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Introduction

Dear SE2A cluster- and research partners,

Thank you all who participated in our workshops last summer to work on Future Projections
based on the Key Factor Analysis, that you also were an intricate part of, when you took partin the
surveys, we conducted as part of part of our project work.

The objective of the project ScenAlR2050 is to develop qualitative scenarios for the future of the
air transport system (ATS) in 2050. The scenarios aim to provide a multi-criteria decision support
for evaluating and optimizing future technologies developed within the SE2A cluster, as well as
creating participatory synergies among the cluster members. The main research question
revolves around what possible and plausible developments of a sustainable and energy efficient
ATS untilthe year 2050 should be considered, takinginto account not only technologicaladvances
but also socio-economic developments.

The following documentation contains projections for the 15 Key Factors identified significant
based on desk research and surveys within the cluster (see Impact Uncertainty Survey, 2023).
Related to the respective key factors the projections are built on current trends, uncertainties
and indicators. For each Key Factor two corresponding focal aspects (dimensions) were defined
in order to produce at least four distinct projections. The 60 Projections are the foundation for
the scenario calculation and allow a diverse range of plausible scenarios.

Please note, that the following projections are directions but by no means forecasts. Based on
our research they are plausible development lines, that allow us to explore futures as alternative
trajectories for the ATS.
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Glossary of terms W sex

SAF Sustainable Aviation Fuel

ATS Air Transport System

ATD Air Traffic Demand

ATM Air Traffic Management

CRM Critical Raw Materials

EEA European Economic Area

ETS Emissions Trading Scheme

EUA Emissions Allowances

EU European Union

UAM Urban Air Mobility

AAM Advanced Air Mobility

REE Rare-Earth Element

GHG Greenhouse Gases (e.g. CO?)

GDP Gross Domestic Product

RCP Representative Concentration Pathways

UAS Unmanned aerial vehicle

Maa$S Mobility as a service

BRICS Acronym for Brazil, Russia, India, China & South Africa
NET-ZERO Amount of emitted greenhouse gases is being compensated by

the same amount of removed greenhouse gases
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Ranking of the 25 Factors

Accumulated Ranking through 35 Participants (n=35)

Technological Advances in
the Energy Sector

15,05%

Advancementin
Aviation Design

7.62%

Trust in the Safety

of Technology

5,52%

5,52%

Socio-political
Dynamic

5,33%

Mobility Patterns
(Virtual, In-Person,
UAS, AAM, ..))

Total Emission of
Greenhouse Gas

Taxation Rates
and Policies on
Energy in the EU
related to pricing

7.24%

Environmental
Conditions &
In-habitability

4,95%

Policies and
Subsidization
for Diversified
Transport
Infrastructure

3.81%

3,43%

Certification
of Aviation
Technology

Dominant
Economic
System

3.24%

Air Traffic Demand
(ATD) in conjunction
mobility options and
work models

Availability

of Natural
Resources for
Europe

Global
Political

Order

2,86%

Societal
Values and
Education

2,29%

Rich-Poor
Gap

1.71%

Flight
Experience

1.52%

Availability of Rare
Earth Elements

as Resources

for Aviation
Technologies

2,48%

Diffusion of
e-Mobility
Technology

Demographic
Development

1,33%

Economic
Power Dis-
tribution (&
Trade)

1,.33%

Management (incl.

UAM, AAM)
Aviation Comp.

=2 Structure and

= Air Traffic

S
£

= Position of

S
R
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The 8 Main Key Factors
Socio-Political Mobility
Dynamics Patterns

4,06 3,26

Environmental Conditions
and In-habitability

3,69 3,09

3,97

3,80

3,26

Air Traffic
Demand

3,06

4

The 12 Optional Key Factors

Rich-Poor
Gap

3,34 2,66

Availability of REE as
Resources for
Aviation Technologies

3,66 2,77

Structure and Position of
Aviation Companies

3,31 2,77
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Certification of
Aviation Technology

3,60 2,63

Total Emission of
Greenhouse Gas

4,14 2,60

Dominant
Economic System

3,51 2,86

-

Technological Advances
in the Energy Sector

4,74 3,00

Global Political
Order

3,37 3,46

Advancementin
Aviation Design

3,80 2,89

Availability of Natural
Resources for Europe

3,54 2,54

Economic Power
Distribution and Trade

2,94 2,89

Diffusion of
e-Mobility Technology

3,40 3,34

Policies and Subsidization
for Diversified Transport
Infrastructure

3,89 311

Airport Service Experience
and Infrastructure

3,37 2,60

Air Traffic
Management

3,06 2,86

Taxation Rates and Policies

on Energyinthe EU
related to pricing

4,29 2,89

&

The 6 Additional
Key Factors

Flight Trustin the Safety
Experience of Technology

3,09 ‘ 2,49 3,57 ’ 2,03

Demographic Societal Values
Development and Education

3,06 ‘ 2,40 3,63 ’ 2,14

Role of Regional
Airports also

through Policies
SOCIO-CULTURAL

TECHNOLOGICAL
ECONOMICAL
ECOLOGICAL

POLITICAL

Survey with n=35 participants
Factor Name

Impact Uncertainty
1-5 1-5
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STEEP System Image with 15 Key Factors & sen

System image of resulting 15 of 25 defined key factors with a high impact and high uncertainty.

23 Polices and The Key Factors were identified
Subsidization for Diversified 24| Global through a STEEP analySiS fO"OWing
Transport Infrastructure Political Order an Uncertainty /Impact Analysis.
They were conducted in two sur-
ECONOMICAL POLITICAL vey rounds in 2022 and 2023 with
00 | Technological Ad . eatesand experts from the SE?A excellence
echnological Advances axation Rates an
in the Energy Sector 15 Structure & Position of Policies on Energy in the EU cluster and external experts.
Aviation Companies related to pricing
4,74 3,00
3,31
ORGANIZATIONAL SOCIO-CULTURAL
10| Advancement in (ATS)
Aviation Design
(TECHNOLOGICAL ) TECHNOLOGICAL
3,80 2,89
08 | Customer 14| Air Traffic 21| Availability of Natural Resources
Experience Demand (ATD) for Europe ECONOMICAL
11| Diffusion of e-Mobility REGIONAL GLOBAL .
Technology 3,37 2,60 3,80 GIO 3,
(EV)
ECOLOGICAL
3,40 3,34
INDIVIDUAL satoho
ER obility
(USER) Patjorns POLITICAL
07| Societal Values 01| Socio-political 3.9
and Education Dynamics . .
Survey with n=35 participants
58 il (SOCIO-CULTURAL) ECOLOGICAL Factor Name
18| Environmental Conditions and In-habitability 20 | Total Emission of Greenhouse Gas I .
mpact 3,63 Uncertainty
1-5 1-5
3, 41
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Factors based on STEEP Analysis

Socio-Cultural Factors

Socio-political Dynamics

Demographic Development
Flight Experience

Mobility Patterns

Trust in the Safety of Technology
Rich-Poor Gap

Societal Values and Education

Technological Factors

Customer Experience (Tech Offers)
Technological Advances in the Energy Sector

Advancement in Aviation Design

Air Traffic Management (ATM incl.. UAM, AAM)
Propulsion Technology as Driver of e-Mobility

Certification of Aviation Technology
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Economical Factors

Air Traffic Demand (ATD)

Structure and Position of Aviation Companies

Economic Power Distribution (& Trade)

Dominant Economic System

Ecological Factors

Environmental Conditions and In-habitability

Availability of Rare Earth Elements (REE)
as Resources for Aviation Technologies

Total Emission of Greenhouse Gases

Availability of Natural Resources for Europe

Political Factors

Taxation Rates and Policies on Energy in the
EU related to pricing

Policies and Subsidisation for diversifying
the Transport Infrastructure

Global Political Order

Role of Regional Airports also through Policies
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Socio-political dynamics (01)

Description: Personal awareness and building of civic movements to act on climate change, as well as climate denial and conspiracies
(Terrorism, Social Unrest, Revolutions, mass movements) in the EU.

Raising concern about climate change.
Support for energy transition.

Personal action to tackle climate change.
Radicalization of climate protest.
Ideological divide on climate change.
Raise of right-wing populist nationalism.

Willingness and capability to spend money
for transport.

Social pressure on politicians and
companies for climate-neutral aviation.

Strengthened nationalists ideologies.
Many states were exposed to immense
stress and responded by turning inward.

Contentious protesters of heterogeneous
groups, who share emotional experiences
and mobilise through shared values, beliefs
and identity. They are also engaged with
policy agendas and expert knowledge.

Radicalization of protest groups.

Criminalization and defamation of climate
activists by equating them with terrorists
(e.g. climate terrorists).

Falsified weighting on opposing voices
towards climate change in media.

Threats from Foreign Information
Manipulation and Interference (FIMI).

Resurgence of increased spreading of
false information since the 2016 US
presidential election. Fake News continue
to occur in public discourses (especially in
online media) with social consequences.
Misinformation in media has a great
impact on perceived scientific consensus
regarding climate change.

Development of anti-democratic tendencies in the EU.
External events (pandemic, conflicts, natural disaster).
Long-term extreme political developments (Rebellion).

Impact of fake news and misinformation.
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Development of Gross Domestic Product
(GDP) in Europe.

EU-Governments election results.
United Nations Climate Change
Conference 2015 - “Paris Agreement” as
highest level of worldwide consensus in
relation to the existence of climate
change, its human-made origin, and the
need to implement mitigation and
adaptation policies.

Rising awareness and willingness to pay
higher ticket prices to “reduce” impact
on environment.

Long-term decline of the population in
Germany until 2060. Varying degrees of
decline depending on the development
of fertility, life expectations and
migration.

Overall population of the EU will become
on average significantly older by 2050.

More radical groups affecting
environmental policy, by altering the
terms of debate.

Hostility towards institutionalized policy
agendas amongst direct-action groups
such as Climate Camps.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.

Fundamentalist world-view of climate
activists cannot categorically rule out the
potential for radicalization on the scale of
a terrorist organization. As long as
exchanges between governments and
activists continue, the potential is rather
low.

77% of EU citizens think climate change
is a very serious problem at this moment.
The majority think that the European
Union (56%), national governments
(56%), business and industry (53%) are
responsible for tackling climate change.
35% hold themselves personally
responsible.

Increase in climate change concerns are
related to the level of per capita income,
education, media coverage and the share
of young people in the total population
among other things.

Increased environmental concern in the
EU as a consequence of public
controversy on climate change following
the 2016 US presidential election.
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Projections: Socio-political dynamics (01)

Focus: Ideological - Divide vs. Consensus | Value of - Community vs. Individualism

Description:

People are very concerned about their
personal freedom. Each person has their
own belief of what is true or not. Massive
increase on diverging opinions with facts
being less based on scientific results or
common sense but more on individual
beliefs.

Impact:

No consensus on climate crisis. No con-
sensus on scientific results. Fragmentation
of society. Questioning of democratic val-
ues. Increase and radicalization of climate
activism.

10

Description:

People are very concerned about their
personal well-being. Most have under-
stood that there is a certain direction that
is seen as being true.

Impact:

Consensus on climate crisis. Consensus
on scientific results.
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Description:

Extreme Pluralism with strong feeling of
belonging to one group. There are a few
opposing positions on climate change /
crisis etc. Ideologies and radicalization are
have risen. Ideological divides concen-
trating on groups with a high connectivity
among members.

Impact:

Groups work against each other. In certain
areas flying is not possible anymore.

SE?A

Description:

The community stands above the
individual needs. There is one strong
suit of the truth.

Impact:

Society backs the need for action.
Willingness for incisive measures.
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Mobility Patterns (04)

Description: Mobility patterns influenced by work modes, leisure behaviour, and the general social situation. Mobility
refers to the change of location as well as spatial change related to everyday life activities. Unmanned aircraft systems

(UAS), advanced air mobility (AAM).

Digitalization of white collar (decline of middle class)
/ Digitalization of the workplace

Working Modes such as remote and Home-office,
working nomads.

Autonomous mobility options.
Automation of routine jobs.
Ageing society —more leisure time / less leisure time.

Nearly all road vehicles with zero-emission by 2050.
Double rail freight traffic and triple high-speed rail
traffic.

Reforms for flight safety in the drone sector - basic
legal framework could be used for later adaptation in
civil-drone aviation?

« Effects on climate change on mobility.
« Tech Advancements of Mobility.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.

Higher levels of international air travel because of
geographical dispersion of social networks.

Advancing Digitalization of various areas of life
during and after the COVID-19 Pandemic reduced
public mobility while increasing commercial mobility
(Home office, Home schooling, online meetings,
online shopping and home deliveries etc..).

Remote and hybrid work models benefit employees
and organisations.

International tourism is expected to fully recover
after COVID-19 until 2025 or beyond. Can be further
delayed due to challenges such as global inflation,
economic insecurity, Energy constraints and labour
shortages.

Impact through Inflationary pressures.

» Social Innovation of work and Mobility.

» Impact of economic and geopolitical uncertainties
on tourism.
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SE?A

Surveys on mobility patterns.
Data on GHG-emissions

Increasing demand for mobility services in
relationship to GHG-emissions.

Increasing environmental awareness and
corresponding consumer culture.
Data on digital infiltration.

Digitalisation of mobility as an aspect of
De-carbonization of the Mobility Sector
towards 2050.

Proportional relationship between travel
behaviour and increase in household
income.

Data on demographic development.
Data on work models.

Increase in social and leisure trips as
income of people with higher income levels
rises.

Ticket prices and Income Level.

Less flexibility in residential location for
low-income groups could lead to longer
travel distances and less opportunities for
social trips.
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Projections: Mobility Patterns (04)

Focus: Demand - Low vs. High | Radius - Shrinking vs. Expanding

Description:

A small part of the population makes
extensive use of the privilege to travel for
work, leisure and social status. The rest

of the world relies on a lifestyle of shorter
distances and personal contact. Travelling
shorter distances is more common.

Impact:

Raise in Business class demand. Less

overall demand. Increase of private aircraft.

Description:

Travel is becoming more affordable.
Digitalisation in many parts of the work
sector enables many people to work and
travel at the same time. People live globally
dispersed, but do not want to neglect
personal social contact.

Impact:

Higher overall demand. Shrinking ticket
prices.
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Description:

Europe's implementation of the 15-minute
cities has been successful and is appre-
ciated by the population. The quality of
life increases for many, since most work
models allow remote working.

Impact:

Air transport industry is in less demand.
Intermodular Traffic expanses

Description:

New working models have improved life

in many areas, as more time is now freely
available. New denser neighbourhoods,
makes everyday life more dynamic, but
also more stressful. Recreational areas are
becoming more crowded. The desire to
travel abroad is increasing as a result

Impact:

Local Modes for work and leisure are
dominant. Flying concerns mostly long
range. Strong diversion in flight demand
between classes.
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‘mobility (Home office, Home schooling, online {accessed November 28th 2023

meetings, online shopping and home deliveries etc).

geographical dispersion of friendship and family

networks tends to increase both car and air travel, E

3441611

OECD (2022), OECD Tourism Trends and Policies.
2022, OECD Publishing, Paris

Trend report

International tourism is expected to fully recover
after COVID-19 until 2025 o beyond. This can be
further elayed due to challenges such as global
inflation, economic insecurity, Energy constraints and
labour shortages. (27)

Inflationary pressures are likely to further impact
the aviation sector.* (27)

htps://dol.org/10.1787/a8dd3019-en

§) s

Lucas, K., Moore, J, Bates, |, Carrasco, A (2016),
Modeling the Relationship between Travel Behaviour
and Social Disadvantage, Transportation Research A
85(2016) 157273

Article.

“equivalent rise in trip making for a given

proportional increase in household income” (14)

especially social and leisure trips have significant
increase as income of people with higher income.
levels rises (15)

low-income groups have less flexibility in their
residential location (..), which could force them to
travel longer distances to work (.), thus have less
opportunity to perform social trips ..)" (16)

hitps://doi.org/10.1016/11ra.2016.01.008
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Societal Values and Education (07)

Description: Social behaviours, lifestyles and attitudes of social groups in connection with individual value systems and
educational attainment. Rich-Poor-Gap: Distribution of financial means in Europe [a] Globally [b].

Demographic development (ageing societies).
Rich-Poor Gap:

Automation of routine jobs and loss of low income jobs.
Digitalization of white collar (decline of middle class).
Nationalistic movements winning followers.

Although based on country-specific causes, an increased
visibility of nationalism can be observed globally.

Migration / cultural clash.

Negative impact of tertiary education on climate change
attitudes.

Types of education. (Public schooling vs. home-schooling)
Lifelong learning.

Care and educational work will rise in status.

The average GDP per capita in the EU is more than double
the average global GDP per capita. However, there are
strong fluctuations between European countries.

Highest average spendings on Flights per user are found
in the US, despite discussion and awareness about climate
change.

Data on income levels.
Distribution of Income varies between males and females.

Significantly more internet purchases are being made by
the younger part of the European population.

The participation in tourism for personal purposes for the
European population is distributed differently. Age and
nationality show different proportions.

Huge differences between the GDP's of individual
European states.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.
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Projections: Societal Values and Education (07)

Description:

Education has become a common good

and is free. People have a common
belief system. Everyone has a good
work/life balance. Governments regu-
late income and industries.

Impact:

Privatization is decreasing. Decreasing
of social inequality. Sufficient labour-
force. Reduction of price differential.

HBK Braunschweig| Institute for Design Research | ICA A1.1 ScenAIR 2050 March 2024

Description:

Education is understood as important
but other values outweigh it. Though
certain people have privileges, there is
a strong suit of equal opportunity.

Impact:

Building of well educated Elites. Building
of strong unions for middle class
labour-force. Separation of elite.

Focus: Education for - Everyone vs. Elitist | Social equality - Decrease vs. Increase

Description:

Despite increasing inequality, the state
retains decent basic education options
for everyone. Large protest and civic
disobedience. Society shifts away from
money towards values for example of
knowledge

Impact:

Increase in democratic activity.
Increase in protest. High offer of
well-educated labour-force. Increase in
economic activity.

Description:

Only rich families can afford decent
education. Lack of qualification leads to
lack of work force. Work/life balance is
not good for most people.

Impact:

Lack of work force. Decrease in dem-
ocratic activity. Insufficient work force.
Reduction of economic activity.

Braunschweig University of Art .
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References:
Societal Value and Education (07)

Catey

- international

Source/Link
Title IPublication  Aspect B PDF
Date
Responsible ravel habits and raising awareness
instead of shaming
"No degree of carbon offsetting can diminish the
sense of hypocrisy that accompanies such a carbon
footprint when one then participates in discussions
about climate destruction and responsible tourism. It
Will ight shaming influence the future of ai travel? is well established that a mere concern for climate | dof: 10.1093/tm/taz088
observation s
change or pro-environmental household behaviours
do not correlate with individuals likelihood to engage
in non-work-related flights.8 Shaming, or the related =
virtue signalling, may not be the most effective
means of promoting behavioural change. Shame s a
negative emotion thatis regarded as an affective
determinant of health." (pg. 2)
oo starist 1017342115 — I
Statista: What would you rank as most important ket prices by for he most hitpsizA 225
consideration before buying an airine ticket for | Statstics it et letstition ravel-mportany ookin naltravel/
personal travel? garding p! [accessed Octobber 27th 2023] Fernre
The average GDP per capita in the EU is more than
Statista Mobility Market Outlack: Mobilty Services double the average global GDP per capita. However,
i 1_Recherche-PPT-
Report 2020 statistics there are strong fluctuations between European | 202 -Reeherche-PPT-0e 50 (5. 95)
countries
. High on Fiights per user are
Statista Mobilty Market Outlook: Mobilty Serv Statistcs found in the US, 2021 5 T-06 50 (5.105)
Report 2020
change
e
eurostat: Mean and median income by age and sex- | matesand | 1" - o
EU-SILC and ECHP sur femal 18.64)
- sunvers emales (hges 16:64) faccessed Octobber 30th 2023]
"
hitps:/lec.europa.eufeurostay/statistics
eurostat Ageing Europe -statistics on population | The overall population of the EU wil become on | explained/index. php?iitle=Ageing Europe -
developments average significantly older by 2050 ics on_popul s AEEEIOPS. tion
faccessed October 30 2023] Gevsapments
Sanfkany more ernel pUChase EBOE | oo useosanstastce .
eurostat: Ageing Europe - statistics on social life and younger part (Ag plained/ind Europ
Statistcs The figure
opinions differences in the population proportion making iatics on soclal ife_and opinion G o
faccessed October 30 2023] S opions
purchases online of individual European countries ando
The participation in tourism for personal purposes |
eurostat: Persons participating in tourism for for the European population is distributed httpsizz
ersonal purposes by age group Statistics differentl d o _dem toage/defaul/ineZlang=en
" [accessed October 30 2023]
proportions
Huge differences between the GDPs of ndividual | ™
eurostat: Real GDP per capita Statistics b . 10/
> faccessed October 30 2023] |
Although based on country-specific causes, an 1080/17449
Florian Bieber: Is Nationallsm on the Rise? Assessi
oo Bieber: s Nattonalism on the RSe? ASSeSSiNg | yricre increased visibilty of nationalism can be observed | 057.2015.1532633
globally faccessed October 302023]
*(..) negative impact of tertiary education on cimate
change attitudes (... In this respect, given the sizable
Baiardi D. and Morana C. (2020), Climate Change economic, financial, social,and politcal
Awareness: Empirical Evidence for the European | Paper consequences of climate change, the inclusion of " n 0.3
Union climate change education into academic curricula in
social sciences appears to be not only sound, but
also extremely urgent.”
Anteile der e
UBA Umweltschonender Luftverkenr Iokal - national | Report/ 2019 el
Milieus (5. 20) mueltschonender-luftverkehr
~international
524 Trends hitps: e,
UBA Umwelschonender Lufverkehr lokal - natonal | Report/ 2019|2142 2% e ————
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Customer Experience (08) SE%A

Description: Airport service experience for both passengers and cargo along with supporting Infrastructure (digitalisation, automation, security).
Flight Experience: On-board flight experience (part of Intermodal modes of transport, mobility on board, internet, comfort, noise, etc..).

Digitalisation and Automation.
Increased Airport and Cyber Security.

Expansion of the non-aviation sector e.g.
more leisure activities and shopping

User share of WiFi usage.

Accessibility during the journey.

Polls and surveys on in-flight experience.
Polls and surveys on passenger satisfaction.

opportunities.

Mobility as a Service (MaaS) concept for
intermodal modes of transport.

Implementation and use of Al technologies.

Faster implementation of automation
because of Covid-19.

« New Al Cyber-Threats e.g. on data leakages.

Details on the data and statistics are provided in the materials on the individual key factors on the respective
reference page.
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Projections: Customer Experience (08)

Focus: Delay from door to door - Low vs. High | Functionality - Technical vs. Luxury

Description:

Airports become part of many cities and
replace existing infrastructures like shop-
ping malls, conference centres, hotels,
etc.. They can be reached easily and offer
fully automated door to door check-in
service. Transition to flight is seamless. On
flight there are multiple modular options to
customize your seat as bed, work station,
community space, etc..

Impact:

The role of the airport changes and
becomes a centre for social interac-

tion. Access and Services are regulated
through financial means. City infrastructure
changes along.

19

Description:

Airports become like fully functioning
cities, offering subscribed living options
for people who fly frequently. Due to their
economic role, airports become mayor traf-
fic hotspots, where all other infrastructure
meets. Even though it takes time to travel,
the experience is seamless and allows you
to remain in your daily routine. On flight,
there are multiple modular options to
customize your seat as bed, workstation,
community space, etc.

Impact:

Airports become shielded interconnected
communities, allowing for new living
models.

HBK Braunschweig| Institute for Design Research | ICA A1.1 ScenAIR 2050 March 2024

Description:

Networked cooperation between all
Airports within the EU. Centralized Super
Airports are becoming main points of
approach for flights from abroad, while
decentralized regional airports are mainly
responsible for handling the transport of
passengers to their destinations. Passen-
gers are being distributed more efficiently
by optimized sized aircraft to reduce air-
port congestion and environmental impact.
Less delay but still moderate waiting time
due to transfer

Impact:

Network of airports allows for new aircraft
and traveling concepts/experiences.

Description:

Airports are becoming pure transit stations
and only serve pragmatical purposes.

To reduce impact on the environment,
airports are located outside of city centres.
Airports are not easily accessible at all
times by public transport. Extensive Secu-
rity Control causes high delay. Globally
rules & regulations are NOT synched.

Impact:

Airports become an obstacle for a seam-
less and interconnected travel experience.
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References:
Customer Experience (0

Category
Title IPublication  Aspect Source/Link / DOI PDF /Image
Date
Die DLR-Studie (DEPA 2050) analysiert zwei besonders
wahrscheinliche Szenarien fur den Luftverkehr bis '
2050. In beiden Szenarien werden die zukintig zu
erwartenden Emissionsentwicklungen und die daraus
dir. r 021/0:
(DLR: DEPA 2050 - Development Pathways for Aviation resultierende Klimawirkung mit Blick auf E
{0 2050) Study Report L und  |0210526_rueck d braucht-
up nachhaltige Kraftstoffe untersucht. verstaerkte-anstrengungen
Beschleunigte Automatisierung durch Folgen von
Covid-19 2.B. weniger Kontaktpunkte an Flughafen
(siehe S. 88-90)
§ . X tatista.com/statistics/624184/inflight-wifi _J
rs:‘::‘kssf:?;;? :'01; ;; ‘"'e global in-fight Wi-Fi Statistics. In-flight Wi-Fi - market size worldwide 2021-2031 market-size/
[accessed September 19th 2023] Ragen
Statista: Factors respondents considered to be more
5 i o tatist: m/statistics/1186673/factors
important for the enjoyment of inflight experience | Statistics Important factors for inflight experience R ———
Inflight-experience-aviation-coronavirus/
following the COVID-19 pandemic in 2020 and 2021
Statista: Passenger satisfaction rate during their . S e
journey in 2019, sorted by processing steps and type of | Statistics. Passenger satisfaction o -
passenger
EAAT HLG: The FLY Al Report Dermystiying and Overview of ways that artificial intelligence is already
Research Report | applied in the aviation industry and assesses its b urocontrol fy-ai-report
Accelerating Al in Aviation/ATM
potential to transform the sector
Statista: Mobility-as-a-Service (Maas) worldwide Statistics report | Revenue forecast fr 2017-2025 in 2021_Recherche-PPT-0e_SO, 5.45
Costumer Survey on measures for better flight . R 866 confdenc
Statista: How much would the following new measures confidence during Covid - Covid could have impact on
improve your confidence during the flight? statistics digitalisation and automation of flight services in s:measures-inflght-aviation-coud
: [accessed October 17th 2023]
general.
AVIATION SAFETY (EPAS) 2023-2025 VOLUME | ':;‘rs‘sr"f: Models hitps://wew.easa.europa.eu/en/document Lyt
Strategic priorities Report /2023 Nofse -public ]

European Union Aviation Safety Agency

Risk Assessment
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Technological Advances in the Energy Sector (09) SEA

Description: The innovations in energy production and its implications on power storage solutions for aviation. Production of sustainable
aviation fuels and the effect of advancements in propulsion technologies on the energy mix for aviation.

Central Transition Aspects: Production, Electrification, Storage. Technology trend reports.

High Impact Technologies e.g. PV, Smart Grids, Batteries, Organic Policy advice reports.

Electronics, Floating Wind Farms, Nuclear Fusion, SAFs. Current and expected energy demand.

De-carbonization (private and industries). 80-90% global renewable Energy Production by 2050
Alternative fuel development e.g. Sustainable Aviation Fuels. (SAF) (PV, Wind, Nuclear, eFuels, Hydrogen).
Decentralisation of energy production and distribution.

Raise in overall energy Demand.

Carbon Capture Technologies.
Atom/Fusion Reactors.
Computing (Al, Quantum).
Carbon Trade.

Degree of electrification.
Energy demand.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.
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Projections: Technological Advances SEA
in the Energy Sector (09)

Focus: Availability of resources - Rare vs. Abundant | Global energy production - Fragmented vs. Standardized

Description:

Due to a lack of natural resources and
acceptance renewable energy produc-
tion lacks behind its targets. Negotia-
tions for which sectors Emissions can
to be reduced (e.g. Transportation,

heavy industries, heating). Global
arrangements guarantee the produc-
tion and distribution of limited amounts
green hydrogen and battery technol-
ogies. Production happens where its
most effective (Africa, gulf regions) with
financial and technological support
from Europe.

Impact:

Fossil Fuels are still used for energy
production except in a few sectors.
Economical redistribution through
global energy trade. Energy Price stag-
nates/raises.

22

Description:

Renewable energy production exceeds
demand due to expanded and effective
use of different technologies. Huge
production capacities for green hydro-
gen. Smart Grids enabling effective
distribution of power. De-carbonization
of heavy industries and heating.

Impact:

End of fossil fuels. Energy price is low.
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Description:

Energy becomes a political weapon for
influence. Renewable Energy stagnates
due to lacking resources and infrastruc-
ture.

Impact:

Due to a lack of resources prices are
roaring. Inequality between states ans
society.

Description:

Expansion of renewable energy
production. Building of new energy
cartels. Economic redistribution due to
electricity production. Hurdles because
of different standards and technologies
for energy distribution.

Impact:

Energy Prices are volatile to market
development.
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References:
Technological Advances
in the Energy Sector (09)

Category
Title /publication  Aspect PDF
ool
Date
High Impact Technologies: PV, Smart Grids, Batteries,
hitps//wwwtonics-innovatio .
TONICS: Trends & Technologies Shaping the FULUIe | ¢, oqigh Report | Organic Electronics, Floating Wind Farms, Nuclear on .
of the Energy Industry technologies-energyindustry
Fusion, SAFS
tries/Oit20and%2 1620€
McKinsey: Global Energy 0 ight Repor lobal renewable by 2050 | eSO IendNI0Sas BUr IS S
Mekinsey: Technology Trend: Central Transition Aspects: Producti hitpsd/voan.mekinsey ©
cKinsey: Technology Trends entral Transition Aspects: Production, b
nds/pdfs/mkinsey-tech-ren
Outlook 2022 Clean Energy ForesigtRePOrt | giectrification, Storage uendipdimdinseediuen
clean-energy.pd
10 Megatrends:
1. Decarbonization challenge
2. Deffation of fossi fuel prices
3. Decrease in costs = =
Agora: European Energy 4. Digitalization hitps:/fwww.agora.
Policy Advi
Tansidon 203 PolyAdice | ceciicaion energeuani de/leadmin/ojel s 2019E0 g
The Big Picture P 6. Dominance of fixed costs cture/153 EU.Big-Pic WEB.pdf
7. Influenial cities
8. Demographic and economic change in rural areas.
9. Decentralization
10. Interdependence
sta.co 2 ted
Statsta: Energy consumption worldwide from 2000 | lobal-energy.consumptior:by-source/
0 2019, with a forecast until 2050, by energy source e
hitps:/lec.europa ev/eurostaustatistics -
xplained/index.ohp?
eurosta ntemnationalade i products eaed (0 gy U rade ingreen energy products fienernatonaltade i oroducts. relted o gre
g s en_energy prosuas retesto
enenarty
hitps:/fwwow startus insights.com/innovators:
Trend reportv Energy 2023/ 2024 Website / 2023 ie/top-10-energy-indusiry-rends-innoy -
20211 a
e el
The energy word s n theearly phase of a new industil age -
Eea ke den vy s v s o ks apdgout. | !
—— clogy-
Energy Technology Perspectives 2023 Report /2023 e o —
Executive summary S et et anitions,svengtening energy ety and o
Competing i th nw ol ereryeconomy o crent goal
ey 52 poat ot forcan ey ransons
nride, a3 v of veSmen: ht 561 ow o 3 e
reslnt3nd sustanable upplychoins for can nergy s vt
Possible Infrastructures
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Advancement in Aviation Design (10)

Description: Linear and/or disruptive advancements in aviation design, including certification and length
of Life-Cycle (production, service life and recycling/disposal).

Reducing In-Flight Energy.
Aerodynamic retrofitting.

Laminar flow control.

Composite fuselage and wings.
Folding wing-tips.

Ultra-high aspect ratio Wings.
Propulsion Systems.

Rolls Royce Ultrafan.

Open Fan.

Blended Wing / Mono Wing.

Light weight Material and Structures.
Additive manufacturing (3D-printing). - definition
Structural health monitoring.

Integrated structures (Systemleichtbau) - fuel
storage, heat transfer or integrated systems.

New Tube and Wing Concepts.
Blended Wing Body.

Transonic truss-braced wing body.
Changing the Fuel.

SAF (global SAF mix will have residual
emissions).

100% paraffinic SAF compatibility by 2030.

ASTM Standard for Fully formulated SAF by
2024.

Hydrogen Aircraft.

2022 - 2027 announced working small/medium
demonstrators ZeroAvia, Universal Hydrogen,
Cranfield Aerospace.

2035 Airbus 100+ pax aircraft.

Role of hydrogen until 2050 is marginal (6.5%),
but relevant from 2060 onwards.

Critical Technologies: Thermal management,

Low-temp fuel cells, Liquid H2 Tanks, Dry Wings,

ultra-efficient electric motors.
Batteries & Hybrid.

Solid state Batteries (Li-S).
Manufacturing process.

Cabin Design innovations.

MDO (Machine Direction Orientation).

WINFC-project aimed to create a data driven
module to collect and process information e.g.
coming from weather.

Certification for aviation designs.

Cooperation between manufacturing
companies.

Planned Demonstrators.

EU - data on funds to further tech sector
(Projects like Horizon Europe etc.).

Research on Patents.

Certification Processes.

Role of Technologies.

Al Technology.

Innovations in fuel development.
Innovations in battery development.

Innovations in Fuel Cell & H2 Storage
development.

Development of Infrastructures for
alternatives Fuel concepts.

Financing policies EU vs. Private sector.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.
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Projections: Advancement in Aviation Design (10) SEA

Focus: Aircraft Classes - Open vs. Fixed | Primate - Cost efficiency & profit vs. Sustainability

Description:

Manifold aircraft manufacturers.
Start-ups tracking disruptive green
innovations. New Materials and energy
supply options.

Impact:
Rethinking of classical modes of

transport for all ranges. Bottleneck in
certification.
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Description:

Concentration of all R&D developments
on 3 aircraft classes. Concentration

of research and political efforts. Less
openness to technology.

Impact:

Fast results from research and certifica-
tion. Political and financial support for
change of infrastructure.

Description:

Manifold of aircraft manufacturers.
Development of new aircraft classes
with conventional propulsion. Devel-
opment of UAM. Development of air
vehicles for urban areas.

Impact:

Increase of start-ups. Increase in luxury
segment for private jets. Lack of regula-
tion and certification.

Description:

Clear design specifications to maximize
production efficiency. Profit comes
above any type of sustainability.

Impact:

Increase in luxury segment first class
for charter flights.
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References:
Advancement in Aviation Design (10)

Category

Aviation up t0 2050, 5. 92

design for practical reasons

brauchtverstaerkte-anstrengungen

Title /Publication  Aspect SourceLink POF
ool
Date
Airbus: Future aicraft - What might the future of | Informational s v arbus.comven mnovaLondisuplve:
fight look ice? © e Showing offfuture aircraft projects by Airbus concepts/disrups nffuture-aircraf faccessed .
e October 17th 2023)

TUDEft: Flying-V - Flying long distances energy- | Informational | Ongoing research project of an plane |y wdelft
effcently website concept {accessed October 17th 2023]

sgnificant reduces n airraft nofse can be achieved | ” X .
DLR: DEPA 2050 Development Patinways for Study Report other 120210526, rucckgangder luftiahrtemissionen

alternative propulsion systems - changes n aircraft

European Commission: Weather Information Fusion
and Correlation for weather and traffc situational
awareness

project paper

WINFC-project aimed to create a data driven module
to collect and ing fror

Attps:/itrimis.ec.europa.eu/project/weather.

, coming
weather. Its function is to assist pilots to immediately
detect hazard conditions while in fiight.

traffic-situational-awareness
[accessed October 30th 2023]

Westher Iformation

IATA Net Zero Raodmap

2022

Technology Roadmap for aircraft technology

s://wwwata,orglen/programs/environment/roa
dmaps;
[accesses 23.11.2023]

SE2A Cluster Advancements

Various Papers

Publications

https://wmwu:
braunschweig de/en/se2a/research/publications

Future of Aviation

Project
Meeting /
2019

Forecastings of Development of Aviation industry
and technological advancement

n a
es/defaultaspx

KPMG Aviation 2030
oi d i for the
Thriving on disruption series

Report/2019

Disruption radar:

bt

Sector disruption radar
and by

2019/12/aviation-2030,p0f

maturity

Technology trajectory in aviation: Innovations leading
to value creation (2000e2019)

‘Technololgy review in the aviation industry - separted
into’5 clusters:
1.Aircraft technolo

Article /2022 | 2. Innovation /technology in passenger services hitps://doi.org/10.1016/3i5.2022.05.001 =
Journal of Innovation 3. Innovation in fiyin
1280141 4. Business and operational management =
5. General applications
EASA Arcraft & products Jebste/ 2023 hitps:/www easa europa ewen/domains/aircraft
products
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Propulsion Technology as Driver of SE%A
e-Mobility Diffusion (12)

Description: Acceptance, penetration rate and dissemination of different concepts for propulsion energy systems as well as their generation and storage,
especially for the European aviation sector.

Easy access to low level transportation « Regulation for civil aviation.

such as e-scooter and e-bikes (e-mobility - Data on the need for resources for certain
as an integration into daily routine). energy sources.

Penetration of new markets in Asia and « E.g.water & electrical energy to generate
Latin America. hydrogen.

Increasing global electric power demand.
Target for low-emission transport modes.

Research projects on alternative
propulsion systems.

Prices for resources and sources of energy, especially electricity.
Availability of resources for certain energy sources in the EU.
Financing through policies.

Acceptance of alternative aviation fuels / propulsion systems.

Details on the data and statistics are provided in the materials on the individual key factors on the
respective reference page.
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Projections: Propulsion Technology as Driver of
e-Mobility Diffusion (12)

Focus: Energy storage - Solid vs. Liquid | Emissions - Low vs. High

Description:

Energy for mobility relies on sources
with high emission. People travel a lot
using vehicles with high emissions. The
types of energy sources are in a solid
state. Being heavy and are less useful
for long haul aircraft. E-Mobility is only
tolerated.

Impact:

Aircraft need to be built with lighter
material. Long haul aircraft are less pos-
sible. People travel a lot using vehicles
with high emissions.
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Description:

Mobility relies on fossil fuels with high
emissions. The source is in a liquid state
and is consumed as the source for pro-
pulsion. Fuel is consumed to generate
movement. E-Mobility is rarely available.

Impact:

Aircraft design stays as is. Mobility
stays a huge driver for climate crisis.

Description:

Mobility is almost completely based on

batteries. Different types of batteries

and electric energy are the main source.

Solid-state source keeps the weight of
the power bank constant. E-Mobility is
readily available.

Impact:

Emissions are low. Long haul flights are
harder to make possible. Aircraft design
needs to be extremely light weight.
Less long distance air travel.

Description:

Mobility design is so advanced and
secure for the use of hydrogen. Hydro-
gen infrastructure needs to be built

to become truly green. E-Mobility is
advanced, available based on hydrogen
power.

Impact:

Air travel can be understood as

less safe. New business models for
hydrogen / mobility may come up. New
business models for hydrogen / mobility
may come up.
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References:
Propulsion Technology as Driver

of e-Mobility Diffusion (12)

such as electricity or hydrogen

Category

Title /Publication  Aspect SourcelLink POF
Date

A e vt -t migh e fare o resenied | 1S S prject it s o et s

flght look lke? projects propusion sy {accessed September 20th 2023)

European Pariiament, Council of the European
Union: Regulation (EU) 2018/1139 of the European
Parliament and of the Council of 4 uly 2018 on
common rules in the field of civil aviation and
establishing a European Union Aviation Safety.
Agency, and amending Regulations (EC)

EU Regulation

EU Regulation on civil avation

hitp://data.europa.euleli/reg/2018/1139/o]
[accessed September 20th 2023]

EUR Lex - 3201881139
Riex

Proposed Strategy of the European Commission on

hitpsi/n L um

whatthey measure and why they ae mportan. Uimately s
macroanayss il lead us 0 an easy.t-read circular graph that
Characierzes thecis in analss

EPRS: Sustainable and smart mobility strategy Briefing the transformation of the transport sector in
EPRS BRI2021)65%
alignment with the European Green Deal
McKinsey: Technology Trends Outlook 2022 Cl Central Transition Aspects: Producti tpsien
chinsey: Technology Trends Outloo! 3 |Foresight report | Senra Transition Aspects: Production, trends/pdfs/mckinsey-tech-trends-outlook-2022
Energy. Electrification, Storage N
Power-to-Liquids - A scalable and sustainable fuel
supply perspective for aviation.
UBA, Batteiger, V, Ebner, K., Habersetzer, A, Moser, |Report/2022 | Power to Liquide aviation fuel production iy desen/publications
L. Schmidt, P., Weindorf, W., & Rakscha, T. (2022). =
Power-to-Liquids - A scalable and sustainable fuel
supply perspective for aviation.
Power-to-Liquids - A scalable and sustainable fuel
supply perspective for aviation.
Current Technology Readiness Levels (TRL) of
UBA, Batteiger, V., Ebner, K., Habersetzer, A, Moser, |Report / 2022 e e e (e https://we.umweltbundesamt de/en/publications
L. Schmidt, P, Weindorf, W., & Rakscha, T. (2022), P pathways i =
Power-to-Liquids - A scalable and sustainable fuel =1t
supply perspective for aviation.
I s manner andforthe ske of sy, we il employ he
ollowingcommon and ey aappy Indcators from the SUM and
SMP2.0that e s great nights nto mobiy rends an f he SO
Smart and Sustainable Mobility Adaptation Toward | o) n thefollwing [P brary.wiley.com/doi/cha
the Energy Transition P secions, epub/10 n7

Sustainable Aviation Fuel Facilitation Initiative’

Grant Agreement
Docuwemnt /
2019

hitps://www.easa.europa.eu/en/document

015102

(Accessed 01.12.2023)

ean

EASA Environmental Report

Report/ 2022

hitps

023-02/EnvironmentalReport_ EASA summary_12

nline.pd
(Accessed 01.12.2023)

IATA Policy Net-Zero Roadmap

Report / 2022

outline the policies that will be the most needed per
energy type over the 2023 - 2050 horizon.

https://wwwiat 196716636247

18407221c77563c93/energy-and-new-fuel
infrastructure-net.zero-roadmap.odf

IATA Net zero 2050: new aircraft technology

Fact Sheet /2023

Brief Overview of
Hybrid-electric/ Fully electric
Hydrogen

hitps://www.ata.org/eniata.
repository/pressroom/fact-sheets/fact-sheet-new.
aircrafttechnology/
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Air Traffic Demand (14)

Description: The demand for air travel in response to the primacy of labour models, modes of business communication
and the options available for intermodular travel.

Intermodular mobility (combining train, aircraft, Penetration of new markets in Asia and Latin Ticket prices as the most important factor
(e-)car, (e-)bike, e-scooter, bus, subway etc..). America. regarding purchase consideration.
Weather cond|‘F|ons_(caused by Climate Expected growing market in China. Expected rising growth rates for the global flight
Change) affecting air travel. e o . segment

. . Flight-shaming” movement and investments 9 :
Social-Economic developments (means to by airlines in researching sustainable Strongest demand for flights within Europe in
travel). alternatives. 2019 was in Germany
Demographic development / Ageing Society VR Travelling. Highest average spendings on flights per user

leisure time). . o
( ) EU trend towards alternative means of travel. today are found in the US. Rising growth rates

Working Modes such as remote and are to be expected in Europe.

Home-office, working nomads, Digitalization of
the workplace.Autonomous mobility options.

« Weather changes relevant now for air travel may be not relevant through tech advances.
« Ticket-price development.
« Demand for intermodular travel options.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.

Braunschweig University of Art .
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Projections: Air Traffic Demand (14)

Focus: Rich-Poor gap - Decrease vs. Increase | Main transport - Intermodality vs. Air traffic

Description:

Increasing ATD because of growing
mobility of middle class. High ATD
because of leisure/travel despite virtual
options. The market share of air travel
increases globally. Air travel is for mass

transportation and cheap.

Impact:

Comfort decreases. Monthly travel
passes for airline.

HBK Braunschweig| Institute for Design Research | ICA A1.1 ScenAIR 2050 March 2024

Description:

Air-transport is further divided to class
(wooden/luxury class). Overall demand
is high. Cheap air travel is limited and
the prices increase according to com-
fort. Pricing for air travel fluctuates.

Impact:

New market segments in first class.

Description:

Increasing demand for overall travel
of prospering societies. Intermodular
transportation systems focus not only
on local regions but on global offers.
Regions such as the EU offer monthly
passes for the entire transportation
system. Air travel has become one of
many means even for long distance.
R&D focuses on the entire transporta-
tion system.

Impact:

Decreased air traffic volume. A
decreased in air traffic demand can
have positive environmental impacts.
Taxation of companies to finance the
options.

Description:

Diverse but pricey intermodular Options
lead to high mobility for wealthy people.
Poor people can rarely afford traveling
at all and are bound to their regions.

Impact:

ATD shrinks due to diversification of
transport. Financial inequality makes
only luxury segment profitable.
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References:

Air Traffic Demand (14)

Title

Category
/Publication
Dat

Source/Link
ol

Decarbonisation Pathways for Transport.
In Achieving the Paris Climate Agreement Goals (pp.
187-222)

Book Chapter

Teske, 5. & Niklas, 5. (2022). Decarbonisation

in regard
factors (ex GDP) plus eletrfication - anaylising
various means of transportion - adding o the
argument of intermodal mobility

“Transport. In Achieving the Paris Climate
Agreement Goals (pp. 187-222).
hitps://doi.org/10.1007/978-3-030-99177.

(Teske & Niklas. 2022)

Statista: What would you rank as most important
consideration before buying an airline ticket for
personal travel?

Statistic

Ticket prices by far the most important factors
regarding purchase consideration

statistics/1017342/us-air

travel-important-aspects-hooking-personal-travel/
[accessed October 27th 2023]

Statista: Market insights: Flights - Worldwide

Analyst opinion

“Leading the Asian market,the Filghts market of
Mainland China is expected to grow significantly in

is that more and more Chinese people can afford
Jing abroad. The Eur h

the following years. One of the reasons for this trend

vehicles/flights/worldwide

d Mobility
market is dominated by a strong Flights market

an affordable mode of transportation for a large
share of the European population.”

which offers low-cost airlines and thus makes flying

[accessed October 27th 2023]

Flghes - Wordwide |

Statista: Market insights: Flights - Worldwide

Analyst opinion

“Nevertheless, one of the biggest challenges the

the environmental effects of lying and promotes.
huge investments by airlines in researching
sustainable alternatives. Examples of this are
sustainable aviation fuel o hydrogen technologjes.

ways to power aircraft.

market is currently facing s the increasing sentiment
for sustainability among the population. The "fight
Shaming" movement raises public attention toward

in some regions, price increases due to the carbon
tax continue to drive the Investments i alternative

outlook/mmo/shared.
mobility/share ts/worldwide
[accessed October 27th 2023]

[
Fights - Worldwide

Statista Mobility Market Outlook: Mobility Service

Expected rising growth rates for the global Flights
025)

2021_Recherche-PPT-0e_SO (5. 96-97)

Intermadality

Report 2020 statisties segment (2017-2
Statista Mobilty Market Outlook: Mobily Service |5 Strongest demand for lights within Europein 201910 )1 oot bor oo < ts 102
Repor 280 Cormery
St Mol Mtk Ouonc OB See | ics (e U5 R ot o202 Recheche PP 50(5 105109
P expected in Europe
Website 2023 \ne(evmodahwforandsgalns(m(reasemalruave\ 10 s o I
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Structure and Position of Aviation Companies (15)

Description: Market division and dynamics (incumbents/start-ups) and political influence (Lobbyism) of aviation companies (manufacturers, airlines)

in the EU (i.e. the European market).

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.

33

Air travel seen as a major factor of climate change.
Intermodality of travel.

Start-ups in aviation manufacturing with alternative
energy sources.

Growing trends of air travel.
Trends of Aviation companies.

Decline for subsidisation of kerosene.
Air travel is being substituted.

Restructuring of the market (e.g. Bankruptcies of
State-Airlines).

Global Flights Revenues are expected to rise and
catch up to the Pre COVID-19 growth rate.

Biggest growth rate in Flight bookings in China
markets.

The United Kingdom has the biggest market among
the countries in Europe.

Expected rising penetration rate of consumers
adopting flights in several countries. Based on the
predicted course of innovation diffusion.

Even if people don't fly, Cargo flights rise.
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Projections: Structure and Position of
Aviation Companies (15)

Focus: Lobby - No influence vs. High influence | Structure - Oligopoly vs. Monopolization

SE?A

Description:

Due to the poor crisis resistance of com-
mercial airlines, Europe decided to take the
drastic step of uniting the main European
airlines under the leadership of the Euro-
pean Union. All economic related activity
is highly regulated to fight prevent and
reduce corruption and wasteful manage-
ment of airline members.

Impact:

Direct economic gains for Europe. Single
legal basis for the whole of Europe's air-
space. New sales models for Europeans.

34

Description:

One major European airline buys up

all other major airlines in Europe over
time and operates them under a newly
established parent company for this
purpose. The EU deliberately stays out of
the airline’s business, which subsequently
favours lobbyism.

Impact:

Less political regulation. Higher tax reve-
nues.

HBK Braunschweig| Institute for Design Research | ICA A1.1 ScenAIR 2050 March 2024

Description:

Flourishing of various specified airlines
and manufacturers engaged in supporting
activities. New aircraft types and propul-
sion technologies are researched and
tested. Wide spread of companies across
the market segments.

Impact:

High competitiveness against global
companies in the airline industry. High
investment in research and innovation.

Description:

Collusion among airlines and manufactur-
ers. High influence in European politics.
Hardly any new start-ups within the airline
industry.

Impact:

Aligning pricing policy at European level.
High ticket prices. Weakened willingness
to innovate in propulsion technologies and
fuels.

Braunschweig University of Art . o
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Structure and P

ompanies (15)

Category a
Source/Link
Title /Publicatio Aspect pol PDF
n Date
European Commission: Mobility Vot acve €U messures o tackienvronmertal | [ ]
and Transport/Transport website impact in the aviation sector - showing great . . :
Modes/Air/ Environment: EU Importance because of the 1ready BeI. | foccessed October 17th 2023] ineanmen
i to reduce emi: :
Statista Mobility Market Outlook: | Statista/ Global Flights Revenues are expected to rise and 2021_Recherche-PPT-oe_SO (5. 97)
Mobility Service Report 2020 2020 catch up to the Pre COVID-19 growth rate -Recherche-PPT-oc. )
'
Statista Mobility Market Outlook: | Statista/ Biggest growth rate in Flight bookings in China 2021_Recherche-PPT-ce_SO (5. 98)
Mobility Service Report 2020 2020 - -
Statista Mobility Market Outlook:  |Statistics/ | The united kingdom as the biggest market among. 2021_Recherche-PPT-06_50.(5. 99)
Mobility Service Report 2020 2020 the countries in Europe
Statista Mobility Market Outlook: | graph/ Expected rising penetration rate of consumer -
" N adopting Flights in several countries. Based on the | 2021 Recherche-PPT-oe SO (5. 103) -
Mobility Service Report 2020 2020 predicted course of innovation diffusion. .
Statista: Leading airlines in EUrope |Statistics/  rish budget irie Ryanair Group to be thefeading | 105/ Al com/slal sl 1094750 e
‘ § airines.in-europe-based-on-passengers;
in 2022, based on passenger traffic | 2022 airline company in Europe in 2021 [accessed October 30th 2023]
Statista: Transport volume of air _
cargo in Germany* from 2006 to | Statistics | ve" fPeople don'tfy Corgo fights may rise (2510 ) e i cargogermany -
the pandemic)) volumesair.cargo-germany/
2022 faccessed October 30th 2023 T
S R
L The strong air passenger recovery continues in Q3
Development of Passenger Statistic/ 2023 ey
demand for air travel Nov 2023 P il airline | market:share-pre
region, % change for Q32023 (accessed Dec 1,2023)
sty Ut iy oo it e s
i et DG MOVES o Cone st WO AT 55 o
ertard oo i corepont 03 o sty o
. vt of o U 2013 o non G
Study on urban mobility Study . »imr;"imlw.gn,,,wm S
interconnection with air transport |Report / e sl asbetween | 11D/ dats pa.eu/doi/1C 142145
infrastructure: final report. Une 2021 e e s
e s o et o sepr comecons 31 noor N
Project
Future of Aviation Meeting/ |50 Devciopmen of por T e
2019
he anlysis s improvementn the imate obbyingpostions
of s s nEurope i 20212, bt g5 o ongong 390
o5y negaCe posning Toars nar 16 polcies desgred 1o
Website - Report /| €hev 1t g0t As secor avation remains ane o e mos .
Influenceop erganization 022 remains 3 powerful apponent of cimate regulation. ek
he epor nghlght th hrat o 0 climte targets f eguitions e
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Environmental Conditions and In-habitability (18)

Description: Impact of climate change on air transport and human living conditions. This includes the measure to restrict areas that will be

prohibited for habitation, as well as no-fly zones.

Weather effects / Hazardous Weather.
Catastrophes (Storms, Floods, Fires, Volcanic Activity).

Effects of climate change: Raise of sea level,
desertification, raise of temperature, etc..

Urbanisation.
Protected areas and reserves.

Rapid rise of air traffic over the poles because of cost
efficiency for airlines. Also rise of impact on aviation
operations due to space weather effects.

WINFC-project aimed to create a data driven module to
collect and process information e.g. coming from
weather. Its function is to assist pilots to immediately
detect hazard conditions while in flight.

» Degree of climate change and its effects.

» Decline / increase of political measures to protect nature
(forest etc..).

Representative Concentration Pathways (RCP) 2.6 - 8.5

Connection between consumer behaviour and weather
effects. GDP can be influenced by weather patterns. Bad
weather can lead to more spending, e.g. by increasing
food imports in countries with bad weather.
Heat-related conditions may pose a risk of mortality to
individuals in varying locations on the globe.

Europe as a heatwave hotspot, exhibiting upward trends
that are three-to-four times faster compared to the rest
of the northern mid-latitudes over the past 42 years.
Meteorological phenomena significantly influence the
operational environment of air transport.

Weather affects all activities considering the range of
ground and flight operations of air transport.

Economical and operational impact because of
irregularity on aeroplane operation.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.
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Projections: Environmental Conditions and
In-habitability (18)

Focus: Inhabitable areas - Decrease vs. Remain | Living conditions - Under control vs. Harsh

Description:

Europe's special geological position leads
to moderately severe weather events. Air
traffic is affected regularly and to varying
degrees throughout Europe, but can react
flexibly and thus remain largely in tact.
There is no need for more no-fly zones yet,
which means there will be no bottlenecks
or complicated flight routes.

Impact:

Similar conditions as today. Flying remains
affordable, but planning reliability declines
in the future.

37

Description:

Increasingly severe weather events and
natural disasters are making life more
difficult and making parts of the global land
masses increasingly uninhabitable. The
transportation sector is becoming more
localized and long distance travel is limited
by dependence on weather phenomena.

Impact:

Less need for long distance travel. Less
planning security for travel. Increased
need for flexible transport options and
decentralized infrastructure.

HBK Braunschweig| Institute for Design Research | ICA A1.1 ScenAIR 2050 March 2024

Description:

Technological developments curb the
severity of weather events and allow
current lifestyles to continue. With fewer
limitations, flying remains an attractive
option for vacations and business trips.
High emission values are compensated.

Impact:
Strong decline in flight requests. More use

of public transportation. Tolerable living
conditions - happier population.

Description:

Drastic measures have led to the expan-
sion of nature reserves and restrictions
on urban expansion. The result has been
changes in socio-cultural structures and
areduction in resource consumption

and emissions. Despite minor impact of
weather events, no-fly zones remain in
place. The transportation sector remains
stable and has shifted to further develop-
ment of public transport.

Impact:

Higher flight rates. (Green) business as
usual. Increased trust in technology.
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Environmental Conditions and

In-habitability (18)

Behaviour

patterns. Bad weather can led to more spending, i.e.
g bad

Category
Title JPublication  Aspect o POF
Date
Avou e reprt
e eporthas been pepare by he Eurpean Unkon Avacn afety s
ey EASA i e i il 7o B Pt UROPEAN AVIATION
SOTBITI38:wih sopprt o h Eutopéan Enionment AGeey (EEA) A ROMATAL
20 EUROCONTROL and places s i th conte ot RboRT 2022
g § . -and
European Aviation Enironmental Report 2022:Sustainabity | it and e ton sk | eyents/press. aviation
crucial for longterm viability of the sector Report/ 2022 ; e " bil
S aced mdcomrshenee iy o op of wtion | (accessed 01.12.2023)
cnveonmentapotcaon wini Erope.
Al cveview fkeyfcscan e found e Exscutve Sy of
th report. alongside Recommendatons on haw o furtherimprovethe 1]
lov o emveomaraprocion
treme pressure J—— s
DLR: DEPA 2050 - Development Pathways for AUaton UP 10, | g 1. seume " Pt de SR —
2050,5.92
possible demands like o d reserves? | brauchs o
A
ICAO: INTERNATIONAL AIRWAYS VOLCANO WATCH
Rapid rise of ai raffc over the poles because of cost | VWOPSG Mectings.
‘OPERATIONS GROUP .
apess Report On The Space | Working paper | effiiency for aiines. Ao ris o PSG.6.1P.018.5.en pdf
ey operations due to space weather effects. faccessed October 29th 2023] =
Connection between consumer behavior and -
N ctpublication/265
Vadims Krasko: Weather Patterns As A Factor Of Consumer | weather effects. GOP can 5 WEATHER PATTERNS AS A FACTOR OF CONsUME |45 : ! 2

R_BEHAVIOUR

weather.

accessed October 30th 2023]

ATHER PATTERNS AS A FACTOR OF CONSUME
AVIOUR

European Commission: Weather Information Fusion and
Correlation for weather and traffic situational awareness

project paper

WINFCproject aimed to create a data driven module
to collect and formation i.e. coming from

11 fore
information-fusion-and-correlation-weather-and

weather. Its function is to assist pilots to immediately
detect hazard conditions while in flight.

traffic-situational-awareness
faccessed October 30th 2023]

Westher INformation
Fusion and Carrlaton
for westner nd tafic

IPCC - ARG Synthesis Report: Climate Change 2023, 5. 16

Synthesis Report

Heat-related conditions may pose a risk
of mortality to individuals in varying locations on the
globe.

I

I hireport/ar6/syr/ang:
accessed November 11th 2023]

Rousi £, Kornhuber K, Beobide-Arsuaga G, Luo F, Coumou D.
Accelerated western European heatwave trends linked to
more-persistent double jets over Eurasia. Nat Commun. 2022
Jul 4:13(1)3851. doi: 10.1038/541467-022-31432-y. Erratum
in: Nat Commun. 2023 Jul 28;14(1):4560. PMID: 35788585
PMCID: PMC9253148,

Peer-Reviewed
Paper

Europe as a heatwave hotspot, exhibiting upward
trends that are three-to-four times faster compared
to the rest of the northern midlatitudes over the past

doi: 10.1038/541467-022-31432-y
laccessed 22.11.2023]

Skultéty F, JaroSova M. & Rostas J. (2021), Dangerous weather
phenomena and their effect on en-route fight delays in
Europe

Article

*(..) summer season meteorological phenomena
significantly influence the operational environment
of the air transport industry.” (180)

“Significant weather affects all acivites considering
the range of ground and fight operations of the
aeroplanes, e.g. ground handiing, fuelling, taxing,
take-offs and approaches and landings, etc." (180')

(.. irregularity on aeroplane operation (...
negatively reflects fleet utiisation, overhead cost,
assenger delay compensation, uel burn when

extended fight time, etc."(181)

hitps:/fwww europarl europa eu/RegData/etudes/ST
UD/2021/652227/1POL_STU(2021)652227_EN pelf
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Total Emission of Greenhouse Gases (20)

Description: Projected total emissions of Greenhouse Gas in relation to the manageability/mitigation of their consequences.

Global Mean Surface Temperature Shared Socioeconomic Pathways (SSPs) 1 - 5.

Sea Level Rise Representative Concentration Pathways (RCPs)
2.6-85.

Data on GHG-emission.

Ocean Acidification

Arctic Sea Ice and Glacier Retreat
GHG-emissions resulting from human activities
continue to increase, resulting in increasing
global surface temperature.

Two-Thirds of Global Emissions are emitted by 9
countries and the EU(27).

Biodiversity and Ecosystem Changes

Emission Trajectories (RCPs).

Socio-economic Development (SSPs).
Technological Advancements.

Global Climate Sensitivity.

Climate Feedback Mechanisms.

Natural Climate Variability.

Adaptation and Mitigation Actions.
Regional Climate Impacts.

Policy and International Cooperation.
Human Behaviour and Lifestyle Changes.

Details on the data and statistics are provided in the materials on the individual key factors on the
respective reference page.

Braunschweig University of Art
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Projections: Total Emission of
Greenhouse Gases (20)

Focus: Total amount of Greenhouse Gases - Decline vs. Rise | Development - Reductive vs. Expansive

Description:

Immense investments in technologies

and green start-ups were able to reduce
overall CO2 emissions across Europe.
Political requirements favoured industries
that increasingly focus on efficiency and
production conditions that are as environ-
mentally neutral as possible. The global
temperature increase could thus be kept at
a low level.

Impact:

Difficult living conditions in some areas,
but manageable consequences of global
warming. Flying becomes more expensive.
Less impact on the climate.
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Description:

Increasingly severe weather events and
natural disasters are making life more
difficult and making parts of the global land
masses increasingly uninhabitable. The
transportation sector is becoming more
localized and long distance travel is limited
by dependence on weather phenomena.

Impact:

Less need for long distance travel. Less
planning security for travel. Increased
need for flexible transport options and
decentralized infrastructure.

Description:

Political Ideology of de-growth becomes
mainstream. Increasingly severe weather
events regularly cause massive damage to
European cities and infrastructure. Most
national budgets were no longer able to
cover the costs incurred. Political consen-
sus was to push through all efforts to bring
CO2 emissions to zero altogether.

Impact:

Strong decline of flight requests. Struc-
tural transformation of economy and
industry. No new technologies, but more
efficient use.

SE?A

Description:

Due to massive pressure from the public
and after long negotiations, politicians
push through efforts to cap Europe-wide
CO2 levels. Especially countries like
Germany, France or Italy are forced to
present stronger measures and targets to
be taken in the coming decades. Industries
are forced to adapt to further upcoming
changes.

Impact:

Slow decline of CO2. Air traffic restrictions
and expansion of research for new propul-
sion technologies. Higher prices for long
distance travel.
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Total Emission of
Greenhouse Gases (20)

Category
Title /Publication Aspect B PDF
Date
e

EEA: Greenhouse gas emisions from transportinthe EU,by | Figure shows the trend inthe GHG by subsector | 58254dccba3des0idadniiiacodse
transport mode and scenario since 1990 and projections to 2040 of the EU-27 [accessed September 20th 2023]

(Greenhouse gas (GHG) emissions resulting - :
ARG Synthesis Report: Cimate Change 2023,5. 42.45 thesis Report | i  resul

ynthess Report: Cimate Change o civides resuling | PAEE Lo oo
in ncreasing global surface temperature
Inur rg/insghts/ineractivechartshows: g
Frecic,Ge,Pickens (2020 Th neractve Chart e Two Thirds of Global Emissionsare ae emited by 9|5/ crg/nsights/tezacte chart o E
ShowsChanges in the World's Top 10 Emitters countries and the EU27) oectussd November 13t 2071
IEA, Global CO2 emissions from energy combustion and bl PrE———————
industrial processes, 1900-202, IEA,Paris p— =
co-emissions from-energy-combustion.and.
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Availability of Natural Resources for Europe (21) SE%A

Description: Ability to produce and/or import natural resources (Water, fertile Land, Gas, Minerals, Wood, Sand, etc..).

Global political crisis influencing global trading. The EU's trade in raw materials is increasing slowly.
Global trade agreements with the EU (TCA, Mercosur, CETA, EPA, etc..). Imports are higher than exports.

Resources are depleting globally. China is the major global supplier of 66% of all Critical

o o Raw Materials.
EU can not cover all needed natural resources for production (in the aviation : .
& energy sector) China provides 44% of the EU's CRM needs.

The Raw Materials Initiative (RMI) has been drawing
attention to the importance of raw materials issues and
their supply situation at European level since 2008.
REPowerEU Policy

Save energy, produce clean energy, diversify its energy
supplies.

EU Water Framework Directive.

Risk of supply shortages and supply vulnerability due to the concentration of
CRM's extraction and refinement in a few countries

Severe droughts caused a 3% annual vegetation
productivity loss in affected areas from 2000-2019.

Political relationships with China (ex: potential conflict Taiwan).

Resources are widely distributed, yet China plays a key role throughout the
REE supply chain because of its global dominance in processing.

Structural (dis-)functioning of ecosystems and biodiversity (availability to
absorb water, resilient forests, glaciers and lakes).

Implementation of Water Framework Directive to guarantee functioning water
systems for Europe.

Status of EU in the global market.

Soil moisture in the growing season was far below the
long-term average in EEA member countries plus the UK
from 2000-2019.

Europeans ecological footprint outreaches the
environmental limits.

« Critical Raw Materials Act.

Limiting and diversifying the production and import of
critical raw materials.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.
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Projections: Availability of Natural Resources
for Europe (21)

Focus: Demand to buy - Low vs. High | Exploration & Exploitation - Decrease vs. Increase

Description:

Natural resources are drying up noticeably,
therefore more extensive exploration is
done. Producing countries secure most of
the remaining raw materials for themselves
and gain economic power. Europe is forced
to reduce its own demand and rely on new
technologies to substitute the lack of raw
materials. This technology pull effect leads
to an overall shrinking demand because of
the use of local resources

Impact:

New technologies emerge. Technology pull
for Europe's Industries. EU looses global
economic status and influence.

43

Description:

Europe's industries are growing faster.
New extraction areas for raw materials are
being discovered and Europe is actively
participating in the mining. EU secures
itself enough rights for exploitation of
natural resources. Overcapacities are
exported.

Impact:

Europe's industry prospers. EU upholds
global economic dominant status.

HBK Braunschweig| Institute for Design Research | ICA A1.1 ScenAIR 2050 March 2024

Description:

Europe can no longer meet the demand
for raw materials. Advanced industries are
concentrated in individual countries. The
economic potential is too low to obtain
more raw materials from abroad.

Impact:

EU has a production crisis. Financial strug-
gles of various European states. Industrial
decline / Bankruptcies on the rise. Societal
upheaval.

Description:

EU's industries are stronger than ever and
demand more raw materials, which can

not be met through their own capacities.

It is using its great political and financial
influence on the global markets to buy
resources that cannot be harvested locally.

Impact:

EU's industry prospers. Global crisis and

resource wars between other countries.

Lack of financial means for other sectors
(social etc.).
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Taxation Rates and Policies on
Energy in the EU related to pricing (22)

Description: Policies to regulate the taxation of aviation fuels in conjunction with the development of energy prices in Europe based on the
pricing of electricity, gas and fuels from renewable sources.

Development of renewable energy
sources in the EU.

Further needs for fuels in other areas.

Market-based measures to reduce
environmental impact (taxes, charges,
voluntary agreements, emissions

offsetting, emissions-trading systems).

Increasing awareness of the effects of
climate change will contribute to more
climate policy goals.

Dependency on energy
procurement in the EU.

Global and Regional Economic
Conditions.

International Cooperation on
Climate Action.

Energy Taxation Directive (ETD).

New minimum tax rates
(Euro per Giga-joule) according to
environmental content.

Value Added Tax (VAT) on energy.

National Renewable Energy Incentives.

Environmental Levies and Surcharges.

Technological Advancements.
Energy Market Dynamics.
Energy Security Concerns.
Technology Adoption Rates.

EU Emissions Trade System.

World fossil fuel prices are expected to
rise until 2050.

EU ETS carbon price is projected to reach
30 €/tn CO2 in 2030. After 2030, the
carbon price is projected to increase at a
much faster pace (80 €/tn CO2 in 2040 &
150 €/tn CO2 in 2050).

Average electricity prices will modestly
increase until 2030. This is due to the
application of carbon pricing and taxes,
i.e., Emissions Trading Systems (ETS)
allowance payments. And second, the
higher costs for infrastructure
development to support grid expansion
due to the growing share of Renewable
Energy Sources (RES) and their
distribution.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.
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Policies such as EU Green Deal.
Renewable Energy Directive (RED):

An increased target for the share of
renewable energy in the EU's final energy
consumption, aiming for a minimum

32% share by 2030.

Climate neutrality by 2050.

55% less emissions by 2030.

Reduce energy consumption by
32.5% by 2030.
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Projections: Taxation Rates and Policies on
Energy in the EU related to pricing (22)

Focus: Energy prices - Low vs. High | Regulation - Low vs. High

Description:

Full socialist energy system (The EU is the

energy dealer). Complete transformation
to renewable energy. Low energy prices
set for individuals and industry. Fossil fuels
eliminated due to Green Deal.

Impact:
EU strategy helps renewable and new
energy sources for air transport. No kero-

sene. Instead hydrogen and/or battery jets.

Strong incentive for building infrastructure
because of guaranteed prices.

46

Description:

Full blown CO2 Carbon taxation. Prices

are so high because renewable not fully
adopted / not decentralized available. Gov-
ernment regulates who "may" fly or which
flights are "necessary”, through taxation
and subsidies.

Impact:

Decrease in total flights. Decrease in
earning in industry. Only renewable are
“affordable”, but high fossil fuel flights are
possible for the very rich.
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Description:

Removal of all subsidies and taxations

(incl. Carbon Tax). Re-orientation towards
fossil fuels. New energy reserves (ocean
floor, Arctic, etc..). Climate change is NOT
addressed. No incentives for flight industry
to develop sustainable aviation solutions.

Impact:

2050 the industry is still running but the
future looks grim and hot. Economical
grow and money for a short term, then
collapse possible.

Description:

No regulations in terms of taxation/sub-
sidies etc. Energy is limited by regional
access, fossils remain an option for
specific regions. Conflict about resources.
High insecurity of supply chains. Elec-
trification out of need (lack of natural
resources).

Impact:

EU has problems due to necessity of
renewable. Less problems in Global South.
No international standards for research
and production. Strong nationalism and
protectionism.
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in the EU related to pricing (22)
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Policies and Subsidisation for Diversifying
the Transport Infrastructure (23)

Description: Development of public policies for subsidisation and regulation of inter-modular (diversified) transportation structure,
in conjunction with environmental protection laws.

De-carbonizing of transport.

Managing transport demand.
Intermodality (MaaS, UAS, etc..).

Public Private Partnerships.

Green Deal (EU Mobility Strategy).

Key ltems: Sustainable, Smart, Resilient.

Decisive action to shift towards more sustainable
transport modes.

More stringent air pollutant emissions standards.
Internalisation of external costs.

People are willing to switch to more sustainable
modes of transport, the most important factor
being costs.

Mobility patterns and consumer behaviour are
changing.

‘Polluter pays' and 'User pays' principles.
Paris agreement and connected policies.

Stronger Lobbyism (of aviation industry) related in
the EU and globally.

Scope of transport policies (environmental, social, etc..).
Financial Instruments (public funding, taxation, privatisation).
Enforcement of EU directives on a national level.
Role of automated mobility.

Existing policy frameworks (selection):
Renewable Energy Directive.

Post-Euro 6/VI emission standards.
Alternative Fuels Infrastructure Directive.
Energy Performance of Buildings Directive.
ReFuelEU Aviation.

Urban Mobility Package.

Directive on Intelligent Transport Systems.
Trans-European Transport Network (TEN-T).
EU Programs such as Fit for 55.

Reducing GHG-emissions by at least 55% by 2030
compared to 1990 levels.

Policies around EU Green Deal.

Climate neutrality by 2050.

55% less emissions by 2030.

32% renewable energy by 2030 (RED).

Reduce energy consumption by 32.5% by 2030.
Biodiversity protection of 30% land/sea areas.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.
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Projections: Policies and Subsidisation for

SE?A

Diversifying the Transport Infrastructure (23)

Focus: Emissions - Net zero vs. High | Regulation by - Free market vs. Government

Description:

EU restricts air transport (due to remaining
climate impact or other technological fac-
tors) to only renewable technologies. No
subsidies for anything fossil fuel related,
instead incentivisation of renewable
energy for transport (like e-mobility, hydro-
gen). High / Realistic carbon taxation hits
kerosene hard.

Impact:

Decline in air traffic overall. EU research
funding is limited to eMobility and hydro-
gen fuels for planes. Flying accepted
only as “exception”. General main attitude
against air transport.

Description:

Air Transport is further divided into classes
(wooden / luxury class). Overall demand

is high. Cheap air travel is limited, and the
prices increases according to comfort.
Pricing for air travel fluctuates

Impact:

EU funds research to achieve a climate
neutral aviation - fuels, new propulsion
etc.. Research and change in air transport
is slower due to lack of incentives. Higher
ecological/climate impact.
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Description:

Taxation for kerosene and all subsidi-
zation for transport are revoked. New

fuel sources allow for market-shares in
diversified transport systems. Net zero
has become the most profitable energy
in transport systems. The market for
transportation in every sector is split-up
into smaller transportation vendors. Inno-
vative and energy-efficient technologies
evolve fast. Strong need for efficiency
and cost-reduction in aircraft design to be
competitive with other transport systems

Impact:

2050 the industry is still running but the
future looks grim and hot. Economical
grow and money for a short term, then
collapse possible.

Description:

E-mobility and Emission based transport
compete. If ultimate free market: no subsi-
dies for kerosene (high taxation). Individual
transport (Car, Train, Sharing Options, Bike)
remains main pillar of intermodular trans-
port for short haul. Alternatives like bullet
trains, self-driving trucks compete with

air transport on medium haul. Long-range
(>1000 km) is still air transport.

Impact:

Air traffic declines for short and mid range.
Short range aircraft become obsolete

due to alternatives in the market. Spread
of green and emission based modes of
transportation.
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Policies and Subsidisation for Diversi-
fying the Transport Infrastructure (23)
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Global Political Order (24)

Description: The development of the political structures of the national governments in European countries in relation to the power-political

impact of the European Union.

Media and news concentration / ownership.
Nationalism and protectionism.

Social-Economic development / Income
Levels.

Anti-West attitudes.

Economic and political strengthening of the
Global South (BRICS).

Although based on country-specific causes, an
increased visibility of a shift towards
nationalism can be observed globally. Anti-elite

Global crises and social inequalities (civil
unrest, wars).

Environmental events and humanitarian
disasters (droughts, floods, pandemics).

Development of the GDP.

Position of non-state actors.

discourses could be behind it.

Post COVID-19 shift for shaping societal
tendencies towards nationalism,
authoritarianism.

Because of its trading policies, the EU is the
largest economy of the world (measured by
GDP) and an active economic and political
player with growing regional and global
interests.

Raise of universal values in the younger
population.

Position of China and Global South.
Unity of “the west".

Global migration.

Value orientation and trust in state.
Global inequality.

Expected increase of the GDP of the
European Union until 2026.

Individual Countries in the EU do not share the
same GDP. The individual levels of GDP can
have significant differences.

Growth rate of the GDP differs from country
to country. Yet developing economies are
expected to have the highest growth rate in
the near future.

Increasing European imports and exports
trades of high-tech products. The largest
import partners are China and the United
States.

EU Migration policies.

Details on the data and statistics are provided in the materials on the individual key factors on the respective reference page.
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Projections: Global Political Order (24)

Focus: Mindset - Nationalist vs. European | Global power - Losing vs. Gaining

Description:

EU becomes pragmatic union of nationalist
leaders. Right wing governments. Nominal
still democracies with autocratic traits.
Cooperation within EU, to gain economic
and political weight.

Impact:

Change in foreign political doctrine: New
alliances with other autocracies (turkey,
Africa, gulf states, china). EU becomes
technocratic super state, run by bureau-
cratic elite. Effective top-down governance
allows for strong economic gain.
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Description:

All EU countries merge into one super
democracy. Borders within the EU coun-
tries will be dissolved. Shared economy
and technological development. Expansion
of democratic values in the EU. Stronger
cohesion within the EU. Shared values
throughout the population lead to sustain-
able reforms in democracy.

Impact:

Significant reduction of bureaucracy leads
to faster decisions and implementation

of laws. Stronger cooperation in sciences
and economy within the EU lead to better
assertion on global power. Enthusiasm in
the population.
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Description:

EU disintegrates into individual nation
states (Brexit, Grexit, Spexit, Gexit, etc.).
While some states somehow manage to
compete on the world market, there is an
overall decline in economic and political
power. Fragmentation in research and
Development. Missing Infrastructure. Euro
currently ceases to exist.

Impact:

EU wide decline in economic and political
power. Loss of Euro as leading currency
weakens EU economies. Inequality and
competition between EU countries.

SE?A

Description:

EU remains democratic and bureaucratic
(slow). The EU's voting system becomes
complicated and slow.

Impact:

Future challenges are not met because of
bureaucracy. Its high amount of bureau-
cracy slows its economical and technolog-
ical advances.
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