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Note on the use of gendered language
We write about people of all genders. For
reasons of better readability, the masculine
form is used in this study for personal
designations and personal nouns. In the
interest of equal treatment, corresponding
terms shall be deemed to include all
genders. The shortened language form is
used for editorial reasons only and does not
imply any evaluation.

Notes on the use of Al

The images in this study were generated using
artificial intelligence and edited manually
thereafter.

INTRODUCTION

MEGATREND STUDY

MOBILITY

This Megatrend Study offers strategic orientation for compa-
nies, innovators, mobility providers, urban planners, political ac-
tors and anyone else who wants to take a comprehensive look
at the mobility of the future. It helps to identify opportunities
at an early stage and serves as a basis for individual reflection
on significant changes.



INTRO INTRODUCTION

INTRO

Those who understand mobility exclusively as traffic or mere

movement of people and goods underestimate the dimen-
sions of this Megatrend and its far-reaching consequences.
Mobility is more than just movement — it is technological

innovation, economic transformation and social change.
It is a question of political decisions, individual behaviour
and economic investment. Mobility influences how we live,
work and do business. It defines spaces on land, on water
and in the air and determines infrastructure, social partici-
pation and access to resources. The Megatrend of Mobility

interacts with other key developments such as eco-intelli-
gence, security, connectivity and urbanisation. At the same

time, numerous stakeholders — from users to producers to

political decision-makers — are actively involved in shaping

it. Their decisions will have a significant impact on the fu-
ture of mobility.

INTRODUCTION

TEAMING UP ON THE WAY TO THE FUTURE OF
MOBILITY

In view of this complexity, Norton Rose Fulbright and the
Zukunftsinstitut have joined forces to analyse and speci-
fically support key developments in mobility. In a strate-
gic partnership, we combine research expertise, systemic
analysis skills and in-depth industry knowledge. We identify
formative trends, derive relevant fields of action and show
organisations how they can optimally use their potential.

The Trend Radar and the Megatrend Study on Mobility pro-
vide the first substantiated future insights. They serve as an
orientation for decision-makers in mobility industries and
beyond. Overall, this work lays a solid foundation for the
future design of mobility. The next step is to derive specific
scenarios and generate insights that are relevant for ac-
tion — step by step towards a sustainable future of mobility.

INTRO

MOBILITY TRANSITION:
FULL SPEED WITHOUT CLEAR DIRECTION

A glance at the Trend Radar shows: The Green Shift will be

the key driver in the years to come. Materially influenced by
a change in social awareness, technological progress and

regulatory intervention, mobility is becoming more sus-
tainable. But despite this momentum, the direction of the

mobility transition remains unclear. Different drive systems,
investment strategies and geopolitical developments raise

questions. Political zigzags increase uncertainty amongst

investors, producers and mobility providers alike.

»It's a mess«, is how mobility expert Prof. Dr. Massimo Mo-
raglio from the Technical University of Berlin sums up the

current situation. But there is also enormous potential in

this uncertainty: The mobility transition offers far-reaching

opportunities forinnovation, economic development and an

increase in quality of life. Technological and political break-
throughs and clear strategic guidelines will be essential to

realise this potential. Currently, however, there still is a lack

of orientation points in the long term for rethinking mobility

as a user-centred, networked service offering.

AN INVITATION TO SHAPE THE FUTURE

With this Megatrend Study, we offer you a sound basis for
reflection and strategic planning. We are already working on
the next publication, which, on the basis of scenarios, future
narratives and visionary approaches, will identify specific
options for action for the mobility of tomorrow.

Let’s shape the future of mobility together. This first step has
been taken — now it’s time to set the right course.

We are on the move!

Harry Gatterer & Karsten Kiihnle
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QUESTIONS AND IMPULSES

WHAT DOES THIS TREND MEAN FOR OUR
ORGANISATION?

The trends presented herein raise questions about
the day-to-day running of an organisation. They
can only be addressed in a very generalised way
in this study and serve as an initial impetus to
engage with the trends. Please do not hesitate

to contact us if you require any further informa-

tion or support!
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O 2 The systemic coding aims at identifying sub-trends

of the respective analysed Megatrend. For this

SAMPLING PELC NETWORK SAMPLING EXPERT SYSTEMIC purpose, a three-stage procedure is carried out: ASSESSMENT OF
4X4 MATRIX ANALYSIS INTERVIEWS CODING QUALITY CRITERIA

The Megatrend Research The network analysis is conducted The purpose of the expert interviews is to gain 01 02 03 The quality assessment
process starts with the first to analyse the fields of action. A field in-depth knowledge from experts. An expert Code identification: Determination of Designation of trends serves to ensure the quality of
collection of data. The aim of action is a condensed bundle is someone who takes responsibility for solving Designations or short concepts: (trend narration): the information obtained and
is to obtain the data base for of movements of change which —in problems or has exclusive access to information phrases that represent They represent related Trends are observable comprises scientific as well as
the PELC network analysis. contrast to an individual conside- and, based on comprehensive knowledge, a specific topic, a phenomena, ideas general development economic and systemic criteria.
ration of trends — has a holistic effect.  skills and experience in his field, makes well- relevant aspect or and elements. tendencies.

founded decisions, solves problems and is an emotion.

regarded as an authority, offering guidance

and orientation to others.



METHOD

INTRODUCTION

MOBILITY

DATA BASE

The PELC network analysis is a process specifi-
cally developed for and used in the context of the
Megatrend Research by the Zukunftsinstitut. Its
structured approach provides the basis for iden-
tifying trends in a comprehensive way, taking into
account the complex interrelationships that exist
between them. At first, significant amounts of
data are collected along the grid of the 4X4 data

matrix (01). For the Megatrend of Mobility, more
than 150 documents were collected, the cont-
ents of which provide various perspectives on
mobility. Based on the ubiquitous (i.e. affecting all
areas of society) and global idea of Megatrends
and on the diversity of sources, three levels are
taken into account:

/]

SUBSYSTEMS OF SOCIETY

The topics that are relevant in

connection with Megatrends are ...

— Politics: legislative, executive,
judiciary, bureaucracy

— Economy: production, services,
technology, information, finance

— Legitimation: science, religion,
fundamental rights, basic
assumptions

— Community: arts, education,
general public, NGOs

/

TYPES OF MEDIA

Which topics are discussed in the

media of ...

— Empiricism and theory: scientific
journals and research institutes

— Positioning: think tanks and
networks

— Application: consultancies and
specialised media

— Coverage: daily media and other
journalism formats

10

/]

CONTINENTAL TRENDS

In terms of their basic characteristics,
Megatrends are global phenomena
that can be found on all (inhabited)
continents, which is why this geogra-
phical framework is also applied for
source research. Continental perspec-
tives beyond Europe are necessary to
account for the criterion of globality.

INTRODUCTION

Interms of their basic characteristics, Megatrends

are global phenomena that can be found on all

(inhabited) continents, which is why this geogra-
phical framework is also applied for source rese-
arch. Continental perspectives beyond Europe are

necessary to account for the criterion of globality.
The PELC network analysis (02) is based on this

collection of data and used to identify the key
Megatrend Areas for organisations. The sour-
ces of the information collected are analysed as

to their semantic proximity using Al and conver-
ted into a network.

For the assessment of future prospects, the con-
duct of a holistic analysis of all four sub-systems

of society is interesting. This is the next stage, in

which the cross-system Megatrend Areas arise.
The more connections a code has and the more

central itis in the network, the more relevant it is

forthe respective Megatrend analysed. By use of
artificial intelligence, clusters are formed from

similar codes related to each other. Such con-
densed “bundles” of movements of change are

the Megatrend Areas — i.e. the particular fields

of action a Megatrend comprises in which com-
panies can take action to exploit a Megatrend for
their own benefit.

The advantage of Megatrend Areas lies in their
temporal stability due to which they can serve as
orientation for the future work of organisations.
For the clients of the Zukunftsinstitut, they often
are the key fields of action that are relevant for
about a decade. These Megatrend Areas were
used as a basis for the subsequent expert inter-
views (03) by the Zukunftsinstitut.

As regards Mobility, six Megatrend Areas that will
be relevant for the next decade have been iden-
tified after an iterative process:

- Urban Mobility

- Sustainable Mobility
- Transport Technologies
- Traffic Safety

- Transport Policy

- Mobility Management

METHOD

.North America__ _ §

Africa

Australia

Asia .

Europe

CONTINENTAL TENDENCIES

On the basis of the identified Megatrend Areas,
experts were selected to conduct interviews to

identify trends. At this point, the time horizon

should be mentioned again: Megatrend Areas re-
flect change movements of a decade; trends, on

the other hand, cover a shorter period of approxi-
mately three years. Megatrend Areas are starting

points for companies to engage more intensively
with Megatrends at the strategic or visionary level.
Trend monitoring, however, offers access to inno-
vation and current opportunities (for example, as

regards communication or marketing). The PELC
network analysis has the great advantage that
it can clearly differentiate between short-lived

trends and Megatrend Areas that are relevant
in the longer term. Which area of knowledge is

relevant in each case depends on the specific

questions of the respective company.

11
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GREEN SHIFT TREND

TREND
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Green Shift is the key mobility trend for the years ahead. It
marks the systemic shift towards eco-intelligent, low-emis-
sion and resource-efficient mobility, driven by a combina-
tion of the intensified effects of climate change, growing
environmental awareness, regulatory intervention and tech-
nological innovation.

Climate change is no longer an abstract threat, but has be-
come atangible reality for an increasing number of people,
one that also directly impacts mobility and transport sys-
tems. Air pollution, rising temperatures and sea levels, as
well as extreme weather events such as droughts, heavy
rainfall and flooding are forcing a rethink. At the same time,
social awareness of environmentally friendly solutions is
growing — consumers, companies and political players are
increasingly recognising the urgency of a mobility transi-
tion. Products, marketing, campaigns and projects are go-
ing green. The Green Shift dynamic is driving profound ch-
anges in regulation, market requirements and investment
flows. Governments are setting ambitious climate targets,
with carbon reductions being legislated and sustainability
standards tightened. Investors are focusing on ESG criteria,
with sustainable investments combining the traditional cri-
teria of profitability, liquidity and security with environmental,
social and ethical considerations. Companies are develo-
ping eco-propositions as low-emission operations are no
longer just a competitive edge, but an economic imperative.

TREND GREEN SHIFT

Aside from regulatory pressure, technological innovations

enabling more efficient mobility services are a major Green

Shift driver. Many companies and start-ups are working

ambitiously to improve battery technology, both in terms

of range and charging time. Solid-state batteries such as

aluminium-ion batteries or lithium-ceramic batteries are to

become more compact, powerful and safer alternatives to

lithium-ion batteries in the next few years. New generations

of fuel cell technologies also promise lower consumption

and higher performance for hydrogen-powered mobility.
Research into synthetic fuels such as e-fuels is being pur-
sued intensively in order to make millions of existing vehicles

with diesel and petrol engines more climate-friendly, with

Al significantly expanding the possibilities of digital cont-
rol systems for improved traffic flow. These innovations not

only drive decarbonisation, but also increase the efficiency
and adaptability of mobility systems.

17

But transformation also holds its challenges. The shift away
from fossil fuels and traditional mobility structures is not
only a technical, but also a social and economic task. So-
cial justice, economic stability and the resilience of mobility
systems are crucial aspects here. An unbalanced mobility
transition — for example, due to excessive costs for indivi-
dual groups or one-sided funding models — will trigger so-
cial resistance. The success of the Green Shift is therefore
closely tied to its acceptance and active participation by
politics, businesses and the civil society. Isolated initiati-
ves will not suffice. The Green Shift requires action across
systems — from urban infrastructure to global supply chains
and personal mobility. Without holistic planning, participa-
tive implementation and systemically interacting measures,
there is a risk of side effects such as new social inequali-
ties or rebound effects. The challenge for the coming years
will be to realise a fully sustainable mobility transition that
is not only ecologically better but also economically viable
and socially just.




GREEN SHIFT TREND

The Green Shift focuses on the
following identified trend concepts:

- Decarbonisation
- Systemic transformation

WHAT'S BEHIND THE TREND?

Decarbonisation is the process of reducing or eliminating

carbon emissions — and this shift away from fossil fuels and

the transition to zero-emission or climate-neutral technolo-
gies is already underway. One of the goals of decarbonisa-
tion is to transform the entire mobility sector such that car-
bon emissions are minimised or at least fully compensated.
Besides drive technologies such as e-mobility, hydrogen

and other sustainable fuels, modal shifts to mobility forms

such as rail or shared mobility also foster decarbonisation.
Systemic transformation describes the need to consider the

mobility transition holistically, across systems, in terms of

its interactions and dependencies. The aim is to go beyond

isolated solutions and shape change in such a way that it

has interacting effects. Several factors play a role here, in-
cluding economic compatibility, political framework con-
ditions and social acceptance. The Green Shift cannot be

achieved by legislative measures alone; it also requires a

structural adaptation in industries, new business models

and supportive investments.

ZOOM-IN
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Green
Shift

PLACEMENT ON THE
TREND RADAR
Act/Create

\
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Decarbonisation is the technological component of the

Green Shift trend. But only when combined with a systemic

transformation is this change economically, socially and po-
litically viable. Without systemic changes, a decarbonised

mobility can cause new issues, such as social inequalities or
a shift of emissions to other sectors. The mobility transition

can only be successful with the close networking between

different players and industries, as well as largely harmoni-
sed political framework conditions.

TREND GREEN SHIFT

CONTEXT

HOW IS THIS TREND MANIFESTED?

The Green Shift is not a futuristic vision, but a dynamic pro-
cess that is already transforming mobility systems. Politics,
industry and society are increasingly taking measures to

drive the decarbonisation of mobility. Particularly in the areas

of infrastructure, regulation, technology and business mo-
dels, major developments are visible showing that the shift

towards eco-intelligent mobility is in full swing.

Political action to implement the Green Shift particularly
includes ambitious climate targets and regulatory measu-
res. With its “Fit for 55” package, for example, the European

Union is aiming to reduce carbon emissions by at least 55
percent by 2030. The intended shift away from the combus-
tion engine in Europe as from 2035, for example, is putting

the automotive industry under tremendous innovation pres-
sure. At the same time, cities and regions are increasingly
focussing on political strategies that specifically promote

eco-friendly mobility concepts — for example, by investing

in the expansion of public transport, promoting bicycle in-
frastructure, car-free zones, cycle paths and parks. Sin-
gapore, for example, has been consistently investing in its

public transport system since 2017 and plans to have in-
vested a further 40 billion euros in network expansion by

2031, in order to offer 80 percent of Singaporeans a metro

station within a ten-minute walk. Paris has turned streets

into pedestrianised zones and has doubled its cycle paths

to over 1,000 kilometres at a cost of 150 million euros. A
further 250 million euros are to be invested in the French

capital’s cycling policy over the next few years. The removal

of urban motorways and heavily used roads has also been

put on the agendain many places, even in the US, where the

Federal Highway Federation supports the implementation

of highway removal and road diet projects.

19

What obstacles do you currently see to using
sustainable means of transport?

()

Missing
information

Lack of
accessibility
Lack of ‘

In per cent

infrastructure

Lack of availability
or insufficient provision
of local public transport

High purchase costs
for environmentally
friendly vehicles

Convenience

@ or habit

Missing
incentives
Lack of user

experience

Note: Germany; 2,500 survey participants;

Source: Statista, 2024 16 years and older

Globally, electric vehicles are not a niche product in the
automotive industry, but established market players. Over
41 million electric cars were sold worldwide in 2023 - an
increase of over 14 million vehicles compared to the previ-
ous year. Frontrunners such as Norway demonstrate that a
widespread electrification of transport is possible. In 2024,
the share of electric vehicles in newly registered vehicles
was almost 90 percent. At the same time, leading automo-
tive companies such as Volkswagen, Toyota and BYD are
investing billions in the development of new battery tech-
nologies and the expansion of the charging infrastructure.



GREEN SHIFT TREND

Top 3 leading green tech sectors

Based on patent numbers

New

Efficient
production

more than 40,000 world-class patents

mobility

around 36,000 world-class patents

New energy

around 20,000 world-class patents

Source: EconSight, 2023

In what way has your mobility behaviour changed
fundamentally in recent years?

In percent

M Moreoften [l Less often H Unchanged/no information

Ownbicycle NN YT
Car sharing 3816 56
Sl 26098 51

moped sharing

On demand services [IIINERY " 71

Bus/rail in local

public transport 28 28 49
Own vehicle 23 40 37
Gt s
Taxi

Plane PRI T

Source: Bitkom, 2023

Basis: Germany, calendar week 25-29;
1,003 survey participants; 16 years and older

20

Aviation and shipping transport is also transforming. While

Sustainable Aviation Fuels (SAF) are being tested as alter-
native fuels for the aviation sector, the shipping industry

is increasingly turning to hydrogen and methanol as lo-
wer-emission alternatives to heavy fuel oil. However, scaling

up these technologies remains a challenge — experts have

expressed concerns about whether the targeted quotas for
SAF can actually be achieved.

Beside these regulatory and infrastructure changes, the
Green Shift is also reflected in changing consumption and
mobility patterns. People are increasingly choosing not to
have their own car and are instead making greater use of
intermodal mobility solutions that combine different modes
of transport. Sharing concepts, mobility-as-a-service (MaaS)
and digital mobility platforms are becoming more important.
At the same time, cities, regions and states are testing new
incentive models to make sustainable mobility more attrac-
tive. For example, the Australian state of Queensland trial-
led a 50 cent ticket for public transport to encourage peo-
ple to switch to more climate-friendly means of transport.
All these developments show that the Green Shift is not just
a technological transformation, but entails a far-reaching
social and economic transformation. The coming years will
show how successfully the measures are working and to
what extent the shift towards zero-emission mobility can be
anchored inthe long term. However, it is clear that the mobi-
lity sector is moving towards a more climate-friendly future.

GREEN SHIFT

The course has been set, but implementing the tran-
sition to sustainable mobility remains a complex task
and depends on many factors. While initial regulatory
measures and technological innovations are already
signalling clear progress, economic, infrastructural
and social conditions must be further adapted to en-
able a large-scale mobility decarbonisation.

Technological progress will be a key driver for further
development. Improvements in battery technology, a
more efficient charging infrastructure and successes
in alternative drive systems such as hydrogen and
synthetic fuels will have a significant impact on how
quickly zero-emission mobility becomes the new stan-
dard. While the electrification of road transport is ra-
pidly advancing, air and sea transport remain major
challenges. Scaling sustainable aviation fuels (SAF)
and hydrogen propulsion systems is essential, but
there are still major barriers in production, costs and
infrastructure to overcome.

Also, the mobility industry<s market and business mo-
dels will continue to change. Automotive manufactu-
rers are facing a paradigm shift. Instead of just selling

vehicles, they are increasingly focusing on mobility

services, sharing models and intermodal platforms.
Companies adapting to these changes at an early stage

will benefit from competitive edges, while traditional

business models will come under pressure.

Social acceptance of a sustainable mobility will be

key to determining if the Green Shift will be success-
ful. The change requires not only a technological, but

also a cultural transformation. Governments and mo-
bility providers face the common challenge of making

eco-intelligent mobility options so attractive that they
are embraced by broad population groups. Financial

incentives, an improved public transport infrastruc-
ture and sharing models will play a key role here. The

expansion of a zero-emission infrastructure, the regu-
latory framework for new technologies and the crea-
tion of economic incentives to encourage the transi-
tion to sustainable mobility systems are essential to

achieving the climate targets set.

The Green Shift is transforming the mobility sector and

will also have a profound impact on economy, society

and politics. The coming years will be driven by efforts

to establish a form of mobility that is ecologically sound,
economically viable and socially acceptable. The Green

Shift is not an option. It is the major driver for the mo-
bility’s future in the years to come.

QUTLOO




REGULATORY COMPLEXITY TREND TREND REGULATORY COMPLEXITY

Increasing regulatory complexity is associated with major
challenges for mobility operators. Stricter environmental,
safety and market regulations, as well as geopolitical
influences and national funding strategies, create new
competitive conditions — and sometimes also uncertainty.

COMPLEXITY
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REGULATORY COMPLEXITY

TREND

TREND

Regulation is among the most powerful levers for change
in the mobility sector — it can drive innovation, but it can
also jeopardise entire business models. Over the last ye-
ars, the regulatory and funding landscape has become in-
creasingly complex: National governments and supranati-
onal institutions such as the EU are increasingly relying on
regulation to achieve their climate targets, increase secu-
rity, enforce standards or protect their internal markets. At
the same time, possible twists in the regulatory landscape
are hard to predict in many countries due to the prevailing
political dynamics.

One example of a landmark regulation is the ban on combus-
tion engines in the EU from 2035, which will force traditional
automotive manufacturers to radically change their produc-
tion lines while suppliers will have to adapt or completely
reinvent their business models. At the same time, however,
there is no global consensus: While Europe is preparing to
phase out the combustion engine, China is pursuing a mi-
xed strategy of electric mobility, hybrid technologies and
synthetic fuels. In the United States, the Inflation Reduc-
tion Act has, among other things, massively boosted the
production of electric vehicles and batteries — a trend that

\—/
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cannot be completely reversed even by a change of course

under Donald Trump since the corresponding funds have

already been invested in projects such as lithium miningin

California, solar cell factories in Texas and factories for the

production of batteries and electric cars in Georgia. Mean-
while, Europe is responding to Trump’s return to fossil fuels

by preparing a decarbonisation agenda. The Clean Indus-
trial Deal prioritises clean products from the EU and provi-
des 100 billion euros for this purpose.

While the EU and some US states are introducing strict CO2

regulations, other markets continue to rely on fossil fuels or
subsidise high-emission technologies. This is causing glo-
bal companies to develop different product and business

strategies in parallel in order to meet the requirements of

their respective markets. Automotive manufacturers like

Toyota argue, for example, that there are many reasons not

to entirely rely on pure e-mobility just yet, because relevant
infrastructure, variable price ranges and a reasonable selec-
tion of vehicles for the different parts of the world are still

lacking. At BMW, there is concern that Europe’s automo-
tive industry may be susceptible to blackmail if it focuses

exclusively on battery electric propulsion. The regulation of
autonomous vehicles also shows quite different patterns

worldwide: In China, driverless taxis are being tested on

a large scale, while the EU is still working on comprehen-
sive safety standards, and the US has regulations that vary
from state to state.

TREND

This divergence of regulatory frameworks in different mar-
kets means that companies can no longer develop their bu-
siness strategies based on technical or economic conside-
rations only but need to conduct an in-depth analysis of the
current regulatory landscape also taking into account future
scenarios. The development of new vehicles, mobility ser-
vices or infrastructure projects is hardly sustainable today
without knowledge of applicable laws, planned regulatory
initiatives and potential political changes. It is essential to
analyse funding landscapes and tax incentives as these have
significant influence on which technologies have economic
potential. With the EU taxonomy, for example, the EU has
introduced a classification that defines which investments
are considered environmentally sustainable — a decision that
directly influences which mobility solutions are eligible for
funding. To remain competitive in such an environment, it
is not enough to simply comply with the current regulations,
but companies also have to anticipate how the legal frame-
work will develop — an aspect that increasingly makes mar-
ket success dependent on a companies’ regulatory agility.

REGULATORY COMPLEXITY

On top of all this, there is increasing political unpredictabi-
lity. In Europe, the days when catch-all parties were cons-
tantly in power and guaranteed a certain degree of stability
are increasingly a thing of the past. New parties with more
radical regulatory approaches — in one direction or ano-
ther — are gaining influence. Even economic big players
like the US are questioning established practices, agree-
ments and regulations. Due to the fragmented and volatile
political landscape, also mobility providers must expect to
be confronted with policy changes and completely new re-
gulations at short notice — for example, in form of stricter
climate requirements or cancelled subsidies and new re-
strictions on certain forms of mobility. Geopolitical uncer-
tainties in form of ongoing wars such as in Ukraine or the
Middle East, rebel attacks such as in the Red Sea, smoul-
dering conflicts such as that between China and Taiwan, or
bold claims to important infrastructure such as those of the
USA regarding the Panama Canal are causing movement
in the mobility markets. Sanctions, tariffs, geographical or
technological trade barriers can impede access to import-
ant raw materials, production capacities, transport routes
or sales markets.
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The Regulatory Complexity trend
focusses on the following identified
trend concept:

- Regulatory framework

WHAT'S BEHIND THE TREND?

The regulatory framework is one of the most controversial

fields in the mobility debate. While some industry players

see it as an indispensable instrument for safety, sustainabi-
lity and fair competition, others see it as one of the biggest
hurdles to innovation — especially in Europe. Critics comp-
lain that the multitude of laws, regulations and bureaucratic

requirements delays technological progress, slows down

start-ups and puts European companies at a disadvan-
tage in international competition. Particularly in compa-
rison to dynamic markets such as the US, India or China,
where innovations can be implemented and scaled under
less, or more flexible, regulatory conditions, the European

economy is seen as lagging behind due to excessive regu-
lation. This view is supported by the sluggish introduction

of new mobility technologies such as autonomous driving

or alternative drive systems, which are only making slow
progress in Europe due to lengthy approval processes or
inconsistent funding.

Still, there are also supporters of strict regulation. In parti-
cular, in sensitive areas such as data processing, traffic sa-
fety and consumer protection, clear legal requirements are
seen as a potentially important competitive advantage. With
initiatives such as the General Data Protection Regulation
(GDPR) or the Al Regulation, Europe is regarded, depen-
ding on one’s point of view, either somewhat disparagingly
as the ‘world champion of regulation’ or as a pioneer of

ZOOM-IN
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trustworthy and transparent technology standards. In the
field of mobility, well thought out regulation can help Euro-
pean companies to develop secure, inclusive, fair and environ-
mentally friendly solutions that are in demand internationally.

The real problem lies not so much in the existence of regu-
lation, but in its structure, speed and adaptability. A regula-
tory landscape that is too rigid and slow to react can hinder
transformation and innovation, while a dynamic, technolo-
gy-open regulation can set important incentives to improve
market conditions and create a clear framework for new
business models. Ultimately, it will be decisive how quickly
and flexibly legislators will react to technological develop-
ments in the future in order to avoid the risk of economic
stagnation or unregulated proliferation.

TREND REGULATORY COMPLEXITY

CONTEXT

HOW IS THIS TREND MANIFESTED?

The increasing regulatory complexity in the mobility industry
manifests itself in a wide range of areas — from the finan-
cing of sustainable technologies to global market distortions
caused by the various regulatory requirements. This com-
plexity does not only result in enormous adjustment efforts
for companies, but also has strategic effects on competiti-
veness, innovative strength and market access.

One example of the direct influence of regulation can be ob-
served in aviation. Due to strict environmental regulations in
the EU, in particular, the mandatory blending of sustainable
aviation fuels (SAF), kerosene tax and adjustments to the

Global phase-out of petrol cars

EU Emissions Trading System (ETS), European airlines face

higher operating costs than their international competitors.
Since airlines from other regions often do not have to comply
with these requirements, market distortions arise, which fa-
vour, for example, the relocation of long-haul flights to hubs

such as Istanbul or Dubai. Moreover, European airlines are

affected by indirect government measures: While the EU

relies on emissions trading systems to make aviation more

climate-friendly, airlines outside of Europe are not burde-
ned with these additional costs. Since air traffic is global,
the conditions of competition should be fair, argues, among

others, Lufthansa Group, and calls for a level playing field

with its main competitors from the Middle East, China, the

US and Turkey. According to Lufthansa Group, the propo-
sed EU measures in aviation would lead to a relocation of
CO2 emissions and significant distortions of competition

if they were not corrected.

Approximate official targets for the complete phase-out of new petrol/diesel-powered cars, by country

I N
2025 2030 2035* 2040** 2050

Slovenia, Japan, Canada,
Singaore and some US states
will continue to allow the sale
of hybrids

Sri Lanka: combustion engines
will be banned from the roads

k<8

Source: ICCT, A2Z Coalition, Coltura, Statista-Research
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*Including EU-wide ban
** Including the signatory states of COP26 promises 2.Aand 2.B
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Another area in which regulation has far-reaching conse-
quences is the financial sector. The EU taxonomy and state

regulations, for example, in Germany, require banks to make

their portfolios more climate-neutral, which has direct im-
pact also on the financing of mobility projects. Some in-
dustries, such as shipping and aviation, are facing massive

challenges as banks increasingly consider the financing of

particularly carbon-intensive companies as high-risk. They

fear that it will be more difficult for traditional industries to

earn the money required to repay their loans. Apart from that,
investors are less willing to entrust their money to banks

that finance companies which are harmful to the climate.

However, the example of shipping shows that regulation can
also be a driver of transformation. The International Mari-
time Organization (IMO) has established strict regulations
to reduce emissions, pushing companies to switch to more
sustainable fuels, such as methanol or LNG. These regula-
tory requirements are not only setting new standards but
are also changing the entire structure of the global shipping
industry by promoting alternative technologies and chan-
nelling investments into more climate-friendly infrastruc-
ture. At the same time, however, companies have to meet
new certification requirements to demonstrate their com-
pliance with these international regulations. This can result
in significant costs and time delays, especially for smaller
players in the industry.

Supply chains are also subject to increasingly stringent re-
gulatory requirements. Examples include the European ban
on the import of products made using forced labour and the
due diligence obligations under the EU Corporate Social
Responsibility Directive (CSDDD), which require companies
to comply with human rights and environmental standards
throughout their entire supply chain. Companies are there-
fore not only responsible for their own actions but must also
monitor the actions of their direct and indirect suppliers. A
survey among Austrian companies highlights the challen-
ges associated therewith: Only 30 percent of the survey
participants are fully familiar with the requirements of the
CSDDD and the vast majority of companies do not know their
indirect suppliers. Companies are required to identify risks,
prevent any negative impact of their business activities and
take preventive measures. They are obliged to establish de-
tailed transparency and monitoring systems to prove that
their supply chains comply with the legal requirements. This
requires extensive audits, new contractual arrangements
and often also a complete reorganisation of supplier rela-
tionships, which entails high administrative and financial
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burdens for many companies. Last but not least, the moni-
toring of emissions and sustainability standards with com-
prehensive reporting and rating systems is another factor
that shows the growing influence of regulatory complexity.
Companies are obliged to continuously document their en-
vironmental performance and report it in publicly accessible
sustainability reports. While this is intended to create trans-
parency and promote sustainable business models, it also
significantly increases the administrative burden and po-
ses major challenges, in particular, for smaller companies.

Number of laws, statutory ordinances and
individual regulations at federal level

Laws — Statutory ordinances

1,668
1,500

2010 2024

Individual regulations — Individual regulations in
in laws statutory ordinances

60,000 = - == = === <

30,000

2010 2024

Source: Statista, 2024 Note: Germany, 2010 to 2024

REGULATORY COMPLEXITY

The range of examples given shows how regulation in
the various sub-areas changes the framework condi-
tions and, thus, does not only constitute a legal or bu-
reaucratic challenge but also a strategic core issue for
companies in and around the mobility industry.

OUTLOOIK

It is to be expected that, over the next years, the regu-
latory landscape will not only become more complex

but also more dynamic and politically volatile. Compa-
nies that only comply with existing regulations today
run the risk of being caught off guard by unexpected

political decisions, new environmental regulations or
geopolitical shifts. Those who do not deal with regu-
latory developments at an early stage, proactively an-
ticipate them and integrate them into strategic deci-
sion-making processes, risk significant competitive

disadvantages or even the loss of their market access.
In particular, internationally operating companies have

to develop a thorough understanding of the different

legal frameworks and be able to dynamically adapt

their strategies.

Meanwhile, regulation also offers opportunities for
companies that are able to proactively adapt and po-
sition themselves as pioneers of compliant innovation.
What may be a limitation to some is the opportunity to
discover interesting economical potential in the new

framework conditions to others. Regulatory comple-

xity is not a side issue in mobility transition, but an es-
sential factor, which is of central importance for the fu-
ture viability of companies and entire industries. The

decisive question for companies is therefore how they

can use regulation to their advantage.
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EFFICIENT LOGISTICS TREND
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The increased fragility of many supply chains is an indication
of the interaction between mobility and megatrends such
as globalisation, eco-intelligence and security. Moreover,
mobility is also affected by geopolitical tensions, increased
ecological and ethical demands or natural disasters while
technological innovations lead to a radical transformation
of transport and distribution processes. Companies are not
only seeking to operate more efficiently but also to create
resilient structures that can react flexibly to crises and ch-
anges. The Efficient Logistics trend describes this change
and highlights the central developments that make efficient,
resilient logistics possible.

One of the key drivers of this trend is digital networking.
Since Al and big-data analyses enable more precise plan-
ning and control of transport flows, intelligent systems are
increasingly being developed to analyse weather data, geo-
political developments, capacity bottlenecks and changes
in demand in real time in order to detect disruptions and
calculate alternatives early. The aim is to optimise routes,
improve resource utilisation and increase delivery reliability
— a key factor for companies that have to assert their posi-
tion in highly volatile markets. Particularly in e-commerce,
the ability to react flexibly to fluctuating order volumes is a
crucial competitive advantage.

TREND EFFICIENT LOGISTICS

But digitalisation alone is not enough. The resilience of sup-
ply chains has become the defining issue for the industry.
The Covid-19 pandemic, the war in Ukraine and ongoing

(trade) conflicts have shown how dependent companies are

on global supply networks. Nearshoring — i.e. the relocation

of production sites and suppliers closer to the end customer
market — is becoming just as important as multi-sourcing

strategies, in which a specific product or service is purcha-
sed from several providers in order to avoid dependency on

individual suppliers or regions. Decentralised warehousing

structures and flexible logistics networks are also beco-
ming more attractive as they offer the possibility to switch

quickly to alternative supply and distribution channels in

the event of a crisis.

The ecological impact of logistics also plays an important

role in the Efficient Logistics trend, because the transport

sector is one of the main sources of CO2 emissions and

customers and legislators are increasingly demanding sus-
tainable solutions in this area. The focus here is on electri-
fied transport fleets, alternative fuels, such as hydrogen or
bio-LNG, and the increased use of rail as a means of trans-
port. Micro depot concepts and delivery methods, such as

bicycle couriers or autonomous delivery robots, also help to

improve the ecological balance in logistics. Companies that

reduce their CO2 emissions along the entire supply chain

can benefit from an improved image, regulatory incentives

and long-term cost savings.
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A particularly tricky subject is what is referred to as last-mile

delivery, i.e. the delivery process over the last few kilometres

tothe end customer. Particularly in urban areas, this part of
the supply chain is often the most expensive and inefficient.
While traffic jams, parking problems and environmental re-
gulations complicate logistics, customers expect ever faster
delivery times. To meet these challenges, new concepts such

as parcel boxes, drone deliveries or temporary micro-hubs

are being tested to relieve traffic in city centres. Moreover,
autonomous vehicles and Al-supported delivery planning

help to minimise delivery costs and optimise traffic flow.

Automated logistics processes are another area of inno-
vation. Robot-assisted warehouses, in which Al-controlled
machines pick and pack goods, are already part of our pre-
sent. Self-driving trucks are being tested in pilot projects
and promise to provide a cost-efficient and environmentally
friendly transport solution in the long term, provided that the
necessary infrastructures can be made available. The com-
bination of automation, artificial intelligence and real-time
data analysis has the potential to increase efficiency in the
logistics industry by a few more percentage points over the
coming years and can also help to alleviate labour shortages.



EFFICIENT LOGISTICS TREND
The Efficient Logistics trend
focusses on the following identified
trend concept:
- Efficient logistics solutions Efficient
logistics
solutions

WHAT'S BEHIND THE TREND?

Efficiency in logistics can relate to various closely related

aspects that aim to optimise the use of time, costs and re-
sources. One of the central dimensions is space efficiency,
which results from optimised storage and transport routes.
The aim here is to move and store goods in such a way that

empty runs are minimised, storage capacities are used op-
timally, and transport infrastructures are utilised to the best

possible extent. This includes both an intelligent bundling of

shipments and the best possible use of multimodal transport
options combining rail, road, air and sea. Another import-
ant aspect is time efficiency, which aims to provide goods

exactly when they are needed. Just-in-time supply chains

and the reduction of waiting times at transshipment points

are essential strategies for increasing this type of efficiency.
More precise planning and real-time monitoring of supply
chains help companies to identify bottlenecks at an early
stage and enable them to dynamically adapt their processes.

ost efficiency is very much about making transport more
economical by improving vehicle capacity utilisation, using
cheaper alternatives such as trains or inland waterways,
and optimising route planning. Particularly in times of ri-
sing energy prices, choosing the most economical means
of transport is becoming a key factor for companies. Eco-
logical efficiency is also increasingly coming into focus
with regard to environmentally friendly logistics proces-
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ses, which is improved, for example, by low-emission drive

systems, energy-efficient transport infrastructures or the

use of recycling and circular economy concepts within lo-
gistics. A reduced carbon footprint is becoming more and

more important not only for regulatory reasons but also

because companies are increasingly recognising sustain-
able supply chains as a competitive factor.

Last but not least, efficiency is also playing an increasingly
important role in terms of resilience. To ensure that logi-
stics remain efficient in the long term, supply chains must
be flexible enough to react to unforeseen events. Diversi-
fication of suppliers, alternative transport routes and the
use of intelligent technologies are approaches to making
supply chains more resilient.

TREND EFFICIENT LOGISTICS

HOW IS THIS TREND MANIFESTED?

The Efficient Logistics trend is manifested in a variety of

innovative tools that help companies optimise their supply

chains, reduce costs and operate in a more environmen-
tally friendly manner. Thus, for example, in early 2024, the

first parcel drone took off on a scheduled flight from a tool

trading company in Lidenscheid to fly across the city to

an industrial plant. Since then, up to 34 parcels have been

delivered per day. The farthest drone delivery was made to

the neighbouring town of Altena where it arrived after 15

minutes, whereas a car journey would have taken between

40 and 60 minutes. The start-up Morpheus Drohnenlogis-
tik, which carries out the deliveries, has been approved for
nine routes in Germany so far. Besides industrial companies,
it also supplies health care facilities in regions that are dif-
ficult to reach with medical products or delivers materials,
tools and spare parts to drilling platforms or wind farms. Ex-
perts consider the use of drones — for example, in express

services that supply workshops and industrial companies

with urgently needed spare parts overnight — an interesting

option to enable fast, automated and low-CO2 transport
solutions for time-critical deliveries.

Autonomous trucks also offer great potential for increasing
the efficiency of freight transport in remote regions where
the freight system is facing the challenge of long distances.
In the Australian iron ore mine Greater Nammuldi, which is
owned by the Rio Tinto Group, for example, fifty self-driving
trucks are in operation — each with a capacity of 300 ton-
nes. They are coordinated and monitored by the operations
centre in Perth, which is about 1,500 kilometres away. Di-
gital platforms, such as Cargonexx, Shipsta by Freightos or
Shippeo, reduce the number of empty runs and enable the
efficient combination of different modes of transport. Plat-
form economy also offers vast potential as regards the fully
automated execution of operational processes in logistics
companies — from the negotiation and scheduling to the
control of goods flows. The Silicon Economy project of the
Fraunhofer Institute for Material Flow and Logistics (IML), for
example, aims to develop an open-source infrastructure in
this context that uses Al and automation to optimise logistics

Allocation of costs to individual steps in the delivery

process of an e-commerce company in 2023

Worldwide, in per cent
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(Last Mile) Sorting Packaging  Storage Other
Delivery costs

Source: Deloitte; Cainiao Smart Logistics Network, 2023

processes, creates transparency and trust in value chains
and provides open-source components to promote collabo-
ration and sustainable technologies to reduce CO2 emissi-
ons. In shipping logistics, there is also a growing emphasis
on technological efficiency, in particular, when it comes to
using Al-optimised routes or extensive sensor technology
to remotely monitor cargo and on-board equipment, ana-
lyse real-time data and identify problems at an early stage.

The last mile of a transport route is often the most cost and
emission-intensive part of the supply chain. Therefore, inno-
vative solutions are constantly being sought also in this res-
pect. For example, Fraunhofer IAO, veloCARRIER and evo-
park have developed the Park_up concept in collaboration
with APCOA Parking Germany with the aim of making publicly
accessible parking spaces temporarily available for logistics
purposes — a kind of Airbnb for free parking spaces, which
can thereby be turned into parcel transshipment points.
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This allows logistics service providers to set up decentra-
lised micro depots and shorten delivery distances especi-
ally in urban areas, where space for warehouses is hard to

find and expensive. Besides other micro depot concepts,
delivery robots and cargo bikes are also increasingly being

used to reduce traffic and make deliveries faster and more

sustainable. Goods trams, such as those in Frankfurt am

Main, are being tested in combination with e-transporters

and e-cargo bikes, as are innovative logistics systems such

as those presented by a European research association at

the Lower Saxony Research Center for Vehicle Technology
(NFF) at the Technical University of Braunschweig as part

ofthe LogiSmile project. In real traffic conditions, scientists

demonstrated a complete solution for a fully autonomous

logistics concept consisting of two vehicles that network

with each other to independently deliver parcels. The larger
vehicle is kind of a mobile intermediate storage on wheels,
while the smaller one delivers parcels to the recipient and

informs them by text message. In China, Alibaba reported

that, by 2021, its autonomous logistics vehicle Xiaomanlv
had completed already more than a million delivery orders

in 52 cities. Rewe tested an autonomously-driving shopping

concept in Hamburg, while the retail cooperative S Group

is working with Starship Technologies to gain experience

in delivering food using self-driving robots in 15 Finnish ci-
ties. More than 150,000 orders have already been proces-
sed and the expansion of the service to more than 100 sto-
res has been initiated.

Key issue carriers are trying to solve with technology

In per cent

Improvement in the
safety of personnel
Improvement in and vehicles

sustainability

Source: 451 Research Supply Chain Digital Transformation Survey, 2024

Control of fuel,
insurance and
equipment costs
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Introduction of selected digitalisation use cases
among carriers

In per cent
[ Inuse .
| Testing/proof of concept

1 Planned to be implemented within the next 24 months
M Considered but not yet planned to be implemented

M Notin use

Cargo tracking

Fleet tracking/telematics

Energy/fuel consumption
and emissions tracking

Monitoring of
operating staff

Remote connectivity

Vehicle diagnostics
predictive maintenance

Fully autonomous
operation

Semi-autonomous
operation

Electrification
Dynamic routing

Other

0

Source: 451 Research Supply Chain
Digital Transformation Survey, 2024

Compensation
for labour
shortages

Reduction of
unexpected delays and
associated costs
Reduction
of empty
kilometres
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While the focus in road traffic is increasingly on reducing
emissions through electrification, other mobility sectors
such as aviation, shipping or heavy-duty road transport pri-
marily rely on alternative fuels that are less harmful to the
environment than fossil fuels. They make it possible to re-
duce CO2 emissions without the need to completely replace
existing infrastructure and vehicles. Sustainable fuels in-
clude biofuels and synthetic fuels (e-fuels).

In aviation, sustainable aviation fuels (SAF), which are pro-
duced from biogenic residues such as used cooking oils, gar-
den and food waste, vegetable oils and algae, or from elec-
tricity and hydrogen, are considered one of the central so-
lution approaches. Their availability and costs, however, are
currently major obstacles. Experts emphasise that the ambi-
tious quotas, which, among others, have been set by the EU
(two percent from 2025, six percent from 2030, 70 percent
from 2050) and Japan (ten percent for 2030), will be difficult
to achieve because of the significant challenges along the
entire value chain. So far, SAF accounts for only about 0.3
percent of global aviation fuel consumption. Even with the
planned investments, it is expected that only ten percent of
global demand will be covered by 2030. Expanding produc-
tion is a complex undertaking, as new plants require high
capital expenditure, have to go through lengthy approval
procedures and depend on a reliable supply of raw materials.

Another limiting factor are the high production costs, which
are currently three to five times higher for SAF than for con-
ventional kerosene. The aviation industry, which heavily
relies on cost efficiency, could come under pressure as a
result. Without comprehensive state funding programmes
or a globally standardised CO2 price for aviation fuels, SAF
will remain economically unattractive for many airlines. In
addition, an increased SAF share could make ticket prices
more expensive, which would have a significant impact in
this highly competitive market.

Besides the costs, the limited availability of raw materials
plays a crucial role. At present, a large part of the SAF pro-
duction is based on biogenic residues and biomass, the
global availability of which is severely limited because much
ofitis already used in other industries, for example, for bio-
diesel. A promising alternative is the production of synthetic
fuels, which converts hydrogen and CO2 into aviation fuel.
However, this process requires enormous amounts of re-
newable energy, which will make it difficult to scale up over
the next few years.

In shipping, alternative fuels in the form of methanol, am-
monia or biomethane are also gaining importance because
they can be made compatible with existing engine techno-
logies and significantly reduce emissions. Hydrogen is con-
sidered a particularly promising energy source for maritime
and heavy-duty transport applications because it has a high
energy density and can be used with zero emissions. The
production of green hydrogen requires enormous amounts
of renewable energy, because its manufacturing process
— the electrolysis of water — achieves an efficiency level of
only around 60 to 70 percent. In addition, there are high
energy losses during storage, transport and conversion
into usable energy, since hydrogen, as the lightest ele-
ment, can only be transported at very low temperatures
(-253 °C as liquid hydrogen) or under high pressure (700
bar). These processes are technically complex and costly.
Liquid hydrogen requires a complex cooling and insulation
infrastructure to prevent evaporation losses, which is par-
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ticularly problematic in the aviation sector. Compressed

gas hydrogen is stored in high-pressure tanks, which are

expensive to manufacture and maintain, and transport ca-
pacity is limited. Hydrogen carriers such as LOHC (Liquid

Organic Hydrogen Carrier), ammonia and methanol could

be an alternative by chemically binding hydrogen, making

it easier to transport. However, the subsequent reconver-
sion requires additional energy. Pipeline transport is more

efficient, but the existing infrastructure is not designed for
hydrogen as the gas can embrittle materials and therefore

requires special coatings and compressors.

Experts see technology as the key to competitiveness, both

for fuel production and for optimising drive and storage sys-
tems. The central technological drivers include Power-to-X
technologies (PtX), which is understood to include all pro-
cesses that convert green electricity into chemical energy
carriers for electricity storage, into electricity-based fuels

for mobility or into raw materials for the chemical industry.
They are categorised by intended use (e.g. power-to-fuel,
power-to-chemicals or power-to-ammonia) or by the form

of energy (power-to-gas, power-to-heat, power-to-liquid).
PtX can be used to produce hydrogen for fuel cell vehicles

and kerosene for aircrafts in a climate-friendly way.

High-performance electrolysers, which use electricity to

split water into its basic components hydrogen and oxygen,
are expected to increase the efficiency of hydrogen produc-
tion and reduce costs in the future. In this area, progress

has been made with various types of electrolysers, such

as PEM (proton exchange membrane), SOEC (solid oxide

electrolyser) and alkaline electrolysers. So far, water elec-
trolysis accounts for only about 0.1 percent of global hydro-
gen production, but with announced and planned projects,
global electrolyser capacity could reach between 175 and

420 gigawatts by 2030 — a multiple of the 115 gigawatts

with which China is currently the global leader in hydrogen

electrolysis capacity.

New storage technologies such as metal hydride storage, in
which hydrogen is bound in a metal lattice structure rather
than in highly compressed or liquefied form, could, from an
economic and safety perspective, represent an attractive
alternative to storage in form of compressed gas or liquid.
Apart from that, digital control systems can be deployed
to optimise hydrogen networks, connect the multitude of
producers and consumers and make operations efficient.
Thus, for example, blockchain can be used to transparently
track origin and transport routes, or artificial intelligence can
help to reduce operating costs through real-time monito-
ring and control. Digital twins can also facilitate the virtual
modelling of plants and processes, while integrated plat-
forms promote data exchange along the entire value chain
and improve collaboration.
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WHAT'S BEHIND THE TREND?

Technologies for the production of hydrogen and other al-
ternative fuels are the dominant drivers in the Sustainable
Fuels trend. Further development of processes that make
the production of synthetic fuels from renewable energy
sources more efficient, safer or cheaper will contribute to
the long-term competitiveness of alternatives to fossil fuels,
as will innovations in engine technology. As a direct energy
supplier for fuel cells and as a basis for hydrogen-based
fuels, hydrogen plays a dual role, offering promising pos-
sibilities, in particular, with regard to heavy-duty transport,
shipping and — in the longer term — aviation.

The Sustainable Fuels trend focusses on the
following identified trend concepts:

- Sustainable fuels in shipping

- Technology as the key to sustainable & com-
petitive mobility

- Sustainable fuels

- Alternative hydrogen
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Specifically in the areas of shipping and aviation, various
energy sources other than hydrogen are being considered
as alternatives to heavy fuel oil and marine diesel or kero-
sene. Methanol, HVO (hydrotreated vegetable oil), ammonia,
which is highly toxic, or SAF are suitable as bridging tech-
nologies or beyond as they may be used in existing engines
and power units.

Sustainable fuels
in shipping

Technology as the key
to sustainable &
competitive mobility

Alternative
hydrogen
Sustainable
aviation fuels

PLACEMENT ON THE
TREND RADAR
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HOW IS THIS TREND MANIFESTED?

With Maersk and CMA CGM, two logistics companies have
joined forces in autumn 2023 to accelerate the decarbo-
nisation of shipping. Both companies have set ambitious
net-zero targets and are investing in alternative, more en-
vironmentally friendly fuels for powering container ships.
Specifically, they are engaged in the development of high
standards for alternative fuels such as green methanol and
green methane and in ensuring the safety and bunkering
of these fuels. They are also working to ensure that ports
are prepared to supply these fuels and intend to intensify
their collaborative development work to research alterna-
tive fuels such as ammonia.

The development of a European hydrogen market will start
in Germany with the 9,000-kilometre-long hydrogen core
network, which will form the backbone of the hydrogen
transmission system in Germany and will be part of the Eu-
ropean Hydrogen Backbone, connecting several member
states. The EU considers this network to be the basic pre-
requisite for ramping up the use of renewable hydrogen in
industry and transport. It is also considered important to
stimulate and increase investments in the production and
use of hydrogen. Another major project to promote green
hydrogen economy in Europe is in the starting blocks with
the expansion of the Southern Hydrogen Corridor. It is
envisaged that, by the early 2030s, the H2Med Southwes-

Production process for SAF from biogenic residues

tern Hydrogen Corridor will connect North Africa to Europe

and establish a direct pipeline connection for gaseous hy-
drogen. The corridor will have a total length of about 3500
to 4000 kilometres and comprise five sub-projects, inclu-
ding the H2Med and Hy-FEN pipeline projects, with a capa-
city to transport up to two million tonnes of green hydrogen

per year. Germany, Algeria, Italy, Austria and Tunisia, as well

as twenty companies, have signed a joint political Memo-
randum of Understanding to develop the corridor.

Aircraft
l: S emits CO,
Waste cooking Removal of Conversion into Refining into SAF
oils and fats water suitable hydrocarbon sustainable
as source products chains aviation fuel (SAF)

Source: Lufthansa Group, 2023
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Key data on the hydrogen core network

9,0#0 km

Total length of the approved core network

approx. 600/0

consisting of converted natural gas pipelines

1 8-9bn€

Investment costs

1076w/
Feod-out capacity 8 7 GW

Source: FNB Gas, 2024

LE FUELS TREND

The port of Rotterdam, which is the largest container port
in Europe, has set itself the goal of becoming a ‘zero-emis-
sion port’ by 2050. Besides the expansion of wind energy,
geothermal and solar energy and the use of industrial waste
heat, these efforts focus on the planning of hydrogen termi-
nals and pipelines and logistics chains with hydrogen-po-
wered trucks. To develop this growth area, the port is wor-
king in close cooperation with companies such as Shell
and Air Liquide.

Astudy published in 2024 puts the spotlight on natural ‘white’
hydrogen, which is formed in the crust of the earth. It shows
that global reserves are significantly larger than previously
assumed. Geologists estimate them to be around 5.6 trillion
tonnes — an amount whose energy content would exceed
that of all known natural gas reserves by double. Even with
a conservative extraction rate of two percent of the total
amount, the predicted global hydrogen demand could be
covered for about 200 years.

Minimum volume share of sustainable aviation fluids in kerosene consumption by aircraft

In the European Union, in percent

[l SAF share
2025 2030 2035

Source: European Commission, 2024
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Sustainable fuels will play an increasingly important
role in mobility in the coming years, but there are major
challenges that will have to be overcome before they
can be used on a large scale. The impact of sustainable
fuels will depend heavily on how quickly technological
advances can be made to expand production capacity,
increase fuel efficiency and reduce costs. Innovations
in Power-to-X technologies and new storage methods,
for example, could help taking essential steps towards
decarbonisation, particularly in aviation, shipping and

heavy-duty transport, where battery-electric solutions

are often not feasible.

Scaling up sustainable fuels will require significant

investment in infrastructure and development work,
since, for example, existing production and transport

networks are not designed for hydrogen. While poli-
tical control and market design lead to an increase in

demand for sustainable fuels, there are still issues re-
garding the implementation. In particular, in aviation

and shipping, there is the risk that companies will be

hesitant to switch to sustainable alternatives due to

high costs and still limited availability. Apart from that,
due to international competitive differences, there

could be regions with less stringent environmental

regulations, which continue to rely on fossil fuels, the-
reby distorting competition.

With targeted investments in the development of pro-
duction capacities and infrastructure, pioneering re-
gions and individual companies are pressing ahead
the development of sustainable fuels. New hydrogen
corridors, methanol and ammonia pilot projects, and
the gradual increase in SAF blending are paving the
way for sustainable fuels, albeit a long one.







CO-CREATION FRAMEWORKS TREND

The mobility of the future will be shaped by cooperative and

interdisciplinary collaboration between politics, companies

and scientific institutions, as well as start-ups and civil so-
ciety. The increasing complexity of mobility transition, dri-
ven by technological innovations, climate targets and social

changes, requires a joint approach that combines different
competencies, resources and perspectives. Co-creation fra-
meworks are used to create a clear environment to structure

and manage this collaboration. Within this environment, ob-
jectives, roles and mechanisms are defined to create strong

collaborations and provide for their effective implementa-
tion. They help to accelerate innovation processes, harmo-
nise interfaces between stakeholders, and shape legal and

financial framework conditions.
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Co-creation frameworks, such as those found in joint ven-
tures, are characterised by flexibility, participatory structu-
res and a systemic approach. They create a common basis
for stakeholders with different interests and perspectives
and promote the establishment of holistic mobility solutions.
This creates potential for the more efficient use of resour-
ces, greater acceptance of innovative solutions by early
involvement of various stakeholders and the possibility of
generating economies of scale through synergies. In that,
the forms of cooperation can vary. Cities, for example, work
with technology providers and construction companies to
develop infrastructure solutions in order to implement in-
telligent transport systems, efficient road networks or char-
ging infrastructures for e-mobility. This is often done in the
form of pilot projects or real-world laboratories that allow for
practical testing of new concepts. When designing mobility
services and developing new transport concepts such as
ride pooling, intermodal platforms or mobility-as-a-service
offerings, automotive manufacturers are working with soft-
ware companies, start-ups and municipal transport compa-
nies in order to provide digital and user-focussed solutions.
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Generally speaking, at macro level, co-creation frameworks
are about defining political conditions and strategic guide-
lines, for example, in the form of laws, subsidy programmes
and strategic transport planning, that facilitate innovation
processes. At meso level, collaborations between compa-
nies, research institutions, municipalities, etc. ensure that
new technologies and services are tested and integrated
into existing mobility systems. And at micro level, specific
mobility offers and infrastructures are implemented with
the aim to change the use of means of transport, services
and infrastructures in the long term.
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WHAT'S BEHIND THE TREND?

The drivers of the Co-creation Frameworks trend clearly
show the holistic way in which developments in different
areas interact and together create framework conditions
in which different actors can play a role in the mobility
transition.

The transformation of mobility is heavily influenced by go-
vernment policy, with state or supranational funding pro-
grammes for environmentally friendly transport infrastruc-
ture, subsidies for low-emission vehicles and new legal
frameworks that facilitate sustainable innovations. Incen-
tives such as tax relief for public transport and e-mobility,
car-sharing offers or city toll systems, as well as educational
programmes for mobility education, primarily aim at raising
awareness of the individual use of mobility and initiating a
change in mobility behaviour.

The question of financing is of great relevance as regards
the development of new mobility infrastructures, and an in-
creasing range of options is being considered besides the
usual subsidies and taxes. Public and private investments,
public-private partnerships, bonds or crowd funding mo-
dels and, increasingly, venture capital are all being used for
mobility projects. In order to develop innovative solutions
for mobility transition and increase their social acceptance,
the collaborative cooperation of companies such as mobility
service providers with universities and NGOs, for example,
in the form of living labs, in which new mobility concepts
are being tested under real conditions, are coming more
and more into focus.

Political
The Co-Creation Frameworks trend control of
focusses on the following identified ) 081157
Collaborative transition
trend concepts: mobility transition
- Collaborative mobility transition Mobility &

- Financing & development of
sustainable infrastructure

- Mobility & behavioural change

- Political controlling of mobility
transition

behavioural change

Financing & development of
sustainable infrastructure
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HOW IS THIS TREND MANIFESTED?

The importance of a clear framework has repeatedly been

emphasised by the association CEOs for Future, which in-
cludes, among others, managers from OBB, DHL, Coca-
Cola and McDonalds. They demand clear decisions, signals

and framework conditions. An unsteady and unpredictable

political course also causes uncertainty among those who

are willing to invest large sums of money to promote and

accelerate ecological transformation. The eighty member
companies of CEOs for Future are planning around 45 billion

euros in green investments over the next ten years, among

other things, for projects supporting the implementation of
decarbonisation, a circular economy and biodiversity. Ho-
wever, according to CEOs for Future, sustainability as a bu-
siness model requires stability and clear action.

The VW subsidiary MOIA sees itself as a mobility partner
for cities and is working, among others, with Hamburg and

Hanover to make urban mobility demand-oriented, flexible

and comfortable by establishing ride-pooling services. In

the Hanseatic city, MOIA’s e-shuttle fleet will be expanded

in 2025 to include self-driving VW ID Buzzes, which will be

equipped with thirteen cameras, nine laser measuring de-
vices and five radars. After successful tests in Austin and

Munich, autonomous ride-pooling will initially start with sa-
fety drivers and test user groups.

In the Netherlands, new and existing cycle paths are being

paved with a photovoltaic road surface that generates 148

watt peak (Wp) per square metre. The Dutch provinces of
North Brabant and North Holland, for example, are wor-
king with the construction company Royal BAM Group and

Wattway, a solar pioneer that emerged from joint research

by the transport infrastructure company Colas and the

French Institute for Solar Energy (INES), to implement two

such cycle paths.

Overview of stakeholders of the transportation
infrastructure project

Government
Suppliers Finance | ternal
Law & .
politics Media
Special ]
interest  Customers Community
groups

Citizens’ initiatives

Source: Stakeholder Analysis to Enrich the Systems Thinking and Modelling
Methodology, 2016

Within the scope of the European MOMENTUM project (Mo-
delling Emerging Transport Solutions for Urban Mobility), a

consortium of research institutions, cities and companies,
including Nommon Solutions and Technologies, the POLIS

Network, the Technical University of Munich, the University

of Thessaloniki, and Madrid, Leuven, Regensburg and Thes-
saloniki, which served as case study cities, worked on inno-
vative data analysis methods, traffic models and planning

tools. In this context, tools were developed to help city au-
thorities simulate the impact of mobility solutions, efficiently
integrate new technologies into existing transport systems

and make data-based political decisions. In Switzerland, the

research project “Co-Creating Mobility Hubs” was part of a

multidisciplinary project by the SBB, ETH Zurich and EPF
Lausanne. Together, they investigated the transformation of
railway stations into mobility hubs, with a particular focus

on understanding the current, and anticipating the future,
social requirements of different user groups.
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Investments in mobility start-ups by area of activity
Worldwide, in billions of US dollars
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As part of its electric mobility strategy, Norway moved away
from an approach that initially was strongly based on subsi-
dies, which particularly benefited Tesla, and instead began
to invest in sustainable mobility in a targeted manner th-
rough its sovereign wealth fund in order to generate long-
termreturns. The investments are subject to clear economic
conditions: Companies must demonstrate a business case
and provide sustainable added value for Norway. Compa-
nies that are themselves active in the mobility sector act
as venture capitalists for promising developments in the
course of the mobility transition. Thus, for example, BMW
i Ventures specialises in innovative, rapidly scaling start-
ups in the automotive sector and already holds a share in
over sixty companies. According to BMW i Ventures, inves-
tments are being made in technologies that help shape the
individual mobility of tomorrow, with a focus on sustainable
and interdisciplinary solutions. This includes, among other
things, developments in the areas of battery technology, sa-
fety, connectivity, ADAS (Advanced Driver Assistance Sys-
tems), automation, robotics, logistics and quality assurance,
smart supply chain solutions for procurement management,

52

2019 2020 2021 2022 2023

traceability and blockchain, platform mobility, cybersecu-
rity and quantum computing. Moreover, joint ventures, such
as the one between Mercedes-Benz and BMW for the es-
tablishment and operation of a joint fast-charging network
in China, are also increasingly helping to pave the way for
the mobility of the future. It is expected that, by the end of
2026, the collaboration will have set up at least 1,000 sta-
tions with around 7,000 fast-charging points and the latest
charging technologies.

Hamburg Hochbahn was the first German transport com-
pany to use green bonds to raise funds via the green bond
market in order to realise its “Hamburg-Takt” initiative and
become climate neutral itself by 2030. With its government
programme for 2020 to 2024, Austria determined the fra-
mework for mobilising private capital to realign the mobi-
lity sector and achieve the Paris climate targets. By issuing
green government bonds in accordance with the Green
Bond Framework of the Republic of Austria, among other
things, necessary investments in measures provided for in
the Austrian 2030 Mobility Master Plan were made.

The successful implementation of new mobility solu-
tions depends to a great extent on the effective coope-
ration of various stakeholders. In this context, import-
ant success factors include the strengthening of pu-
blic-private partnerships, clear legal frameworks, tax

incentives and transparent cooperation processes, as

well as the creation of platforms for knowledge exch-
ange, a targeted funding policy and the involvement

of the civil society.

A decisive aspect for the further development of co-cre-
ation frameworks will be the scaling of successful pi-
lot projects. Many innovative concepts have so far only
existed in a limited framework and need to be rolled

out to achieve a broad impact. However, challenges

often arise, particularly with regard to the transfera-
bility of successful concepts to different regions and

in terms of long-term financial viability. Standardised

procedures, open data platforms and common stan-
dards are helpful to facilitate scaling.

Successful collaboration towards a mobility transition
will only be achieved if people’s needs are consistently
placed at the focus and they actively participate in the
design process. This means that the population must be
involved in the development of new mobility solutions
from the outset, which could be done, for example, by
participatory workshops in which people can express
their wishes, concerns and ideas. Likewise, targeted
feedback loops can be integrated into digital mobility
offerings to continuously obtain feedback and imple-
ment improvements. Dialogues with the public, test
phases or living labs, in which people can try out and
evaluate new mobility solutions in everyday life, are
also important measures to ensure that the designed

framework conditions really do meet the users’ needs.
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Electrification is increasingly finding its way into the
| various mobility sectors and is therefore one of
the key technologies in connection with mobility.




ELECTRIFIED MOBILITY

TREND

Over the last years, electric mobility has developed from an

alternative drive technology to a mainstay of global mobi-
lity transition. Electrification has already been well estab-
lished, in particular, in rail transport. In Europe, for example,
although only slightly more than half of the rail network (56

percent) is electrified, this covers already more than 80

percent of train kilometres travelled. Electric drive systems

are particularly efficient on rails because overhead lines

provide continuous energy supply and make batteries or
alternative drives redundant on developed lines. However,
there is a significant gap in the level of electrification bet-
ween different European countries, and even those that are

comparatively well positioned will have to make massive in-
vestments in the coming years if the rail network in the EU

is to be electrified by 2050.
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In road transport, electric drive systems are becoming es-
tablished in more and more segments, such as buses, with

especially the market for electric cars growing. In 2023

alone, the number of e-cars worldwide rose to almost 42

million — anincrease of 14 million as compared to the prece-
ding year. China is driving this figure massively; the Middle

Kingdom accounts for around half of the electric vehicles

onthe road in the world, making it the undisputed leader in

this area. According to forecasts by the International Energy

Agency (IEA), the global stock of electric cars will grow to

over 200 million by 2030, not least because the increasing

economic efficiency of electric vehicles is a major driver of

electrification. While the purchase price of e-cars is still

higher than that of comparable combustion engine cars

in some regions, the situation is already different when it

comes to running costs. An analysis by ALD Automotive/
Ayvens shows that, by now, combustion engines are often

more expensive to operate than comparable e-cars. At the

same time, environmental and climate targets play a crucial

role. Also in this respect, the switch to electric mobility is a

central component — especially in cities where motorised

private transport is one of the main sources of air pollution.
By 2035, 1.76 billion tonnes of CO2 could be saved as a re-
sult of the increase in electric mobility.

However, electrification is still a challenge for heavy-duty

transport. The weight of the batteries and the limited range

of currently around 600 kilometres make it difficult to use

electric trucks on a large scale. However, a pragmatic so-
lution is emerging here: As legally required rest periods for
truck drivers have to be observed, these periods may be used

for charging. The expansion of the charging infrastructure

is one of the most important factors for the widespread es-
tablishment of electric mobility.

Europe currently has around 900,000 public charging

points, but to achieve the target of 8.8 million charging

points by 2030, further extensive investment is needed.
In particular, access to fast-charging stations is of central

importance in order to minimise charging times, increase

convenience and flexibility for users and reduce their range

anxiety. The expansion is not only focused on urban areas,
but increasingly also on motorways and rural regions, in or-
der to ensure seamless coverage. In addition to the mere

quantity, the technology of the charging points also plays

an important role. Bidirectional charging, for example, in

which electric vehicles not only absorb energy but also

feed it back into the grid, could make an important contri-
bution to stabilising the power grid, which is under increa-
sing strain due to the growing number of electric vehicles.
Intelligent charging solutions, grid expansion and storage

options will have to be advanced hand in hand to manage

and balance peak loads.
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With the growth of electric mobility, the demand for batteries

also increases exponentially. The global demand for lithi-
um-ion and sodium-ion batteries was 1,400 gigawatt hours

already in 2024, and it is expected to rise to over 8,600 gi-
gawatt hours by 2040. This means that the demand for bat-
teries will increase by more than sixfold in the coming years.
This huge demand poses new challenges for the availability
and extraction of raw materials such as lithium, cobalt and

nickel, which are essential components of current battery
technology and whose extraction is associated with ecolo-
gical and social problems — such as high water consump-
tion and associated scarcity, soil erosion or environmental

pollution from waste and harmful substances. To counter-
act these problems, manufacturers are increasingly turning

to cradle-to-cradle approaches that enable the recycling of
used batteries and the use of sustainable materials. At the

same time, companies such as Mercedes-Benz, VW, Volvo,
Nio, Ford, BMW, QuantumScape or Solid Power are driving

the development of alternative battery technologies. So-
lid-state batteries, which have a higher energy density and

enable faster charging times, are seen as a major innovation

and could further transform electric mobility.
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Cradle-to-cradle

The Electrified Mobility trend
focusses on the following identified
trend concepts:

- Cradle-to-cradle

- Expansion of charging infrastructure

- Electric mobility in road and rail
transport

WHAT'S BEHIND THE TREND?

The electrification of railway lines and the expansion of
emission-free short-distance traffic are progressing. While

high-speed trains such as the TGV, ICE or Eurostar have

been electrically powered for a long time, more and more

regional and commuter trains are also being converted. In

global road traffic, the number of electric vehicles is gro-
wing rapidly and manufacturers are investing heavily in the

further development of batteries in order to extend ranges

and shorten charging times.

The majority of charging points in Europe are concentrated

in a few countries, so continuous expansion remains one of
the key issues. Access to fast-charging stations is increa-
singly being expanded so that charging processes no lon-
ger have to take more than a few minutes. Private charging

solutions — for example, in underground car parks or at

workplaces — are also gaining importance.

ZOOM-IN
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The increasing demand for batteries for electric vehicles re-
quires efficient recycling. Companies are working on crad-
le-to-cradle options, for example, by reusing spent batteries
as stationary energy storage devices or recovering valuable
raw materials using new recycling processes. The aim is to
reduce dependence on primary raw materials and minimise
the environmental impact of battery production.

TREND ELECTRIFIED MOBILITY

CONTEXT

HOW IS THIS TREND MANIFESTED?

With massive investments in the electrification of transport,
China has become a pioneer not only in electric cars in recent
years. Particularly noteworthy is the complete conversion

of the public bus fleet in Shenzhen, which began in 2009

and was completed in 2017. In the years that followed, the

city’s taxis, garbage trucks and other heavy-duty commer-
cial vehicles were also converted. Starting from Shenzhen,
the electrification of city buses and public transit buses in

all Chinese cities grew to over 60 percent by 2022, and the

goal is to convert 100 percent to e-buses by 2030. By way
of comparison, Germany is expected to have electrified

around 15 percent of its total bus fleet by the end of 2025,
following a threefold increase in the number of e-buses in

local public transport between 2018 and 2023, which was

supported by the German government’s funding of e-buses.

When it comes to market penetration with e-cars, Norway
is considered an international role model. Here, for example,
in 2024, almost 90 percent of new car registrations were for
electric cars. Decisive for this success are not only financial

incentives such as tax breaks and toll exemptions, but also a

consistently developed charging infrastructure. The gover-
nment is promoting the further expansion of fast-charging

stations along motorways and in urban areas to make the

use of electric cars as convenient as possible.

Tesla has undoubtedly given the e-segment an image
boost and, with its Model Y and Model 3, has provided the
best-selling vehicles; as the largest electric automotive
manufacturer in the world, however, the Chinese compe-
titor BYD has already overtaken the Americans. And also
the by far the largest manufacturer of batteries for electric
cars is based in China: CATL accounts for almost one third
of the global market.
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Percentage of electrified lines in the state railway
network in 2023
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Apropos batteries: In addition to hydrogen trains, battery-po-
wered trains are also increasingly being used on non-elec-
trified railway lines. From summer 2026, for example, three
new Mireo Plus B trains from Siemens Mobility will replace
the existing diesel trains on the route between Diisseldorf
and Remscheid, which will save over 2,500 tonnes of CO2
per year. They have a range of up to 120 kilometres and re-
ach a top speed of 140 km/h.

According to a study by the European Federation for Trans-
port and Environment, Europe has significant potential as

regards the local and sustainable sourcing of materials such

as cobalt, lithium, manganese and nickel from the stock of
electric vehicles, used batteries and scrap from planned

battery gigafactories. This could significantly reduce de-
pendence on primary raw materials and create a more sus-
tainable supply chain for electric vehicles. By 2030, recy-
cled batteries should provide materials for the production

of up to 2.4 million electric cars in Europe. Existing recy-
cling capacities, however, are not sufficient to meet future

demand, and various planned capacity expansions have yet
to be finalised, which is why stronger political support for
battery recycling is being called for. Furthermore, according

to the study, a change in the composition of batteries is to

be expected: cobalt and nickel content will decrease, while

the use of lithium iron phosphate batteries is expected to

increase. This development then will impact recycling me-
thods and facilities, which will need to be adapted.

TREND ELECTRIFIED MOBILITY
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The electrification of mobility is one of the biggest

transformations in the industry and will continue to

gain importance in the coming years. While some coun-
tries have already reached the mass market, there is

still great potential to be tapped in other regions. Tech-
nological innovations, political incentives and impro-
ved infrastructure will help to further establish elec-
tric mobility — with the long-term goal of making road

and rail transport emission-free. Electric commercial

vehicles will become increasingly competitive and do-
minate the market as battery costs fall, while the ex-
pansion of the charging infrastructure will be crucial

for the pace of the transition to e-cars. Particularly in

rural areas, major investments are still needed to en-
sure comprehensive coverage.

Another focus is on the circular economy: Batteries

not only have to become more powerful, but also more

ecologically sustainable, which is why recycling pro-
cesses are being improved to recycle valuable materi-
als and minimise environmental pollution. Apart from

that, the bidirectional use of electric cars as a flexible

means for storing electricity is also gaining importance.
In the long term, the electrification of mobility will not

only reduce emissions in transport, but will also bring

about far-reaching changes in urban infrastructure,
mobility behaviour and energy supply. The combina-
tion of technological advances, regulatory incentives

and growing social acceptance will further advance

Electrified Mobility.
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INCLUSIVE

Inclusive mobility means the design of mobility systems
that enable access and offer equal opportunities for all -
irrespective of individual limitations, financial resources
or geographical circumstances.
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Social justice is at the heart of the Inclusive Mobility trend,
which highlights that mobility is a fundamental prerequi-
site for social participation. Mobility determines to a large

extent how people can participate in social and economic

life. However, while innovations in the mobility industry often

focus on efficiency, ecological sustainability or technologi-
cal advances, access to mobility, as a social factor of justice,
is still given little consideration. Who can afford mobility?

Who is excluded by existing systems? How can transport

services be made fairer so that everyone can benefit from

them? These questions are becoming increasingly import-
ant, because the answers point to essential fields of action

for the future of mobility.

Many social groups face significant obstacles to their free-
dom of movement. People with disabilities, older people
or low-income families often have less access to transport
infrastructure. A lack of accessibility on buses and trains,
insufficient service in rural areas or high costs for mobility
services create an inequality that goes beyond mere loco-
motion — it affects access to education, work, health care
and social interactions. Mobility and its stakeholders also
run the risk of following the tendency to favour the majo-
rity and forgetting minorities or publicly underrepresented
groups — this is an issue of social justice that can potenti-
ally be exacerbated by artificial intelligence and data-based
decisions. Responsible Al and differentiated data, identified
in the Megatrend of Research Connectivity, are therefore

important trends for consciously avoiding disadvantages
rather than digitally manifesting and exacerbating them.
The massive preponderance of dominant opinions, needs,
etc. in large amounts of data can lead to minorities or un-
derrepresented points of view and needs not being ade-
quately represented. At the same time, smaller groups with
their particular needs also represent an economic potential
that can be uncovered, addressed and exploited through
differentiated data analysis.

Dense urban centres with well-developed public transport
systems offer opportunities for a fairer distribution of mo-
bility; still, specifically in these conurbations, tensions are
also increasing: Although the well-developed infrastruc-
ture in these areas gives more people access to mobility
services, new exclusions arise, for example, due to rising
rents and displacement processes. In many cities, gentri-
fication is causing affordable housing in city centres to be-
come almost impossible, forcing people with low incomes
to move to cheaper peripheral areas, suburbs or the coun-
tryside. Such regions often lack adequate public transport
connections. While buses, trams and car-sharing services
are easily accessible in dense city centres, the public trans-
port connections offered in peri-urban and rural areas are
often limited and infrequent. Those who live there usually
have longer distances to work, to educational institutions or
to health care and are more often dependent on their own
car, which, due to regular costs for fuel, insurance, repairs,

etc. and the financial burden resulting therefreom, in turn,
increases social inequality. Moreover, obstacles to emplo-
yment due to workplaces that are difficult to reach as well
as social restrictions can be a burden, for example, when
it is more difficult to maintain contacts, take advantage of
cultural offerings or actively participate in social life for lack
of mobility. A targeted expansion of flexible, needs-based
transport concepts for peri-urban and rural areas will help
to counteract a mobility divide in which households in out-
lying areas have to invest a great deal of time and money
in mobility.

As a result of company mobility solutions, even companies
whose core business has nothing to do with mobility are
increasingly becoming important as mobility players. Every
employer can actively contribute to improving access to mo-
bility, for example, by providing job tickets, subsidised trans-
port services or access to ride-sharing platforms. Not only
are these measures a social and ecological lever, companies
acting this way can also benefit from them themselves, for
example, by greater accessibility for employees, attraction
of a larger pool of applicants or reputation gains, or by in-
cluding a reference to corporate mobility solutions as one
piece of the jigsaw in the company’s sustainability reporting.

)
)
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INCLUSIVE MOBILITY TREND

The Inclusive Mobility trend focusses on the
following identified trend concepts:

- Equality & social inclusion
- Rural mobility

- Operational mobility

->

Densified cities

WHAT'S BEHIND THE TREND?

Mobility planning needs to be more strongly oriented to-
wards the special needs of different social groups. Thus,
for example, equality and social inclusion mean that barri-
er-free infrastructure is consistently available everywhere
as a matter of course — from buses with lowered entrances
and tactile guidance systems for visually impaired people
to voice-controlled navigation systems for people with co-
gnitive impairments. Apart from physical accessibility, it is
also important to have pricing models that provide relief for
low-income households. Reduced-price subscriptions for
certain social groups, such as subsidised offers for pensi-
oners and students, are essential components of a fair mo-
bility system. Last but not least, digitalised mobility services
(without exception) increasingly have to be considered from
the point of view of the digital divide — the digital gap, for
example, between generations.

Increasingly dense cities are enhancing mobility, for ex-
ample, when, according to the concept of the 15-minute city,
allimportant facilities for daily life can be reached within 15
minutes. However, density also challenges cities to design
their mobility networks in such a way that they are not only
efficient but also socially just — for example, through a ba-

ZOOM-IN
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lanced distribution of space between public transport, pri-
vate transport, cycle paths and pedestrian zones. Outside

of dense urban centres, access to mobility remains diffi-
cult, as, to many people in outlying areas, there are often no

adequate public transport connections available. Flexible

solutions, such as on-demand transport, ride sharing and

micro-public transport may help in this regard, but the big

challenge lies in taking individual mobility needs into ac-
count while maintaining economic viability.

Through corporate mobility management, mobility budgets,
subsidised job tickets, ride pooling platforms, home office,
etc., employers can contribute to the mobility turnaround

and support, the reduction of traffic congestion or the con-
trol of traffic flows.

TREND INCLUSIVE MOBILITY

CONTEXT

HOW IS THIS TREND MANIFESTED?

In 2013, Tallinn became the first European capital to of-
fer its residents free local public transport. The motivation

was primarily social: During the financial crisis, many peo-
ple could no longer afford to buy tickets. According to the

city government, the additional costs incurred by the city for
the free local public transport are covered by the significant

increase in the population since its introduction, including

the resulting increase in tax revenue.

In the Kl4autoBUS project, a consortium led by DB Regio
Bus and the Fraunhofer Institute is working on the develop-
ment of an Al-based solution for planning and controlling
local public transport services in the Bavarian town of Bad
Birnbach. Within the scope of the project, autonomous shutt-
les are used to increase efficiency in local public transport.
The project is based on a system that processes all travel
requests in real time and prioritises people with limited mo-
bility, such as wheelchair users. The Al receives data from
the scheduling system via an interface in order to retrieve
the current travel requests and the positions of the shuttles
and, on this basis, decides which vehicle is sent to which
stop. The automated planning helps to make optimal use of
the scarce resources in public transport and reduce opera-

Dimensions of a lack of mobility

lack of
accessibility

Long travel times to
reach places of daily - ----«2-----
needs, long commuting
distances or high time
pressure lack of time

No (barrier-free) public transport lack of
nearby, few departures, --------3-= availability

lack of cycling infrastructure

Source: Agora Verkehrswende, 2023

Restriction of social

participation in
four dimensions

Share of transport costs in consumer spending of
private households in the EU in 2022

In percent

Largest share: Slovenia - 17.5

Germany .13.5
eu-27 125
Austria . 11.8

Smallest share: Slovakia I 5.6
0 100

Source: Statista, 2025

ting costs, while, at the same time, meeting higher accessi-
bility requirements. Especially for people with limited mo-
bility, the project makes it easier to access public transport.
The necessity of this is illustrated by the inclusion barometer
for mobility from Aktion Mensch, according to which people
with disabilities in Germany generally perceive the time and
costs of mobility as higher than people without disabilities.
Lack of accessibility and availability, just as much as barriers

Places for daily needs (e.g. leisure,
........... recreation, education, care) are not in

the immediate vicinity or cannot be

reached with reasonable effort

All dimensions can
either amplify or
weaken each other

lack of
affordability

High burden on the
household budget due to
the financing of offers or
means of transport



INCLUSIVE MOBILITY

Diverse mobility needs

People with visual impairment
* large contrasts
@ * larger font sizes
* option to approach texts
and screens
Blind people
* audible speech output
® * audible announcement
¢ tactile information
Deaf people
* information in 0GS/DGS/DSGS and in writing
* in case of emergency, warnings using visual
signals

People with hearing impairments

¢ inductive hearing systems with appropriate
labelling

People with learning difficulties

Z * simple language in written and spoken form
@ * alternative offers to apps

People with mental ilinesses
e quiet rooms and rest areas
@ * areas that are free from sensory overload
People with chronic intestinal diseases

« sufficient functioning public
toilet facilities

People with multiple disabilities

(o] * consistent application of the multi-sense
principle

People who use wheelchairs

(o) e accessible ground surfaces

* folding ramps or mechanical ramps for
getting into vehicles
lifts and ramps for overcoming height
differences
information boards
easily accessible buttons and handrails
space to turn with a turning circle of at least
140cm

Source: Knoll 2021, VCO 2022

due to narrow paths or broken lifts, are a problem for people
with limited mobility. As a result, many people feel insecure
when travelling and are reluctant to use public transport.

Companies are increasingly taking operational mobility ma-
nagement into their own hands and are developing various
approaches with partners. Digital solutions enable compa-
nies to measure the mobility of their employees to identify
and close existing gaps in transport services. Intelligent
networking of mobility services facilitates the use of pub-
lic transport, reduces traffic volumes at company locations
and minimises the need for parking spaces.

Incentives such as vouchers for bicycle maintenance and

repair or for the company canteen can be used to motivate

employees to make climate-friendly transport choices. Com-
pany carpooling centres make it easier to organise carpools,
while bike, e-scooter or e-car rental services offer a flexible

alternative for commuting and business trips.

Thus, the software service provider highQ, for example, has
developed a corporate mobility management system for an
Amazon logistics centre together with the municipalities of
Achim, Ottersberg and Oyten. A corresponding mobility app
and, among other things, a bicycle rental station for the last
mile between the train station and the logistics centre have
encouraged hundreds of employees to use public transport,
which reducing traffic congestion around the site and the
use of parking spaces.

The public transport company Wiener Linien also offers
companies comprehensive mobility advice aimed at ma-
king the mobility of employees and customers more effi-
cient. The objective is to make companies use tailor-made
solutions to improve their mobility situation, reduce costs,
for example, for business trips, enhance their attractiveness
as an employer, and improve the health of their employees,
while also contributing to the achievement of sustainabi-
lity goals and the reduction of individual car traffic. With
its advisory services, Wiener Linien intends, among other
things, to help obtain clarity as regards the mobility habits
within a company and to facilitate sustainability reporting
in accordance with the Corporate Sustainability Reporting
Directive (CSRD).

TREND INCLUSIVE MOBILITY

The future of mobility will not only be shaped by tech-
nological innovations. Social and political realignments

are also required to ensure fair access to mobility ser-
vices. Inclusive mobility is an important factor for social

participation and social justice. A comprehensive mo-
bility transition can only succeed if mobility is recogni-
sed as an essential fundamental right and its safeguar-
ding is understood by politics, companies and mobility

providers as a task requiring them to work together

more closely, adapt investment strategies and create

targeted incentives as well as regulatory frameworks.
Data-based control systems will provide a basis on

which mobility gaps can be identified in real time and

socially acceptable mobility services and flows can

be provided as required. This could reduce car-de-
pendence, which is particularly high in peripheral and

rural areas. Municipalities and private mobility provi-
ders are called upon to work together to develop new

flexible mobility options that are economically viable

and, at the same time, meet social needs.

All companies, regardless of industry, will be in gre-
ater demand as players in future-proof mobility as
numerous mobility issues arise every day around the
journey to work. Corporate mobility management is
thus increasingly being recognised as a strategic tool.

OUTLOOIK
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Air traffic is increasingly affected by the
growing development and application
of electric propulsion technologies.

AVIATION
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While electric mobility on roads and rails has already pi-

cked up speed, the electrification of air traffic remains a far
greater challenge, as there are fundamental differences to
electric cars or trains in the specific performance require-
ments of aircraft. They have to transport large loads safely
and reliably over long distances, without access to a sup-
porting infrastructure. Weight, range and energy efficiency
are therefore extremely critical factors. Currently, the central
difficulty lies in the energy density of batteries.

While fossil fuels have a high energy density and, thus, en-
able long ranges, batteries are significantly heavier and

require a multiple of mass for the same power: Lithium-ion

batteries that are commonly used in electric cars achieve

about 250 watt-hours per kilogram, whereas kerosene has

an energy density of around 12,000 Wh/kg, which is about

50 times higher. This means that fully electric aircraft can

currently only be sensibly used for short distances, while

solutions such as hybrid propulsion or conventional or al-
ternative fuels still have to be used for long-haul routes.

Electrification is particularly attractive for short- and me-
dium-haul routes, as range requirements can be mana-
geable and less energy is needed. On short routes, such
as in regional air traffic or for urban shuttle connections,
battery-powered aircraft could therefore become aviable
option. The advantage of electric mobility is particularly
apparent where there are many take-offs and landings, as
electric drives are characterised by higher efficiency du-
ring repeated flight cycles. Apart from that, compared to
conventional engines, maintenance costs are significantly
lower since electric motors have fewer wear parts that re-
quire regular maintenance or replacement.

TREND ELECTRIC AVIATION

A particularly interesting and widely discussed part of elec-
tric aviation are eVTOLs, which stands for electric vertical

take-off and landing aircraft, that are being developed pri-
marily for urban air traffic. These aircraft offer completely
new possibilities for mobility, as they do not require a con-
ventional airport and can take off and land directly from

building roofs or specially equipped hubs. Thus, they sig-
nificantly reduce infrastructure dependency and open up

new business areas, in particular, for air taxis or medical

emergency transport.

One advantage of electric drives is considered to be the
reduction of noise emissions, since conventional turbines
produce significant noise levels, while electric motors are
much quieter. This fuels the hope for a reduction of noise
pollution in the vicinity of airports, which, in turn, could make
air traffic possible in densely populated urban areas without
the population being massively affected by noise. Moreo-
ver, it could have an impact on restrictions resulting from
night-flight bans, longer flight routes and additional flight
manoeuvres to avoid flying over certain areas at least at
particular times, or noise-related take-off and landing fees.
However, experts point out that, although engine noise can
be reduced, other noise sources — such as propellers, me-
chanical components or aerodynamic effects — also exist
in electric aircraft.

AN

Whether electric aircraft are economically viable is an open
question so far, because, although their operation could be
more cost-efficient in the long term as maintenance and
energy are cheaper than for conventional propulsion sys-
tems, initial development costs and investments in new
aircraft designs, battery technologies and charging infra-
structures are quite high. Furthermore, airlines would have
to adapt their fleet strategies, as electric aircraft currently
take longer to charge than conventional aircraft take to re-
fuel. Government funding and regulatory incentives could
accelerate the transition, still, long-term market acceptance
will depend on economic viability.
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WHAT'S BEHIND THE TREND?

The electrification of aviation comprises various conceptions

that differ in terms of their technological implementation.
Fully electric aircraft rely exclusively on battery power and

are particularly suitable for short-haul flights. Hybrid models

combine electric drives with conventional combustion engi-
nes for use on longer distances. The focus of public atten-
tion, however, is particularly on eVTOLs, which, as electric

vertical take-off aircraft, create new possibilities for urban

air traffic. While these technologies are still in development,
the first pilot projects, which are currently being implemen-
ted, show potential for more climate-friendly aviation.

TREND

TREND ELECTRIC AVIATION

CONTEXT

HOW IS THIS TREND MANIFESTED?

Various companies and airlines have already taken the first

steps to advance the electrification of aviation. One of the

projects in this area is the hybrid regional aircraft ES-30

from the Swedish company Heart Aerospace, which has

an electric range of 200 kilometres, a hybrid total range of
up to 800 kilometres and a charging time of around 30 mi-
nutes and uses a bridging technology between conventio-
nal engines and fully electric propulsion systems. The first

flight of the corresponding demo aircraft, Heart X1, is sche-
duled for 2025 at Plattsburgh International Airport in New
York, with certification for commercial aviation to follow by
2029. Anumber of airlines, including Air Canada, believe this

schedule is achievable; they have already ordered the ES-
30 or signed letters of intent. Heart Aerospace hopes that

its development will contribute to zero-emission short-haul

flights and significantly lower operating costs compared

Distribution of direct operating costs

by use case

In percent

H Costs of flying H Vertiport costs
Energy costs, air traffic Landing fees, ground
management fees, handling, cleaning
pilot costs

B Maintenance costs Aircraft costs

Changing of batteries,
aircraft maintenance

Depreciation/leasing costs,
insurance, repositioning
Flights (non-revenue flights)

Airport

City Taxi Shuttle

Intercity

Source: German Aerospace Center, Roland Berger, 2024

The Electric Aviation trend focusses on
the following identified trend concept:

- Electrification of aviation
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The largest companies for the development and production of electric vertical take-off and landing (eVTOL)
aircraft by generated capital as of December 2024

Financing in millions of US dollars

2,983

Archer Aviation

(USA)

1,750

1,303

Eviation
(USA)
200
1

Joby Beta
Aviation Technologies
(USA) (USA)*

Airbus (FRA)***
Boeing (Wisk) (USA)***

Source: Statista, 2025

Lilium
(GER/NED)****
1,456
407 [ 781
Vertical ! ;
Aerospace QloCOtpER 262 258
(UK) ~ (GER)™ [ | |
EHang Skydrive
(CHN) (AP)
646
Note:
*The financing of Beta Technologies does not include
Eve Air Amazon's Climate Pledge Fund investment on 23 June 2022.
Mobility
(BRA) **Volocopter's financing does not include investments by Sumitomo

Corporation on 21 March 2023, of Sekisui Chemical
Corporation on 6 March 2023 and of SITAon 14 March 2023.

*** Einanced internally by Airbus and Boeing.

***% | ilium filed for bankruptcy for the second time at the beginning of 2025.
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to conventional aircraft. According to the company’s ana-
lyses, the electrification of regional aviation could lead to
a 22 percent reduction in total aviation emissions by 2050.

The Dutch start-up Elysian is planning the E9X, an all-elec-
tric passenger aircraft for ninety passengers that can fly
distances of up to 1,000 kilometres — a range that could
cover about half of all commercial passenger flights. The
design of the E9X, which is scheduled to make its maiden
flightin 2033, exudes retro charm: with a compact fuselage
and long wings in which the batteries are located to save
space and minimise drag.

The required batteries with an energy density of 360 Wh/kg
would be available; manufacturers such as Amprius and CATL
have already developed batteries with up to 500 Wh/kg.
Apart from that, the market for eVTOLs is also developing
rapidly: Several hundred start-ups worldwide are working
on an electric vertical take-off aircraft to be used as air ta-
xis in urban areas. Countries and cities are investing hea-
vily in the relevant technologies in order to secure leading
roles. While Saudi Arabia sees eVTOLs as a game changer
for the transport of pilgrims, sports fans and tourists, Du-
bai hopes to be able to integrate a fully developed network
of air taxis into its public transport network by 2026. Even
automotive manufacturers such as Toyota are investing
heavily in this vision.

However, the economic turmoil faced by Lilium, Volcpoter,
Eviation and amongst others highlights the problems faced
by the air taxi pioneers: developing new aircraft is expensive
and time-consuming. Besides this, studies by the German
Aerospace Center (DLR) together with Roland Berger and
the Leibniz Centre for European Economic Research (ZEW)
have come to the conclusion that not only the commercial
viability, but also the environmental friendliness of air taxis
must be critically assessed. Initially, high operating costs
and investments will mean that they are only profitable in
the premium segment, and although eVTOLs, compared to
combustion engines, produce fewer CO2 emissions, they
consume more energy than electric cars.

In a draft resolution, the European Parliament considers
electric aviation to be a promising solution for short- and
medium-haul flights and emphasises the need to promote
the development and introduction of electric aircraft, as
electric aviation not only contributes to the decarbonisation
of the transport sector but also offers economic opportuni-
ties, in particular, by creating new jobs and strengthening
the competitiveness of the European aviation industry. The
EU wants to support the integration of electric aircraft into
commercial air traffic by targeted investments in research
and development, the expansion of charging infrastructure
at airports and the adaptation of regulatory frameworks. The
importance of international cooperation is also emphasi-
sed in order to establish global standards and accelerate
market introduction.

Energy efficiency of electric aircraft compared to aircraft powered by fossil fuels in 2022

In megajoules per passenger kilometre

2.63 I

0.83
1.15 I
0.45
M Fossil fuel propulsion o.s4
Electric propulsion 0.41

Source: ICCT, 2022
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The electrification of aviation will initially focus
on short-haul flights. Over the next few years, bat-
tery-electric aircraft and eVTOLs could enter commer-
cial service in selected regions of the world. A small
number of powerful pioneering countries and com-
panies are driving the development in this prestigious
but economically unprofitable market. In densely po-
pulated urban areas, there are still major obstacles as
regards take-off and landing sites, regulatory clarity,
safety and acceptance by users and the population.

The technological development of batteries will play a
key role in the electrification of aviation and it is to be
expected that more powerful energy storage devices
will significantly increase ranges and, thus, also open
up medium distances for electric aviation. Long-haul

flights, on the other hand, will continue to rely on alter-

native propulsion in the foreseeable future, with hyb-
rid systems serving as an interim solution. In parallel
with electrification, the use of sustainable fuels will
also continue to increase. A combination of sustain-
able aviation fuels (SAF), hybrid propulsion and elec-
tric short-haul flights will help to lead aviation towards
a more sustainable future in small steps.

The electrification of aviation is an important factor

for the future of flying, even though the path towards

it still holds many technological and economic challen-
ges and its use is not suitable for all areas of aviation.
However, the vision of clean and efficient aviation is a

strong driver in decoupling the dream of flying from

massive environmental pollution and enable new mo-
bility concepts that fundamentally change the way we

understand air traffic.




=
B
=
-
L)
—_—
e
-
3
]
—
=
—
=
=
-
)
-
-
R
v




INTELLIGENT TRANSPORTATION SYSTEMS TREND

TREND

=

[\

Influenced by the Megatrend of Connectivity, intelligent
transport systems (ITS) enable more efficient and safer
traffic control by artificial intelligence, real-time data and
state-of-the-art communication technologies. The focus
here is on vehicle-to-everything (V2X): It describes the
digital real-time communication of a vehicle with various
surrounding communicating traffic participants and the
data transfer between them, including, for example, vehic-
le-to-vehicle (V2V), vehicle-to-infrastructure (V2I) and ve-
hicle-to-pedestrian (V2P) communication. While V2V allows
vehicles to communicate directly with each other and, thus,
react quickly to braking manoeuvres, accidents or sudden
obstacles, V2| enables communication between vehicles
and infrastructure elements such as traffic lights or infor-
mation signs, for example, to adapt traffic light sequences to
traffic flows, reroute routes according to the current traffic
situation or issue automated warnings about construction
sites and weather events. Thanks to V2P, vehicles could slow
down when children are playing at the side of the road or
after detection of passengers getting off public transport.

TREND INTELLIGENT TRANSPORTATION SYSTEMS

Technological advances such as 5G networks and dedica-
ted short-range communication (DSRC) are essential to

ensure that this communication can take place in real time

and with minimal latency. Stability and speed are crucial to

the security of digital applications in complex traffic ope-
rations. While 5G, with its high bandwidth and reliability,
enables the large-scale networking of vehicles and urban

infrastructures, DSRC offers a particularly secure and sta-
ble short-range communication that works reliably even

in areas with weak network coverage. Another crucial ba-
sis for ITS is the continuous collection and analysis of real

time data. Sensors, cameras and the Internet of Things (loT)

capture, among other things, vehicle movements, weather
conditions and traffic flows in order to generate precise fo-
recasts. This information can be used to avoid traffic jams,
reduce the use of resources in traffic and enable smarter
use of existing infrastructure.

Artificial intelligence plays a major role in ITS as itis able to

derive meaningful patterns from the multitude of data col-
lected and to make automated decisions. It optimises traf-
fic light sequences, guides autonomous vehicles safely th-
rough traffic and can prevent impending infrastructure da-
mage and associated disruptions by proactively identifying

maintenance needs. The integration of these technologies

not only makes mobility systems more efficient, but also

more eco-intelligent, since optimised traffic control helps

to reduce emissions and make better use of resources. The

implementation of these technological possibilities places

high demands on the infrastructure, as such traffic systems

require comprehensive digital networking, powerful data

processing and reliable communication standards. Signi-
ficant investments in digital traffic management systems,
5G networks and smart road infrastructure are needed

to implement ITS and to realise the full potential of these

technologies.
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INTELLIGENT TRANSPORTATION SYSTEMS TREND

WHAT'S BEHIND THE TREND?

Al is at the heart of ITS and serves as a control centre for traf-
fic optimisation. It analyses traffic data, recognises patterns
and makes decisions in real time. Al-supported systems en-
able autonomous driving, optimise traffic light sequences
and ensure more efficient use of mobility infrastructures.
The use of real-time information from sensors and vehicle
data can help to avoid traffic jams, minimise the risk of acci-
dents and make mobility more efficient. Connected vehicles
provide the basis for optimised traffic flows, for example, th-
rough dynamic route planning that avoids delays and helps
to efficiently use the charging infrastructure.

The Intelligent Transportation Systems trend
focusses on the following identified trend
concepts:

- Use of artificial intelligence
- Data-driven mobility & networking
- Safety management in mobility

ITS can also significantly support and improve safety ma-
nagement. Assistance systems such as emergency braking
assistants, lane departure warning systems and pedestrian
detection reduce the risk of accidents; smart camera sys-
tems and connected infrastructure recognise hazards early
and can warn road users in real time.

Use of
artificial
intelligence Data-driven
mobility & networking

Safety management
in mobility

PLACEMENT ON THE
TREND RADAR

Develop

TREND INTELLIGENT TRANSPORTATION SYSTEMS

HOW IS THIS TREND MANIFESTED?

In a case study in Tokyo, Sumitomo Electric Industries de-
monstrated how the use of GPS-based algorithms can op-
timise traffic flow. By integrating real-time data from GPS
systems, traffic flows were analysed and appropriate ad-
justments made. This approach led to more efficient traf-
fic management and helped to reduce congestion by up
to 20 percent.

Singapore is considered a pioneer because the city consis-
tently relies on innovative technologies to make traffic safer,
more efficient and more sustainable. Thus, public trans-
port is constantly being expanded and further fully auto-
matic, driverless mass rapid transit lines, such as the Thom-
son-East Coast Line (TEL) and the Jurong Region Line (JRL),
are being added to improve the connection of new districts.
Another model for success is intelligent traffic manage-
ment: A dense network of sensors monitors traffic in real
time, while dynamic signposts and traffic light sequences
are adapted to traffic volume to reduce journey times and
stop-start traffic. In addition to land transport, Singapore
is focusing on connectivity particularly in the port of Tuas;
by use of 5G technology, it is planned to be expanded into
the world’s largest fully automated port by 2040. The aim
is to identify potential problems early on and avoid costly
equipment failures with the help of predictive maintenance,
drone-based monitoring and XR applications. Automated
cranes and vehicles, as well as intelligent logistics systems,
will be used to enable faster and more precise cargo hand-
ling. In addition, real-time tracking data will be processed
even more accurately in the future, enabling berth planners
to optimise occupancy and traffic flow even at peak times.
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Does your car have this Al function?

In percent, rounded

Yes No
25
lane 81 lisi
departure co .:islon
warning a\;mst::r::e
system v
69 75
9
dapti
autonomous 45 ac?;r:is“ée
driving control 55
91
autonomous |45 parking |44
emergency assistance
55 braking 56

Source: Allianz Direct, 2023

For Los Angeles, where drivers spend about 95 hours a year
in traffic jams, the California governor called on techno-
logy companies to use artificial intelligence to reduce grid-
lock. Among them is Google, which is already pursuing the
Greenlight research project in 14 cities, including Seattle
and Hamburg. It involves using aggregated driving trends
from Google Maps, analysing thousands of intersections
and modulating traffic patterns to reduce stops at red lights.
According to Google, the result is that 30 percent of stops
were eliminated and 10 percent of emissions were avoided.
In LA, Alis already being used in cameras on buses to detect
parking violations in bus lanes. The number plate is scanned,
and drivers receive a warning for the first offence; for the
second, they receive a fine of 250 dollars. Measures like
these are intended to help improve traffic flow, especially
in view of the 2028 Olympic Games in Los Angeles, which
are expected to result in increased traffic.
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What advantages do you see in the use of artificial
intelligence in cars?

In percent
Ml Total WEU [ USA China

More efficient
driving

Increased safety

Greater comfort

Better
maintenance

More
personalisation

Lower costs
for the user

I see no
advantages

80 100

Note: Europe; China; USA;

Source: Statista, 2025 4,711 survey participants

In Vienna, by combining offline traffic modelling with re-
al-time data and algorithms, the current and future traffic
situation is calculated, visualised and updated every five
minutes. The software takes into account reactions to un-
planned traffic delays, such as accidents, and known dis-
ruptions, such as construction sites. The city uses the data,
on the one hand, to improve its mobility services, such as
timetable information, on the other hand, it forms the ba-
sis for informed decisions in the control centre as regards
traffic management and control.

Vehicle automation, digital signal boxes, integrated control

and operating systems, sensors for environmental percep-
tion, Alinincident, capacity and traffic management — these

are just a few of the numerous innovative technologies that,
according to Digitale Schiene Deutschland, must interact

smoothly in order to control trains in real time, drive them

fully automatically and locate them precisely. Various pro-
jects help to gain experience along the way, for example, in

the area of obstacle detection. Sensors such as radar, lidar,
cameras, ultrasound and infrared are used to monitor the

track and detect the environment. The detection of the en-
vironment is constantly being refined with the help of artifi-
cial intelligence. A data factory acts as a central platform for
storing, processing and annotating such sensor data and

forms the basis for training the Al models, which have to be

able to identify objects reliably and accurately.

Main concerns regarding connected car features

Highorice 49)))) ))))))))>>))>))>)>

Distraction
while driving

In percent

Security concerns/
don't want
to share data

Complicated
activation and use

Lack of awareness
of available features

Availability of

similar features on 25 ))))))))))))))))))))))

smartphone

Features not

helpful/don't see 24 ))))))))))))))))))))))))

any added value

Note: Worldwide; 2024; 19,000 survey participants

Source: Statista, 2025 in 28 countries; EQ Mobility Consumer Index

TREND INTELLIGENT TRANSPORTATION SYSTEMS

The further development of intelligent transport sys-
tems has the potential to fundamentally change mo-
bility concepts. One future scenario is the possibility
of traffic without traffic lights, in which vehicles and
infrastructure are networked in such a way that clas-
sic light signal systems become obsolete. Instead, ve-
hicles could coordinate with each otherindependently
through real-time communication, allowing them to
pass through intersections without stopping, while
Al-supported algorithms ensure optimal traffic flow
control. Targeted traffic diversions via dynamic sig-
nposts can automatically and flexibly control traffic
volumes to avoid congestion. Moreover, autonomous
transport fleets could be intelligently controlled to
minimise empty runs and optimise the utilisation of
transport resources.

OUTLOOIK
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The widespread implementation of such visions stands
and falls with the infrastructure in which high-tech ve-
hicles operate. The expansion of 5G, sensor technology
and Al-controlled traffic control systems, for example,
is costly. At the same time, the collection of large
amounts of data raises questions of data protection and
cyber security as alarge number of movement profiles
are processed. The regulatory framework must be adap-
ted to create standards and (legal) security for commu-
nication between traffic participants and infrastructure.

Given the sensitive nature of the challenges, hasty de-
cisions are not to be expected. Through the stepwise

implementation of an increasing number of intelligent

actors - be they vehicles or infrastructures - an intel-
ligent network is gradually being built up in various

mobility sectors. The acceptance of, and trust in, the

communication via these networks materially depends

on the success of the pilot projects launched. Serious

incidents would result in great public concern, which

would override rational benefits and could massively

delay the development of intelligent transportation

systems.
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Urban life quality is perceived in many different ways. It is
influenced by how people can organise their daily lives -
whether they feel safe, whether they can get around quickly
and conveniently, whether they have access to nature and

green spaces, whether they experience social interaction,
or whether environmental conditions are beneficial to their
health. Attractive public spaces that invite people to linger
and meet, or green spaces that are used not only as aes-
thetic elements but also to regulate the microclimate and

provide recreation, can all improve the life quality in cities.
A wide range of options for daily needs - from shopping to
education, health and leisure - that are easily and quickly
accessible, peace and quiet, clean air and a high level of sa-
fety also contribute to a high quality of life. One factor that
influences these aspects is mobility. It can connect or divide
cities. It can enable participation or create barriers. It can

enliven places or stress them. The way mobility is structu-
red is one of the factors that determines whether cities are
places of well-being or places of noise, bustle and stress.

For decades, motorised private transport has marked the
development of cities - with far-reaching consequences.
Roads were built for cars, not for people. Still today, large
areas in cities are taken up by moving traffic and, to a consi-
derable extent, also by stationary traffic - in the form of par-
king spaces - thus significantly reducing the space availa-
ble for other uses. Moreover, motorised traffic has a number
of negative effects on the quality of life. Noise is one of the
major environmental causes of health issues, with both phy-
sical and psychological effects; air pollution from exhaust
fumes fuels respiratory and cardiovascular conditions. Car
dependency can also exacerbate social inequalities, as
people without a car or access to good public transport are
restricted in their mobility. Long commutes in traffic jams
or the difficulty finding a parking space also cause stress
and loss of time, which affects the personal quality of life.

TREND LIVEABLE CITIES

Active mobility - such as walking and cycling - is increasingly
seen as a cornerstone of liveable cities. Walking allows for
immediate social interaction and direct connection with the
environment. Streets and squares with a pedestrian focus
are spaces for encounters, spontaneity and diversity in ur-
ban life. They enhance the sense of security, as a lively en-
vironment discourages crime and increases social control.
Cycling is a fast and environmentally friendly form of mo-
bility that can combine both individual freedom and urban
efficiency. Cities such as Amsterdam and Copenhagen have
shown that consistently promoting cycling not only improves
mobility, but also fundamentally changes the urban climate.
Where cars used to dominate, wide cycle lanes, safe cros-
sings and lively street cafes have transformed the cityscape.
An efficient local public transport is also essential for reacha-
bility and inclusion in cities, allowing people to travel long
distances efficiently while reducing the negative impacts
of traffic. Well-developed bus and rail services can signifi-
cantly reduce traffic in city centres by providing an attrac-
tive alternative to the private car. The quality of local public
transport is crucial here. A dense network, short waiting
times, accessibility and affordable prices are crucial to peo-
ple perceiving public transport as an equal or better option
to the car. An efficient local public transport helps create ci-
ties with less congestion, cleaner air and a higher liveability.

How cities manage mobility is therefore crucial to the quality
of life they offer those who live in them. If mobility is orga-
nised from a holistic perspective, cities can be places that
not only function efficiently but also offer a high quality of
life at all levels. The goal must be to understand mobility as
a key component of urban development - not just as traffic
planning, but as a concept that takes into account liveabi-
lity, social interaction and environmental conditions equally.
Liveable cities see mobility as key to enabling people to live
healthy, safe and fulfilling lives in urban areas.
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WHAT'S BEHIND THE TREND?

The concept of traffic-calmed cities focuses on reducing
motorised private transport in order to create space for al-
ternative uses. This is realised through measures such as
car-free city centres, superblocks or 30 km/h speed limit
zones. The aim is to reclaim part of the public space from
vehicles and make it usable for pedestrians, cyclists and
social encounters.

The development of zero-emission mobility solutions, the
promotion of electric or hydrogen-powered public transport
and the increased use of renewable energies all contribute
to minimising the environmental impact of transport in ge-
neral and in cities in particular. This is because the concen-
tration of air pollution, a lack of fresh air corridors, increa-
sing heat stress, a lack of green oases or sealed floors are
particularly severe in urban areas.

The Liveable Cities trend focuses
on the following identified trend
concepts:

- Climate-friendly cities

- Traffic-calmed city
- Bike boom

ZOOM-IN
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The trend towards using the bicycle as a central means of
urban transport is being driven by the development of safe
cycle lanes, the integration of bike-sharing services with pu-
blic transport and the increasing popularity of e-bikes. Tech-
nological, infrastructural and health aspects make the bicy-
cle anincreasingly attractive alternative to the carin the city.

Climate-friendly LI\I_e_abIe
cities Cities

Bike boom

PLACEMENT ON THE
TREND RADAR

Develop

TREND LIVEABLE CITIES

CONTEXT

HOW IS THIS TREND MANIFESTED?

Many cities are working ambitiously to improve their quality
of life through mobility initiatives and have achieved signifi-
cant results. In Paris, for example, Mayor Anne Hidalgo has

introduced far-reaching changes in just a few years, inclu-
ding the closure of streets along the banks of the Seine to

traffic and the Paris Respire campaign, which celebrates a

car-free day on the first Sunday of every month, when en-
tire districts and streets are closed to motorised traffic. The

network of cycle paths has been massively expanded and

will soon cover more than 1500 kilometres. This exempli-
fies the widely (re)discovered potential of the bicycle as an

everyday means of transport. It is estimated that up to 30

percent of car journeys in urban areas can be shifted to cy-
cling. That this target is achievable is shown by the means

of transport chosen in cities such as Copenhagen, Amster-
dam, Groningen or in particularly bicycle-friendly German

cities such as Miinster, where, at 39 percent, the share of
cycling in the number of journeys made has surpassed that

of private motorised transport (29 percent).

Besides focusing on cycling infrastructure, the city of Paris
has introduced a 30 km/h speed limit in large parts of the
city, lowered the speed limit on the city motorway from 70
to 50 km/h and tripled parking fees for large cars such as
SUVs. Some 50,000 parking spaces have been removed,
new green spaces created and around 170,000 trees are
to be planted by 2026 to transform places like the Champs-
Elysées into green boulevards. According to the city admi-
nistration, these changes have already contributed to a 40
percent reduction in air pollution in Paris. The French ca-
pital is also a pioneer of the 15-minute city - an urban plan-
ning concept aiming to develop urban structures in which
all main facilities of daily life can be reached within 15 minu-
tes on foot or by bicycle. Clichy-Batignolles, one of Paris<s
EcoQuartiers, is a prime example of green urban redevelop-
ment in Paris. On a 54-hectare former railway area, a new
district with 3,400 free and subsidised apartments, schools,
cafés, gyms, supermarkets, a theatre and a centrally located,
ten-hectare park including vegetable gardens, sunbathing
lawns, dense planting, playgrounds and pavilions has been

What do you think are the major problems
caused by traffic?

In percent
—— Traffic congestion in city centres
===« Air pollution
Impact on the climate
Too many traffic jams
—— Use of non-renewable resources

-==- Noise pollution

Number of accidents with fatalities and injuries

Q40 - s s
.33
et 32
30"""""“""""""""_'—";;" ______ 2' 9' ____
20 ______________';’t'_ _________________________________
10
2020 2022 2024

Note: Germany; Ipsos; 2,500 survey
participants,16-75 years; representative;

Source: Statista, 2025 computer-assisted web interviews (CAWI)
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developed since 2007. Cities like Copenhagen, Hamburg

and Vienna are also planning to become 15-minute cities.
Frankfurt and Disseldorf already meet many of the requi-
rements, and Munich¢s Werksviertel is considered an in-
novative urban district project. Given the immense econo-
mic potential of the 15-minute cities, the Remax real estate

network expects more disadvantaged neighbourhoods to

be planned and upgraded according to this concept in the

future. Analyses show that, while the 15-minute city can be

a good guide to tailored solutions in - especially European
- cities, it has its limitations where planning has been based

on car traffic from the outset. Cities such as Dallas or At-
lanta, for example, where up to 70 percent of the facilities

would have to be relocated to achieve the 15-minute goal,
need alternative solutions.

Barcelona is another European metropolis that is emble-
matic of a popular concept in urban planning. Barcelonats
Superilles concept combines several neighbouring blocks
into a single unit - a superblock - and keeps motorised pri-
vate transport out as much as possible. Only residents< ve-
hicles, delivery vehicles, public transport and emergency
vehicles are allowed to drive into a block. Pedestrians have
priority and benefit from more space, safety, improved air
quality, reduced noise and heat stress, and a better quality
of life. The Barcelona model has already been implemented
in other cities such as Vancouver and Quito.

Importance of aspects at the living place
In percent

W Veryimportant Rather important

Unfair distribution of space

o of German citizens consider
the division of traffic space in
o Germany to be unfair.
o support the concept of urban
o planning that prioritises cycling.

are opposed to the introduction of
environmental zones in which no
internal combustion engines are allowed.

Source: TUV Mobility Studie 2024

The It«s in the Air campaign is a good example of how widely

and globally the improvement of the urban climate is being

discussed, with more than thirty cities worldwide, including

London, Johannesburg, Seoul, Bogotd, Stockholm and Se-
attle, participating with various initiatives. Car-free zones,
educational programmes and public actions to promote

sustainable mobility highlight the importance of clean air
zones. These are urban areas where measures are taken

to reduce vehicle pollution, encourage active travel such as

walking, cycling and public transport, and prioritise people

over cars. These zones give residents more space to breathe,
walk and play, to enjoy nature and socialise. In surveys con-
ducted in the participating cities, over 80 percent of peo-
ple said that their governments should prioritise clean air.
Over 90 percent support the expansion of public transport

and active mobility.

Cleanliness  Public safety Airquality = Greenspaces Health care Waste Local public
and parks disposal transport

Source: Statistisches Amt Basel-Stadt, 2024
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In the coming years, urban mobility will change fun-
damentally and become not only more environmen-
tally friendly, but also, and above all, more peo-
ple-friendly. Cities face the challenge of reorgani-
sing their traffic spaces in order to use the limited
urban space efficiently and, above all, fairly, since
especially non-motorised road users currently
perceive traffic space to be distributed unfairly.

A key focus will therefore be on reducing motorised pri-
vate transport and developing and expanding mobility
options that are so attractive that many city dwellers
see no need for their own car. Not only for environ-
mental and social improvements, but also - as studies
increasingly show - to reap the economic benefits of
reduced urban car traffic and the potential for econo-

mic growth through the use of alternative modes of

transport such as bicycles, electric and cargo bikes,
micro-mobility services or active mobility.

The development of the 15-minute city offers a range

of new urban planning options that are tailored to the

needs and realities of peopless lives. Even if the con-
cept cannot be implemented everywhere, the basic

principles of the 15-minute city will have a significant

influence on what urban mobility should achieve and

enable in the coming years.
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The flexible use of different mobility services
is gradually replacing the ownership of individual
means of transport.
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The growing popularity of Mobility as a Service (MaaS) re-
flects the changing mobility behaviour of many people, who
are increasingly turning away from the idea of vehicle - espe-
cially car - ownership, and instead want to use flexible, en-
vironmentally friendly and cost-efficient mobility solutions.

Maa$ provides access to a range of mobility services, from

local public transport to car and ride sharing, as well as

micro-mobility services such as e-scooters and bike sharing.
Ideally, a single intelligent platform combines all available

options, enabling users to easily plan their trips and jour-
neys, combine different means of transport and pay with a

single ticket or via a subscription solution. This has the po-
tential to increase comfort, efficiency and the motivation to

choose a tailored mobility mix over the car.

The technological basis for this new mobility concept is

mainly provided by the connectivity megatrend. By combi-
ning personal routes and preferences, real-time traffic and

environmental data, and various providers, intelligent routes

can be calculated and optimised to get users to their des-
tination as efficiently, quickly and sustainably as possible.
Digital payment and ticketing systems facilitate access to

the various modes of transport and enable seamless pro-
cessing of the mobility services used.

ASEARS|E
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The integration of public and private providers requires

close cooperation, a clear regulatory framework and com-
mon standards to create interoperable services. Until now,
many mobility providers have relied on their own platforms,
apps, communication, planning and payment methods. This

has fragmented the market and impeded user experience

- here the local public transport operator, there one of the

many e-scooter rental companies, a car-sharing provider, a

taxi service - and once you cross city, state or national bor-
ders when booking or travelling, the cohesive experience

often ends due to different tickets, uncoordinated timeta-
bles and gaps between modes of transport. What<s more,
successfully scaling MaaS requires a solid infrastructure,
which is not equally developed everywhere.

Particularly in rural areas, there is often a lack of basic mo-
bility options, which makes it difficult to implement appro-
priate concepts. The development of autonomous vehicles
could therefore significantly advance the MaasS trend by clo-
sing existing gaps. In many cities and regions, public trans-
port is reaching its limits, especially in outlying areas where
frequent services are hardly economically viable. Autono-
mous shuttles could be an effective addition here as they
offer flexible transport solutions and take people from their
doorstep to central mobility hubs. This would make using
public transport much easier and increase the overall at-
tractiveness of MaaS.

Moreover, autonomous driving could strengthen a form of
mobility that no longer depends on the availability of drivers.
Many transport services are currently only available at cer-
tain times, leading to mobility bottlenecks, especially at night

orin less frequented districts. Autonomous vehicles could

overcome this shortage, as they can be used 24/7 and fle-
xibly respond to demand. This not only ensures greater ac-
cessibility, but also helps more people to opt for alternative

forms of mobility and do without their own private cars. In

the long term, the elimination of human drivers will also si-
gnificantly reduce the cost of on-demand mobility services

and make MaaS more economically viable.

From atechnological aspect, however, these vehicles must

first be able to move safely and reliably in complex urban en-
vironments with many different traffic participants. Moreover,
the legal framework for the operation of autonomous fleets

is still uncertain in many countries. Questions of liability in

case of accidents, data protection and regulatory supervi-
sion need to be resolved before autonomous mobility can

be widely integrated into Maa$S platforms. Furthermore, the

transition to autonomous driving requires significant invest-
ment in digital infrastructures, traffic management systems

and communication networks to ensure seamless connec-
tivity between vehicles and their environment.
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CONTEXT

HOW IS THIS TREND MANIFESTED?

With its Whim app, one of the first fully integrated MaaS so-
lutions, Helsinki is a pioneer when it comes to booking and

paying for various mobility services such as public transport,
taxis, car sharing, bike sharing and e-scooters through a

single app. Even though MaaS Global, the developer com-
pany founded in 2015 and considered the world:s first Mo-

Number of car-sharing users worldwide from 2017 to
2023 and forecast up to 2029

bility-as-a-Service company, has since gone bankrupt, the  Inmillions
established software, which is also used in Vienna, Ant-
werp, Turku, Tokyo, Birmingham and Switzerland, remains 80 ------= === === === oo e

in place. The Dutch MaaS platform umob is transferring
them to its app and building on the experience gained so
far. For example, the pay-per-ride business model has pro-
ven more successful than a monthly flat-rate subscription
for transport use.

2017 2019 2021 2023 2025 2027 2029

Source: Statista, 2024
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The WienMobil app, for example, combines public and pri-
vate mobility providers and provides a complete overview of
various mobility options. The app maps local public transport

in the form of underground trains, buses, trams, rental bicy-
cles and shared taxis operated by Viennass public transport

operator Wiener Linien, together with real-time operating

information. It also features car rental companies Europcar,
Sixt and Share Now, various taxi companies, the airport bus

and the state and private rail operators OBB and Westbahn.
Nearby stops, e-charging stations, e-scooters, car parks,
taxi ranks, available car- and bike-sharing vehicles, as well

as Mobility Hubs, which collect various mobility services at

hubs, are displayed on a shared map. Routes can be filte-
red by means of transport or planned as a mix. Apart from

various ticket options, visitor passes including discounts for
attractions and tickets for the transport museum can also

be purchased through the app.

Share of ride-sharing or ride-hailing users

In percent

() South America QO North America () Asia
QO Africa O Europe

Chile L 1 J 1 1 JeleJeJelex
Mexico 0000000000 47
Indonesia Q0000000000 4
South Africa ...“)OOOOO 46
Argentina L 1 ] JoleJele]eleloN
Canada Q0000000000 23
Great Britain .OOOOOOOOO 19
Morocco @®O0O000000007
Hungary 0000000000 s
Japan 00000000002

DACH region

Switzerland .OOOOOOOOO 14
Germany @OO00000000
Austria ©O000000000 s

Source: Statista, 2024 Note: For each continent, the country with the
highest and lowest value was selected
from the data, as well as the Dach region

With hvv switch app, developed by Hamburger Hochbahn

AG, Hamburg is one of the German cities actively promo-
ting Maa$S and combining public transport with sharing and

ride-hailing services. With the app, users can book not only
trains and buses, but also car-sharing services such as Mi-
les, Share Now and Sixt share, Voi e-scooters and ride-hai-
ling services from the ride-pooling service provider MOIA,
whose autonomous shuttles are to be more closely linked to

Maas$ platforms in the future. Payment for various services is

made using PayPal details, SEPA direct debit or credit card.
Ride-hailing companies are increasingly focusing on mul-
timodal services and expanding their range. For example,
Uber is integrating Lime e-scooters or rental cars into its app.
Automotive manufacturers are also embracing the trend, as

Toyota is demonstrating with its KINTO brand. According to

the company, it marks the transformation to a mobility com-
pany that offers a range of services, from the provision of

complete vehicle and service packages for corporate and

private customers to the use of data and vehicle connecti-
vity options to develop and introduce services such as car
sharing, carpools or subscriptions.
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In cities with an already well-developed infrastruc-
ture, MaaS offers great potential for quickly making
transport more efficient and promoting a change in
the way we consume mobility. In many cases, it is not
alack of offers that is the problem, but a lack of a clear,
convenient and integrated organisation and provision
for users. In the long term, Maa$S will not be limited to
urban areas. It will create new opportunities in subur-
ban and rural areas, providing better access for people
without cars, the elderly or those with limited mobility.

An open, interoperable system that integrates both

public and private mobility providers is essential for
widespread deployment. In this context, data protec-
tion, fairness in pricing and the question of accessibi-
lity are becoming key issues for political decision-ma-
kers. It is essential to constructively combine different

stakeholder perspectives - those of the advocates of

a cultural change seeing Maa$S as a means to reduce

car dependency; the perspective of strong political
regulation advocates who are positive that clear legal
frameworks are crucial for Maa$S success; and those of
technological solution supporters who want to drive
Maas$ primarily through digital integration.

Mobility as a Service is one of the key principles of the
future of mobility — autonomous driving plays a fun-
damental role within this trend. Once it is possible to
establish autonomous fleets and thereby drastically
reduce the costs of ride-hailing and sharing services,
increase their availability and link them to existing pu-
blic transport, it would be a decisive game changer for
individual mobility.
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AERIAL DENSITY TREND

Airspace is becoming more and more crowded. Aside from

traditional air traffic, which is returning to pre-crisis levels

following pandemic-related declines, a growing number of
new players are taking to the skies. In particular, the increa-
sing number of commercial drones is changing the scene.
While especially logistics companies are testing drones for
deliveries, countries like China are also setting sight on the

widespread introduction of air taxis. Air traffic’s growing den-
sity poses significant challenges for regulatory authorities,
airspace coordinators, cities and technology companies. In

particular, for traffic control, approaches are needed to en-
sure safe coordination between aircraft and to be able to

integrate new mobility concepts into the airspace.

While conventional air traffic is growing again and the num-
ber of air passengers worldwide is expected to have risen
to 5.64 billion by 2030 — an increase of around 30 percent
compared to 2018 — drone traffic is also clearly on the rise.
The number of commercially used drones in Germany alone
almost tripled between 2019 and 2023. By 2030, the num-
ber of drones is expected to grow by a further 43 percent,
with around 80,000 commercial and 332,000 private dro-
nes in circulation and potentially in German airspace. Its
use is growing, particularly in the logistics industry, where
air transport can make supply chains faster and more fle-
xible. Drones are good at reaching and supplying remote
locations, and smaller goods can be quickly distributed by
drones across large areas such as factory sites or port faci-
lities. For example, drones are already a valuable aid in the
inspection and maintenance of wind turbines, in the monito-
ring of extensive agricultural areas and in rescue operations.
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But what is already working well in less densely populated

areas and will become increasingly established in the co-
ming years is proving to be much more difficult in cities. Ur-
ban air mobility has been a vision of the future for decades,
with deliverymen, parcels and pedestrians being projected

into the air of future cities, sharing the airspace with air taxis.
In fact, however, particularly urban areas pose numerous

obstacles to mass individual air traffic. The dense popu-
lation makes navigation difficult and take-off and landing

sites are rare. The existing noise pollution in cities would

be exacerbated by the additional background noise from

flying objects. Test projects for eVTOLs, electrically powe-
red aircraft that can take off and land vertically, are being

widely promoted in many of the world’s regions. While these

developments are technologically promising, regulatory, in-
frastructural and economic constraints largely keep these

air taxis in a niche market.
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As drone traffic will be largely automated, the question is
how to ensure the coexistence of manned and unmanned
aircraft. As in all areas of aviation, Al will play a crucial role
here. By analysing data on obstacles, weather patterns, sec-
tor configurations, air traffic bottlenecks and other factors,
Al can improve air traffic management by optimising flight
routes, for example, and providing air traffic controllers
and pilots with information or decision-making support in
critical situations. In particular, a large number of the pro-
cesses involved in the fast and efficient handling of drone
flights will be largely automated, including the examination
of flight applications and their synchronisation with other
flights. Use cases developed specifically for the project
illustrated various scenarios and provided insights to en-
sure a safe interaction between different airspace players.
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WHAT'S BEHIND THE TREND?

In dense urban areas, airspace, existing air traffic cont-
rol systems and regulations are at risk of being stretched

to their limits as the skies open up to the mass use of new
aircraft. Strict regulations to protect the public, high safety

requirements, infrastructural hurdles and, last but not least,
the acceptance by the urban population are all obstacles to

the development of urban air mobility.

With more aircraft in the air, competition and the need for
precise control and coordination rise, for example, to en-
sure that air rescuers can continue to reach their destina-
tion quickly and undisturbed. New technologies are nee-
ded for airspace monitoring and collision avoidance. Also,
an overcrowded airspace could lead to increased costs for
use and pose an environmental issue.

The Aerial Density trend focuses on
the following identified trend
concepts:

- Limited air traffic in urban areas
- Airspace management
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HOW IS THIS TREND MANIFESTED?

With the U-Space Regulation, the EU has created a legal

and technological framework to enable the regulated ope-
ration of commercial and professional drones in urban and

rural areas and to integrate them safely into the airspace. In

regions with high levels of air traffic, drones benefit from a

dedicated traffic system in the form of U-spaces: a defined

area in the lower airspace controlled by a U-Space Service

Provider (USSP). Various U-Space services ensure that

drone operators are alerted to other air traffic in the vicinity

of their drone (Traffic Information Service) and that there is

no spatial and temporal overlap of authorised drone flights

in U-Space (Flight Authorisation Service). They ensure that

drone operators receive information about the airspace and

possible restrictions (Geo-Awareness Service), provide iden-
tification data of the UAS and forward it to authorised users

(Network Identification Service). In the Port of Hamburg, a

U-Space real-world laboratory was set up over a period of

Who can fly where

20,117 m

Controlled airspace: air traffic control
ensures that appropriate distances are
CHARLIE Mmaintained between passenger jets.

E Controlled airspace: ideal

airspace for VFR flights by gliders,
ECHO paragliders and hang-gliders.

Uncontrolled airspace:
increase in unmanned drones
and air taxis. Automated
GOLF systems are to make air traffic 75"
safer.

Source: Aeroreport, 2021
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Number of drone uses in the global
transport industry in 2021

Mapping and 34 Inspection
surveyin
&7 Delivery
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Other
Source: DRONEII, 2021

seven months under the lead management of Deutsche
Flugsicherung (DFS) and Droniq in which the interaction
of individual airspace users, the mandatory U-Space ser-
vices and the related technical, procedural and operational
implementation were demonstrated. Use cases developed
specifically for the project illustrated various scenarios of
airspace interaction and provided insights to ensure a safe
interaction between airspace users.
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The German Unmanned Aviation Association expects the
German drone market to grow to over 1.7 billion euros by
2030 - an annual growth rate of 7.5 percent. This is mainly
driven by the commercial sector, while the private drone
market is expected to stagnate. The greatest potential in
industrial applications is seen in surveying and mapping in
building construction, civil engineering and road construc-
tion, where drones can be used to create 3D terrain models
and aerial photographs. The Association also sees great
relevance in the inspection of transport infrastructure (da-
mage, foreign objects, vegetation, safety) and in the energy
sector (inspection of safety-critical systems), for monitoring
by security authorities or for inventory and transport in in-
tra- and interlogistics.

Increased attention to airspace is also driven by safety con-
cerns. Rheinmetall and Auterion, for example, are bundling

their military expertise and software skills to develop a uni-
fied operating system for unmanned drone systems. Bavaria,
in particular, has become a hub for unmanned military avia-
tion. There, for example, the start-up unicorn Helsing, Avilus

and Quantum Systems are developing drones for combat,
rescue or surveillance missions.

Amazonss drone programme Prime Air has been running
for overtenyears and in 2024 it received a major clearance
from the Federal Aviation Administration (FAA) that allowed
the model MK30 to be flown outside the operator<s line of
sight. However, residents in the drone delivery service loca-
tions in the West Valley of the Phoenix metropolitan area
in Arizona and in College Station are not yet cheering the
promise of under 1 hour-deliveries. Rather, they are comp-
laining about the noise of Amazon drones and their impact

Use cases of Advanced Air Mobility

Urban Air
Mobility (UAM)

O km
Upto~35km

on nature, such as scared away birds. They fear that their
properties will lose value and express concerns about what
data will be collected by the drone cameras while they are
operating over residential areas and private facilities, such
as swimming pools.

China has taken on a pioneering role in urban air mobility
and has brought together more than 100 companies in the
China Low Altitude Economic Alliance to work on the further
development of airspace applications at low altitudes. By
2030, around 100,000 eVTOLs are expected to be used as
family vehicles and taxis in Chinass major cities. Germany has
also already presented a comprehensive Advanced Air Mo-
bility (AAM) strategy to gradually expand the use of drones
and eVTOLs by 2032. The first test routes are expected to
be built by 2026, followed by regionally limited AAM areas
by 2028. Larger routes are set to open from 2030, with na-
tionwide operation possible by 2032.

ADAC Luftrettung, the air ambulance service of the Gene-
ral German Automobile Club, has already completed a two-
year research project with Volocopter in the model regions

of Idar-Oberstein and Dinkelsbihl to test a manned multi-
copter for emergency medical services. In addition to the

purchase of two aircraft for research operations, an option

to buy up to 150 more next-generation multicopters was

also submitted.

Regional Air
Mobility (RAM)

Up to ~250 km

inner-city taxi Cross-regional mobility, significantly broader range of use

Urban air taxi, airport
shuttle short-haul, ferry
alternative, emergency

transport short-haul

Intercity taxi, airport shuttle medium-haul,
business trip, emergency transport long-haul

Source: Analysis of the potential use of air taxis in Baden-Wiirttemberg; Ministry of Transport of Baden-Wiirttemberg, 2023
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RAIL ALIGNMENT TREND

European rail transport is characterised by a multitude of
national standards making it considerably difficult to use the
rail network smoothly and efficiently. In passenger trans-
port, this starts with the often limited availability of through
tickets for journeys across several countries, for which dif-
ferent providers and ticket shops are needed. Enforcing
passenger rights, for example with regard to onward tra-
vel in the event of delay, is another issue. More significant,
however, are the different signalling systems, incompatible
train control technologies and uncoordinated timetables,
which cause inefficiencies, delays and high operating costs.
While road and air transport are largely harmonised across
national borders, rail transport is marked by regulatory and
technical fragmentation impeding the rail<s competitiveness.

With every border crossing, trains literally break new ground.
Over 800 national regulations, four different electricity sys-
tems and over twenty train control systems cause constantly

changing operating conditions for cross-border transport.
The consequences are costly and inefficient waiting times at

borders, particularly for freight transport, and time-consu-
ming operational measures such as technical inspections

of wagons, changes to braking positions, brake tests and

the issuing of documents. Another detail that illustrates the

limitations of cross-border rail transport is the B1 level of
proficiency in the national language that train drivers must

have in order to be legally allowed to drive in the respec-
tive country. The current patchwork of standards results in

significant delays in rail operations, and also the potential

of digital optimisation measures is not yet being consis-
tently exploited.

112
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Harmonisation and standardisation in the rail sector are

therefore crucial levers for the modernisation of rail trans-
port. A key aspect here is the introduction of the European

Train Control System (ETCS), which will replace the myriad

of national train control systems in the medium term and

establish a European standard. ETCS enables uniform, di-
gital control of rail transport and can significantly increase

capacity on existing lines. In Germany alone, the digitalisa-
tion of the rail network with the nationwide roll-out of ETCS
is expected to provide up to 30 percent more capacity on

the existing network.

In particular, high-speed connections, which usually ex-
tend across several countries, are impeded by technical
and operational hurdles. They are particularly dependent
on standardisation and cross-border compatibility in order
to strengthen high-speed trains as an attractive alternative
to short-haul air travel.

Technological innovations such as Al and digital twins are
also driving progress by promoting more efficient use of in-
frastructure through optimised route planning. In this way,
trains can be monitored in real time and delays minimised
through intelligent control. Digital processes, automation
and driver assistance systems can bring greater efficiency
to both shunting and coupling processes and to the track.
Modern information systems and sensors also enable the
location of wagons, precise arrival forecasts and continuous
monitoring of the condition of loads and wagons.

The modernisation of the rail system requires high levels of
investment and long planning and implementation horizons.
Here, national interests and existing structures collide and

have to be coordinated, making rapid change more difficult.
Still, experts agree: without a harmonisation of technical and

operational standards, the European rail system will not be

able to reach its full potential. Rail Alignment is therefore not
only atechnological project, but also a long-term strategic

track-setting for the future of Europe’s mobility, which re-
quires a high level of cross-border co-operation.

13



RAIL ALIGNMENT TREND

The Rail Alignment trend focuses
on the following identified trend
concepts:

- Standardisation in the rail sector

- High-speed trains

- Capacity bottlenecks in the
railway sector

WHAT'S BEHIND THE TREND?

The standardisation of technical, regulatory and operational

conditions in rail transport is essential to make cross-border
rail traffic more efficient. In Europe in particular, the fragmen-
tation of rail infrastructure is one of the biggest challenges,
especially for freight transport. This is why harmonisation

- for example, through standardised gauges, signalling and

safety systems, and interoperable digital control and moni-
toring systems - offers great potential for removing barriers.
High-speed trains are a major component of a modern

mobility strategy, as they can offer an alternative to air tra-
vel. Particularly in Europe and Asia, high-speed connec-
tions are an essential element in making environmentally
friendly mobility more competitive and shifting business

and leisure travel to rail. The development of high-speed

rail networks is also often a catalyst for investment in the

rest of the rail infrastructure and boosts the rail transport’s

overall attractiveness.

ZOOM-IN
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Outdated infrastructure, a lack of digital networking and in-
sufficient investment in network development are pushing

the rail system«s capacities to their limits in many countries.
In many places, the infrastructure is not sufficient to meet
the growing demand for passenger and freight transport.
Bottlenecks at rail hubs and on major freight corridors cause

delays and cancellations, damaging the image of rail and its

ability to compete with other modes of transport. Overco-
ming these bottlenecks is key to strengthening rail trans-
port as a reliable option for personal mobility and logistics.

TREND RAIL ALIGNMENT

CONTEXT

HOW IS THIS TREND MANIFESTED?

For the European Train Control System, six independent
labs were set up in Europe to test new technologies and

processes in the railway sector. They are to ensure that
subsystems and components of the ETCS, as well as other
railway control and safety systems, comply with existing

standards, trains and infrastructures. Since it would be too
time-consuming and expensive to test every product or sys-
tem directly in real-life conditions, these labs enable fast
and safe simulation under controlled conditions. They can

functionally replicate the entire rail transport chain - from

track-side control and signalling technology and signal bo-
xes to infrastructure and the interface between track and

train. Their modular architecture allows both software and

hardware components to be tested under realistic condi-
tions. This reduces development times and costs and en-
sures the smooth integration of new technologies into rail

operations. In Australia, too, great efforts are being made

to harmonise different gauges or signalling systems, and

the interoperability of railways has been made a national

priority. According to the Australian Rail Track Corporation

(ARTC), the multitude of different standards has led to many
critical issues affecting rail productivity and innovation. The

Investments in rail network by country

Per capita investments in rail infrastructure in 2023 in euros

512
477

336

277

215

Most expensive railway construction projects in 2024
In billions of US dollars

@ = 1 billion US dollar
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I 16.00
13.14
I l 12.00 11.28
1 2 3 4 5
Russia USA China USA China
Moscow—Saint Southeast Shanghai Nevada Hefei—
Petersburg  High-Speed Metro High-Speed Wuhan
High-Speed  Rail Corridor Line 19 Rail High-Speed
Railway Corridor Railway

Source: GlobalData, 2024

ARTC sees significant opportunities for making Australia<s

railways more efficient through greater consistency and

compatibility of technologies and systems, such as redu-
cing the eleven signalling systems on the national rail freight
network to a single one.

Europe«s clear commitment to cross-border rail transport
is also demonstrated by its plans to double it by 2030 and
triple it by 2050. The European Commissionss list of pi-
lot projects includes a new night train from Amsterdam to

174

133 115

92

70 51

Luxembourg Austria Great Britain

Denmark Italy France

Switzerland Sweden Netherlands Germany Spain

Source: Statista, 2025
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Measures to increase rail capacity

el

)

Infrastructure development

Passing loops for freight trains
Expansion of capacity at terminals and
transhipment stations

Infrastructure for longer trains
(Re)activation of connecting railways
Conversion to EU technical standards

Operational optimisation

More efficient train path coordination
Uniform international operational processing
Adaptation of existing passing loops

Use of longer trains

Digital automatic clutch increases ...

.

Source: VCO, 2024

.

Line capacity through higher train loads
Shunting capacity through faster coupling
processes in marshalling yards

Time savings through automatic brake tests

Barcelona and from Stockholm via Copenhagen to Berlin,
as well as a connection between Austria, Hungary and Ro-
mania. The signing of a new cooperation agreement bet-
ween the operators of the Channel Tunnel and the British
high-speed line is also fuelling hopes of direct connections
between London and Cologne or Frankfurt. Rail Baltica,
which is currently under construction, promises not only a
European north-south rail link from Tallinn via Riga to the
Lithuanian-Polish border, but also speeds of 2560 km/h on
certain sections. However, it also highlights the pitfalls of
such once-in-a-century projects: diverging national interests,
disputes over responsibilities, delays and exploding costs.

In the future, Brightline West will operate between Rancho

Cucamonga near Los Angeles and Las Vegas at speeds of up

to 320 km/h. This will significantly reduce travel time from

4 hours 15 minutes (by car) to 2 hours 10 minutes, putting it

on a par with air travel (1 hour flight time). With its planned

high-speed line (up to 350 km/h), the United Arab Emira-
tes aims to cut travel time between Abu Dhabi and Dubai

to just 30 minutes.

Many stops and standing times in cross-border rail traffic
On the Rotterdam <> Konstanza route

Netherlands

Rotterdam
Venlo
. Germany
2
5

2.540

kilometer route

Source: VCO, 2024

(O 5 companies involved
5 8staff changes

. 4 train security systems

. 3 electricity systems

Konstanza
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Great efforts are required to put the railway on a con-
sistent track. But the long-term projects are worthwile
given the benefits that can be achieved. Moreover, the
pressure weighing on the rail sector makes them an
urgent necessity. Missed investments, failed spatial
planning and the abandonment of connecting railways
have all taken their toll on the railway<«s competitive-
ness in freight transport. Capacity bottlenecks, inef-
ficiencies in international operations, high shunting
and terminal costs, as well as construction sites due
to poor infrastructure are putting the brakes on the
rail sector. The lack of harmonisation in cross-border
rail transport poses a major obstacle that has to be
eliminated in order to push the modal shift from road
to rail, as environmental and economic benefits can
only be realised in a largely harmonised rail system.
The low rolling resistance of trains, for example, re-
quires much less energy than trucks; the large mass
that can be transported and the high level of safety
also speak in the rail<s favour. If external costs for ac-
cidents, congestion, air pollution, noise, habitat loss
and carbon emissions from vehicle production and
energy supply are considered, road freight transport
causes up to four times higher costs per tonne-kilo-
metre than rail transport.

The cross-border development of Europess rail trans-
port could also be boosted by changes in security po-
licy. Europe’s upgrading to provide an effective de-
fence independent of the US will have an impact on
infrastructure such as railways as it plays an import-
ant role in transporting material, weapons and troops.
Increasing digitalisation will significantly improve
the capacity and efficiency of rail transport. The
use of Al and digital twins will enable simulations
of track usage to optimise capacity planning, op-
timise timetables and respond better to delays.

High-speed trains have the potential to increasingly
compete with short-haul flights, although higher speeds
require greater distances between trains, which in turn
can limit track capacity. Also, energy consumption and
infrastructure wear grow disproportionately at high

speeds, meaning that in the future the focus will not be

on maximum speed, but on optimised driving dynamics.

In the years to come, rail transport has a lot of catching
up to do in order to prevail in mobility competition and
optimally play its trump cards.
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The traditional separation between individual means of
transport, public transport and sharing services is gradu-
ally being replaced by an integrated mobility landscape that

interconnects different services. Where mobility was long

thought of from the perspective of individual transport me-
ans, the focus in the future will be on combining different

services to best meet users’ needs. Seamless Mobility marks

this shift towards a digital and controlled ecosystem where

different forms of mobility seamlessly merge.

Increasingly smooth and seamless transitions between

transport modes facilitate the integration of cars, buses,
trains, bicycles, sharing services, e-scooters, autonomous
shuttles and other new forms of mobility into a digitally
connected user-first system. This means that mobility is

shifting from multiple fragmented services to a holistic, flexi-
ble and intuitive service tailored to individual needs. Crucial

to this shift is the networking of different forms of mobility
along seamless travel and route chains. Instead of looking

at means of transport in isolation, the aim is to interlink them

intelligently. Multimodal and intermodal approaches enable

users to switch flexibly between different means of trans-
port without experiencing any disruptions or obstacles in

their travel experience. Technological innovations such as

digital platforms for integrated booking and payment sup-
port this change by enabling simple and barrier-free use of

different modes of transport and providing real-time infor-
mation for efficient travel planning.

TREND SEAMLESS MOBILITY

A consistent user-focussed approach is crucial here, alig-
ning mobility options with people«s real needs through

easy accessibility, reliable travel times or high standards

of comfort. Seamless Mobility also requires a new form of

partnership between public and private players. Implemen-
ting intermodal mobility solutions places high demands on

interface management, the timing of transport modes and

the integration of data. Public transport providers, private

mobility service providers and technological platforms must

co-operate closely to ensure a seamless end-to-end sys-
tem. The focus should not be on which means of transport

is used, but on ensuring that users can travel quickly, com-
fortably and reliably.

Apart from passenger transport, intermodality as an opti-
mised combination of rail, road, water and air transport op-
tions also plays a significant role in logistics. Unlike multi-
modal transport, in which individual freight items are moved
when the mode of transport is changed, for example, when
goods are removed from containers and loaded onto trucks,
in intermodal transportation the goods remain in the same
loading unit, which then changes the mode of transport
as a whole. This is the case, for example, with piggyback

U U
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transport, where a truck is loaded onto a freight train and
becomes a »rolling road«, or with transportation by roll-on
roll-off (RoRo) ships. The close link between intermodality in
transport logistics and the standardisation of containers in
the 1960s illustrates the importance of standardisation for
Seamless Mobility. Only with the introduction of ISO cont-
ainers and other standardised transport units has it become
possible to quickly transfer entire units from ship to freight
train or from train to truck, thus enabling the seamless lin-
king of supply chains in a variety of ways.

These chains clearly show how the appropriate means of
transport can be chosen and combined depending on the

requirements. Ships offer cost-effective transport of large

volumes, trains are particularly environmentally friendly,
and trucks offer a high degree of flexibility for pre-carriage

and onward carriage. However, intermodal transport also

highlights the challenges associated with Seamless Mobi-
lity. These include the coordination required when goods

need to be reloaded multiple times, the limited capacity
of individual modes of transport, and the sometimes com-
plex pricing when different transport providers are involved.
The shift towards Seamless Mobility is a logical consequence

of a mobility landscape that draws on an increasing variety

of different means of transport and makes them available to

users in a well-coordinated and convenient manner.




SEAMLESS MOBILITY TREND

WHAT'S BEHIND THE TREND?

Mobility solutions must be consistently developed from the

different user perspectives, which requires a deep under-
standing of the needs, expectations and limitations of dif-
ferent user groups. In particular, newly implemented tech-
nologies need to be developed in such a way that social as-
pects, justice, and accessibility are considered in addition

to a technical or engineering-driven perspective.

The possibility of efficiently combining different means of
transport for a single journey depends strongly on whether
digital platforms enable seamless planning, booking and

payment. Intermodality is steadily expanding, going beyond

the traditional connections between cars, buses and trains

to include forms of mobility such as sharing offers, autono-
mous shuttles and micro-mobility.

The Seamless Mobility trend combines
the following identified trend concepts:

- Userfocus
- Intermodality

Taken together, this will pave the way for creating a flexible,
convenient and efficient mobility system that is focused on

peopless needs. Only when mobility services are standardi-
sed, personalised, accessible and digitally networked will

a truly seamless experience emerge in line with the Seam-
less Mobility trend.

User
focus

Intermodality
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HOW IS THIS TREND MANIFESTED?

Compared to the rest of Europe, Vienna offers a very af-
fordable annual ticket for public transport (365 euros), which

has proven very popular with over one million annual ticket

holders. According to a study, the success of Viennass pu-
blic transport system is not so much due to its affordable

price, but rather to the attractive services it offers. The key
factors are the dense network of lines, the high frequency
of services and continuous investment in expanding and

intensifying public transport. These factors enable short
travel times and make it more attractive to switch from pri-
vate cars to public transport.

SEAMLESS MOBILITY

The NaMikro project was an investigation into how e-bikes
and e-scooters can be used to supplement local public
transport in outlying areas and small towns. In the Berlin
districts of Steglitz-Zehlendorf, Tempelhof-Schéneberg
and in Erkner, real-world laboratories were set up to ana-
lyse user behaviour in areas with limited local public trans-
port coverage. The results show that sharing services are
primarily used for the last mile, especially as a feeder to
suburban train stations. In addition to commuting, leisure
activities also play an important role. Especially during local
public transport’s off-peak hours, e-bikes and e-scooters are
appreciated as a flexible alternative. It was also shown that
station-based systems with fixed parking spaces simplify
use and minimise parking violations, while virtual stations
without markings tend to be more disruptive. As part of the
NaMikro project, micro-mobility proved to be a valuable ad-
dition to existing local public transport services - provided
that infrastructure and parking solutions are well planned
and coordinated.

Example of a logistics chain in intermodal freight transport

Loading unit

Port

Main leg
by ship
A2

Intermodal %_B
terminal Onward carriage ooooo
on the road

T

Main leg

Source: European Court of Auditors, 2023

by rail
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With combined freight transport, the European Commission
is defining and driving a specific form of intermodal trans-
port. The EU<s understanding of combined freight trans-
port, which aims to shift traffic from road to lower-emission
modes, is that the main leg of the journey must be by rail
or ship. Pre-carriage and onward carriage by road is pos-
sible, but should be kept to a minimum (150 kilometres li-
near distance between the loading or unloading point and
the nearest suitable railway station, inland port or seaport).

Adherence to the requirements is rewarded with privileges
such as increased permissible total weights or exemptions
from driving bans on Sundays, public holidays and during
holidays. However, a special report by the European Court
of Auditors has revealed major pitfalls in intermodal trans-
port: alack of strategy between the EU and member states,

Which of the following options do you
consider desirable or worthwhile when it comes
to the future of mobility?

In percent

Many cars
drive autono-

mously
Gaps in the urban

cycle path network
have been closed

More than half
ofthe cars
are electric

There will be
free charging

Local public stations for e-cars

transport can meet
There are  all mobility needs
extensive driving
bans inthe

city centres
Vehicles
automatically

search for

More and more free spaces
people use
car-sharing

Note: Germany, 2024

Source: TUV, 2024 2,500 survey participants

MOBILITY

As regards my own mobility, I find it important

In percent

—— to be as flexible and independent as possible

-==- to travel as safe as possible

~—— toreach my destination as quickly as possible

-~ totravel as reliable and planable as possible

—— to keep costs as low as possible

-==- to travel as environmentally friendly as possible

— to be out and about and in the fresh air as much as possible

=== to get around as comfortably as possible

Note: Germany, 2024,

Source: TUV, 2024 2,500 survey participants

regulatory hurdles and infrastructure deficits are holding it
back and making it less competitive than road freight trans-
port. The report therefore recommends the removal of re-
gulatory barriers and targeted investments in infrastructure
to make intermodal transport more efficient and attractive.
Only through coordinated measures can a sustainable mo-
dal shift be achieved.

TREND

SEAMLESS MOBILITY

In the future, mobility will increasingly be seen in terms
of coherent experiences, or journeys, rather than indivi-
dual means of transport. Integrated ticketing and plat-
form solutions have an important role to play here, as
in many cases the problem is not a lack of supply, but
overcoming fragmentation. Al and data-driven mobi-
lity systems will greatly simplify optimisation, support
or even take over real-time control of traffic flows, fo-
recasting mobility needs and individual travel planning.
Smooth interlinking of transport modes makes it ea-
sier for people to switch from private cars to alterna-
tives, thus making mobility not only more efficient and
user-friendly, but also more environmentally friendly.

Besides technological developments, political decisi-
ons are also needed to realise an interconnected, net-
worked mobility landscape. In addition to technical

feasibility, the social and organisational integration of
Seamless Mobility is becoming increasingly important.
A consistent user focus requires a shift away from tra-
ditional, infrastructure-heavy planning towards flexi-
ble, service-oriented mobility systems.
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CONCLUSION

Alot is in motion in the mobility sector — not only physically,
but also structurally, socially and technologically. The 14
identified sub-trends of the megatrend of mobility show that
we are in the midst of numerous transitions that are strongly
influenced by the megatrends of connectivity, eco-intelli-
gence and urbanisation, and increasingly also by health
and safety aspects. The interplay of these megatrends is
the engine that is driving the change in mobility and taking
it in new directions.

Interconnectivity is becoming crucial to making mobility
efficient, flexible and resource-friendly. It is not only about
digital applications, but also requires a rethink of the entire
mobility system. The boundaries between public and private
transport are becoming increasingly blurred, more integra-
ted mobility networks are emerging, the service character is
growing and driving new business models. With increasing
urbanisation, the pressure on the mobility infrastructure in
ever more densely populated cities is growing. Space is
becoming a scarce commodity, and the question of how
to distribute it fairly is a major challenge. Motorised private
transport is gradually being pushed back, while multimo-
dal solutions, shared mobility and active forms of transport

CONCL USION

such as cycling and walking are being actively promoted for
ecological, health and mobility reasons. Mobility is a matter
of individual, social and planetary health. Environmentally
friendly propulsion systems, intelligent traffic control and

resource-efficient infrastructures will become essential

pillars for a future worth living. Apart from reducing emis-
sions, a vehicless entire life cycle - from production to use

and recycling - has to come under greater focus. It also

becomes clear that not everything that is technologically
possible is also economically profitable and socially useful.
Technological innovations must be geared to real human

needs, as progress alone does not guarantee a functional

and convenient mobility. Mobility is developing in a field of
tension between technological feasibility, economic viabi-
lity, regulatory control and social desirability.

Moreover, geopolitical and security policy developments
will have a significant impact on mobility in the coming ye-
ars. Changing threats, for example from military conflicts
and extreme weather events, are moving the focus on the
performance and resilience of mobility infrastructures. Eu-
rope needs to rethink its strategic mobility — not only for
reasons of economic efficiency, but also for security policy
considerations. Transport routes must be stable, resilient
and flexible to enable rapid responses in the event of a crisis.
Modernising and upgrading vehicles, roads, rail networks
and bridges, as well as developing and expanding the use
of new mobility technologies, are just as important because
of increased awareness of defence capabilities as they are
because of climate-related disasters, which place new de-
mands on rescue and civil protection systems.
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CONCLUSION

Public and private investments in the mobility sector are dri-
ven by many factors, including the desire and need for more

environmentally friendly mobility, technological advances,
economic potential and regulatory decisions, etc. As with

any future-oriented topic, a systemic PELC view is needed

to gain a holistic picture of future mobility, since social ch-
ange arises from the subsystems of politics, economy, le-
gitimation and community. Politics provides the framework

through incentives, laws and regulations; it creates the legal,
infrastructural and regulatory foundations that determine

how mobility is shaped. Administrative bodies play a cru-
cial role in implementing these political decisions, whether
it be through investments in public transport, subsidies for
zero-emission drives or urban development measures to

promote sustainable mobility concepts. Within this frame-
work, economy develops and delivers mobility products,
services, technologies and infrastructure, and is under in-
tense pressure to innovate. It has to develop economically
viable models that meet political and social requirements.

Through legitimation, social acceptance and ethical princi-
ples for mobility are defined. Science and research play a

central role in the development of new mobility concepts.
But also social values determine which type of mobility is

considered sustainable, which infrastructures are worth

promoting or how much individual freedom mobility can

claim in the context of global climate targets, while mobi-
lity is also relevant as a fundamental right. The community
subsystem reflects the social values and norms that shape

mobility and in turn affect political and economic decisions;

NGOs, social movements and public discourse have a con-
siderable impact on which forms of mobility are socially ac-
cepted and politically promoted.

Political decisions affect the economy and vice versa. Eco-
nomic success or failure can influence the legitimacy of
politics. Science and education, parts of the legitimisation

and the community influence both politics and the economy
through research and innovation. Fundamental rights form

the moral and legal basis for political and economic decisi-
ons. NGOs and the public, parts of the community, can act
as a corrective to the other systems. This interplay shows

that mobility cannot be considered separately, but should

be understood as an interconnected system shaped by
many different forces.
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POTENTIALS PORTFOLIO

USE YOUR

POTENTIAL

IN THESE TRENDS

Knowing (and recognising) trends is the first step on your journey
to a successful future. What is crucial is the individual
implementation in business measures. The future is about action -
and at Zukunftsinstitut we have the tools and methods to
align external trends with your organisation«s internal potential.
Let’s find your sweet spot!

WHAT SHOULD BE YOUR NEXT STEP?
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