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FOREWORD

At the start of the new millennium, the Group of Personalities expressed a vision for European
aviation evolution for the 2020 horizon. This vision led to the formation of ACARE to define and
review the content of the Strategic Research Agenda (SRA).

The SRA themes and goals have had a leading influence on aeronautical research and are paving
the way for the significant improvements in sustainable, reliable, affordable and passenger-friendly
aviation that will reduce the environmental impact of air travel across the world.

However, since 2000, the perception and requirements of air transport have changed significantly.
In recognition of these important changes, ACARE has for the last year reflected on their
implications and emergent challenges for aeronautics and air transport on a revised horizon.

A great deal is at stake: aeronautics and air transport should be considered as a strategic
economic and social domain to ensure the future of European integration, independence,
prosperity, and competitiveness in the global economy. Far-sighted research and development
programmes are essential for the development of new ideas and to drive investment and
innovation in support of an environmentally sound Air Transport System in the longer term.

An ambitious high-level vision, beyond 2020, is now needed to focus available resources on
European aeronautics and air transport research for the delivery of solutions to meet the
challenges for the future.

This document is intended to act as a catalyst for high-level decision-makers to stimulate
further analysis with the aim of building a challenging vision for European leadership in
global aviation towards 2050, responding to the needs of Society and the citizens of
Europe.

Fran ois QUENTIN and Joachim SZODRUCH
ACARE co-Chairmen
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EXECUTIVE SUMMARY

Aviation has dramatically transformed society over the past 100 years. The economic and social
benefits throughout the world have been immense in shrinking the planet with the efficient and
fast transportation of people and goods. The growth of air traffic over the past 50 years has been
spectacular, and will continue in the future, particularly in the growing markets of the Far East.

The European Air Transport sector made up of civil Aeronautics and Air Transport generates a
turnover in excess of Euro 94 billion and represents a pinnacle of manufacturing which employs
almost half a million highly skilled people directly and spinning-out technology to other sectors.
About 2.6 million indirect jobs can be attributed to air transport related activities and a contribution
of around Euro 240 billion to gross domestic product. The Aeronautics and the Air Transport sector
is a key strategic economic domain for Europe.

A European Vision for Aeronautics and Air Transport in 2020 was launched by Commissioner
Busquin in 2000. This established a vision to meet the needs of society, while maintaining
European global leadership in aeronautics. This vision led to the formation of ACARE (the Advisory
Council for Aeronautics Research in Europe) to define a Strategic Research Agenda (SRA) and
make the vision a reality. The SRA provides strategic goals and Research & Technology (R&T)
roadmaps for proposed solutions to achieve the objectives outlined in Vision 2020.

The SRA goals have had a clear influence on current aeronautical research. There is strong
evidence of a vigorous programme of Aeronautics and Air Transport research, which is already
delivering important initiatives and benefits for the aviation industry, including: EU collaborative
research in Aeronautics and Air Transport (EC s Framework Programme research), the Clean Sky
Joint Technology Initiative, the SESAR Joint Undertaking, national programmes in many Member
States and research establishment as well as private company programmes.

ACARE has shown the combined strength of working together across the whole community of
industry, research establishments, universities, governments, regulatory authorities, and the
European Commission. This collaborative framework needs to be maintained to help develop an
even more successful future Aeronautics and Air Transport System in Europe.

Towards 2050 - New Challenges

Since 2000, society s perception of Air Transport has changed following the dramatic events of
11th September 2001, growing environmental awareness, the rise of oil prices in 2008, and the
recent financial crisis. In the future, aviation is likely to face even more radical challenges - with
some arising from its own success.

Environment
Climate change is a major societal and political issue and is becoming more so with future
emissions-related regulation expected to become more prevalent than today.

Tough challenges lie ahead. Globally civil aviation emitted 666m tonnes of CO, into the
atmosphere in 2008 representing some 2% of man made CO, emissions. Non-CO, emissions
including oxides of nitrogen and condensation trails which may lead to the formation of cirrus
clouds, also have impacts but require better scientific understanding. In response to the likely
volume of activity in the future, aviation must bring about step changes in technology and
operational procedures on top of the currently available solutions, to improve its environmental
performance by keeping total climate effects at sustainable levels. However, any reduction in
absolute emissions from Air Transport will be difficult to accomplish and represents a major
challenge.

Reducing disturbance around airports is also a challenge with the need to ensure that noise levels
and air quality around airports remain acceptable.
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Aviation is directly impacted by energy trends. As with other sectors, aviation is dependent on, and
will have to deal with, energy availability in the coming decades to continue as an important

development factor in future societies. Aviation will have to develop long-term strategies for energy
supply - including alternative fuels - that will be technically suitable and commercially scaleable as
well as environmentally sustainable.

Environmental trade-offs, including those between emissions and noise, will have to be balanced
to find optimised solutions for the whole Air Transport System and its sub-systems of the future. A
European interdependency modelling capability is needed for this task.

An effective way to respond to the environmental pressure would be to improve the environmental
performance of aviation in the market place by redirecting resources generated through the
aviation emissions trading scheme towards the development of Research & Technology and
deployment of the most efficient technological innovation. In this regard, any aviation emissions
trading schemes should be applied at a global level and prove their long-term economic and
environmental viability.

With the aim of a global solution, International Civil Aviation Organisation (ICAQO) is promoting
effort in four key areas: improved technology, efficient operations, effective infrastructure and
positive economic measures. Similarly, the International Air Transport Association (IATA) has
declared a target to stabilise net CO, emissions (carbon neutral growth) by 2020 with a long-term
aspirational goal to reduce aviation net carbon emissions by 50% in 2050 compared to 2005 level.

The Copenhagen Accord noted by the United Nations in December 2009, highlights that deep
cuts in global emissions are required to hold the increase in global temperature below 2 degrees
Celsius. ICAOQ is seeking the mandate to implement the necessary actions for aviation.

Europe must play a major and leading role in the definition of global aviation s approach to
sustainability.

A changing world
The role of Air Transport has never been more important to society, and it is vital that aviation is
prepared to meet the challenges of a changing world.

With changing demographics and increased urbanisation, society towards 2050 will need more
long-range transport to connect markets and people. Passenger travel will increase with growth in
business and social-related mobility (dependent on the population being able to afford air travel).
This continuing growth in demand will bring increased challenges for dealing with mass
transportation and congestion of infrastructure.

Transport will increasingly become a place for work, commerce, leisure, and meeting others. Some
travel needs may disappear because of teleconferencing and virtual access to knowledge, but
Information and Communication Technology development will add to the opportunities for
interaction and ultimately contribute to transport demand.

Global forecasts show a potential demand for some 25,000 new passenger and freight aircraft
between 2008 and 2028 representing an orderbook value of Euro 3 trillion. This will be driven by
the need for more fuel efficient and eco-efficient vehicles to handle additional capacity as well as
for the replacement of older generation aircraft. Important changes in infrastructure and operations
will also be needed.

Air Transport will have to find innovative ways to meet the future needs of society for mobility. This
new version of aviation must be competitive and complementary with other transport modes.
Europe, with its unique infrastructure, is able to develop advanced multimodal transport
solutions including an appropriate role for aviation in order to provide safe, affordable and
sustainable transportation.
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Financial pressure

The world economy has been in a deep downturn. GDP growth rates in 2009 have been the lowest
since the Second World War. However, there are good reasons to expect a recovery to normal
growth rates of world GDP and air travel demand.

Aerospace is one of the most research-intensive sectors in Europe, and despite tough times, more
than 12% of its turnover is dedicated to Research & Development. However, the scale of the
challenge is such that securing financing for vital new programmes and technologies will be a
major issue for the future, especially as capital markets will in all likelihood remain tight in the
medium term.

The oil price peak of 2008 is not an isolated event. Increasing and volatile oil prices will shape the
economy of the future and exert tremendous pressures on the industry, which will challenge
existing airline business models.

Europe needs a suitable solution to overcome the economic crisis and ensure appropriate
support for an efficient and sustainable Air Transport System.

European aviation competitiveness

The European Air Transport sector must continuously innovate to remain globally competitive
against strong competition from North America as well as emerging economies. The shift of
economic power to the East implies new markets for the European industry, but at the same time
new competitors will emerge from Brazil, Russia, India, and China. Some of these states view
aviation as a strategic sector, which implies strong governmental support for the respective
companies. For Europe, a strong aviation sector is vital to compete effectively on a global scale.

Managing the evolution of the supply chain of the future will be a key element in Europe s success.
For the industry as a whole, a concentration on core competencies and high value-added activities
will be key success factors.

There is an additional urgent need for a new commitment to global cooperation (e.g. with the USA
and with emerging new competitors) to help European industry address the technological
challenges. Developing a strategy for clear win-win situations will help aviation better serve the
needs of society.

The existing ACARE Vision 2020 and associated Strategic Research Agendas (SRAs) have
successfully steered European aeronautics research in recent years. The ability of the European
Air Transport industry to meet future challenges will only be possible with a strong commitment to
the vigorous evolution of current technologies and achieving new breakthrough technologies.
There is now a need to set new priorities for an extended timescale towards 2050.

R&T is an area where public and private authorities can combine their efforts most effectively at
the European as well as national levels. This is especially relevant in the search for urgently
needed technology breakthroughs. One way of dealing with this obstacle is to optimise the support
processes for research. An appropriate share of funding should be allocated to R&T support,
proving technological capability by demonstration, and then entering the (market financed)
development process. This would shorten development times, reduce costs and risks, and
implement more efficient solutions in the marketplace.

Europe needs an efficient, flexible and user-friendly support system for Research &

Development with appropriate funding necessary to generate the required levels of
innovation.
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Recommendation

ACARE recommends that for Europe to remain at the heart of the global aviation sector,
policymakers must build on the substantial results the sector has achieved since setting the 2020
Vision. In view of the changing landscape of challenges facing Air Transport since 2000 and with
the prospect of new and greater challenges emerging in future, the formulation of a timely new
vision beyond 2020 for the horizon towards 2050 is essential.

The need for new knowledge and solutions has never been greater. Hence, a new European vision
is vital if Europe is to play its part in helping to meet the needs of society and in order for Europe s
Air Transport sector to maintain its lead in Aeronautics.

A new vision Towards 2050 is essential and must be established at the highest level within
Europe to set a strategic direction for European Aeronautics and Air Transport on the
revised horizon.
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CHAPTER 0: WHERE ARE WE IN THE AIR TRANSPORT SYSTEM?

0.1THE CURRENT AIR TRANSPORT SYSTEM PERSPECTIVE

Aeronautics technology has led to an aviation system that has transformed the human condition.
Over the last century, air transport has evolved to shrink the planet , modify the perception of time
and distance - and airspace - and vastly expand human mobility. The resulting economic and
social benefits have been immense. Conquest of the skies has liberated humankind from the
bonds imposed by geography, terrain and water - and gravity. Air routes are the highways of the
global economy, transporting people and goods over vast distances at great speed. Aviation has
massively multiplied and facilitated business and leisure opportunities, cultural exchanges and the
development of international institutions and political relationships. Very few other developments
have made such an outstanding contribution to the spread of civilization in the past 100 years.

The Air Transport System will continue to offer significant benefits to society, both for
business travel and for leisure and personal travel. The future is likely to be rather different to what
we imagine, with significant scope for future innovation. The growth of air traffic over the past 50
years or more has been dramatic. Forecasts indicate that growth will continue, even in the
more mature markets of the USA and Europe, and at even higher levels in the growing markets of
the Far East. People are seeking to fly in increasing numbers. The customers reference frame for
prices has changed. Short-distance transport is increasingly considered as a "commodity”, which
should only be "low-fare". This is a stable trend. With the Internet and e-technology, passengers
want to do everything for themselves (book tickets, choose their seats, etc.). Intermediaries could
disappear. This would imply not only extra costs for the air transport industry (training, conversion
of employees, etc.), but also a cultural adjustment involving a change of mindset as well as tools
and instruments. The battle of tomorrow is innovation for the customer [Ref.1].

The aeronautics industry is also an asset for Europe economically. Aeronautics represents
a pinnacle of manufacturing, employing large numbers of highly skilled people, spinning
out technology to other sectors and yielding consistently large balance-of-payments
benefits. This is a profitable and growing manufacturing sector, unlike many other parts of
European manufacturing. The net benefit (value added) for the aeronautics and air transport
sectors is high. Figures show that the turnover in the aeronautics industryl has more than doubled
since 1980 and now stands at 94.5 billion. This re presents 36.4% of global aerospace industry
turnover and indicates that Europe is second only to the USA (51.1% of global turnover). These
figures cover both civil and military aerospace activity and are for the year 2007. This covers large
civil aircraft, military aircraft, business jets, regional aircraft, helicopters, aero-engines and
equipment. The corresponding figures on employment show that 442,100 were employed in 2007,
representing 35.4% of global aerospace employment, and in the USA this represents 48.5%. There
was a high turnover per employee at 212,000. R&D e xpenditure was 11.7 billion, representing
12.4% of turnover. This shows that the sector invests heavily in R&D compared with other
industrial sectors. Aerospace is second only to pharmaceuticals in this respect. ACARE believes
that government support for R&D is higher in the USA than in Europe because of sizeable
American civil aeronautics support budgets and the greater industrial use made of defence
aeronautics funding in the USA: 56% of turnover is exported, giving a sizeable positive contribution
to the balance of payments.

The opportunity for the manufacturers is illustrated in the Airbus 2009-2028 Global Market
Forecast which anticipates a global demand for some 25,000 new passenger and freighter aircraft
between 2009 and 2028, creating an average delivery rate of some 1,248 airliners annually during
this 20-year period. This need over the next 20 years represents a combined order-book value of
$3.1 trillion, and will be driven by the need for more fuel and eco-efficient aircraft to cope with traffic
growth, as well as for the replacement of older-generation equipment. Competition for the

1 Facts and Figures: Aerospace and Defence Industries Association of Europe (2007)
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European aeronautics industry will develop with the emergence of new engine and airframe
manufacturers from China, Canada, Russia and Brazil. This will bring many new dynamics, as well
as technological variety and complexity to the air transport sector and to the aerospace industry.
[Ref. 1].

Hence, those in aeronautics have the ambition to continue to deliver these benefits, but there are
some accompanying challenges. Future growth represents a challenge for the Air Traffic
Management system and for airports, but represents a significant opportunity for the
manufacturers and airlines. At the same time, this presents a challenge to the need for
environmental improvement.

Over the 2009-2028 period, world passenger traffic is expected to increase by 4.7% per annum,
and the numbers of frequencies offered on passenger routes will more than double (according to
the Airbus 2009-2028 Global Market Forecast). Hence, traffic demand will nearly triple, and
airlines will more than double their fleets of passenger aircraft (with over 100 seats) from
14,016 at the beginning of 2009 to 28,111 in 2028. However, this growth will not be evenly
distributed across the world; for example, GDP for China and India is how expected to grow by
10.4% and 8.4%, respectively. As a consequence, airlines based in the Middle East and Asia,
which will grow by an average of 6.9% and 6.0%, respectively, are expected to develop their traffic
more rapidly than those operators based in other regions. This is fuelled by the aspirations of
airlines, and in some cases the countries themselves, as well as by access to burgeoning markets
driven by liberalisation and a growing propensity to travel. Airlines are adaptive to passenger
demand and needs. At the same time, air transport is highly exposed to socio-economic
fluctuations. In future, airlines will seek to further develop business models with reactivity and
flexibility (evolution of LCCs and major carriers, alliances, market segmentation, and so on) in
response to volatile market conditions. Airlines will look to manufacturers and other actors in
support of this in-built reactivity.

The challenge for Air Traffic Management and airports is illustrated by the EUROCONTROL Long-
Term Forecast: IFR Flight Movements 2008-2030. This forecasts between 16.5 and 22.1 million
IFR flight movements in the EUROCONTROL Statistical Reference Area in 2030 - this is between
1.7 and 2.2 times the traffic in 2007 and represents an annual average growth of 2.3%-3.5%. The
growth will be distributed unevenly in time and across regions.

The EUROCONTROL forecast also indicates that required capacity at 138 reviewed European
airports will increase by 41% in total by 2030, but the demand will exceed the capacity of the
airport system by as many as 7.0 million flights. The situation is likely to be similar in other parts
of the world. Airport congestion will be a challenge for the quality of service provided by the Air
Transport System. Almost no new airports will be built in Europe, the only expansion possible
being with the development of secondary airports. If large airports become saturated, traffic will
spread to non-saturated regional airports, unless economic and environmental regulations limit
such development. In future, long-haul demand is likely to grow at the expense of short-haul. With
the shortage of EU runway capacity, this means more slot substitution than growth. Passenger
numbers will rise but the number of aircraft movements will not increase as fast (higher load
factors, less frequency, and bigger aircraft).

The full development of precise, satellite-based autonomous navigation systems, together with the
maturity achieved by rotorcraft technology (helicopters, tilt-rotors and other configurations currently
being studied) may make available a new and additional component of the Air Transport System
that will use existing airports, causing less community disturbance; but this will also require a
network of widespread, cheaper, new heliports/vertiports.

The restructuring of air transport supply is likely to lead to the specialisation of airports in a
hierarchy between hubs and regional airports, and airports being connected by rail instead of
competing with each other. Compared with Europe, emerging economies are less constrained, for
example, with regard to airport expansion. Many of the Middle East nations are launching huge
airport infrastructure developments, coupled with very large orders for new aircraft, clearly
competing with EU aviation and its commercial hubs. In addition, the Middle East owns a large
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proportion of the world s fossil fuel reserves. This is a serious problem for Europe s economic
competitiveness in the world.

However, in a world seeking to reduce man-made emissions to the environment, the very success
of the Aeronautics and Air Transport sector represents a challenge. Increased traffic and
increased numbers of flights make it difficult to reduce the absolute emissions from air
transport. The continuing reduction of specific fuel consumption at over 1.5% per year [Ref. 2]
significantly mitigates the absolute emissions, but nevertheless most future scenarios predict an
increase in aircraft emissions in absolute terms. This should be seen in the proper context, where
aviation presently accounts for 2% of global carbon dioxide emissions and, at worst, this would
grow to about 5% in the next 30 years. Even in the context of transport emissions, aeronautics
accounts for only a minor share (6%), such that politically driven efforts to reduce aviation
emissions do not contribute strongly to overall environmental goals.

Aeronautics manufacturing is also moving along the path towards environmental sustainability over
the whole life-cycle of aircraft production, from early design to the phasing-out of aircraft, with more
environmentally friendly processes and factories. Efforts are being made to ensure the better use
of raw materials and energy, as well as reducing effluents and waste. In addition, attention is being
paid to end-of-life disposal and recycling issues for older aircraft.

There are also a number of opportunities for new air transport vehicles. The development of
personal air transport (in Europe alone, the potential is for a further 40 million flights annually), the
emergence of Very Light Jets (VLJ), and the integration of new aircraft carrying between 30 and 40
passengers into the system, risk overloading the market. VLJs may be used for air-taxi purposes
(flexibility) or to link big cities to the remote countryside (connectivity). Unmanned Aircraft
Systems (UAS) may take a potentially high market share, with a wide range of applications,
such as delivery, search and rescue, etc. Sub-orbital transport could allow for new forms of travel
and tourism.

Hence, there are a number of challenges for the future of Air Transport. Many of these are global in
nature and can be tackled through global coordination of efforts. There are challenges for the
industry in terms of manufacturing, building the skill base, best practice, etc; there are those
challenges faced by Air Traffic Management authorities and suppliers in handling increased traffic;
there are the environmental challenges; and the challenge for the industry to remain globally
competitive against strong competition from the USA. Technology can play a significant part in
all of these challenges and technology is the area where public and private authorities can
combine their efforts most effectively at European level.

0.2AERONAUTICS AND AIR TRANSPORT VISION 2020

A Vision for Aeronautics and Air Transport in 2020 was launched by Commissioner Busquin in
2000. The vision established goals for meeting the needs of society and maintaining global
leadership in aeronautics. The position of the European aeronautics industry was recognised as
world-class, leading in global markets for aircraft, engines and equipment; along with European
aircraft and an Air Transport System that is responding to the needs of society. The vision covers
the airport and airline sectors, regulators and air traffic managers as well as airframe,
engine and equipment manufacturers. The 2020 timescale was not a distant deadline but a
sensible reflection of the lead times in the research, development and manufacturing for many of
the industry’s products and services. The inclusive vision aimed to meet Europe’s needs and arrive
at a safe, efficient and environmentally-friendly Air Transport System that will strengthen the
competitiveness of the continent s increasingly integrated economy.
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0.3ACARE

Vision 2020 led to the formation of ACARE (the Advisory Council for Aeronautics Research in
Europe) as a research network to define the content of the Strategic Research Agenda (SRA)
and help make the vision a reality. The Council is tripartite in composition, bringing together
authoritative senior figures from aeronautics stakeholders, Member States and the Commission to
build consensus in favour of strategic actions. The Advisory Council involves a commitment to
influence all stakeholders to plan research programmes in the light of SRA priorities.

Consensus at Council level also helps in the sharing of tasks and shaping relations between
national and EU programmes as well as influencing the deployment of funds in a non-bureaucratic
way, while recognising the particular roles of each programme.

0.4THE STRATEGIC RESEARCH AGENDA

ACARE has produced two versions of its SRA - as well as a 2008 Addendum. The SRA provides
strategic directions for solutions and R&T roadmaps to achieve the Top-Level Objectives as
outlined in Vision 2020. The clear and ambitious goals in the first SRA (particularly those on
emissions and noise) have become well established globally and served as a guide and inspiration
for research across Europe and beyond.

One of the main challenges remains the predicted growth in air traffic - more than doubling
between 2000 and 2020. This puts pressure on the capacity of the Air Transport System, both in
the air (through air traffic management) and at airports in handling the passenger and freight
throughput; it also puts pressure on efforts to reduce the environmental footprint of aviation.

0.4.1. SRA1 GOALS

The technical content of the SRA is driven by five major challenges that interact when addressing
the Top-Level Objectives. The ambition to provide more affordable, cleaner, safer and more
secure air travel determines the major challenge areas. These challenges, each of which has
clearly identified goals, contributors and solutions, are:

* Quality and affordability. The challenge of delivering products and services to airlines,
passengers, freight and other customers while increasing quality, economy and
performance for sustained international competitive success;

e The environment. The challenge of meeting continually rising demand while
demonstrating sensitivity to society s needs by reducing the environmental impact of
operating, maintaining, manufacturing (and disposing of) aircraft and associated systems;

» Safety. The challenge of sustaining the confidence of both the passenger and society that
commercial aviation will not only remain extremely safe (even with greatly increased traffic)
but will reduce the occurrence of accidents;

+ Efficiency of the Air Transport System. The economic needs of Europes citizens,
international competitiveness and the convenience of passenger and freight customers -
these all demand that increasing traffic will not exacerbate congestion, delay and lost
opportunities. The challenge is therefore that the efficiency of the whole system must be
substantially increased. This will require the introduction of radical new concepts;

e Security. Dramatic events have underlined the reality that protected and uninterrupted air
services are a foundation to secure all the economic and social benefits of the Air Transport
System. The challenge is to devise measures that will improve security, on a global basis,
within a highly diverse and complex system and against a strong backdrop of increasing
traffic.
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The objectives are not achievable without important breakthroughs, both in technology and in
concepts of operation - the evolution of current concepts will not be sufficient. The Strategic
Research Agenda included the vision on mechanisms for achieving the goals. These were:

» Research infrastructure: capable of delivering the means by which the planned research
can be completed to a world-leading standard

 Competitive supply chain from strong primes to the smallest suppliers, capable of
exploiting all of the expertise in Europe, contributing to the necessary research and turning
new technologies into competitive products

e Certification and qualification processes that facilitate the rapid introduction of new and
innovative technologies into production models

* Educational system capable of delivering the required diverse and multi-cultural skilled
research workforce

» Trans-European synergy to make best use of the research effort being applied

ACARE has set goals on the environment but new standards for aircraft on noise and emissions
are set by the International Civil Aviation Organisation (ICAO) and discussed in ICAO s Committee
for Aviation Environmental Protection (CAEP).

0.4.2. SRA2 AND HIGH-LEVEL TARGET CONCEPTS

The second version of the SRA (SRA2) builds on, updates, and widens the work done in the first
edition. The SRA2 sets out likely directions of technological change that will need to be converted
into specific research programmes over the coming years if the objectives of the work are to be
realised. SRA2 proposes an approach for meeting the goals through themed High-Level Target
Concepts.

Five HLTCs were selected:

* The highly customer-oriented Air Transport System
« The highly time-efficient Air Transport System

« The highly cost-efficient Air Transport System

e The ultra-green Air Transport System

* The ultra-secure Air Transport System

These concepts represent extensions of scenario work to create emphasis on particular
characteristics of the Aeronautics and Air Transport System in 2020. These scenarios/HLTCs
represent avenues for pursuing the goals. An important perspective to highlight is that an individual
HLTC should not be pursued to its limit at the expense of the other HLTCs. Similarly, a
comprehensive study of all the technologies that need to be developed for a complete Air
Transport System against a set of conditions for the future would necessarily draw on all, or at
least on most, of the HLTCs. The purpose of the HLTCs is therefore to identify technologies that
need to be developed. (They are not models of the future from which we can choose one or more
that happen to suit us.) The technologies embraced by the HLTCs will all need to be developed -
but at speeds and intensities relevant to the developing world.

All of the goals can be achieved through balanced progress of the HLTCs: this will stimulate the
system-wide, cross-disciplinary research so strongly needed to develop optimised solutions for a
high-performance Air Transport System.

0.4.3. SRA ADDENDUM: 2008

The 2008 Addendum highlighted the changed circumstances since the publication of the earlier
SRA and gave recommendations to ensure that the technology and institutional roadmaps
for 2020 remain on track: the conditions may change but the twin objectives of serving European
citizens and enhancing European competitiveness remain the same.
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The dominant issue for aviation in the immediate future is reconciling the pressure for reduced
climate change-impact with the growth in aviation that brings enormous economic benefits. Further
downstream, we expect the aviation community to respond to new challenges as the world
changes with the effects of climate change and the pressures on energy resources, water, food
supplies, and land.

The principal conclusions were:

« The present Agenda is endorsed in its essential direction and content

e Adjustments and accelerations are recommended in the areas of environmental
technology development, action on alternative fuels, and on security systems - all of
which should have increased priority

« Revitalised action is indicated to encourage faster and effective progress on the
supporting mechanisms that will make increased technological progress and
effectiveness possible, economic and useful

« A new effort is recommended for international collaboration that emphasises the
European contribution to globally relevant solutions for aviation

« ACARE should develop engagement with policymakers and industrial leaders as an
essential part of its understanding of the contributions from the technologies it
supervises

e The importance of the long-term is re-emphasised

0.5IMPLEMENTATION OF THE SRA

We are now half-way to 2020. Progress towards the goals is being assessed in a number of
initiatives (primarily, the Commission-supported AGAPE project). Although results are not yet
available, it is clear that there has been a vigorous programme of aeronautics and air
transport research, involving industry, public authorities, the European Commission, the nations,
and research establishments and universities.

The SRA has been taken forward at European level through the research in the European
Framework research programmes, consisting of:

e Collaborative research in aeronautics and Air Transport
e The Clean Sky Joint Technology Initiative
* The SESAR Joint Undertaking

In addition, the national research programmes of the European countries have contributed
strongly.

The SRA goals have had a clear influence on current aeronautical research. The aeronautics and
air transport vision and the follow-up activity have also been supporting the advancement of EU
policies in transport, research and the environment. In transport, the EU policy objectives of
creating a Single European Sky with a unified traffic management system across the whole of
Europe is aligned with the air transport vision and has been advanced through SESAR. Similarly,
the SRA has been supporting the development of technologies for airport infrastructure and for a
unified safety agency across Europe. ACARE also contributes to ensuring a strong European voice
in setting the global noise and emissions standards through the International Civil Aviation
Organisation (ICAO). The activity on emissions reduction supports both transport and environment
policy objectives and has contributed to cleaner, more efficient air transport, with a further
significant contribution to combating the effect of aviation on climate change. The aeronautics and
air transport research has also been fully supporting the development of the European Research
Agenda with a cohesive approach across the European countries now much more evident than in
the past. The aeronautics vision of achieving global leadership in aeronautics has pursued the
Lisbon agenda of developing a competitive and dynamic economy.
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0.5.1. EU COLLABORATIVE RESEARCH

The central objective of Transport research under the EC s Seventh Framework Programme (FP7)
is to develop safer, greener and smarter pan-European transport systems that will benefit
all citizens, respect the environment, and increase the competitiveness of European
industry. The EU Member States have earmarked a total of 4.1 billion for funding the transport
theme over the duration of Framework 7. In view of the different structure and focus of the various
sectors, the theme is divided into three sub-themes:

e Aeronautics and Air Transport
e Sustainable surface transport
e Support for Galileo

The work-programme for the calls in Aeronautics and Air Transport takes the structure of its
activities directly from the High-Level Target Concepts in the ACARE SRAZ2.

The work programme recognises three main levels of research, detailed below, to reflect the level
of readiness of the developed technologies with respect to the final application. These levels cover
the full range of research and technology development - from basic research to large-scale
technologies integration, and validation activities in support of research as well as policy-related
activities (in particular, in the area of airport capacity):

Level 1

This comprises the research and technology development activities that span basic research to the
validation of concepts at component or sub-system level in the appropriate environment through
analytical and/or experimental means. The objective of these upstream research activities is to
improve the technology base with proven concepts and technologies which could eventually be
integrated and validated at a higher system level.

Level 2

This comprises the research and technology development activities up to higher technological
readiness, centred on the multidisciplinary integration and validation of technologies and
operations at system level in the appropriate environment (large-scale flight and/or ground test
beds and/or simulators). The objective of these focused downstream research activities is to
produce proven multidisciplinary solutions that work reliably in integration at the scale of a system.

Level 3

This comprises the research and technology development activities up to the highest technological
readiness, focusing on the combination of systems and the final proof in the appropriate
operational environment of the comprised technologies in fully integrated system of systems.

Levels 1 & 2 are taken forward in the calls, Level 3 activities of full-system technology
demonstration will be undertaken in large-scale public-private partnerships, especially established
for this purpose in specific areas: the Clean Sky Joint Technology Initiative and Single European
Sky Air Traffic Management Research (SESAR).

0.5.2. CLEAN SKY

Clean Sky is a Joint Technology Initiative (JTI) that will demonstrate breakthrough technologies
to significantly reduce the impact of air transport on the environment, including the validation
of technologies at a high level of readiness. This public-private partnership will speed up
technological breakthrough developments and shorten the time to market for new solutions tested
on Full Scale Demonstrators. The Clean Sky JTI will be one of the largest European research
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projects ever, with a budget estimated at 1.6 bill ion, equally shared between the European
Commission and industry, over the period 2008-2013.

Clean Sky is expected to lead the earlier introduction of new, radically greener Air Transport
products that will:

e accelerate the delivery of technologies to radically improve the environmental impact of
air transport;

e increase the competitiveness of European industry, thus contributing to the Lisbon
Strategy objectives;

e encourage the aviation world to make greener products.

0.5.3. SESAR

The Single European Sky ATM Research Programme (SESAR) is the European air traffic control
infrastructure modernisation programme. SESAR aims to develop a new-generation air traffic
management system capable of ensuring the safety and fluidity of international air transport over
the next 30 years, while taking forward the Single European Sky. This is set against a background
of the liberalisation of international aviation markets under Open Skies agreements. SESAR
involves the aviation actors (civil and military, legislators, industry, operators, and users - ground
and airborne) in order to define, commit to, and implement a pan-European programme, and to
support the Single European Sky legislation. SESAR is a Joint Undertaking involving 2.1 billion
funding from the industry, the European Commission and EUROCONTROL.

The objectives of SESAR are to eliminate the fragmented approach to ATM, transform the
European ATM system, synchronise the plans and actions of the various partners, and federate
resources. SESAR has three major phases:

« Definition Phase (2004-2008): the first phase of SESAR has delivered an ATM Master
Plan defining the content, the development and deployment plans of the next
generation of ATM systems

* Development Phase (2008-2013): will produce the required new generation of
technological systems and components as defined in the Definition Phase

« Deployment Phase (2014-2020): seeks to build the new infrastructure on an
international scale, both in Europe and in partner countries

0.5.4. NATIONAL PROGRAMMES

Many of the actions expressed in the SRA are encouraged among the nations as well as the other
EU stakeholders. Nations with aeronautics and air transport industries have funding programmes
to support research and technology. There are two elements of these programmes: to maintain
national competitiveness and to work towards the achievement of the ACARE goals. All
programmes take the ACARE goals as their planning base and fund work to give their
companies the competitive edge to gain work shares on future platforms. The national and
European programmes are fully complementary with national projects feeding into programmes at
European level and vice-versa. This complementarity is mainly ensured through the industry s
strategy and plans for coordinated technology acquisition. As the stakeholder body, ACARE - with
national and European players - will continue to act as the disseminator, proposer and general
promoter of the SRA as the standard point of reference for all aeronautically related research work
across the aeronautics community. These actions for ACARE are almost self-evident by the nature
of its role. This has resulted in a vigorous programme of technical work and research across
Europe as funding has allowed.

The European Commission is funding an ERA-NET in the form of Air Transport Net (AirTN) to
coordinate programmes and align calls across national boundaries. The vision is that the national
programmes should be able to achieve more by working together than by working independently.
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AiIrTN has been working towards stepping up cooperation and coordination of research activities
carried out at national level through the networking of the relevant national government officials in
aeronautics research and the mutual opening of funding programmes. The second phase of AirTN,
beginning in 2009, will enable national systems to take on tasks collectively that they would not
have been able to tackle independently.

0.6 CONCLUSION

Overall, aeronautics and air transport have offered revolutionary benefits to society and will
continue to do so in the future. In addition, the manufacturing industry is an economic asset to
Europe and is a close second to the USA in competitiveness. There is a clear, long-term vision.
ACARE has produced goals and objectives to achieve the vision through the Strategic
Research Agenda. ACARE is running, updating and promoting how this is taken forward. ACARE
is also aligned with and advancing EU policies in transport, the environment and research. The
implementation across Europe shows the strong influence of the ACARE Strategic Research
Agenda, particularly in the EU Framework aeronautics work programme, but also in many national
programmes and in Joint Undertakings in Europe, such as SESAR and Clean Sky. A full range of
activity across fundamental research, applied research and technology demonstration is in place.
ACARE has shown the strength of working together across the whole community of industry,
research establishments, universities, regulatory authorities, governments and the European
Commission. This effort needs to be maintained to ensure an even more successful future for
aeronautics and air transport in Europe.

Overall funding is being made available at both national and European levels for research and
technology in Aeronautics and Air Transport. Aeronautics is pursuing the EU Lisbon strategy for
growth and jobs by securing a prosperous, fair and environmentally sustainable future for Europe.
The industry can ensure that European economies are well positioned to take advantage of the
opportunities offered by globalisation. Some work can be carried out in collaboration with global
organisations outside of Europe.

The evolution of the Air Traffic System towards the Single European Sky is being carried forward
almost entirely at European level with funding from the European Commission, EUROCONTROL
and the industry. The European funding for research and technology in this sector is recognition of
the need for more advanced technology demonstration in the Clean Sky Joint Undertaking (Level
3), but this has resulted in less annual funding being available for Level 1 and Level 2 research in
Framework 7 than previously in Framework 6.

In general, the national programmes in aeronautics have been larger on an accumulated basis
than the funding from the European Commission. This is a consequence of national funding
increases in recent years in the major aeronautics countries, where there is acknowledgement of
the sizeable future market opportunities. The aeronautics and air transport effort in the USA
remains more heavily subsidised through NASA, FAA and other programmes than the
corresponding activity in Europe.
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CHAPTER 1: SOCIETY

Society by 2050 will be rather different from today. The needs, purpose and characteristics of
aeronautics in the future will depend on the evolution of world societies that demand the air travel
service, as well as the technical achievements supplied by the aeronautics and air transport
industries.

Based on recent research on socio-economy and demand in future air transport, this chapter
highlights a number of social factors determining mobility and air transport by 2050 with a
deductive approach rather than a sociological analysis of the link between society and air
transport.

1.1. SOCIETY IN 2030+

The world society of the future may be unrecognisable, but the globe s dominant themes and
characteristics are to some extent predictable - or can be imagined based on educated guesses. In
respect of the development of world society in the 21% century, demographic data is available
from reliable sources (OECD, UN statistics); and world views or projections for the horizon 2050
and beyond have been published by writers and thinkers such as Jacques Attali, Jo° de Rosnay,
Friedman, et al.

In Europe, the EC has initiated a reflection on the Future of Transport 2050 - leading to the EC
Communication dated 17 June 2009: A sustainable future for transport: Towards an integrated,
technology-led and user-friendly system . The associated study report summarises how the
European economy and society is likely to look by 2050.

e Living in a global world: Europe will be part of a more global world, where economic
differences with Asia have somewhat decreased. The whole world economy will be more
integrated. Europe could have a competitive edge in complex services and research-based
industries.

* Ageing society: society will be much older than today, especially in Europe. This might
well imply many more funds (public and private) being reserved for pensions and health
care. Retaining this group as a customer base for aviation is a challenge to be addressed in
its own right.

* Changing climate: Europe will witness a change in its climate by mid-century at the latest,
even if environment policies are put in place. This will influence industries like tourism,
large-scale energy production, agriculture and fisheries. Public opinion towards more
emissions-related regulation will also surely be affected.

» Concentration of human activities in dense areas: this implies substantial congestion
problems and capacity shortages and is one of the major challenges for the whole transport
system. It means new transport solutions for urban transportation and also for short- and
long-haul transportation.

» Energy supply and production: the costs for energy will surely increase with the price of
resources and emissions charges. This shift in relative prices will probably be one of the
main design drivers for future transport vehicles.

» Technological breakthroughs: last year’s high oil price is not an anomaly. Together with
emissions charges, this will trigger tremendous research and development efforts in the
field of alternative forms of energy and vehicle technologies. The most important changes
will probably not be seen in aviation, but in the automotive sector (e.g., large-scale shift to
electrical energy), which would nevertheless have large repercussions for the aviation
industry (e.g. through energy/oil supply).
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1.1.1. DEMOGRAPHY

e Continuing growth

The world population will experience continuing growth. By 2050, the world population is
expected to reach 9 to 10 billion people. This growth will mostly take place in developing and
emerging countries.?

The European population is expected to remain fairly stable at around 500 million over the
coming 50 years, but will become much older. The median age will rise from 40.4 years in 2008
to 47.9 years in 2060 [Ref.3].

e Ageing population

Across the face of the planet, people will grow older. From below 30 years in 1950, the median age
will exceed 40 years by 2100 in nearly all countries. The biggest population group will be the over-
50 year olds.3 With a life expectancy close to 100 in some countries, there will be an increase in
(public) heath care funding and pensions. Even though a substantial part of the older
population will be able to cater for their own needs, there will probably be a strain on the
economy to subsidise the health system to care for the elderly (80+) among the population.

In developed economies, people of 80+ could be more autonomous. Greater integration of social
security schemes, specialisation in health services and greater knowledge of foreign languages
could induce retired people to migrate or spend a large part of their lives outside their home
country. Some old people might look for higher purchasing power for their pensions by living in less
well-off countries or travelling there for medical assistance.

* Growing wealth in developing economies

According to worldwide statistics, a middle class will emerge in the developing countries,
although this will differ from the middle class in developed countries. In Brazil, Russia, India, and
China - all ancient and powerful continent-wide countries with a huge internal market and a history
of success - people will want progress in terms of access to technology and mobility. If they can
afford travelling, they will do so.

The number and purchasing power of these new potential consumers will depend on the
repartition of wealth in the different countries. Ultra-liberal economies are known to create a
population with more of the rich and more of the poor, reducing the number and wealth of the
middle class ; other models favour more evenly shared wealth. Therefore, the proportion of the
population that will be able to afford air travel may differ from one country to another, but with
growing economies and populations there will still be a growing demand from developing
economies in the longer term.

« Urbanisation

By 2025, two-thirds of the population will live in cities. In 2007, living in a city meant living
intramuros, but by 2025 this will mean living 40 km away from downtown . Towns will become
mega cities (with over 10 million inhabitants).

By 2030, China alone is expected to have over 400 million people living in cities of more than one
million inhabitants, and 80% of the city distances will be below 1000 nm (approx.1800 km).# On
the intercity links, this is a favourable distance for air transport. On a global scale, the
number of mega cities will increase from three in 1975 (Tokyo, Mexico City and New York) to 26 by
2025.
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A driver for travelling needs in the years to come will be people looking to escape the mega cities,
seeking silence and isolation from city hype in favour of countryside vacations.

1.1.2. RESOURCES

 Energy

According to various forecasts the average estimate of the production peak for crude oil will occur
around 2030 and the cost of oil will continue to increase [Ref. 4]. Increases in fossil fuel prices
could further stimulate research into renewable energy technologies and enable the wider spread
of alternative fuels.

Whether or not renewable energy sources will be available by 2030 is, at this stage, difficult to
predict. Drop-in fuels (made from coal, coal tar, or biomass) that have similar technical
characteristics to current aviation fuels (ignition, energy density, freeze point) are easier to adopt
as these would not necessitate the whole re-engineering of current aircraft. Alternative fuels (liquid
hydrogen, liquid methane, nuclear power, etc.) would call for revolutionary aircraft power systems
[Ref. 3] (see Chapter 3).

Dependency on fuel availability will continue to be a risk for air transport, especially if energy
sources are held in a few hands.

« Technology

Advances in information and communication technologies could lead to a more
dematerialised economy, where the need for physical movement of people and goods is reduced
by the expansion of e-commerce and tele-working. [Ref. 5]

An important factor is the appeal of technology in the developing and emerging economies
which will be driving the demand for transport.

Technology has become part of our everyday lives and this trend will continue with the introduction
of nanotechnology. Nanotechnology has the potential to create many new materials and
devices with wide-ranging applications in the fields of transport, medicine, electronics and
energy production. The present reluctance to develop nanotechnology will be overcome in the
years to come as developed applications become part of our environment. There are currently over
800 references in the on-line inventory of nanotechnology-based consumer products [Ref.6].
Acceptability is bound to follow once regulation is applied (as was the case, for example, with the
in-vitro fertilisation process 30 years ago). Innovators and early adopters endorse new technology
and thus encourage the majority to join them.

« Environment

The public is clearly becoming less tolerant of pollution (noise, emissions, and visual pollution
such as contrails). There is also currently a shared awareness on climate change. Global climate
change has caught the attention of policymakers and the general public (see Chapter 3). By 2050
the earths climate will have changed and the consequences will be perceivable.
Environmental concerns will be part of business as usual . Global agreements for environmental
regulation will be necessary to avoid unfair competition between regional economies.

Another environmental concern at the 2050 horizon is the limited availability of fresh water
resources in certain parts of the world that could lead, some commentators speculate, to water
wars . In 2025, water reserves will be three times lower per individual than in 1950 and water
demand will increase by 62% [Ref.7]
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1.1.3. GLOBAL DEVELOPMENT

« Geopolitics

On the geo-political scene, various governance and regulation models will emerge depending on
the availability of resources and the impact of regulation in the years to come. The rise of Brazil,
Russia, India, and China is largely expected, and will lead to a multipolar world where the
influence of the USA will decrease.

An ageing society could be more peaceful, and this could reduce the probability of national and
international conflicts.>

According to Jacques Attali, the world could experience a period of hyperempire following the fall
of the USA empire . The entire planet would work according to an ultra-liberal economy. A period
of hyperconflict would follow with the resurgence of national entities and the crystallisation of
conflicts around traditional borders of ethnicity, religion, resource availability, etc. Should the world
survive, then "hyperdemocracy” - based on solidarity networks, participative democracy, NGOs,
micro-credits and collective intelligence - could emerge.

e Global economy and trade

The current financial crisis could continue to impact on the global economy in a fundamental way,
undermining and delaying economic growth by a number of years (see Chapter 2). In the long
term, however, the global economic trend is still growth-leading-to-growth in transport
demand.

The areas with outstanding growth are Asia (especially China), Russia and Latin America.
These are emerging economies that will want access to the same travelling behaviour as
developed countries. This may lead to a significant growth in demand unless environmental
considerations constrain this growth.

European regional integration is likely to increase and produce stronger links with both
Mediterranean and Eastern European countries. Russia and Turkey could emerge as the two
main poles of trade flows in relation to the EU [Ref.5].

North Africa has the potential to develop as an important trade partner with the EU. The
current population of North Africa is around 141 million and is expected to grow to 236 million by
2050 [Ref.5].

Investment by Chinese and Indian companies in Africa is not only modernising industries but also
increasing the purchasing power of middle-class Africans, and this may over time lead to Africa
catching up and becoming a more significant trading partner with Europe [Ref.5].

1.2. AIR TRAVEL TOWARDS 2050

The growth of demand for transport in the world will be sustained by demographic growth. The
main drivers of mobility are demography and the economy. All other factors (environmental
awareness, fear of travel, etc.) seem marginal.
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Passenger travel by any transport mode, and in particular by air, will increase as a consequence of
globalisation - tourism, regional integration and migration - which will increase labour and
business-related mobility, and associated social mobility (visiting relatives and friends). Moreover,
rising incomes, ageing populations and lower transport costs would increase leisure travel [Ref.5].

Although air travel will grow worldwide, the following discussion will focus on air travel in developed
economies and, specifically, in Europe (unless otherwise specified) as future demand in other
regions is less well understood.

» Connecting cities, markets and people

In a highly urbanised world of large megapoles, transport will be essential to connect large cities
together.

In the future, there will be a very strong growth in the Asia-Pacific region, with air traffic likely to
exceed the doubling observed every 20 years in the West.

Market integration on a continental scale increases demand for long-distance transport. [Ref.5].
For example, enlargement of the EU has contributed to expanding transport infrastructures and
activities.

Air transport is the most efficient mode of transport when comparing speed and fuel consumption
[Ref.8].

Over long distances, maritime and air transport are the main transport means, and air transport

has no real competitor for speed (see illustration showing the long-distance worldwide
connection network provided by air transport).
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For short- and medium-haul distances, air transport can be in competition with other transport
modes, and in particular with rail on certain city pairs; for example, in the core of Europe, where
distances between capitals are short and high speed trains allow competitive travel times.
However, European integration requires efficient accessibility for remote regions (the three maps at
the end of this chapter compare accessibility provided by rail, road and air transport to remote
European regions). In the future, policy orientation in Europe fosters co-modality to move
from modal competition towards partnership between air and rail for best usage of the
common resources for the citizen.

The situation is quite different in regions where distances between megapoles exceed 1000 km. In
China or India, for example, big cities about 1800 km (approx.1000 nm) apart will evolve into
megapoles that will need intercity connectivity. In certain parts of the world, the cost of railway
construction and less competitive travel times will favour the development of air transport.

Air transport growth is a strong model, despite important short-term fluctuations.

 Economic wealth and jobs

Air transport is an important contributor to economic growth everywhere in the world. In
Europe, the economic impact of air transport - direct, indirect and induced - contributed 2.6% of
European GDP in 2000, with a potential contribution of up to 4.1% by 2020 according to the
ACARE Economic Impact report [Ref.9]. Studying the catalytic economic effect, which measures
the dynamic impact of air transport on business investment and the underlying productivity of the
European economy, growth in air transport is forecast to lead to further long-term GDP growth of
1.8% by 2025 [Ref.10].

According to the same studies, aeronautics and air transport represented 1.9% of the jobs in
Europe in 2000, which is expected to grow by up to 3.8 million jobs in 2020.

» Prestige of the aeronautics industry and skills

Aeronautics has always been inspirational and has attracted engineers and technicians with the
creativity and innovation needed for technological progress. How, though, will aeronautics continue
to attract a young and creative workforce for the aviation of tomorrow?

In developed economies, society has a generally positive view of the prestige of the
aeronautics industry and products as representing a demonstrable achievement of humankind s
progress. Certain well-known aircraft are seen by most of the general public as pinnacles of
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engineering achievement serving the needs of society (mobility), even if this same achievement is
sometimes seen as reflecting all that is wrong with engineering now, with respect to the
environment.

People recognise aerospace as one of the major drivers of the high-skill levels in society and
the significant spill-over/spin-off benefits that this gives to other products and services outside
aeronautics. Aerospace provides a rich source of academic problem areas and challenges as well
as a good exploitation route for scientific ideas and advances in universities.

The world-class standing of a few aerospace companies (Airbus, Rolls-Royce, Thales, Safran,
etc.) is something in which people take pride, giving positive economic benefits in their countries, a
healthy balance of payments surplus, and skilled employment.

1.2.1. TRAVELLING EXPECTATIONS BY 2050

The willingness to travel is an outcome of people s curiosity, which some refer to as the
hunter instinct of man, and others as L homme nomade [Ref.10]. The average time spent
travelling has not changed over the ages. Humans simply travel farther as a result of technological
developments.

The appeal of travel is usually linked to the level of education of the individual, which is structural,
and to wealth. Education turns people s interest towards the outside world. If the world’s middle
class can afford to travel, they will do so.

Travellers expectations in emerging economies need to be better understood, but most likely
these are similar to those in developed countries.

In Europe and developed economies, travelling expectations will be affected by the development of
Information and Communication Technologies (ICT).

The world by 2050 will be fully interconnected through virtual technologies with the
development of ICT. Through evolution in Information Technology and the extension of the web
and TV connections worldwide, the knowledge of the earth will have increased. The extent of
uniformisation in the world may mean that discovery travel will have decreasing appeal and that
virtual discovery will be more attractive in the future. The virtual world will come to seem
like a new continent to explore, both for leisure and professional business.

More likely, this increased world connectivity will create more opportunities for discovery, meeting
and cooperation, in both the virtual and real worlds. Virtual and physical experiences do not seem
to be competing today. Rather, people will expect to stay connected while travelling, with travel
more integrated into normal life, in particular for professional travel.

In Europe, expectations of future travellers [Ref.7] include:
0 personalised travel, with individual tailoring of the travelling experience;

0 escape from the fast pace of society;
o amore friendly and entertaining experience.

1.2.2. PROFESSIONAL AIR MOBILITY

The need to travel for work or market-conquest purposes is structural - therefore generally
stable.
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In Europe, second to tourism and leading to migration flows, professional mobility by air brings
wealth, growth and business opportunities. Professional mobility is supported by the EU as a
channel for developing the future European economic model.

Emerging economies attract business activities, a catalyst for more transport - until levels of
wealth begin to reach those in developed nations. In the future, very strong growth, perhaps
exceeding the doubling of air traffic every 20 years as observed in the West, is likely to occur in
Asia (especially China), Russia, and Latin America (especially Brazil).

e Impact of ICT development

The development and accessibility of communications technology in advanced economies by
2030+ creates less need for physical meetings at working level, and air travel will be more
exclusively used by senior management and high-level sales executives.

However, a contrary trend is in play: ICT development will create more business opportunities and
allow more cooperative work. ICT will facilitate increasing markets, outsourcing, and even
competition for jobs in remote locations [Ref.13], boosting the need for mobility.

Professional travel time will increasingly be part of working time, and the transport
infrastructures will need to allow for professional nomadism [Ref.11].

o0 Travelling ability will become essential for a job.

0 Teleconferencing and teleworking (living far from workplaces) will be easier.

0 Travel will occupy more time and will become a space for living as well as
meeting, working, buying and even leisure.

o People may opt for remote work locations to achieve an enhanced living
environment while travelling several times per week to different work locations
[Ref.1].

1.2.3. LEISURE AIR TRAVEL

Leisure travel is sensitive to the global socio-political and economic context, since there is a
choice and cost for passengers.

The development of leisure air travel worldwide is linked to economic growth.

In Europe, currently 69% of the total number of air trips made by Europeans are leisure trips
[Ref.5]. By 2025, should this ratio remain constant, this would amount to 2.6 billion passengers.
Urbanisation will increase the need to escape from large cities. Studies show that there will be an
increase in the level of air traffic demand for the purpose of visiting friends and relatives, for
immigrants returning home for visits, and from retired people (55-70+) [Ref. 7].

* Household disposable income

Households in the EU spend about 13.5% of income on transport-related goods and services.
About half of this is spent on the operation of personal transport equipment (e.g. fuel); the other
half, on the purchase of personal transport equipment (e.g. a car), together with the purchase of
transport services (e.g. bus, rail, air tickets) [Ref.5].

How this ratio of transport-related expenditure compares with the rest of the world is an

important indicator. How will this evolve in the future geo-political and economic context?
This determines the source of budget for leisure travel, and in particular by air.
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The middle class has been the driver of the continuous growth of air transport after its
liberalisation. Emergence of low fares has not so much allowed those with low incomes to travel
than helped middle-income people to fly more often. Until recently, most travellers belonged to the
middle class or were senior people in developed economies. But the worldwide middle class is not
homogeneous, and is - in reality - getting poorer. If this trend continues, air transport might
become too expensive for both the lower and the middle class. At the same time, more and
more wealthy people will be able to afford personal aircraft.

* Ageing travellers

Age influences travel patterns. Above a certain age, people tend to travel less frequently, but
improved health conditions also mean that older people can nowadays enjoy travelling for longer
periods than previous generations. In developed economies, for example, the baby boom
generation about to retire has participated in the development of mass tourism and is not
expected to lose this habit until old age. They are wealthy and healthy - and have the desire to
travel.

Some older people looking for higher purchasing power might decide to live in less well-off
countries or travel there for medical assistance, which might give rise to long distance travelling.
Travel patterns and specific needs and facilities for the comfort of older people will depend
on their lifestyle and culture. For example, in certain regions, parents would never travel alone,
limiting the need for specific comfort elements.

Finally, older people s travel behaviour will ultimately be influenced by their disposable income,

1.2.4. AIR FREIGHT

Maritime and air transport are both experiencing growing markets for freight worldwide. Both
raise environmental issues that have to be addressed. Yet air transport allows just-in-time delivery.
Freight is therefore growing in air transport. Lufthansa has built a huge freight hub in Central Asia,
linking South East Asia, South Asia and Europe. Cargo flights have huge potential for an increase
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in traffic, which will add stress to the system. Freight has not yet been sufficiently studied. Freight
still represents a small share of European traffic compared with passenger air transport [Ref.1].

1.2.5. SAFETY

The safety of air travel is an absolute pre-requisite for the whole aeronautics and air transport
industry. Air transport has a record of impressive safety achievements over the years. Even with
constant air traffic growth, the number of accidents has not risen significantly. EASA, the
European Aviation Safety Agency, used ICAO-published accidents statistics to show that the
safety of aviation has consistently improved from 1945 onwards: the global rate of passenger
fatalities per 100 million miles flown has dropped by a factor of 500 in 50 years, reaching 0.010 in
2008 [Ref. 14]. Aviation is recognised as one of the safest modes of transport.

In view of the high media exposure and public attention focused on a small number of dramatic
accidents, such recognition of the actual safety record of aviation must be maintained. Society is
increasingly reluctant to accept failures in the Air Transport System, which is considered
more and more as a mature industry [Ref. 23], which exerts more pressure on safety
considerations.

Safety levels must be maintained despite the increase in air traffic. This will require strong and
continuous efforts, resources and innovation to face safety-related challenges. For system design,
development, certification and regulation, and as systems become more complex, including
organisational and institutional matters, safety levels must be maintained in all economic climates.

1.2.6. SECURITY

In view of the international security consequences following the attacks on the USA in September
2001, and with the risk of groups of terrorists that can strike anywhere, alongside ongoing
hostilities in Afghanistan and Iraqg, there have been significant changes in the context in which
aviation operates.

In a few years, security threats have increased to the point where they are becoming an issue for
passenger convenience. Security is becoming more of a constraint, impacting on - in particular -
the cost efficiency (security costs can amount up to 25% of airport operating costs) and time
efficiency of air travel (for example, the time from home/office to destination is rising, not falling,
and the lack of technology is not the only cause). The ACARE goal of 15 minutes’ transit time in
the airport for short-haul flights is unachievable in today s context, and indeed in practice the
transit experience is becoming worse [Ref.4].

An understanding of how security threats and responses might evolve in the future is important in
respect of:

0 consequences for air transport of potential attacks and of security measures;
0 security measures/projects/technologies to be developed,;
0 protection of the citizen, the passenger (data privacy, etc.).

New and evolving threats and measures will have to be taken into account: energy security and
security of supply (with aviation as a part of the total energy system and its economy), terrorism,
critical infrastructures protection, cyberspace, information flows and communication security - the
responsibility being a transversal key issue for all of the related measures to be implemented.
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The European security market exists, but is very fragmented, and the needs versus the market
have to be consistent. There are some key features of the security market and equipments to be
taken into account in terms of:

0 policy issues related to sovereignty, international competition/competitiveness;

0 norms and regulations (including intellectual property rights, classified information,
standardisation, etc.);

0 sensitivity of security technologies, ethical issues, data privacy, implementation
measures;

0 new actors in security: industry (ICT global providers), research centres, private
security, and so on;

o funding (including the level of funding, potentially up to 75% in FP7), cost,
affordability.

1.3. SOCIETY AND AIR TRANSPORT

Aviation brings accessibility to remote regions, speed and long-distance mobility to people,
increasing both the globalisation of business and the touristic reach for everyone in terms of
leisure. Aviation represents the progress of human society.

However, if low-cost transport is driving mobility, increased mobility triggers opposition to
excessive travelling trends and the necessity to give meaning to travel.

Society is shaped by its values and their relative strength. Change in social factors results from the
evolution of those values (for example, the unconscious values underlying mobility in sedentary
societies).

A period of a few decades may seem rather short with regard to social evolution, but actually social
values evolve by small increments year by year, which has, for example, been observable with the
environmental awareness and behaviour evolution at the beginning of 21st century in developed
economies.

An understanding of the influence of growing environmental awareness, among other factors,
on the evolution of air transport is important. Sociology can provide insights into how social
values, and in particular how perception, knowledge and/or beliefs can lead - but not automatically
- to changes in behaviour. Behavioural economics shows how small changes in regulation, for
example, can lead to important behavioural changes.

1.3.1. ENVIRONMENTAL AWARENESS

There is an ecological price to air mobility. Aviation uses a non-renewable energy; produces
gaseous emissions at high altitude, and around airports, causes noise and air pollution, and even
visual pollution [Ref.4], which affects neighbouring communities. These effects are likely to
increase as traffic grows significantly in future years [Ref.15]. This could strengthen opposition to
current travelling trends.

* Noise and other emissions at airports

Around the world, the population s environmental well-being and quality of life appears to be a
central issue in debates on air traffic and airports. The environmental capacity of airports is a
major constraint on their development [Ref. 16]. Major airports and their surrounding areas
worldwide are subject to ever tighter regulations.

Considerable technical, technological and operational advances have been made. However, Air
mobility increases faster than industry today produces and introduces technological and
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operational advancements to reduce emissions at source [Ref.17]. Local noise-acceptability levels
seem to be falling over time [Ref.4].

There is a growing demand for more information and greater transparency: more studies and
assessments of pollution and noise annoyance, the impact of noise and atmospheric pollution on
health, property effects, social and spatial polarisation, and land-usage planning constraints. The
information provided by the airport is used by the local communities, local governments and
environmental services to shape the sustainable development of airports and their
surrounding areas. Major airports will increasingly invest time and effort into more precise, broad-
based regular information and data, such as:

0 a profusion of information on airport websites;

0 more substantial assessments and performance indicators from airport
authorities, airlines and construction companies;

0 estimations of impacts increasingly provided during airport expansion projects
and the rerouting of flight paths;

0 an increasing number of observation initiatives, measures, and evaluations by
local communities.

Growing residential dissent and ever greater volumes of information on the environmental effects
of airports will lead to the development of more shared and co-built indicators [Ref.18].
Originally, indicators were based on technical knowledge imported from the scientific field. Over
time, these have slowly become products of the social and political context.

From their original status as passive markers of the heritage of centralised policies, these will in the
future become active tracers of territorial negotiations, including the territorialised
environmental effects of air traffic and airport functions. Indicators will provide both an extensive
knowledge basis for complex environmental effects and an opportunity for debate between multiple
stakeholders.

* Global emissions policies

In developed economies, increasing environmental awareness triggers debates about climate
change and the contribution of aviation to greenhouse gases and in particular CO, emissions, and
the means to limit emissions (see Chapter 3): voluntary measures, taxes, trading, and regulations.

The political objective of protecting the environment will probably lead to regulation limiting
investment in increased capacity. The sole effect of oil price increase will not be sufficient, so
other regulations will become necessary (taxes, load factor, capacity cap at airports, etc.).

In Europe (and increasingly in North America), governments struggle with the trade-off between
sustainability and economic development. Various interests are reconciled at local level
(airports) through sustainable development charters. But national debate on airport expansion
projects, for example, potentially carry political risks for governments, who sometimes prefer to
wait for and then follow European initiatives on the subject [Ref.19].

If European politicians decide to curb transport to reduce emissions, the public reaction might be a
trade-off in favour of cars or even trains against aircraft: Pour mes voyages je pr@ftre prendre le
train ['When it comes to travel, | prefer to take the train"] (Fondation Nicolas Hulot cited in
[Ref.20]).

This would be supported by the concept of quotas such as the Individual Carbon Footprint .
People would have to choose between several ways of using their emission entitlements. This idea
of a quota per inhabitant is probably the biggest danger for air transport.

Aviation experts question society s capacity for accepting a responsible attitude toward
flying slower , with some changes to cruise altitude, with shorter travelling legs, or using
propellers for short-to-medium range travel, to reduce fuel-burn and the formation of contrails.
Which levers will raise acceptance: money, leaders example, punishment of some sort, such as
consuming one’s own emissions entitlements faster?
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e Aviation fuel

Kerosene is a hon-renewable energy source and aviation is in competition with other transport
modes for the use of fuel. Fuel cost represents the most significant part of the operational costs of
airlines. As a consequence, the survival of airlines depends on fuel price and fuel-burn.

Research into alternative fuels will probably affect other modes of transport long before air
transport is impacted (see Chapter 3).

1.3.2. SOCIAL FACTORS

The future of air transport in Europe is partly determined by social factors such as the desire to
travel and to fly, but also by notions of culpability, risk, comfort, need for control, and the
importance of global interest. Some are in favour of air transport, others less so. The evolution of
these social factors is likely to determine the evolution of the air transport utility for society.

Global Risk
Interest
Comfort

Travel Culpability

Flying

Characteristics of the future world, such as technological progress and environmental science,
cross over into social values to modify the future relations between European society and air
transport.

» Discovery and meeting others

As already discussed in section 1.2.1, human nature tends towards discovery and adventure.
Even in the face of risks, people have always travelled. As social creatures, human beings thrive
on interacting with one another. This is a major motivation for discovery and for leisure, and a main
driver for travel.
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* Desireto fly

Fascination for flying has existed since antiquity; the lcarus myth is an illustration of this human
dream. In the early days of aviation, flying was an adventure reserved for a few pioneers.
Subsequently, flying became a symbol of high social status. The liberalisation of air transport at the
end of 20th century has made flying accessible to a large proportion of the western population. Not
everyone has yet flown, of course, but most people in developed countries expect to fly at
some time in their lives; there remains an implication of status, success, discovery, and unique
experience.

« Value of time

Travelling time corresponds to the time between leaving home and reaching the final destination.
In general, past and present, there appears to be a constant amount of personal time devoted to
transport of about around 1.1 hour per day. For this time allocation versus disposable income,
speed means power. In the future, the value of time will continue to remain high. For air transport,
real competition can only come from a faster mode of transport - which does not exist today. The
high value of time also calls for a high-quality experience to make the time spent on travel
worthwhile or useful in some way (for business or leisure).

* Delegation of trust

For passengers who access the Air Transport System in the 21st century, there is a delegation of
trust to a number of entities: aircraft, airlines, pilots and controllers, safety and security systems. All
of this means a loss of control and of autonomy for passengers, and therefore an element of
fear is involved.

The role of humans in the system (e.g. pilots and controllers) may be to symbolically represent
the safety guaranty of the delegated control. A fully automated Air Transport System may
necessitate the promotion in people s minds of a new mental picture of flying. In this regard, a
study of automatic rail systems could provide insights into the conditions for success of automated
systems.

e Culpability

Culpability is an important lever of modern societies resulting from the idealistic and sometimes
contradictory character of hegemonic values; for example, between individualism and equity.
Culpability may take different forms.

Today, travelling is perceived as a right. At the same time, some people feel guilty about flying.
This may be because of the wealth associated with flying in comparison with the poverty of some
far-away touristic destinations, or because of the environmental impact of flying. Some people
depict air transport as an activity for the wealthy and question the need for speed, frequency, and
long-distance transport. There is a fight between the right to travel and the sin o f
travelling.

There seems to be a discrepancy between what people say they will do (protect the environment,
use more environmentally friendly means of transport) and the reality, where both transport by car
and air is steadily increasing. People expect to do more and more travelling as their living
standards rise [Ref.1]. This creates a perception of hypocrisy about environmental concerns, as
little change in behaviour, practices and choices - all perceived as only lip service - can actually
be noticed compared with the huge media coverage of the environment. The process by which
people move from awareness to behavioural change - for example, the theory of Commitment®
(indicating that behaviour modifies values and not the contrary) is an important social factor
affecting future air transport.

6 cCommitment theory (Joule)
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Political decisions must be made and measures imposed on people to reduce emissions with
current technology. But politics are likely to follow public opinion rather than take a visionary
stand. Environmental legislation may not pre-empt, but rather follow, public opinion, reflecting the
equilibrium between culpability and other individualism.

« Need for comfort

Older people will probably travel much more by 2050 than at present. Scientific progress will help
reduce health problems in most parts of the world.

This financially stable, ageing population will demand comfort and accessibility adapted to their
needs. The ageing phenomenon will create enhanced comfort and security in public transport, and
there will probably be a market for tailored transport services for the very old members (80+) of the
population [Ref.5]. There will be demands for suitable handling of luggage and easier inter-modality
for door-to-door travel (see also section 1.1.1.).

The question arises: would easier access to air transport for passengers curb-to-curb (ticket,
security controls, and airport) act as a driver of demand for air transport?

Today, air travel is at its lowest price ever. Competition between airlines has driven ticket prices
down, which, in turn, fosters air-transport growth. Many within the industry feel that air ticket prices
have reached their lowest level and will never be as low again [Ref.21].

Confronted with the choice between service comfort and profitability, air transport will have to
make full use of innovative solutions for the customer. Customers reference frames for prices for
short-distance transport, increasingly considered as a commodity , will continue to be low-fare ,.
The image of luxury is likely to remain for long-haul flights only.

Will comfort become a strong enough social value to impose high prices again?

 Tolerance of risk

Aversion to risk drives many societies developments: in politics, regulation, and - particularly in
developed economies - jurisprudence. The risk of terrorism could even reinforce this aversion.

Transport is a source of security concern in general and particularly for air transport. Lengthy
security procedures have tainted the appeal of air travel. This was seen after 9/11 with the
restriction on carrying liquids [Ref.1]. More capable, less intrusive systems at the level of both
deterrence and detection should be implemented based on existing technology [Ref.15].
Inconsistencies of security and check-in process performance which demand that passengers
arrive earlier and earlier for their flights should be avoided [Ref.4].

Safety air travel is an absolute pre-requisite for air transport. Air transport is recognised as a very
safe mode of transportation. Even with constant traffic growth, the number of accidents has
not risen significantly (see section 1.2.5). However, society s increasing sensitivity to risk is
putting more pressure on safety. Society will increasingly become less tolerant of risks and could
increasingly criminalise the deficiencies of professionals.

The growth of air traffic increases the perception of risk in the public mind: risk of flying, risk of
being attacked, risk of living around airports. Such perception varies with different factors, such as
wealth, lifestyle, and also maturity of the economy: air traffic growth is more welcomed in
developing economies than in more mature economies, where the perception of risk seems to
progressively become stronger than the benefits to society.

The ways to address and manage the risks have to be adapted to an older and more risk-adverse

public. Increased zero risk tolerance will lead to more resources devoted to safety and
security [Ref.21].
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« Need for control

People are not against technology and progress; but, rather, want inclusion in the decision process
and control over consequences.

The need for control is an important social value. With the emergence of industrial risk [Ref.22],
citizens increasingly sensitive to risks generated by industry pay greater attention to decisions
affecting industry developments, regulation and impacts [Ref.23]. The increased awareness of
pollution and externalities produced by technological progress in general and air transport in
particular is indicative of this trend. As a reaction to fear, people look for control of risks.

In this regard, social reaction to air-transport expansion follows the evolution of two main values
underlying society: individualism and materialism. Personal interest prevails over the common
good and the situation is likely to remain similar for the years to come. No real evolution of such
societal values is to be expected in the timeframe of a few decades (unless a new theocratic wave,
for example, radically modifies the values of culpability and sacrifice - which is not expected) and
the Not in My Back Yard syndrome will prevail.

At the same time, the extension of ICT is creating worldwide communities with instantaneous
access to the same information. This access allows knowledge, debate and the controversies
about any technological externalities to spread everywhere, even before a new technology
has been demonstrated. ICT also gives access to an understanding of global problems, leading
people to gain ownership on environmental issues, and feeding an increasing value of equity.

With such developments, the social context of future air transport expansion will be more
demanding than in the past.

* Importance of global versus local interests

Future air transport characteristics depend on decisions made today at different levels and by
different people.

A recent study [Ref.19] shows that air transport is low on the political agenda in Europe. Therefore,
decisions on air transport are made in a political hollow core , meaning that stakeholders have
only a partial perspective on air transport and nobody has an overall picture.

In such a hollow core, when conflicts appear between local and global interests, decisions can be
made by local political decision-makers who have to report to their electors on local issues,
contradicting on a wider scope the general interests of society.

For example, emissions such as CO, are local and global. These must be reduced because they
are accumulating. Noise, on the contrary, is a local issue and does not accumulate.

The political system enables broad policy decisions on CO, emissions to tackle climate change.
However, around airports, strong noise pollution lobbyists alter airline operations to the detriment
of policies aimed at reducing emissions. Noise aggravates popular opposition to an extent that
could even prevent future air transport growth. Better trade-offs between noise and CO; emissions
should be made [Ref.1].

The conflict between local and global interests is founded on contradictory social values of
individualism and culpability and makes an impossible choice. A trade-off has to be made between
two notions, the respective weight of which can evolve with time. Air transport will have to find the
right balance to position itself in this debate.

1.3.3. SOCIAL PERCEPTION OF AIR TRANSPORT

When speaking about social perception, there is a need to understand that people s perception
depends on the position of the individual regarding the various socio-economic stimuli, for
example, emanating from air transport and surrounding the individual.
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The social aspect of air transport can therefore be seen as a triangle of forces shaping the
social perception of air transport. The three main poles are:

e personalised transportation means;
+ |CT mediated contacts;
e environment - energy.

The environment-energy pole appears to be the pole that controls the social perception of the air
transport industry. This is because the aviation industry and air transport are perceived as not
embedded in normal life - as a result of allocated times, spaces, and procedures.

Environment
- energy

.~ PERCEPTION
OF AIR
TRANSPORT

................................. Personalised

contacts

The sector is identified as being an activity of others, and so the consequences - including the
environmental impacts - of the sector are allied (in the public mind) to an optional action, which is
not an everyday activity for most people; therefore aviation is an easy target for criticism. For many
people, it is more comfortable to finger-point air transport as the main cause of excessive
CO; emissions than to look into private car emissions.

This is a disadvantage for institutional trust: everything is perceived as intentional, including
disasters or environmental impacts, especially when vested economic interest is perceived as
being at stake.

The unfamiliarity of aviation to the general public is the major aspect of the social perception of
the industry.

1.3.4. ANOTHER AVIATION FOR SOCIETY TOWARDS 2050

When imagining the future of air transport, a promise of more of the same is not convincing
enough.

Air freight is now associated with consumption. In the supermarket today, some people look at,
say, tomatoes, to see if these have added to pollution by being transported from another continent.
A major competitive advantage will belong to those actors within the industry who will be ahead of
the game when it comes to applying a breakthrough in environmental technology: this will take
a large part of the guilt out of air travel.

People have seen that technological breakthrough is feasible in air transport.
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Low-fare air transport has brought significant change to passengers.
Clean Sky shows that improvement for the environment is possible.

People now expect innovation, a new technological breakthrough: this needs to be cheap,
environmentally friendly, and presented as such (as with other industries).

This would maintain the distance needed for the EU (and USA) industry to be highly operational in
the internal markets that will emerge (competitive advantage).

The only way to legitimate air transport in the long-run is through a clean approach.
Cleaning air transport is what aviation has to do for travellers not to feel guilty about flying. Also, if
tourism becomes more localised, the perception of aviation and its impact on the environment will
change.

* Personalised and clean air transport

An understanding of the perspective of the different categories of citizens is important for social
projection. Innovation, based on another understanding of society, can define a vision of
mobility based on the stratification of society in the future. Stratification follows patterns of use and
consumption.

The marker of influence associated with personal/business air travel will not last forever; it will
become a marker of mid- to low-status in the business world.

Business air transport is also what symbolically drives social demand. Personalised air transport
that is clean - the key element is pollution; air before noise - could be a driver for future aviation.
In a multipolar world, such a model could envisage the position of the air transport sector
(particularly in the EU) within a world that has the means to offer itself air transportation with lower
standards.

Potential policies aiming to regionalise leisure could create specific niches for personalised air
transport solutions. The social image of future air transport could therefore be articulated around
both big mass transport and light personal transport.

* Morerigorous communication on environmental knowledge

Air transport is an easy target for the media and politicians, who look for an environmental villain.
Aviation is the fastest-growing transport sector: if air traffic doubles in the next decades, emissions
are perceived to be likely to double too, and this raises concerns. Air transport suffers from a
very bad image, being seen as a luxury, and is plagued by doctrinaire attitudes.

The aeronautics industry considers that there is much excess in what is being told to the public. An
informed debate - in society and within the industry - is elusive, since very diverse and often
contradictory information circulates about the real impact of aviation on society and on the
environment. Statistics should be explained, with their actual meaning, adopting a holistic
approach to measuring effects, both negative and positive.

A major communication effort is required. An understanding is needed of the aspects of public
perception of air transport and of the influence the media have in forming public opinion.
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1.4. CONCLUSION

The social perception of air transport has been changing since 2000. The image of the industry has
been tainted, triggering the need to look forward at future society needs and expectations with
regard to aeronautics and air transport.

With increased demography and urbanisation in bigger cities, and more megapoles of more than
10 million people, society by 2050 will need more transport to connect cities, markets and people.
The climate will be changing. Environmental concerns will be part of business as usual . Global
agreements for environmental regulation will be necessary to avoid unfair competition between
regional economies. At the same time, society will have to satisfy the expectations of populations
for a comparable level of services in remote areas.

Geopolitically, the world will become multipolar and various governance and regulation models will
emerge, depending on the availability of resources and the impact of regulation. New and evolving
threats and measures will have to be taken into account: energy security and security of supply,
terrorism, critical infrastructure protection, cyberspace, information flows, and communication
security. Global wealth will grow, even if not necessarily at an even rate, allowing more people into
a world of the middle class with more education and more opportunities to fly.

Transport growth is driven by demography and economy. Discovery and meeting others is
part of human nature and is fostered by education; if people can afford to travel, they will.
Passenger travel will increase as a consequence of globalisation, tourism, regional integration and
migration, which will increase labour and business-related mobility, and connected social mobility
(to visit relatives and friends). Moreover, rising incomes, ageing, and lower transport costs will
increase leisure travel.

In the future, people will look for more personalised transport. As virtual technologies develop,
the world will become fully interconnected - with the virtual world as a new continent. People will
become hyper-nomads. Transport will become a space for work, for buying, for leisure and
meeting others. Some travel needs may disappear because of teleconferencing and virtual access
to discovery and knowledge but, more likely, Information and Communication Technology (ICT)
development will increase the opportunities for interaction and ultimately the growth in transport
demand.

This continuing growth of demand will bring air transport increased challenges for coping with
increasingly massive transportation and congestion of infrastructure. Convenience for
passengers, in particular with the security requirements, will be a challenge for the
industry.

Air transport will be complementary to other transport modes in regions where infrastructure
exists, in particular in Europe where co-modality will allow an optimal sharing of scarce resources.
In less equipped regions and for long-distance journeys, there is no competitor for air
transport when comparing speed and fuel consumption.

In that context, the social perception of air transport is shaped by both the appeal for personalised
transportation means, the possibilities brought by ICT-mediated contacts, and the environment-
energy considerations. The environment-energy axis appears to be the one which controls
the social perception of the air transport industry.

Although aeronautics and air transport, beyond providing efficient mobility and economic wealth,
have always triggered fascination for technological achievements, pride in industry, and attraction
into highly skilled employment, aviation also triggers opposition to excessive travel trends,
crystallised around the environmental impact of aviation and its fuel dependence. Such
opposition, which benefits from the very diverse and contradictory information circulating
about the real impact of aviation on the environment, is founded on social values,
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perceptions, knowledge and beliefs, the relative strength of which evolve, and that
determine behaviours and regulations.

Future air transport will have to propose another aviation for society to overcome this
situation: an innovative version, based on another understanding of society and mobility, taking
into account the future stratification of society. Applying some of the technological breakthroughs in
environmental technology will take a large part of the guilt out of air travel. Aviation has to be
cheap and clean, and needs to be presented as such.

Air transport is a means for humans to meet with others, to exchange and to cooperate. A lot of
ICT products have been a failure when there is no human contact in the exchange. Meeting other
people is a strong driver for leisure.

Playing on that connection role would legitimate a cleaner air transport.

For as long as human nature has an appetite for discovery and meeting others, then travelling
will continue. Demography and economy drive air-transport growth. Aeronautics and air
transport research have to bring new possibilities (network-centric air transport, sub-orbital
transport, cheap and clean personal air transport, etc.) to satisfy the travel expectations of society,
while finding solutions for the environmental impact of aviation.
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CHAPTER 2: ECONOMY

2.1. THE AIR TRANSPORT INDUSTRY - PLAYERS AND THEIR MARKETS

2.1.1. PLAYERS IN AIR TRANSPORT

When considering the future challenges for the air transport industry, there is a need to distinguish
between the different players, their particularities, and their different and divergent interests. There
are various companies involved in supplying the product that is air travel: manufacturers,
maintenance companies, lessors, airlines, airports, R&D institutions, travel agencies and
reservation systems, air traffic management, caterers, and so on. Some of these players are under
governmental control, while others operate on a more or less open market with different degrees of
regulation. Within this supply chain, each player has a varying ability to generate profits. Airlines,
especially, are confronted by the ongoing challenge to maintain profitability as operational
conditions fluctuate; this is an issue for the whole industry, not just for the airlines, since financially
sound airlines are clearly the customers for long-term aircraft development programmes.

Source: IATA (2006).

2.1.2. PARTICULARITIES OF THE DIFFERENT MARKETS AND STRATEGIC
HORIZON

e Airline industry

For a realistic understanding of the evolution and likely future development of the airline industry,
an appreciation of its particularities is needed:

o Very low barriers to entry. There are two major factors that allow fairly easy entry
into the airline market, which results in strong competition and high pressure on
profit margins. First, there are little or no economies of scale, that is, there is no
benefit-of-size for a company, with the result that even small companies with only a
few aircraft can enter the market. Second, there is an ease-of-access to capital
because of the exciting or glamorous reputation of the industry; and the mobile
nature of aircraft as a capital investment (asset) - in contrast to an industrial plant or
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factory - means that aircraft can be relocated immediately to an application offering
more profit.”

o Very high barriers to exit by government restrictions and/or interventions,
implying that weak airlines do not necessarily exit the market. This leads to a sub-
optimal allocation of capital and a tendency toward excess capacity (and low yields)
in some markets.

o Very fast-changing industry. Airlines are able to change business models in a
very short period of time; this is clearly not the case for aircraft manufacturers and
airports, with their much longer strategic horizon.

* Aerospace industry

The aerospace industry is characterised by heavy up-front investments and an exceptionally long
programme lifecycle, with its associated highly problematic cash-flow profile (as indicated below).
As development costs are increasing because of the high maturity level of the underlying
technology, this problem will become exacerbated in the future. At the same time, new competitors
are entering the market as many countries support this strategic industry, which will place
additional pressure on the profit margins of incumbents. The question of how to finance future
programmes is therefore of critical importance for the aeronautics industry.

Source:This slide is a courtesy of Roland Berger Strategy Consultants.

e Airports

Airports represent part of the national and regional infrastructure and operate under entirely
different conditions than other players in the industry. Airports have to confront large fixed costs;
they share the characteristics of a natural (local) monopoly and are therefore (in the majority of
countries) highly regulated. At the same time, an increase in capacity is a very long-lasting and
highly political process. The set-up of a demand-oriented infrastructure within the nations and
across Europe is therefore hotly debated; but at the same time this is a vital prerequisite for the
evolution of the whole industry. In this report, these various actors are considered separately
where appropriate.

2.2. THE CURRENT CRISIS, ITS IMPACT AND THE WAY OUT

7 For a more in-depth discussion of this, see also Pilarski (2007) [Ref.29].
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2.2.1. SHORT-TERM DEVELOPMENT

After the overheating of the financial system, with decades of building up great imbalances (like the
USA trade deficit), the world economy has recently experienced a downturn unprecedented since
the Great Depression of the late 1920s and early 1930s. World real GDP growth declined from a
peak of 5.1% in 2006 and 5.0% in 2007 to 3.4% in 2008, and is predicted by the IMF to decline
even further to only -1.1% in 2009 (the lowest rate since WWII and positive growth rates mostly
only in Asia). 8 An upswing is projected in 2010 - again to 3.0% - which is, however, uncertain.

Source: IMF staff estimates; World Economic Outlook, October 2009

The crisis may end up as a chance to develop a new global financial architecture, more suitable for
dealing with a multipolar political and economic landscape. However, given the sheer magnitude of
the downturn and still unforeseeable dynamics, the crisis has the power to change the world
economy. As with past crises such as World War | (WWI) and the Great Depression, the present
crisis might also be a turning point in the history of globalisation. The consequences are not yet
predictable, however.

In the short-term, the impact of the crisis (2009-2011) on air traffic flows and the aeronautics
industry has been estimated (for example, by Goldman Sachs and IATA), partly based on a
scenario model. The news is both positive and negative, which will influence the way the air
transport industry navigates its way through the crisis.

Positive Negative

Backlog equal to seven years of deliveries vs. Sharp slowdown in global air traffic

Backlog is well diversified with 50% emerging market vs. Very weak financial situation of world airline industry
exposure

High requirement to replace old, inefficient aircraft vs. Difficulties obtaining finance for new aircraft

Significant overbooking of orders in 2009/10 vs. Significant order deferrals/cancellation now likely

Manufacturers will use vendor financing to underpin vs. Strains on manufacturers’ balance sheets
deliveries

8 GDP growth rates are adjusted for purchasing power (Purchasing Power Parity, PPP). IMF growth rates are different to the metrics of
other institutes like the World Bank, which uses market-weighted exchange rates. PPP growth rates are higher than market-based
growth rates.
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