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PwC Lab for Smart Mobility

The mobility sector faces numerous future challenges: it needs to be highly connected,
environmentally sustainable, and universally accessible at all times and in all places.

At the same time, it should continue to be affordable — essentially, it should be “smart”.
Creating concepts and solutions that meet all these requirements demands a comprehensive
understanding of the complexities involved.

To address this, the Institute for Mobility (IMO-HSG), one of 40 independently managed
research institutes and centres at the University of St. Gallen, joined forces with PwC Germany
to establish the PwC Lab for Smart Mobility. This newly formed think tank examines models
of connected and sustainable future mobility and their impact on people’s mobility behaviour.
In addition, the Lab for Smart Mobility explores how the mobility industry evolves and which
products and solutions it will be likely to offer.

The present study is part of a series of publications by the PwC Lab for Smart Mobility, where
science meets practice.

The PwC Lab for Smart Mobility is led by:
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Introduction

The development of autonomous vehicle technologies is set to revolutionise the way people
and goods move. With extensive and in some cases highly advanced pilot programmes already
underway — particularly in the United States and China — we expect that the technology will be
sufficiently mature for widespread deployment within the next five to ten years. Autonomous
vehicles are expected to benefit societies and transportation systems by being safer and less
accident-prone than human-driven vehicles. They promise more efficient, environmentally
sustainable, and socially inclusive transportation. To unlock these benefits, autonomous
vehicles must be meaningfully integrated into existing transport systems. Without this
integration, there is a risk of increased traffic and reduced efficiency due to poor coordination
with public transport or extensive private use. The technology promises to be most beneficial
when implemented in shared mobility models. This requires that societies — particularly
policymakers, public administrations, and mobility providers — take early steps to make
autonomous vehicles available for shared use and foster a sharing culture from the outset.
Furthermore, Europe faces fierce competition from market leaders in the US and China — not
only in technological developments but also in creating business models that foster the rapid
introduction and evolution of these technologies in a shared-use context.

Against this backdrop, the aim of this white paper is to identify key challenges and potential
solutions for the introduction of shared autonomous vehicles (SAVs) — with a specific focus on
Europe and Germany. While a previous publication of PwC and IMO-HSG focused primarily on
the needs of users of SAVs and core target groups for their market entry (see white paper The
Evolution of Shared Autonomous Vehicles, Part 1: Market potential, user acceptance and early
adopter groups?), this paper places its focus on the development of the supply side.

We begin with a brief overview of the current global landscape in the race to implement shared
autonomous mobility offerings. Subsequently, based on 30 expert interviews conducted

across different regions (Europe, Asia, and North America) and stakeholder groups (including
manufacturers and suppliers, transport operators and mobility providers, and legislative
bodies and public authorities), we explore the central challenges to the deployment of shared
autonomous services. We present an SAV ecosystem and discuss four potential configurations
for the implementation of the ecosystem by various ecosystem players. Building on this
foundation, we created a financial model for the deployment of SAVs. The final section of the
paper covers a fundamental prerequisite for the successful introduction of shared autonomous
vehicles (SAVs) in Germany, namely the financial requirements for their deployment and
possible approaches to meeting those investment needs. Specifically, we analyse the economics
of introducing SAVs in public transport and the introduction of robotaxis in Germany.
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The global state of play on autonomous
mobility

Several providers have launched commercial SAV services in designated areas worldwide,
already demonstrating the capabilities and practical benefits of this technology. In the United
States, Waymo operates fully commercial services in cities such as Phoenix, San Francisco,
and Los Angeles, and can even charge fares for their 24/7 available service.2 Motional, a

joint venture between Hyundai and Aptiv, has deployed driverless robotaxis in Las Vegas, Los
Angeles, Boston, Pittsburgh, and Singapore — but not yet commercially.>+° In China, Baidu’s
Apollo, Pony.ai and WeRide are leading the autonomous vehicle sector with deployments in
Beijing, Chongging, Guangzhou, Shanghai, Shenzhen and Wuhan. They provide a glimpse into
the future of urban mobility with roughly 1,750 vehicles in service in those cities in October
2024.57.82 However, commercial SAV services are still very limited both in their operational
design domains (ODDs), namely geographic coverage, and in their fleet size. Companies such
as Waymo and Apollo Go have begun to operate in specific, pre-defined ODDs with the goal of
expanding those ODDs to make the service available in entire cities and, in the future, perhaps
even entire states.

=
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Fig. 1

USA

e Although few American cities offer
commercial robotaxi rides, multiple
cities are open for pilot programmes.

e Currently, San Francisco, Phoenix,
Las Vegas, and Austin have the most
robotaxis available for the public.

e Waymo
e Zoox

Europe

EU legislations are more cautious
with autonomous vehicles.

Investments are significantly
smaller than in the US and China.

No cities in Europe currently have
commercial robotaxi services.

Different players are starting to
commercialise services.

Source: PwC and IMO-HSG analysis.

1
1 ® mobileye
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Middle East

¢ The Middle East is a growing area
for robotic mobility.

e KSA and UAE are collaborating
with US, Chinese, and European
partners.

¢ Dubai aims for 25% of all journeys
to be made by autonomous
vehicles by 2030.

Summary of some commercial fully driverless SAV services worldwide

China
e China has the largest autonomous

driving network in the world, with
20 cities offering robotaxi services.

e Baidu’s Apollo has taken the lead in
the region, with Pony.ai as a clear
second and AutoX catching up.

* Pony.ai
¢ \WeRide
e Baidu

e TIER IV

[ p——

Japan

® Japanese government aims to
introduce autonomous driving
services at 100 locations by 2027.

¢ Investments are significantly
smaller than in the US and China.

e TIER IV has first Level 4 certified
bus in Nagano.

While we observe certain areas in which pilot projects with SAVs are maturing, even slowly

shifting into fully commercial services (especially in the US and China), European countries —

including Germany — are lagging behind in the development and deployment of autonomous

mobility services. A patchwork of about 35 pilot projects exists, with very small fleets below

20 vehicles. Examples of this can be seen with the ahoi project in Hamburg and the KIRA

project in Frankfurt. However, large-scale pilot initiatives aimed at substantially advancing the

technology and generating early experience for integration into existing mobility systems are

largely absent. An exception is the joint venture between Ruter, Mobileye, and Holo in Oslo —

but with only 20 vehicles even this initiative falls short of the maturity seen in American and

Chinese efforts.X
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As outlined above, there is little doubt that autonomous vehicles will fundamentally transform
the way we move in the future. However, unlocking the full potential of this technology
requires its meaningful integration into existing transportation systems. The current mobility
landscape in Europe differs fundamentally from that of the US and China: core transportation
planning concepts, the range of mobility offerings, the organisational structures of public
transport systems, settlement patterns, topography, and the design of urban environments

all vary significantly from the regions where SAVs are currently being tested. Consequently,

the types of vehicles being considered or used for autonomous deployment also differ. While
the US and China are primarily focusing on robotaxis in ride-hailing usage, the debate in
Germany also touches on the advantages and disadvantages of such smaller vehicles compared
to mini- and roboshuttles designed for ride-sharing or on-demand services. Additionally, a
fundamental question remains: should these novel services be developed and provided by
private companies — as is currently the case in the US and China - or should they be integrated
into future public transportation systems and thus be publicly operated? This reflects a more
European, or specifically German, perspective. For the purpose of this white paper, we will
initially cover a wide-range of options and approach the question of optimal implementation in
Germany with an open and exploratory mindset.

Fig. 2 AV categories on land constituting the focus of our analysis

Mode

Existing
vehicles

New auto-
mated trans-
portation

Product
readiness

Light vehicles Public transport on roads Public transport on tracks
HUTLD R'.d.e' Ride-sharing line/on-demand service Shared vehicles
owned cars hailing
Private Taxi Mini- Shuttles Bus Tram Subway
car shuttles
Private Robotaxi Mini- Robo- Robobus Robo-
robocar (4 pers.) shuttles shuttles (60 pers.) Robotram subway
’ (4 pers.) (16 pers.) ’
Commercial Commercial Al Gllcts Rl
Pilots (L4 — Holo, (L4 - (L4 - Commercial
(L3 - MB (L4 — Waymo . .
and BMW) and Apollo) (L4 - lony) Mobileye, ADASTEC ADASTEC (L4 - Siemens)
and VW) and Karsan) and Karsan)

Focus

Source: PwC and HSG-IMO analysis.

For the reasons outlined above, it is essential to develop European flagship projects with
urgency and determination. However, in many relevant institutions, there is still a lack of
sufficient knowledge regarding the specific challenges and prerequisites for the development
of large-scale pilot programmes. Additionally, there is limited clarity around the financial
resources required for the rollout of such services. These aspects will be addressed in the
subsequent sections of this paper.
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The path to realising the full potential of SAVs is marked by multiple challenges. Drawing

on insights from 30 in-depth interviews with experts — including manufacturers, suppliers,

transport operators, mobility providers, legislative bodies, and public authorities — across

Europe, Asia, and North America we identified four core dimensions of implementation

challenges, namely technical, regulatory, economic, as well as structural and organisational.

While we will give an overview of all four dimensions and possible solution paths in this next

section, we will particularly focus on structural/organisational and economic implementation

challenges in the further course of this paper, as these are the fields that we perceive as most

relevant to action in the current implementation phase of SAVs in Europe and Germany.

Fig. 3

Overview of the four key implementation challenges for deploying SAVs

Technical

e Software-related tech-
nology (“digital driver”)
not mature enough

¢ Industry is still preparing
safety and security
measures

¢ No existance of generally
approved Level 4 vehicles
for individual sale and use
in regular road traffic

¢ Need for physical infra-
structure mostly driven by
regulatory requirements
and standards

¢ Certain level of digital
infrastructure required
(e.g. connectivity)

Source: PwC and IMO-HSG analysis.

Regulatory

Economical

Structural/organisational

® Heterogenous local to
hyper-local approvals/
regulations and lack of
political will

e Complex and undefined
processes (e.g. vehicle
homologation)

¢ Fragmented national and
local regulations

e Lack of standardisation
and unified industry
guidelines

¢ Unsolved liability and
legal frameworks

e Lack of investment
capital, financial security,
and commitment (incl.
market guarantee)

Chicken-egg problem:
lack of stakeholder
commitment inhibits
scalability

High CapEx and

OpEx and low to no
profitability due to lack
of scalability and long-
term perspective

Challenging coexistence
or rivalry of different
business cases/models

Failure or unwillingness
to partner and
collaborate can be a
major drawback

Vendors following the
“doing it all” approach
face many hurdles and
will start to disappear

Role of operator and
orchestrator not clear yet

Underestimating the
complexity of reliable
services, operations, and
orchestration

f

Detailed examination in this whitepaper
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Some of the most significant challenges for the adoption of SAVs relate to their technical
maturity. This applies in particular to AV software, also referred to as the digital driver. The
challenge is not only to achieve a very high level of reliability, but also to ensure that the AV
software can consistently and safely handle all complex and unpredictable situations on public
roads. Simply put, AV software needs to outperform human driving performance. This has been
achieved by, for example, Waymo in certain areas and conditions.'* !> They can draw on data
from over 96 million driven miles and show, for example, that they caused 92% fewer crashes
with injuries to pedestrians, as well as 80% fewer injury-causing crashes compared to humans
driving the same distances in the same cities.”>* However, acceptance and trust in the digital
driver in the broader public are still lacking behind, resulting in risk averse decision-making for
AV deployment.!* 15

Safety and security are paramount, and the industry is still in the process of establishing safety
and (cyber-)security measures for the validation and technical verification of autonomous
vehicles. Stringent safety expectations, particularly in Europe, require a high level of technical
validation and reliability. Not only do the vehicles themselves need to be tested and verified

to be safe on the road, but they also need to be secure in their communications with control
centres and the interior (e.g. surveillance cameras), where cybersecurity also plays an
important role. In the US and China, we see a more “flexible” approach, which is certainly one
of the reasons why robotaxis are already commercially available in restricted areas. Hardware,
sensors, and vehicles are actually available, but the software solutions for individual markets
have not yet been finalised and must be specifically tested and approved. This has fundamental
consequences for European operators and mobility providers wishing to put SAVs on the

roads. The availability of pilot-vehicles is still very limited and they are not yet marketed in a
professionalised setup. Moreover, competition among pilot projects to acquire the most mature
vehicles is fierce, with access usually restricted to particularly ambitious projects. In addition,
the sensor setups for the vehicles currently available are very expensive because many sensors
have triple redundancy for safety reasons. Ultimately, the sensor setups in the next generation
of vehicles for L4 will also change and be reduced to the necessary minimum. This emphasises
another crucial challenge: depending on the particular sensory- and software-related solutions
utilised, vehicles depend on different types of infrastructural requirements (such as GPS,
wireless data coverage, and street design). The provision of these, however, goes in hand with
substantial investments on the one hand, while being very prone to the volatility and insecurity
of future technological developments on the other. Investments in these fields are consequently
very insecure and risky. In addition, operators or technical supervisors must ensure the
seamless upgrade of constantly evolving technology to ensure smooth operation.

Recommendations:

* Focus on advancing software and hardware: Developers and manufacturers must
still prioritise innovations in software (e.g. autonomous driving algorithms and digital
driver) and hardware (e.g. microprocessors and redundant systems) to achieve the
technological maturity required for L4 autonomy.

* Pursue a frugal infrastructure approach: While infrastructure changes are capital-
intensive, it is essential to leverage and upgrade existing infrastructure to support safe
SAV operation. This underscores the importance of software and hardware solutions that
are as independent and parsimonious as possible in their reliance on infrastructure.



Regulatory
challenges

The Evolution of Shared Autonomous Vehicles PwC 14

The regulatory landscape for SAVs has not kept pace with technological advances, creating
significant challenges for their deployment. The lack of standardised industry guidelines and
the diversity of regulatory requirements across jurisdictions complicate the commercialisation
of SAV services.

Although Germany accelerated AV legislation with its autonomous driving law back in 2021,
heterogeneous local to hyper-local approval processes and regulations represent a significant
barrier to entry and further limit the scalability of SAV services.!>'” In addition, the expectation
in society and among some stakeholders that autonomous vehicles must achieve a “zero failure
tolerance” is perceived as overly stringent, as this is not technologically feasible. The political
will and risk appetite of stakeholders to support such advances is insufficient, impeding faster
progress. Furthermore, the industry lacks L4 type-approved vehicles and platforms. Each
vehicle requires a separate homologation process for a given area, making scalability difficult.
The test must be repeated if the territory is extended or if the area of application is new. Thus,
the homologation process for SAVs is complex and challenging due to a lack of common
definitions and procedures, even though, for example, the European Union originally tried to
address some of these points in Regulation (EU) 2019/2144 and then adapted its approach in
Regulation (EU) 2022/1426.'® Approval processes are still very complex and undefined, slowing
down deployment speed. The fragmentation between national and local approvals, licenses,
and authorities has resulted in further regulatory uncertainty, discouraging manufacturers and
mobility providers from committing to large-scale deployments.

Furthermore, the industry suffers from a lack of standardised guidelines. Each manufacturer,
supplier, and tech player operates under different internally set conventions and definitions,
with no “level playing field”. Indeed, standardisation is absent across various processes, such
as technical specifications, remote control, and tenders. This absence of uniformity complicates

the regulatory landscape further.
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Lastly, liability issues remain unresolved and there is no harmonised legal framework. Legal
frameworks in the US and Asia appear to be more relaxed on liability issues than in Europe,
where legislative and political will play a significant role. This disparity hinders the global
harmonisation of regulations necessary for the widespread deployment of SAVs and also reveals
preferred deployment areas with lower barriers to entry in the US and China (e.g. California,
Nevada, and Beijing).

Recommendations:

* Establish harmonised regulations and approvals at national and, in the best case,
international (e.g. European) levels.

* Develop thorough but simplified processes for L4 type approvals (and
homologation processes) to enable standardised industry guidelines and scalability.

* Develop realistic and applicable safety requirements for SAVs that ensure that
utilisation is as safe as possible and particularly that deployment is safer compared to
the status-quo (i.e. human-driven vehicles).

The economic feasibility of the introduction of SAVs depends on overcoming substantial
investment barriers and providing the market with guarantees while offering financial security.
The feedback from experts highlights a “chicken-egg” problem, where a lack of stakeholder
commitment (e.g. where there is no financial security or commitment for purchasing volumes)
hinders scalability and further investments, thereby impeding hardware and software costs
from falling. Achieving profitability with SAV services remains elusive for many stakeholders,
with high initial capital expenditures for the vehicles, the development of AV software
technology, and operational expenditures not yet offset by sufficient revenue streams.

The discussion extends to the need for public sector subsidies and financial support, particularly
in the EU, to kick-start the commercial deployment of SAV services, underscoring the critical
role of government investment and financial incentives in catalysing the SAV market. In the

US and China, on the other hand, experts believe that business cases are already viable today
and that sustainable profitability could be achieved sooner. The primary player in the USA, the
Google-owned robotaxi company Waymo, is handling over 250,000 trips per week across five
cities and was able to report 10 million trips in total in May 2025, doubling its trips in just five
months.' 20 Waymo raised $2.25 billion in a first external funding round in 2020, followed by
another $2.5 billion in 2021. In October 2024, Waymo was able to secure an additional $5.6
billion, showcasing the enormous investment necessary to develop AV software and robotaxi
services. Simultaneously, it shows the enormous potential and trust the market has in this
technology, with Waymo now valued at $45 billion.?" 22 Still, Waymo has not yet achieved
profitability and does not currently disclose any revenue numbers. Similarly, Apollo Go, the
robotaxi unit of Baidu, expects that its commercial robotaxi service in Wuhan will become
profitable by 2025.2° From its launch to mid-2025, Apollo Go carried out around 11 million
rides nationwide.
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This shows that although business models and companies for the most part still have a long way
to go before they are profitable, the first players appear to be closer to reaching profitability

in specific cities or areas.?* 2* Interestingly, WeRide (Apollo Go’s competitor in China) actually
disclosed a profit in its Q1 financial results with a gross profit margin of 35.0% across their
various activities. They also disclosed that their robotaxi revenue reached $2.2 million, i.e.
22.3% of total revenue — a 10.4 percentage point increase year-on-year.2

The choice of initial business cases and models are critical decisions that affect the viability of
SAV deployment, as well as its impact on urban mobility systems. The emergence of different
business models, such as private providers of robotaxi services as in the case of Apollo and
Waymo, or public roboshuttle services in the hands of public transport operators (PTOs),

will be challenging to orchestrate. It is still unclear which player will be the main driver of

the business and whether different business models will coexist or compete and potentially
cannibalise each other. In the following chapters we will delve further into questions regarding
the organisation and financing of SAV services.

The structural and organisational challenges which deploying SAV fleets commercially
presents are manifold. Due to high development costs and the large number of tasks related
to commercially deploying, operating, and orchestrating entire fleets of SAVs, a collaborative
industry push is needed to speed up scalability. Effective collaboration among hardware,
software, and vehicle manufacturers, suppliers, transportation operators, and public
authorities is essential for progress toward mass production and widespread deployment.
However, there is a notable lack of collaboration among cities, PTOs, public transport
authorities (PTAs), and relevant private stakeholders, which is decelerating the development
of a cohesive SAV ecosystem. In the eyes of the interviewed experts, many PTOs and PTAs are
strongly occupied with the management of current mobility challenges with, in many instances,
little capacity for the development of future transport strategies, which are crucial for the
introduction of radically new technologies such as SAVs.

In addition, markets naturally tend to fragment as they mature, which presents another

layer of challenges. While some players consciously focus on their core business and develop
products from their core competencies, such as Schaeffler with their rolling chassis platform,
other players initially seem to try to solve all (too many) problems on their own, which has

in some cases proved to be too difficult. As a result, it appears that companies that try to

tackle all aspects of SAV deployment instead of focusing on their core strengths often face
insurmountable hurdles and risk disappearing from the market. Although Waymo, for example,
shows that this approach can work, when scaling they also outsource many tasks and focus
more on their core business strengths.
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Day-to-day operations and orchestration of SAV services present further significant
challenges. The role of the operator and orchestrator remains unclear, as there is no common
understanding of or standard for which roles and responsibilities are carried out by which
stakeholders, leading to potential further conflicts between private business objectives and
public or societal benefits. The next chapters provide more insight into the details of which
tasks and responsibilities need to be performed in a complete SAV ecosystem and which
stakeholders may take control of the operation or orchestration. Ensuring the high reliability
of SAV services is paramount, as they must operate dependably under all environmental
conditions. A full range of services and their reliability is hard to maintain when limited to
specific ODDs, complicating customer retention and revenue generation. The “fail fast and fix”
approach more commonly being used in the US seems less applicable in Europe, where regional
challenges necessitate a more cautious and durable approach, especially in the roboshuttle
business, which is often associated with PTOs and thus public transportation services.

The complexity of deploying SAVs is therefore often underestimated, since that complexity
encompasses not only technical aspects, but also service, operations, and orchestration
challenges. Intricate urban structures and infrastructure, combined with regulatory and
economic hurdles add to this complexity, making it difficult to deploy commercial SAV services
seamlessly and scalably.

While acknowledging the multifaceted nature of the four above outlined fields of challenges,
this paper limits its focus to economic and structural challenges in order to lay the groundwork
for a comprehensive exploration of the SAV ecosystem and strategies for addressing the
identified challenges. Most of the technical challenges are very likely to be solved by technology
companies, OEMs, and suppliers, and the regulatory challenges will require collaborative

work led by strong political will and power from legislators and authorities. However, the task
of overcoming the economic and structural/organisational challenges and breaking barriers
does not yet seem to be directly linked to a specific stakeholder group. The analyses provided

in the following chapters intent to illuminate these barriers and provide valuable insights for
stakeholders navigating the complex landscape of SAV deployment.
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The SAV ecosystem requires
orchestration of wide-ranging tasks

As outlined in the previous section, the structural and organisational challenges of deploying
SAVs are manifold, and relevant players currently lack an overarching and comprehensive

SAV ecosystem in which to operate SAV fleets. Building on the interviews conducted and the
observation of current pilot endeavours, we modelled an SAV ecosystem consisting of three
main sections: a triad of supply-centric, operation-centric, and demand-centric tasks, with

a further distinction between infrastructure-related tasks (see lower part of Figure 4) and

SAV product/service-related tasks (see upper part of Figure 4). Each section includes various
subparts, detailing the specific activities necessary for the successful deployment and operation
of SAVs. The model only refers to additional infrastructure or services required for the
deployment of SAVs, so roads, parking, traffic lights, etc. are explicitly excluded from the model
but their possible adaptations or extensions are included.

Fig. 4 The SAV ecosystem — supply-centric, operation-centric and demand-centric tasks

Supply Operate

Roads, parking lots, traffic lights, etc. are not included in the model

Source: PwC and IMO-HSG analysis.
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The supply section lays the foundation for the entire SAV ecosystem by establishing the
necessary technologies, products, and infrastructure. This begins with the manufacturing

of vehicles and ensuring they adhere to regulatory standards, which includes obtaining the
necessary approvals and fulfilling the homologation process to make them L4 roadworthy. The
manufacturing process also includes the supply of advanced sensors, which are integral to SAVs
and allow them to identify obstacles, define the driving path, and ensure safety by providing
real-time data about the vehicle’s status and surroundings. Computing units process the data
collected by the sensors, thus supporting the complex computations required for autonomous
driving. The AD stack comprises both the software and hardware necessary for autonomous
operations, enabling the vehicles to make decisions and drive themselves.

At the same time, setting up AV infrastructure is another key area within the supply section.
This involves the installation of physical and digital infrastructure, such as communication
networks or smart traffic lights, which may become essential for the reliable operation of SAVs.
Further, an effective traffic guidance system must be supplied, which is necessary for managing
and guiding SAVs on the road. This system will ensure that SAVs navigate efficiently through
traffic by providing real-time traffic data and navigation paths. Lastly, the ODDs on which an
SAV is authorised to drive also constitute an integral part of the supply section, especially in
the short- to mid-term of the SAV scale-up and adoption process. Designating these involves
analysing and classifying the specific conditions and environments in which SAVs can operate,
such as geographic areas and types and conditions of roads. This classification will assist in
determining the operational limits and capabilities of the SAVs for a specific area, ensuring they
operate safely and effectively within their defined parameters.

The operation of SAVs involves a comprehensive list of tasks from owning and managing

fleets to scheduling and maintaining infrastructure with the ultimate aim of ensuring smooth
services. Owning an SAV fleet requires either the financing of the vehicles/entire fleet or
lending the SAV fleets, e.g. through rental or leasing agreements. The vehicles will also need
to be serviced, which includes several tasks such as regular maintenance and repairs to keep
the vehicles in a reliable and safe condition, managing the charging processes of the fleet, and
regular cleaning to maintain hygiene and user satisfaction. Today, it seems that the complexity
and necessary reliability of those operational tasks and responsibilities are underestimated

by many, as the projects executed so far have mostly been small pilot projects. In addition,
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vehicle scheduling and disposition is an operational task that involves reacting dynamically

to additional requirements and ensuring sufficient mobility coverage at all times. This task
aims to maximise fleet efficiency and ensure that SAVs are deployed where they are most
needed. Operating SAVs also involves strategically repositioning vehicles in high-demand
locations, managing their driving and parking, and continuously monitoring the fleet. Remote
control capabilities can be provided for critical situations, allowing operators to take control
if necessary. Field teams provide manual support for SAVs and handle situations that require

human intervention, ensuring seamless operation even in challenging scenarios.

The infrastructure that supports SAV operations must also be regularly serviced and maintained
to ensure ongoing upkeep. This includes street conditions, street markings, and more.
Infrastructure operations further include providing traffic movement data to manage traffic
flow. This data is used to develop paths and traffic management systems that guide the SAVs
and ensure they navigate efficiently. Monitoring the day-to-day operation of the infrastructure

supporting (S)AVs, ensuring that all systems function reliably, is also part of this segment.
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The demand section focuses on ensuring that the public can effectively utilise the mobility
services offered by SAVs and therefore fulfil a certain demand level. This begins with
managing booking and payment systems for users by providing an easy booking and seamless
transaction process. These tasks ensure that users can easily access, book, and pay for SAV
services. However, such mobility services require providers to plan mobility paths and offer a
platform for users to access those services. This platform could potentially integrate multiple
transportation modes to provide a comprehensive mobility solution. In addition, marketing
and customer relationship management (CRM) are essential for promoting SAV services and
ensuring customer satisfaction. Effective marketing strategies help attract users, while CRM
ensures that their needs and concerns are addressed promptly and ultimately leads to customer
retention.

Looking at the public sector, mobility services are controlled and monitored by cities,
municipalities, legislators, and authorities. Continuous monitoring of mobility services and
availability will help to maintain high service standards and identify areas for improvement.
Strategic planning is necessary for municipalities and cities to meet the evolving demand for
mobility, where among many solutions, one solution may be SAV services (in addition to trains,
metros, etc.). Subsidising SAV services in the short term or subsidising less profitable routes
will ensure comprehensive coverage, making SAV services accessible to a wider public. This
financial support will ensure that routes with lower demand are also served, providing a more
inclusive service.

In summary, the SAV ecosystem is a complex network of interdependent tasks and
responsibilities. Each section and its elements illustrate the comprehensive approach required
for developing a scalable and commercial SAV service that involves multiple stakeholders
working together. By addressing challenges and ensuring the functioning of these multifaceted
components, the SAV ecosystem has the chance to change our mobility significantly.
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Identifying the most promising
ecosystem configurations

Given the complexity and interconnected nature of the SAV ecosystem, it is crucial to identify
the configurations that are most likely to be deployed in the coming years. Different players
and stakeholders will need or want to fulfil certain tasks based on their unique roles, expertise,
and resources. Strategic allocation of responsibilities can ensure that all tasks and components
of the SAV ecosystem are optimised for efficiency, safety, and user satisfaction. We explored
different configurations of the SAV ecosystem, looking at which tasks are most likely to be
performed by different market players and who will end up operating and orchestrating SAV
fleets and be the face to the end customer. By understanding these configurations, we can
subsequently address the economic, structural, and organisational challenges associated with
deploying commercially viable SAV fleets and ensure the seamless integration of SAVs into

urban and suburban areas.
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1 - PT-centric
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This first configuration focuses on the public transport (PT) sector. Since it is mostly public
transport operators (PTOs) that manage and operate their fleets today, with some private
companies also active, this configuration assumes that the same will apply for SAV fleets in the
future. In this scenario, it is therefore PTOs who are responsible for the service and operation of
SAVs, including scheduling and owning or lending the fleet. When servicing SAVs, PTOs carry
out most of the maintenance, repairs, charging, and cleaning themselves. In addition, they take
on the daily deployment and driving of the vehicles, the monitoring of the entire fleet, remote
control, and providing manual field assistance. PTOs also manage the financing and leasing

or rental of the vehicles, depending on the desired approach. Meeting the demand through
marketing, CRM, and providing mobility services will also be part of PTO’s role. Furthermore,
they will control bookings and provide mobility services to users, although these tasks may be
only partly carried out by the PTO itself, with the bulk provided by third parties. Tasks related
to payment systems are also more likely to be handled by third parties.

The production and installation of the AV infrastructure and its operation and maintenance
are handled separately, with the public sector and public authorities being responsible. The
production of SAVs is also handled separately, with OEMs and technology providers being
responsible for providing homologated and licensed ready-to-use vehicles.

Fig.5 Configuration 1 — PT-centric
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Source: PwC and IMO-HSG analysis.
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The PT-centric configuration thus offers several advantages. Unified control under PTOs can
ensure integrated public transport solutions, leveraging their existing expertise today in public
transport operations and services. However, it also presents challenges, such as placing a high
level of responsibility on PTOs for both SAV fleet management and new related tasks such as
remote driving, monitoring, and daily deployment of SAVs, which require significant additional
expertise in AV technology and operations.

Potential variations to this configuration:
* Demand-side tasks might be provided by third parties.

* Individual SAV service and operation tasks, such as vehicle repair by OEMs or remote
driving by other specialised companies, might be provided by specialised third parties.

* The financing of the fleet could be provided by a finance company that lends or leases the
vehicles.

Demand




The Evolution of Shared Autonomous Vehicles PwC 26

Config uration The second configuration integrates (local) SAV operations providers with public transport
2 _ I t t d (e.g. PTOs). The local or national/international SAV operations provider handles most of the
n egra e service and operations, while the PTOs handle the demand side. Thus, in this configuration,
SAV mObi | ity the PTOs have fewer tasks and most likely purchase a “near-turnkey mobility solution” from the
SOIUtion SAV operations provider that can easily be integrated into the transport network of the PTO’s
area of operation.

The service and operation will be mainly performed by the (local) SAV operations provider,
including the management of the SAV fleet operations, maintenance, repair, charging, route
scheduling, and all tasks related to SAV operations (daily deployment, driving, fleet monitoring,
remote driving, and the manual assistance field team). However, cleaning may be a task that
the (local) SAV operations provider outsources to a third party, or the PTO may continue

to clean the vehicles as it does today. The PTOs carry out booking, payment, and customer
relationship management on the demand side, while the actual provision of the mobility,
booking, and payment services will most likely be outsourced.

Fig. 6 Configuration 2 — Integrated SAV mobility solution
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As in the first configuration, responsibility for the production of SAVs lies with the OEMs
and technology providers, while responsibility for the production and installation of the AV
infrastructure, and for the operation and maintenance of the AV infrastructure, lies with the
public sector and public authorities.

As a result, the integrated SAV mobility solution offers benefits such as shared responsibilities
between the PTO and the SAV operations provider, leading to more specialised and efficient
operations while leveraging expertise from both the public and private sectors. However,
partnerships between PTOs and local providers can pose challenges, and there is the potential
for a fragmented user experience if the system is not well coordinated.

Potential variations to this configuration:
* Demand-side tasks might be provided by third parties.

* Individual SAV service and operation tasks, such as cleaning, charging, or the manual
assistance field team, might be provided by specialised third parties or the PTO itself.

* The financing of the fleet could be provided by a finance company that lends or leases the
vehicles.

Demand
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Config uration In the third configuration, named “lean PT”, the SAV operation providers take on an even
-L PT greater share of the tasks and responsibilities, while the PT company (or potentially a further
3 ean private player) will only be responsible for marketing, CRM, and overall commissioning
and supervision. All remaining demand-side tasks (offering mobility services, booking, and
payment systems), as well as all service and operation-related tasks, will be taken on by the SAV
operations provider.

On the operational side, the SAV operations provider can manage fleets, including the
management of financing or leasing the fleets, and service and maintain the SAVs. While CRM
and marketing will continue to be managed by the PTOs, the SAV operation provider will also
manage the mobility service offering, booking, and payment. As in the previous configuration,
the SAV operation provider will be responsible for all service and operation-related tasks,
including maintenance/repair, charging, cleaning, scheduling, daily deployment, driving,
monitoring, remote driving, and assistance by manual field teams.

As in the previous configurations, manufacturing of the vehicles, AD stacks, and their
integration will be handled by OEMs and technology providers. The production and installation
of the AV infrastructure, as well as the operation and maintenance of the AV infrastructure, will
be provided by the public sector and public authorities.

Fig. 7 Configuration 3 —Lean PT
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The lean PT configuration thus has the advantage of leveraging the technical expertise of
specialised mobility service providers, but the actual offering of the SAV mobility service is still
commissioned overall by the PTO. However, the even higher level of coordination required
between PT companies and the service providers, suppliers, and third parties compared to

the second configuration will make a seamless user experience and operation even more
challenging.

Potential variations to this configuration:

* Demand-side tasks of the SAV service provider may be provided by third parties.

» Individual SAV service and operation tasks, such as cleaning, charging, scheduling, and a
manual assistance field team, could be provided by specialised third parties or by the PTO
itself.

* The financing of the fleet could be provided by a finance company that lends or leases the
vehicles.
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Config uration Finally, the fourth configuration represents an approach where, for example, a private (tech)

4 - Prlvate operation provider. Waymo, for example, owns and manages the SAV fleet, while also managing
(teCh) player the integration of its proprietary AD stack in the vehicles, which are likely to come from OEMs
(except in the case of Zoox, where the tech player also manufactures the vehicle itself).

player such as Waymo, WeRide, or Pony.ai acts as both technology provider and service/

On the service and operations side, the tech player, such as Waymo today, manages all aspects
of SAV operations but is likely aiming to outsource as much as possible in the future, as this

is not the core business of such companies. On the demand side, Waymo offers the mobility
service directly to customers, managing marketing, booking, payment systems, and customer
service through a self-developed app. Typically, such companies are open to demand-side tasks
and can easily link up their software backend to customer front ends and apps.

Fig. 8 Configuration 4 — Private (tech) player
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Overall, the “private (tech) player” configuration offers full control of the entire SAV ecosystem
to the tech player/mobility company, allowing for streamlined operations and faster innovation.
Direct interaction with customers followed by direct implementation of adjustments can
improve service quality. However, this approach requires significant investment and expertise
in both technology and service operations and places a high risk on a single entity owing to the
extensive responsibilities involved.

Potential variations to this configuration:

* The tech player/mobility company might outsource some or several of the service,
operation, or demand-related tasks.

Demand
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Each of these configurations presents unique advantages and challenges. The ideal
configuration will not only depend on various factors, including the specific market, country
and local contexts, regulatory environment, and the readiness of the stakeholders involved,
but also on the vehicles type, namely robotaxis, roboshuttles, or robobuses, and their operation
mode (e.g. on-demand or fixed route). Integrating the strengths of different participants while
ensuring smooth coordination and efficient service delivery is crucial for the success of these
SAV ecosystem configurations.

Since the tasks, responsibilities, and the orchestration and operation roles vary in these
configurations (see Figure 9), it could be the case that not one but potentially even two or
more of the presented SAV ecosystem configurations, or adaptations thereof, could be applied
and co-exist in a single city. For example, while a city such as Hamburg might use a PT-centric
configuration to offer roboshuttle and robobus services orchestrated and operated by the PTO,
in the future there might also be some private robotaxi players in Hamburg which offer their
fully autonomous robotaxi services orchestrated and operated by themselves.

Fig. 9  The four most promising SAV ecosystem configurations in comparison
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Flexible business case modelling

In order to examine and quantify the economic challenges in deploying SAVs, we have
developed a flexible business case modelling tool (see Figure 10). Based on our ecosystem
representation (see Figure 4), the tool allows different business cases to be configured and
calculated for each of the ecosystem configurations:

* Configuration 1 — PT-centric
* Configuration 2 — Integrated SAV mobility solution
* Configuration 3 — Lean PT

* Configuration 4 — Private (tech) player

Various players and potential external subcontractors can be defined and integrated in the
modelling process. Furthermore, it is possible to calculate and analyse business cases with
different sensitivities for different countries and ramp-up scenarios.

Overall, the tool considers both the vehicle ramp-up and economies of scale, as well as cost
reductions in technology achieved over time through better integration, and a reduction in
service costs through higher reliability of vehicles and technologies.

Fig. 10 Flexible business case modelling tool
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The initial configuration and specifications of the model and its underlying data set were
derived from the case of an existing German public transport operator in a given German city
(see Figure 11). Starting from today’s fleet and seat equivalent and the city’s road network, the
model considers expected ramp-up curves and costs (including cost development forecasts)
for vehicles, fleet management, SAV operations, and external services. It calculates estimates
for the business case and investment requirements. The second step is an extrapolation to the
entire public transport system in Germany under the assumption of a slightly delayed roll-

out. The model helps to analyse the impact on the ecosystem and possible starting points for
business success.

Fig. 11 Deriving the parameters for the investment calculation for the Germany case study
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The cost items that go into the model cover the entire ecosystem across the sections below:
* Vehicle provision (e.g. depreciation, financing, and insurance)

* Maintenance and repair (e.g. MRO costs)

* Vehicle preparation (e.g. fleet management, vehicle deployment, and cleaning)

* Energy (e.g. electricity)

* Infrastructure (e.g. depots, parking areas, and charging infrastructure)

* Background systems (e.g. monitoring, software, and ticketing)

* Overhead costs (e.g. implementation, ramp-up, staff, and marketing)

While our model can be applied to any of the above outlined ecosystem configurations, we will
focus on two selected configurations in the following chapters:

* Configuration 1: SAV rollout in public transport (see Chapter 7)

* Configuration 4: Rollout of robotaxis in Germany (see Chapter 8)
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SAV rollout in public transport

Pu blic tra nsport Local public transport is an important pillar of mobility today and will continue to be in the
future. Around 100,000 bus drivers are currently employed in public transport throughout
tOday Germany. In order to increase and improve public transport offerings to attract more
passengers, the number of drivers must be increased by around 21% by 2030. At the same
time, 4,000 to 6,000 skilled workers will retire every year, and there is already a shortage of

20,000 professional drivers, forcing PTOs to reduce routes and services.?”

Furthermore, costs in public transport are set to rise significantly in the coming years. As an
example, based on our experience from various projects, weexpect an approximate increase of
40% of operation costs for electric buses (with drivers) between 2025 and 2040 due to inflation
and higher wages.

Can shared autonomous vehicles (SAVs) in public transport help solve these problems? Will SAVs
make public transportation cheaper? How high are the upfront investments? How high are the
running costs for monitoring, etc.? Can public transportation subsidies be reduced? In order to
answer these questions, we applied the business case modelling tool to a given German city.

Assumption S The scenarios examined are based on the current demand structures of Germany with 15.02
billion passenger kilometres in cities and 30.42 billion passenger kilometres in regional
transport (PwC analysis). In addition, we anticipated a 10% expansion of services in cities and a
20% expansion in rural areas, in line with the overall goal of improving service levels. We have
made the following assumptions for modelling the Germany case study:

* Ramp-up of various types of autonomous vehicles between 2027 and 2031 to reach 75% of
demand volumes between 2045 and 2047.

* Use of different vehicle sizes:
— Robobus with 60 passengers
— Roboshuttle with a maximum of 16 passengers

— Mini-shuttle (similar to a robotaxi) for up to four passengers for peripheral districts and
less frequented, as feeder or on-demand service. During off-peak hours, mini-shuttles can
also be used as robotaxis.

* Average mileage of each vehicle type including empty drives, determined according to
Figure 11:

— Robobus: approximately 64,000 km/year at 992,000 passenger km/year
— Roboshuttle: approximately 60,000 km/year at 262,000 passenger km/year

— Mini-shuttle: 85,500 km/year at 51,000 passenger km/year
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Based on the goal to cover 75% of today’s demand with buses and 10% improved services in
cities and 20% in rural areas, we assume that at least 20,687 roboshuttles, 35,755 robobuses
and 28,823 mini-shuttles will be deployed in German cities by 2047 (see Figure 12).

Fig. 12 Vehicle fleet ramp-up (replacements of SAVs due to age or
mileage are not shown in the graph)
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When calculating the business cases for the various players, we also considered the fact
that economies of scale will lead to considerable savings on components and vehicles in the
long term. Inflation factors and interest rates were also considered in the model. The model
therefore represents a greenfield approach based on input parameters underlying possible
scenarios. On this basis we determined the investment requirements for all players and for
permanent capacity expansion.

The following investments were considered for the calculation of cumulated AD-driven
investments for Germany:

Vehicle technology: AD tech stack for SAVs (AD sensors, AD main computing unit, and AD
software)

* Building and operator infrastructure: additional space required in the depots due to more
vehicles (robobuses with 60 passengers versus articulated bus with a maximum capacity

of 170 passengers), additional roboshuttles and mini-shuttles, space required for new
functions to control the SAV fleet, and additional software needed for monitoring and
management of the SAV fleet
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The share of the AD investments in the total investment required to run the public transport
vehicle fleet autonomously is approximately 15% for a city bus (60 passengers). In our model,
only these additional investments were taken into account. Any investments for the vehicles as
such and general urban infrastructure (roads, telecoms, etc.) are excluded from our analysis.

A projection of investments for Germany results in a total investment of approximately
€5.66 billion by 2047 for 75% of the bus fleet (see Figure 13).

Fig. 13 Cumulated AD-driven investments for Germany (PT-centric
case) in € billion
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Source: PwC analysis.

In the light of these high investments, the question arises as to which players will enter the
leasing and operator businesses. In addition to the established providers like public transport
operators, tech companies or even automotive OEMs might enter the market to bring their
vehicles to market with economies of scale.

The advantage for tech companies is that they can easily transfer their acquired know-how

to other public transportation systems with similar structures and processes, and at very low
implementation costs. Furthermore, not every public transport company will want to operate
the business, and supra-regional standardisation driven by a global tech player will bring
additional potential in the long term.
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Our analysis shows that operating costs will develop differently over time for the three vehicle
types. The total cost of the vehicles will decrease with the second and third generations, as we
expect a reduced sensor setup over time and competition among AD stack providers will also
drive down running costs. In addition to vehicle costs, the costs for the digital driver and vehicle
monitoring are the main drivers in the use of the vehicles.

Fig. 14 Expected cost per productive kilometre (in €/km)

Mini-shuttle Roboshuttle Robobus
5.59 5.80
5.05 5.14
3.44
2.99
273 264 289

145 416 147 128 132
I s S S I
| B N H B 0.00
2030 2035 2040 2045 2047 2030 2035 2040 2045 2047 2030 2035 2040 2045 2047
Il Payment and booking Vehicle tax/insurance [ Deployment and vehicle supervision Infrastructure/
B Energy costs Maintenance/repair Vehicle preparation building
[ Digital driver Administration and marketing Fleet management Vehicle cost

Source: PwC analysis.

Based on the numbers in Figure 14, we expect further optimization of the vehicles to result

in significant additional cost reductions, which will be reflected in the commercial vehicle
kilometre costs. The main lever here is the elimination of the driver’s workplace, including the
display, pedals, mirrors, and steering wheel. This also simplifies the overall design of the vehicle
and reduces costs.

Are these cost structures attractive for public transport operators or private players? Public
transport is currently financed by revenues from ticket sales, which are usually insufficient,
and subsidies to cover the remainder of the costs. With an average ticket revenue of €0.11

per passenger kilometre (PwC evaluation), an average vehicle utilisation rate of 22.7%, and
10% empty trips, the revenue per passenger kilometre for solo buses is around €1.52 in 2035.
Consequently, the subsidies are often many times higher than the actual ticket price. In fact,
less than 50% of the cost of a bus kilometre is currently covered by ticket revenues owing to the
implementation of the flat-rate “Deutschland-Ticket”, among other reasons.
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With autonomous vehicles, higher capacity utilisation, and optimised standard vehicles,
subsidies could be reduced to less than 60% of ticket revenue. This would at least ease the
burden on the public purse to cover the cost for public transport. Ancillary revenues could
possibly also be achieved with additional on-demand services, which may lead to a further
reduction in subsidies.

Fig. 15 Cost comparison and subsidies required to equalise the cost
for the solobus with driver and robobus by 2035 (in €/km)
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Source: PwC analysis.

Annual ticket revenue will amount to approximately €6.2 billion in 2050 for mid-level
utilisation and 75% of vehicles will be replaced by SAVs with 10% (city) to 20% (regional)
improved mobility services.

In vehicle operations, further potential can be tapped by improving utilisation and optimising
the dynamic deployment of different vehicle types. However, this will also increase the costs for
“large” vehicles that are not used as intensively.
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By choosing the right vehicle type and different pricing for the services, an on-demand
service with a mini shuttle for two passengers can be used to cover costs, for example, instead
of maintaining a regular service with a roboshuttle or robobus. For eight passengers, for
example, a shuttle service to the city limits can be provided more cheaply with a roboshuttle.
In this example, however, it was also assumed that a small surcharge would be charged for
these services. With 32 passengers, the choice of the best vehicle type depends on the fares.
With higher fares, it may be possible to cover costs with two roboshuttles running at half the
frequency instead of using a robobus.

In conclusion, the choice of the best means of transport depends on the fare and the vehicle’s
capacity utilisation on the route.

Fig. 16 Vehicle costs per kilometre in 2035 depending on the number of passengers for
different vehicles using the PT-centric configuration (in €/km)

Vehicle allocation two passengers Vehicle allocation eight passengers Vehicle allocation 32 passengers
5.45
5.05 5.05 5.05
2,73 2.73
1.16 I
-0.08 -0.12
Mini-Shuttle Roboshuttle Robobus Roboshuttle Robobus Roboshuttle (2x) Robobus
With only a few passengers in on- With eight passengers, the With 32 passengers, two roboshuttles
demand service, the mini-shuttle is roboshuttle is a cost-effective are needed. In this case, the total
the most cost-effective means of alternative to the robobus. passenger revenues of the two
transportation. vehicles is higher than the cost.

[ Restofcosts [ Passenger revenue

Assumptions 2035: Passenger revenue mini-shuttle 0.62 €/km / roboshuttle 0.17 €/km / robobus 0.11 €/km

Source: PwC analysis.



Capabilities of
incumbents and
new entrants

The Evolution of Shared Autonomous Vehicles PwC 43

For today’s public transport, a future scenario with SAVs is imperative. It will help solve the
driver shortage problem, reduce subsidies, and ease congestion on roads in German cities.

Public transport operators will continue to play a key role. Whether a contractor in the form
of a private (tech) player, an integrated SAV mobility solution, a lean PT operator, or a global
PT-centric player itself gets involved will largely depend on their capabilities and whether the
mobility mandate can be adequately met with an external partner and what dependencies and
control options arise for the municipality as a result.

Fig. 17 Capabilities of various SAV ecosystem players

Invest in vehicles -- + ++
Scaling effects AD stack - ++ + o)
Rollout/implementation
- + o +
cost
Funding - + o +
Scaling effects
- . o + - ++
in operation
Customer services ++ o o +
Collaboration with
A ++ - o +
municipality
Evaluation:
++ verygood + good o sufficient - notsufficient -- not acceptable

Source: PwC analysis.

From a qualitative perspective, the private (tech) player and the global PT-centric player — a
merger of several transport associations — have a high right-to-win. The individual public
transport operator may lack the economies of scale to offer mobility services at appropriate
prices. This means that transport associations, since they are not in competition with each
other, may join forces and adopt common standards and jointly purchase vehicles and
infrastructure, but manage operations locally themselves. The tech player will probably
have little interest in the business, as the public sector would certainly not want to pay more
subsidies than necessary that will result in lower margins.
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We see the following conclusions from the model and the analysis
of the figures:

* Inthe long term, the use of SAVs will definitely cost less than transport services with a
driver today. In 2035, we expect costs to be 31% to 67% lower for a robobus compared
to an electric solobus with driver.

e SAVs can reduce public transport subsidies to a certain extent, but not eliminate them
completely. Robobuses, for example, can bring subsidies down by 40% to 78% by 2035.

* Cost effects over time due to a higher integration of the technology will ensure greater
savings in the long term compared to the current operating costs of the vehicles.

* Through the dynamic use of different vehicle sizes, new services can be offered as a
supplement, such as on-demand services to transport people from the outskirts to
inner-city areas, or to offer cost-effective coverage of passenger transport during off-
peak times.

* However, operating only small vehicles with a higher frequency in order to improve the
service will make no sense as smaller vehicle types generate higher costs per kilometre.

* Instead of drivers, new personnel will be needed for the management and monitoring
of the SAV system. While approximately one to two employees (drivers) can be saved
per vehicle, it is estimated that half an employee per vehicle will be needed across all
functions of the SAV ecosystem in 2035. Still, SAVs will be economically advantageous
compared to conventional buses in the long run.

* Inthe medium term, we expect an increase in mobility convenience and thus an
expansion of local public transport as a result of:

— increasing the frequency of public transport,
— demand-oriented services for e.g. outlying districts and off-peak times, and

— seamless integration into mobility services and ultimately Mobility-as-a-Service.

Shared autonomous mobility should not be a city-by-city play. If the operation of SAVs comes
from a single source across many cities, a high degree of standardisation in technology,
implementation, and operation — and thus cost savings — can be achieved. Transport
associations may consider collaborating to implement a standardised mass-produced SAV, a
standardised procedure for the rollout, and uniform systems for the operation of SAVs.
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Rollout of robotaxis in Germany

Robotaxis

today

Taxis are an important means of transportation for individual mobility, especially in places

where public transport does or does not run at a particular time. In Germany, there are around

55,000 taxis®® in operation. There is also an increasing shortage of drivers in the taxi industry,?

which is mainly due to their age structure. An ageing pool of taxi drivers and a lack of interest

from younger generations in becoming taxi drivers has accelerated the decline. The industry

simply cannot keep up with the number of drivers retiring or seeking new careers. On top of

the driver shortage, the traditional taxi business faces soaring operating costs and competition

from new entrants like Uber, rental car companies — and robotaxis.

Robotaxis could indeed be a game-changer. They have not arrived in German cities yet but we

know from promising pilot projects in other parts of the world that robotaxis can be operated

safely, with no need for drivers, at lower costs, and for longer operating times.

Fig. 18 Different ways to play in the robotaxi ecosystem

Supply Operate Fulfil demand
Manufacture SAV Own Service Oberate Book Offer
SAV SAV  Schedule g AVs and mobility ~ Marketing
Vehicle AD-stack/SAV fleet  fleet pay  services
Waymo Jaguar Land
San Francisco Rover Waymo Waymo Waymo
Uber Austin/TX Jaguar Land Waymo Waymo Uber
Rover
AVRide Common vehicle development No commercial operation No commercial operation
Dallas/TX Hyndai AVRide ! P P
Z0OOX 200X No commercial operation No commercial operation
NVIDIA
Robotaxi Plan Tesla Tesla Commercial operation via Tesla Commercial operation via Tesla
WeRide . . Swiss Transit . . Swiss Transit
Switzerland Nissan WeRide Lab WeRide loki Lab
WeRide . . Abu Dhabi
Suadi-Arabia GAC Motor WeRide WeRide Uber Mobility
- Toyota Pony.ai
Pony.ai China Lexus NVIDIA Pony.ai Pony.ai
VW CV/ VW CV Mobileye
Moia ADMT Apex.ai MOIA MOIA

Source: Strategy& analysis.
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When it comes to robotaxis, there are already a variety of ecosystem configurations. Given the
complex set of required capabilities (as discussed in Chapter 3), robotaxi fleets are often put on
the road through strategic partnerships. Waymo is a provider of a robotaxi services, but it also
offers its vehicles to Uber to market the service on their platform. Both solutions currently use
conventional-style passenger cars. Zoox wants to offer a complete solution that includes both
the vehicle and the AD stack. Hyundai is working with AVRide to achieve a similar integrated
solution. Tesla also wants to offer everything from a single source at a sensationally low price,
thereby triggering the mass market for autonomous driving. The recently announced strategic
partnership of Volkswagen ADMT, MOIA, and Uber is another example of collaboration in the
SAV ecosystem.*

In the long run, another business model may evolve in which private individuals offer their own
autonomous vehicles as robotaxis during unused periods. Today, this would violate the existing
regulation for awarding taxi licenses, but it could be an interesting model for optimising vehicle
utilisation.

In the next section, we will analyse which business case scenarios make sense when rolling out
robotaxis to cover 80% of the current taxi fleet, i.e. 44,000 vehicles by 2047 in Germany.

We examined the following three business case scenarios:

* Case 1 —robotaxi business case with solution provider: customer care provided by the taxi
operator/taxi centre and operations subcontracted to a mobility service provider

* Case 2 - robotaxi business case with lean taxi provider: a taxi service operated by a
purchased complete solution and customer care provided by the taxi operator/taxi centre

* Case 3 —robotaxi business case with tech player: taxi service from a single source provided
by a private (tech) player

All cases were calculated with a taxi fleet of 1,000 vehicles to simulate a taxi service in a larger
city. The ramp-up of the vehicles will take place by 2033.

We also assume that different taxi services will differ in their choice of vehicle, equipment, and
comfort. We have illustrated the costs for a larger cab business using three different vehicle

classes:
* Standard robotaxi in the range of €28,000 to €42,000 for the base vehicle
* Luxury robotaxi in the range of €40,000 to €56,000 for the base vehicle

* Low-cost robotaxi in the range of €18,000 to €26,000 for the base vehicle

The base price of the vehicle does not include the AD stack and other vehicle modifications,
such as a drive-by-wire system. The cost reduction over time results from the omission of the
steering wheel, pedals, controls, and cockpit, as well as better technology integration over
time, which will also lead to a reduction in base costs. The integration of technology will

be completed in the second or third generation of robotaxis. After that, we expect costs to
increase again.
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Our analysis shows that all three business cases offer clear cost advantages compared to a
driver-operated taxi. Business case 3 (tech player) leads to a reduction of total costs between
49% and 69% (see figure 19).

Since technology companies consider the sale of the AD stack to be their main business,
there will not only be Case 3. We are currently seeing several variants of Case 3 in the form
of mergers between tech players and taxi service providers, such as UBER. The tech player
controls everything related to technology and technical operations, while the taxi service
provider knows the customers and their requirements better, resulting in a win-win situation.

Fig. 19 Minimum and maximum cost of a taxi with driver in 2035 in
comparison with different robotaxi business case scenarios!
(in €/km)

Robotaxi

2.49

Taxi with driver Taxi with driver ~ Case 1: robotaxi Case 2: robotaxi Case 3: robotaxi

min. costs max. costs BC with solution  BC with lean taxi BC with tech
provider provider player
B Total Vehicle costs incl. AD technology
[ Vehicle operations costs and insurance Digital driver

[ Services and monitoring
BC = Business Case
1 Scenario with 1,000 standard robotaxis.

Source: PwC analysis.
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By using different categories of vehicles, ranging from economy to luxury, we can meet
customers’ diverse needs. This also means costs will vary depending on the vehicle category
and the vehicle’s country of origin, as shown in Figure 20.

Fig. 20 Cost per kilometre in 2035 for different robotaxi types! for
business case 3: robotaxi (tech) player (in €/km)
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Robotaxi BC with case 3 tech Robotaxi BC with case 3 tech Robotaxi BC with case 3 tech

player for standard robotaxis player for luxury robotaxis player for low cost robotaxis
[ Venhicle operation cost and insurance Vehicle cost incl. AD technology
Services and monitoring Digital driver

' Scenario with 1,000 standard robotaxis.

Source: PwC analysis.
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The price per kilometre for robotaxis can be significantly lower than the minimum prices for
taxis with drivers thanks to lower operating and maintenance costs. We expect prices to be
approximately 37% to 61% lower than the projected prices for taxis with drivers in 2035 (see
Figure 21). This price development also makes mobility attractive for individual trips.

The taxi prices were calculated based on the basic price + the kilometre costs on the basis of
a 6 km route in German cities. Values were calculated as minimum and maximum values and
projected with 2% inflation per year to the following years.

Fig. 21 Average price per taxi kilometre in Germany compared with
robotaxi prices (in €/km)

45 r
40 r
35 1
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25 |
20 1 1.62 1.66 1.69 1.72 1.76 1.79 183 ]| 1.87

1.5

1.0
05 r
2028 2029 2030 2031 2032 2033 2034 2035
— Min. price taxi with driver Max. price taxi with driver Robotaxi price
Comments

¢ The passenger prices will increase according to inflation by 2% per year in the future

¢ This price advantage will make mobility affordable for many older people and make doctor’s
visits easier, for example.

¢ Due to the very low prices, the market must be regulated so that not too many people use
the robotaxi as a means of transport instead of the robobus.

Source: PwC analysis.



Conclusions

The Evolution of Shared Autonomous Vehicles PwC 50

Without a doubt, robotaxis will revolutionise the taxi business. They will help solve the driver
shortage problem, offer maximum privacy for passengers, and can be operated 24/7. On top of
these benefits, our analysis has shown that passengers can expect lower prices compared to a
traditional taxi with driver.

Implementation in German cities will not be successful by itself but
will depend on several factors:

* Collaboration: Due to the complex set of required capabilities, several
players should be involved rather than one single operator.

* Orchestration: An orchestrator is needed to connect the many tasks and
service providers with each other.

* Economies of scale: These can be generated through large robotaxi fleets.
* Established providers: Providers should be established in several cities
and have the required infrastructure in place to ensure a rapid rollout.

* Digitalisation: Booking and payment processes should be fully digitized
via MaaS apps for passengers. A taxi centre will only be used to handle
irregularities and complaints.

* Integration: Robotaxis should be complementary to existing public
transport offerings.

The latter of these success factors will require constructive cooperation between public
transport authorities and private operators. This is because the cost advantage of robotaxis
also carries a risk: affordable prices could make robotaxis accessible to broader segments of
the population. While this is a positive aspect in terms of social participation, it could lead to
an undesirable shift in mobility from public transport to robotaxis. This could result in buses,
subways, and commuter trains running less full, coupled with even more congested roads.

Therefore, we expect the robotaxi market to be regulated via licenses awarded by district,
municipal, or city administrations. They will have the power to strike a good balance between
supply and demand and thereby direct people’s mobility behaviour.
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Taking these considerations into account, two directions for operating a robotaxi business seem
to emerge:

* The robotaxi services will require professional services for emergency assistance, vehicle
monitoring, and ensuring technical safety. Professional services from a single source will
result in the lowest costs while providing comprehensive service. Local support for vehicles
could be provided by rental car companies, for example, which could offer vehicle charging,
cleaning, and possibly minor maintenance work. A taxi centre will probably not be needed
in this scenario due to fully digitised booking, payment, etc.

* Based on these results, there is a strong case for a small number of service providers offering
a one-stop shop, perhaps even with a nationwide service. This argues very much in favour
of large providers that can handle such vehicle volumes and services cost-effectively. Rental
car companies, public transport operators, and even large taxi companies such as Uber are

potential candidates for operating the robotaxi fleets.
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The road ahead for autonomous
mobility

Autonomous mobility will be a reality on European streets and roads. Our calculations prove
the cost advantage of shared autonomous vehicles compared to driver-operated mobility
services today.

Moreover, it can be assumed that technology developments and business optimisation will lead
to further savings, especially through

* the assumption of monitoring tasks by artificial intelligence
* better or fully automated systems for vehicle scheduling and routing

* cooperation with external service providers who take on some of the operator’s tasks,
e.g. emergency management

* bundling of vehicle procurement with standardized vehicle types

* defining a common and uniform software platform for fleet management and monitoring of
autonomous vehicles

* developing a concept for a uniform rollout from vehicle procurement to implementation of
software systems

Beyond the economics, SAVs have the potential to solve the driver shortage problem and
significantly enhance the service level of public and private mobility offerings. SAVs will make
public transport more efficient, reliable, affordable, and sustainable in the long run.

Investments in new technologies are crucial to drive the transition to shared autonomous
mobility forward, so that the ever-increasing shortage of drivers can be circumvented while
continuing to expand local public transport
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It is time to act now. All players in the mobility ecosystem must do their part
to make shared autonomous mobility a reality. And so, we call upon

4 ... public transport operators:

* Actively shape the change — SAVs must become an integral part of the
future public transport offering.

* No more federal nit-picking — there is a need for focused thinking and
collaboration.

* Further expand public transport services, especially on-demand services
in rural areas

» Establish partnerships with other public transport providers and tackle
digitalisation together.

\ ... automotive OEMs:
* Don’t slow down now — market maturity is within reach.

* Define your strategy to become part of autonomous mobility and secure
future business.

* Turn innovations into marketable products now.

\ ... political decision-makers:

* Consider SAVs as a lever for digitalisation, the mobility transformation,
and climate protection.

* Create a clear perspective and vision for the future use of SAVs as an
essential component of mobility systems.

* Consider launching a -European initiative for the development and
deployment of SAVs. Following the example of Airbus, this would allow
resources and capabilities to be pooled, international standards to be
created, and economies of scale to be exploited in a pan-European
market.

* Provide subsidies and funding from the public sector as the initial
implementation costs for SAV services are high and the individual
European markets are relatively small, compared to the US and China.

* Support innovation projects to accelerate implementation.

Ultimately, the future of autonomous mobility in Europe will depend on private and public
sector players acting in concert. Through the establishment of public and private partnerships
they can pool resources share the financial burden and reduce the financial risk for individual
stakeholders while accelerating development and deployment. Care is needed when balancing
interests of the public and the pursuit of profitability. However, speed is just as important to
catch up with providers from other regions. The race is on.
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AV

CapEx

CRM

GPS

HSG

IMO-HSG

L4

MRO

ODD

OEM

OpEx

PPP

PT

PTA

PTO

SAV

Autonomous vehicle

Capital expenditures

Customer relationship management

Global Positioning System

University of St. Gallen

Institute for Mobility, University of St. Gallen

Level 4 autonomous driving

Maintenance, repair and operations

Operational design domain

Original equipment manufacturer

Operational expenditures

Public-private partnership

Public transport

Public transport authority

Public transport operator

Shared autonomous vehicle

54



References

The Evolution of Shared Autonomous Vehicles PwC 55

N

w

EN

w

o

~

®

©

The Evolution of Shared Autonomous Vehicles, Part 1: Market potential, user acceptance
and early adopter groups. Retrieved from: https://www.pwc.de/de/smart-mobility/die-
entwicklung-von-shared-autonomous-vehicles.pdf.

Waymo. (2025). Riding With Waymo. Retrieved from: https://waymo.com/faq/.

Hawkins, A. (2022). Robotaxis are now available to hail on the Uber app in Las Vegas. The
Verge. Retrieved from: https://www.theverge.com/2022/12/7/23496383/uber-motional-av-
robotaxi-las-vegas-ridehail.

Wessling, B. (2023). Motional to start nighttime robotaxi rides in Las Vegas. The roboreport.
Retrieved from: https://www.therobotreport.com/motional-to-start-nighttime-rides-in-las-
vegas/.

Motion (2025). Motional’s All-Electric IONIQS5 Robotaxis Test Highway Speeds Autonomouly
at Hyundai’s Proving Grounds. Retrieved from: https://motional.com/news/motionals-all-
electric-ionig-5-robotaxis-test-highway-speeds-autonomously-hyundais-proving.

Shi, Z. (2023). [Big read] Guangzhou remains at the forefront of the nascent autonomous
car industry. ThinkChina. Retrieved from: https://www.thinkchina.sg/technology/big-read-
guangzhou-remains-forefront-nascent-autonomous-car-industry.

Apollo (2024). Apollo Go Robotaxi: Baidu’s autonomous ride-hailing service provider. Take
Driverless Robotaxi, Hail Apollo Go. Retrieved from: https://en.apollo.auto/robotaxi.

White, E. and Li, G. (2025). Beijing puts brakes on self-driving technology: Regulators
slow rollout to assess safety and liability while domestic carmakers power ahead with
autonomous features. Retrieved from: https://www.ft.com/content/cf72f1¢c1-7495-461f-
8clc-790016fad647.

Rajpal, S. (2024). Mainland China autonomous vehicle development on a different
track. Retrieved from: https://www.spglobal.com/mobility/en/research-analysis/china-
autonomous-vehicles-development.html.

10 TMO-HSG, PwC, PAVE (2025; in preparation for publication). A study of current pilot projects

on autonomous vehicles in Europe.

11 Schwall, M., Daniel, T., Victor, T., Favaro, F., and Hohnhold, H. (2020). Waymo public road

safety performance data. Retrieved from: https://doi.org/10.48550/arXiv.2011.00038.

12 Webb, N.; Smith, D.; Ludwick, C.; Victor, T.; Hommes, Q.; Favaro, F. I.; George, and Daniel,

T. (2020). Waymo’s Safety Methodologies and Safety Readiness Determinations. Retrieved
from: Cornell University: https://doi.org/10.48550/arXiv.2011.00054.


https://www.pwc.de/de/smart-mobility/die-entwicklung-von-shared-autonomous-vehicles.pdf
https://www.pwc.de/de/smart-mobility/die-entwicklung-von-shared-autonomous-vehicles.pdf
https://waymo.com/faq/
https://www.theverge.com/2022/12/7/23496383/uber-motional-av-robotaxi-las-vegas-ridehail
https://www.theverge.com/2022/12/7/23496383/uber-motional-av-robotaxi-las-vegas-ridehail
https://www.therobotreport.com/motional-to-start-nighttime-rides-in-las-vegas/
https://www.therobotreport.com/motional-to-start-nighttime-rides-in-las-vegas/
https://motional.com/news/motionals-all-electric-ioniq-5-robotaxis-test-highway-speeds-autonomously-hyundais-proving
https://motional.com/news/motionals-all-electric-ioniq-5-robotaxis-test-highway-speeds-autonomously-hyundais-proving
https://www.thinkchina.sg/technology/big-read-guangzhou-remains-forefront-nascent-autonomous-car-industry
https://www.thinkchina.sg/technology/big-read-guangzhou-remains-forefront-nascent-autonomous-car-industry
https://en.apollo.auto/robotaxi
https://www.ft.com/content/cf72f1c1-7495-461f-8c1c-790016fad647
https://www.ft.com/content/cf72f1c1-7495-461f-8c1c-790016fad647
https://www.spglobal.com/mobility/en/research-analysis/china-autonomous-vehicles-development.html
https://www.spglobal.com/mobility/en/research-analysis/china-autonomous-vehicles-development.html
https://doi.org/10.48550/arXiv.2011.00038
https://doi.org/10.48550/arXiv.2011.00054

The Evolution of Shared Autonomous Vehicles PwC 56

13 The Waymo Team. (2025). New Study: Waymo is reducing serious crashes and making
streets safer for those most at risk. Retrieved from: https://waymo.com/blog/2025/05/
waymo-making-streets-safer-for-vru.

4 Koon, J. (2023): Autonomous Vehicles: Not Ready Yet. Retrieved from: https://
semiengineering.com/autonomous-vehicles-not-ready-yet/?utm_source=chatgpt.com.

15 MacCarthy, M. (2024). The evolving safety and policy challenges of self-driving cars.
Retrieved from: https://www.brookings.edu/articles/the-evolving-safety-and-policy-
challenges-of-self-driving-cars/.

16 Kriebitz, A., Max, R., and Lutge, C. (2022). The German Act on Autonomous Driving: Why
Ethics Still Matters. Philos Technol, 35(2), 29. Retrieved from: https://doi.org/10.1007/
$13347-022-00526-2.

7 Reuters (2025). Bosch CEO warns Europe against regulating ‘itself to death’ on Al Retrieved
from: https://www.reuters.com/technology/bosch-ceo-warns-europe-against-regulating-
itself-death-ai-2025-06-25/?utm_source=chatgpt.com.

8 Trentadue, G., Rusciano, E., Ciuffo, B., and Galassi, M. C. (2024). Implementation of EU
2022/1426: Summary Report on Policy-Related Topics (No. JRC137016).

1% Campbell, H. (2025). Waymo Stats 2025: Funding, Growth, Coverage, Fleet Size & More.
Retrieved 2025 from: https://www.thedriverlessdigest.com/p/waymo-stats-2025-funding-
growth-coverage.

20 Bosa, D., Levy, A. (2025). Waymo says it reached 10 million robotaxi trips, doubling in
five months. Retrieved from: https://www.cnbc.com/2025/05/20/waymo-ceo-tekedra-

mawakana-10-million.html.

2

=

Elias, J. (2024). Alphabet to invest $5 billion in self-driving car unit Waymo. CNBC. Retrieved
from: https://www.cnbc.com/2024/07/23/alphabet-to-invest-5-billion-in-self-driving-car-
unit-waymo.html.


https://waymo.com/blog/2025/05/waymo-making-streets-safer-for-vru
https://waymo.com/blog/2025/05/waymo-making-streets-safer-for-vru
https://semiengineering.com/autonomous-vehicles-not-ready-yet/?utm_source=chatgpt.com
https://semiengineering.com/autonomous-vehicles-not-ready-yet/?utm_source=chatgpt.com
https://www.brookings.edu/articles/the-evolving-safety-and-policy-challenges-of-self-driving-cars/
https://www.brookings.edu/articles/the-evolving-safety-and-policy-challenges-of-self-driving-cars/
https://doi.org/10.1007/s13347-022-00526-2
https://doi.org/10.1007/s13347-022-00526-2
https://www.reuters.com/technology/bosch-ceo-warns-europe-against-regulating-itself-death-ai-2025-06-25/?utm_source=chatgpt.com
https://www.reuters.com/technology/bosch-ceo-warns-europe-against-regulating-itself-death-ai-2025-06-25/?utm_source=chatgpt.com
https://www.thedriverlessdigest.com/p/waymo-stats-2025-funding-growth-coverage
https://www.thedriverlessdigest.com/p/waymo-stats-2025-funding-growth-coverage
https://www.cnbc.com/2025/05/20/waymo-ceo-tekedra-mawakana-10-million.html
https://www.cnbc.com/2025/05/20/waymo-ceo-tekedra-mawakana-10-million.html
https://www.cnbc.com/2024/07/23/alphabet-to-invest-5-billion-in-self-driving-car-unit-waymo.html
https://www.cnbc.com/2024/07/23/alphabet-to-invest-5-billion-in-self-driving-car-unit-waymo.html

The Evolution of Shared Autonomous Vehicles PwC 57

22

23

24

2

31

21

o

27

2i

@

2!

=3

30

The Wall Street Journal (2025). Tesla’s Robotaxi Launch Show, Google’s Waymo is Worth
More Than $45 Billion. Retrieved from: https://www.wsj.com/business/autos/tesla-
robotaxi-waymo-alphabet-23837d43.

The Economist (2024). China’s robotaxis are racing ahead of Tesla’s. Retrieved from: https://
www.economist.com/business/2024/07/24/chinas-robotaxis-are-racing-ahead-of-teslas.

Yang, Z. (2024). What’s next for robotaxis in 2024. MIT Technology Review. Retrieved
from: https://www.technologyreview.com/2024/01/23/1086936/whats-next-for-
robotaxis-2024/.

Feng, C. (2025). Baidu’s robotaxi service completes 11 million rides as company beats
earnings expectations. SCMP. Retrieved from: https://www.scmp.com/tech/big-tech/
article/3311267/baidus-robotaxi-service-completes-11-million-rides-company-beats-
earnings-expectations.

WeRide (2025). WeRide Announces Q1 2025 Financial Results: Maintains Industry-Leading
35.0% Gross Profit Margin, Robotaxi Revenue Share Rises 10.4 Percentage Points. WeRide.
Retrieved from: WeRide | WeRide Announces Q1 2025 Financial Results: Maintains
Industry-Leading 35.0% Gross Profit Margin, Robotaxi Revenue Share Rises 10.4 Percentage
Points.

Retrieved from: https://www.vdv.de/vdv-personalumfrage-im-oev.aspx.

Taxi Deutschland, “Das deutsche Taxigewerbe heute”. https://blog.taxi-deutschland.net/
wissenswertes/das-deutsche-taxigewerbe-heute/#: ~:text=55.000%20Taxis%20sind %20
in%20Deutschland,insgesamt%201%2C9%20Milliarden%20Euro.

Taxi-heute.de, “Kampf um Taxifahrer”, 24 October 2024. https://www.taxi-heute.de/de/
fachmagazin/taxi-heute-sep-okt-2024-27699.html.

,Volkswagen und Uber schlieen langfristige strategische Partnerschaft zur Integration
autonomer ID. Buzz-Fahrzeuge in die Uber-Plattform*, 24 April 2025. https://www.
moia.io/de-DE/news/Volkswagen-und-Uber-schlie%C3%9Fen-langfristige-strategische-
Partnerschaft.


https://www.wsj.com/business/autos/tesla-robotaxi-waymo-alphabet-23837d43
https://www.wsj.com/business/autos/tesla-robotaxi-waymo-alphabet-23837d43
https://www.economist.com/business/2024/07/24/chinas-robotaxis-are-racing-ahead-of-teslas
https://www.economist.com/business/2024/07/24/chinas-robotaxis-are-racing-ahead-of-teslas
https://www.technologyreview.com/2024/01/23/1086936/whats-next-for-robotaxis-2024/
https://www.technologyreview.com/2024/01/23/1086936/whats-next-for-robotaxis-2024/
ttps://www.scmp.com/tech/big-tech/article/3311267/baidus-robotaxi-service-completes-11-million-rides-company-beats-earnings-expectations
ttps://www.scmp.com/tech/big-tech/article/3311267/baidus-robotaxi-service-completes-11-million-rides-company-beats-earnings-expectations
ttps://www.scmp.com/tech/big-tech/article/3311267/baidus-robotaxi-service-completes-11-million-rides-company-beats-earnings-expectations
https://www.vdv.de/vdv-personalumfrage-im-oev.aspx
https://blog.taxi-deutschland.net/wissenswertes/das-deutsche-taxigewerbe-heute/#:~:text=55.000%20Taxis%20sind%20in%20Deutschland,insgesamt%201%2C9%20Milliarden%20Euro
https://blog.taxi-deutschland.net/wissenswertes/das-deutsche-taxigewerbe-heute/#:~:text=55.000%20Taxis%20sind%20in%20Deutschland,insgesamt%201%2C9%20Milliarden%20Euro
https://blog.taxi-deutschland.net/wissenswertes/das-deutsche-taxigewerbe-heute/#:~:text=55.000%20Taxis%20sind%20in%20Deutschland,insgesamt%201%2C9%20Milliarden%20Euro
https://www.taxi-heute.de/de/fachmagazin/taxi-heute-sep-okt-2024-27699.html
https://www.taxi-heute.de/de/fachmagazin/taxi-heute-sep-okt-2024-27699.html
https://www.moia.io/de-DE/news/Volkswagen-und-Uber-schlie%C3%9Fen-langfristige-strategische-Partnerschaft
https://www.moia.io/de-DE/news/Volkswagen-und-Uber-schlie%C3%9Fen-langfristige-strategische-Partnerschaft
https://www.moia.io/de-DE/news/Volkswagen-und-Uber-schlie%C3%9Fen-langfristige-strategische-Partnerschaft

The Evolution of Shared Autonomous Vehicles

About the authors







WC

© October 2025 PricewaterhouseCoopers GmbH Wirtschaftspriifungsgesellschaft. All rights reserved.
In this document, “PwC” refers to PricewaterhouseCoopers GmbH Wirtschaftspriifungsgesellschaft, which is a member firm of PricewaterhouseCoopers

International Limited (PwCIL). Each member firm of PwCIL is a separate and independent legal entity.

www.pwc.de


http://www.pwc.de

	PwC Lab for Smart Mobility
	Table of contents
	Table of figures
	01 Introduction
	02 The global state of play on autonomous mobility
	03 Implementation challenges for shared autonomous vehicles
	Technical challenges
	Regulatory challenges
	Economic challenges
	Structural and organisational challenges

	04 The SAV ecosystem requires orchestration of wide-ranging tasks
	Supply section
	Operate section
	Demandsection

	05 Identifying the most promising ecosystem configurations
	Configuration 1 – PT-centric
	Configuration 2 – Integrated SAV mobility solution
	Configuration 3 – Lean PT
	Configuration 4 – Private (tech) player
	The configuration question

	06 Flexible business case modelling
	07 SAV rollout in public transport
	Public transport today
	Assumptions
	AD/SAV-specific investments
	Results of the analysis
	Capabilities of incumbents and new entrants
	Conclusions

	08 Rollout of robotaxis in Germany
	Robotaxis today
	Assumptions
	Results of the analysis
	Conclusions

	09 The road ahead for autonomous mobility
	Appendix
	Abbreviations
	References

	About the authors



