) of Singapore recommends a minimum
monthly salary of $$1,200 for cleaners starting from 2019.
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Advertising

Yearly costs related to advertising and marketing of the shuttle service. It can be done virtually (on the PTO and
municipality’s websites and social medias) as well as physically on newspapers, billboards, and so on. A third-
party advertising company could be hired to promote the new shuttle services’ or'it‘could-be done internally
with the advertising and marketing department of the PTO.

Hidden costs
Comprises the expenses not normally detectable in the OpEx of the service. Among many others, they might
include:

e  Costs with unexpected fleet relocation;

e  Costs of road incidents;

e  Costs of absent passengers (when there is a booking but the passenger does not show up);

e andsoon..

* hidden costs are context-based and may vary according to each city and service. They are not easily calculable
either, however they may not vary much from the hidden costs currently present in normal urban transport
services, thereby adaptions to the automated shuttles may be feasible (both for the regular-line as well as on-
demand routes).

Revenues

Ticketing
Entails the recurrent revenue of transport tickets paid by passengers, they can be:

e Individually purchased: valid for a single one-way trip (or for a pre-determined time-period allowing connections
with other buses, trains, metros, etc).

e  Periodically recharged on cards, being those:

e  Flat rate model: daily, weekly or monthly package in which passengers charge their transport card (e.g., Navigo
card in Paris) and are able to use the multimodal public transport network during the validity-period of the
package.

e  Top up model (pay as you go): cards are recharged according to the user’s needs and may be “topped-up” at any
moment in time (e.g., Oyster card in London).

It is worth noting that is some cities and countries (e.g., Luxembourg city; Tallinn — Estonia; Chengdu — China),
public transport is free of charge for users. Therefore, revenues from ticketing are not a source of gains for
PTOs/Municipalities in those places.

Fare revenues are a significant source of income for large cities. In Paris, ticket and travel card sales account for
33% of the transport budget. The rest is funded by local communities and private sector employers, via a
special transport tax. If zero-fare public transit were extended to all holders of a Navigo transport pass, and not
just Parisians, the gap would amount to €3.5 billion a year (Insight, 2018).

Subsidies
Transport subsidies, as defined by Nash (2002) apud EEA (2007, p.13), includes all transport costs that are not
covered by users, including all kinds of externalities, infrastructure costs or different regulation.

They are mainly paid to PTOs mainly via Public Service Obligations (PSQO), which are public-funded payments
made from municipalities (or states) to PTOs to guarantee a sufficient quality of public transport services — e.g.:
train services to remote regions or bus services at late hours (EEA, 2007). The overarching goal of PSO of public
transport is to realize the positive effects of public transport beyond the level which would be permitted
though solely market based allocation, that is, funding with the objective of ensuring that services which are
financially unviable but socially beneficial may be provided (IGEES, 2018). These benefits may be broken down
into 3 groups:

Reducing the negative externalities of private car use, such as congestion and pollution;

Availing of system economies of scale which come from having high rates of usage; and

Promoting social inclusion and equity goals, in particular to marginalized and disadvantaged groups.

Without PSO these services are not profitable and would probably not be provided. Payments for PSO are
supposed to provide a minimum quality of mobility and access without private cars, e.g. for under-aged,
elderly, handicapped or people on low income. As such PSO could be considered a sort of 'social subsidy'.

Road transport receives an average of EUR 7 billion/year on PSO (while rail receive over EUR 40 billion).
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Advertising by 3™ parties

PTOs and municipalities may also gain revenue by allowing third-party advertisement on their vehicles, stations
and stops. Advertising contracts can vary according to the time-span of the publicity campaign; according to the
location (in-vehicle, on bus-stops, stations...), and so on. Alongside ticketing, they can constitute an important
source of revenue for the PTO and the municipality.

* Such kind of contracts are normally made between the PTO and an advertising company, such as.JCDecaux,
Times OOH, ExterionMedia and so on.

Data commercialization
Entails the revenue that could be earned by the alternative use of a given product or service. In the case of
automated shuttles there are a wide array of data which could be capitalized, such as:

e  Vehicle’s data

e  Passenger’s flow data

e  Traffic data
* It is worth highlighting that the commercialization of data must be in accordance and must respect the
governing legislation regarding its transparency, privacy and ownership.

Others

Fixed-term contracts

Besides providing services to the municipality, PTOs may also enter into fixed-term contracts with other
institutions (e.g., Hospitals, Airports, Universities, as well as with Cargo and Delivery companies) to provide
mobility services with Automated Shuttles for Collective transport.

Some recurrent examples on both academic literature and news websites are transport operators like Keolis
and Transdev providing trials in private sites worldwide such as in fairs and exhibitions, powerplants, university
campus, airports and so on. Antonialli (2019), carried out a comprehensive worldwide benchmark study with
ASCTs listing 92 experimentations, in where most of them were carried out via fixed-term contracts.

Those fixed-term contracts are important way for PTOs and OEMs to test the shuttles, improve the quality of
the service and overall performance as well as to get the general public acquainted with automated driving
technology.

In-vehicle services

Vehicular automation is opening a wide range of possibilities for in-vehicle services. By being highly connected,
AVs can provide “infotainment” options to users. PTOs may take advantage of those features and offer in-
vehicle services to users via the multiple screens and other man-machine interfaces imbedded in the shuttles.

* such type of services are likely going to be provided by third-party companies in partnership with the PTO. As a
result, PTOs may assign the right to use such in-vehicle devices to these companies and charge a percentage of
their revenues.

Intellectual property

The initial implementation of a service with automated shuttles can be very costly and time-consuming,
however, good knowledge management of the project may lead to significant savings in future deployments.
That is, the learning curve leads to greater agility and cost reduction in future projects by the PTO. In parallel,
PTOs may also opt to sell their know-how to other companies as a form of consultancy, which in turn may be
characterized as additional sources of revenues (benefits).
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APPENDIX 2

Summary of AVENUE operating sites Demonstrators

TPG Holo Keolis Sales-Lentz
Geneva Copenhagen Olso Lyon Luxembourg
Site Meyrin Belle-ldée Nordhavn Ormgya ParcOL Pfaffental Contern
Funding TPG EU + TPG EU + Holo EU + Holo EU + Keolis EU +SLA EU + SLA
Start date of project August 2017 May 2018 May 2017 August 2019 May 2017 June 2018 June 2018
Start date of trial July 2018 June 2020 September 2020 December 2019 November 2019 September 2018 September 2018
Type of route Fixed circular line Area Fixed circular line Fixed circular line Fixed circular line Fixed circular line Fixed circular line

Level of on-demand

Fixed route / Fixed stops

Flexible route / On-

Fixed route / Fixed

Fixed route / Fixed stops

Fixed route/Fixed stops

Fixed route / Fixed stops

Fixed route / Fixed stops

service* demand stops stops
Route length 2,1 km 38 hectares 1,3 km 1,6 km 1,3 km 1,2 Km 2,3 Km
Road environment Open road Semi-private Open road Open road Open road Public road Public road
Type of traffic Mixed Mixed Mixed Mixed Mixed Mixed Mixed
Speed limit 30 km/h 30 km/h 30 km/h 30 km/h 8to 10 km/h 30 km/h 50 km/h
Roundabouts Yes Yes No No Yes No No
Traffic lights No No No No Yes Yes Yes
Type of service Fixed line On demand Fixed line Fixed line Fixed line Fixed line Fixed line
Concession Line (circular) Area Line (circular) Line (circular) Line (circular) Line (circular) Line (circular)
Number of stops 4 >35 6 6 2 4 2
Type of bus stop Fixed Fixed Fixed Fixed Fixed Fixed Fixed
Bus stop infrastructure Yes Sometimes, mostly not Yes Yes Yes Yes Yes
Number of vehicles 1 3-4 1 2 2 2 1
Timetable Fixed On demand Fixed Fixed Fixed Fixed Fixed
. T Thur
Operation hours Monday-Friday (5 days) Sunday-Saturday (7 days) Monday-Friday (5 Monday-Sunday (7 days) I BN EEIRIT AL Satulizz(i?éli\das ;d:\yery Monday - Friday
days) days) . .
public holiday
. 06:30—-08:30 / 16:00 — 7:00 -9:00
Timeframe weekdays 18:15/ 07:00 — 19:00 10:00-18:00 7:30-21:30 08:30-19:30 12:00-20h00 16:00 — 19:00
Timeframe weekends No service 07:00 - 19:00 No service 9:00-18:00 08:30-19:30 10:00-21:00 No Service
Depot 400 meters distance On site 800 meters distance 200 meters distance On site Onsite Onsite
Driverless service No 2021 No No No No No
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