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Foreword

It is rare for a great international community, one of the world
leaders in its field, to assemble and publish an agenda for its
technological development over the next two decades. In an
industry as large, complex and technological as the air transport
system it is a monumental task and has involved more than

250 people. Its preparation underlines the importance attached

to research and technology. Without it there can be no progress

and none of the social aspirations for a better environment, safer travel, more security or the
benefits of a more competitive Europe can be realised. All of these hopes for the future depend
upon new solutions being conceived and implemented and these all depend upon Europe having the

technological capability.

ACARE has taken the bold decision to extend the Strategic Research Agenda even further, taking
risks in the belief that a joint, coherent plan for technology is worth the chance that some of the
forecasts may need to be updated in time. Only by establishing this Agenda does ACARE feel that

it can help to realise the benefits of security, safety, economics and free traffic flow.

Europe needs an air transport system as part of its fundamental enabling architecture for the future
that will continue to serve all the aspirations of its more than 455 million people. Only by the rep-
resentatives of all the sectors of activity; manufacture, air traffic control, airports and airlines,
together considering the technical challenges that lie ahead and developing plans to deal with them
can this be delivered. But this agenda does much more than look inwards to the exciting things the
sectors must do. It also lays down the paving stones that future generations will walk upon for
research investment, education, research co-operation, and new mechanisms for harnessing the
best skills and abilities of Europe’s vast industrial potential. This is a document for Europe and not

only for the air transport industry.

It has been my privilege to be the Chairman of ACARE during the last year and to see this second
edition of the Strategic Research Agenda emerge. It moves the thinking onwards from the first edi-
tion. It offers many more detailed opportunities to Europe. It describes a world class community
ready to serve the people of the world and the needs of Europe to stay at the very front of progress.

| commend it to you.
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Executive Summary

The air transport industry is large, important
and complex. It makes a massive contribution
to the prosperity of Europe, both in terms of a
globally competitive manufacturing sector pro-
viding goods and services, and also in terms
of promoting the effective transfer of people
and goods within Europe and globally. The
industry is forecast to grow in importance. Its
contribution to European GDP could extend to
influence more than an eighth of the whole.
Employment related to the industry (taken to
include manufacturing and the operational
aspects of airlines, airports, air traffic control,
policy and regulation) is already 3 million in
Europe and set to rise to 5-7 million by 2020.
It is, therefore, entirely appropriate that the
work to develop a strategic research agenda
for the industry, begun in the late 90’s, should
be taken forward again in this 2™ edition.

This edition of the Agenda extends the first edi-
tion in important ways. It widens the range of
situations that are considered by recognising
the work done in the meantime to identify a
number of scenarios. Their technical implica-
tions are considered through a series of
focused High Level Target Concepts (HLTC)
that emphasise a number of different aspects
to create pools of technology for deployment
to whichever scenario actually develops. Some
of these technologies will need to break-
through in their ability to provide substantially
increased performance that cannot come
from evolutionary progress. It also includes the
“Towards the Future” section that looks for-
ward beyond 2050 and to the situations that
will demand radical and novel solutions from
new generations of aviation engineers. All of
these features underline, with so much to do,
how the sense of challenge and excitement of

the air transport industry will certainly not be
less in the 21* Century.

The HLTCs deal with a wide variety of issues
each related to the overall objectives of the ini-
tiative: to meet society’s needs and to estab-
lish a world leadership position in competition.
These twin objectives are inseparable and are
both fed by such
responses to the problems of congestion and

issues as competitive

the environment. They also deal with opera-
tional aspects of passenger safety and com-
fort, and with the provision of choice and good
value. Important changes have already taken
place in the world context for the sectors, not
least with the attacks on the USA in 2001 and
subsequent actions against terrorism world-
wide. So security is now a principal plank of
consideration and numerous technologies will
play their part in making air travel secure
whilst minimising the imposition of new congestion
or frustration for passengers.

To achieve the economic and social aspirations of
Europe requires that success in world markets
be achieved. Each of the situations considered
needs technology acquisition and exploitation to
deliver its benefits. Not all the technologies will
be new of course. Much of the work will be devot-
ed to bringing together existing technologies to
achieve new solutions that deliver new experi-
ences to the ultimate stakeholders in the indus-
try — the citizens of Europe. This will require
extensive demonstration and validation in realis-
tic operating conditions to meet the demanding
safety and environmental constraints on the sec-
tor, and to reduce commercial development risk.
Technologies will need to be imported from other
sectors of importance, such as the ICT industry.
This will present new challenges.
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Not all that needs to be done lies within the
grasp of the industry. Some issues are funda-
mentally public in nature (security, safety etc)
and deserve both attention and funding from
the public sector. Matters of regulation and
policy depend on government. The establish-
ment of new mechanisms for collaboration,
for sharing public funding and for the educa-
tion and mobility of research workers also
depend on government action in the Member
States and in Brussels. These mechanisms
identified

and priority actions are in this

Agenda.

The Agenda describes in outline a set of techni-
cal activities that is essential to sustain and
extend the vast industry that is air transport.
The challenges are increasing, in number and in
scale. Some of the issues are of fundamental
public concern, such as security and environ-
mental impact. The social needs of citizens are,
in their broadest sense, matters for govern-
ment. But there are also matters that are whol-
ly or mainly for the industry, sustaining competi-
tive abilities, increasing the efficiency of collabo-
ration, improving the passenger experience. All
of these matters, both public and private in ori-
gin, need to be taken forward more aggressive-
ly. In identifying the next steps the Agenda has
recognised the importance of encouraging more
debate, and research, about the impact of avia-
tion on the atmosphere where the issues are
still understood. ACARE
press the nations, the EU, airports, airlines and

not well intends to
the ATM community to address the new busi-
ness models that will be necessary in the future.
It will promote more international debate about
the far-term consequences for and of the avia-
tion transport world. To facilitate greater
European efficiency of research it will encourage
better links between the Member States and
their collaboration on matters of aviation
research within the framework of the Agenda.
Finally it will propose actions that will lead to the
establishment of a European repository of avia-
tion knowledge and act as a centre for new stud-
ies of the issues that are outlined in the Agenda.

Events since the last edition of the Agenda have
demonstrated the importance of air transport,
and the need to sustain and develop it for the
common good. This edition makes more con-
crete some of the recommendations and con-
siders their wider implications. There is no less
urgency to begin the implementation of the
measures recommended that there was in
2002 and monitoring progress is a further
recommendation.



Key findings

1. SRA-1 has been a success and this has con-
tributed to SRA-2, not only in the confidence that
ACARE has had in extending the scope but in the
feedback that ACARE has had from SRA-1. SRA-1
has been adopted as the reference for a number of
national and institutional bodies that have estab-
lished their research programme using it as a guide
e.g. FP6, French and German National Pro-
grammes, EUROCONTROL and an increasing num-
ber of industry stakeholders. This is helping with the
transparency of programmes and with collabora-
tion. As this process develops we expect to move on
to using the Agenda to improve the efficiency of the
research process and to highlight those activities
that are most value-adding and also those which are
duplicative for no good reason. The Agenda will give
a strong, common background for this.

2. Wealth generator — Air transport is in itself a sig-
nificant contributor to European wealth. The result-
ant benefit is spread across all Member States,
either as a result of its direct contribution (2.6% GDP
and 3 million jobs) or, even more importantly, as a
consequence of its lubrication effect on all modern
economies enabling our life-style and the way we do
business. Its total contribution to the economy is
estimated in excess of 10% of GDP.

3. The Agenda is more robust — This edition of the
Agenda reflects alternative socio-economic scenar-
ios and their associated technologies in the holistic
approach advocated by ACARE and it is thus more
robust than SRA-1. It also provides an indication as
to the importance of each separate technology and
the timescale of its importance. It presents impor-
tant new planning aids to research programmers.

4. European research needs more money - re-
analysis has shown that, taking an encompassing
view of the research needed and the necessarily
associated facilities and demonstrators, about 65%
more funding is now required over the 20 year for-
ward view than is presently being invested. Whilst
this expenditure is not evenly paced there is clearly
an urgent need to see a reversal in the trend to

decreasing amounts of research funding assigned to
air transport research at national level.

5. European research needs more people — The
Industry may face a shortage of skilled young people
in the future, partly due to demographics and partly
due to the reduced attractiveness of the aerospace
business as it may be perceived by young people.
Future graduates will need additional skill sets most
notably in multi-disciplinary approach, excellent com-
munication skills, open mindedness and cultural
awareness.

6. Research needs to be more efficient: The
research funds used across Europe must be better
co-ordinated with less duplication of work that has
no justification for being conducted. This could per-
haps start with areas of common societal interest
(safety, security, environment, ATM). Some exam-
ples of progress are already evident such as the
joint action between EUROCONTROL and the EC.

7. Implementation monitoring: The Observation
Platform is launched - it will provide a snapshot of
current status, trend over time and together will
guide and inform future research programmes and
will facilitate better co-ordination.

8. Money alone is not enough: The creation and
funding of research programmes will be to no avail
unless European companies are encouraged to
retain their European bases and to conduct their own
research in Europe. In addition to the work outlined
in the Agenda a number of policy actions are needed
to ensure that the entire community involved in the
aircraft and air transport sectors sustain a coherent
and stable future. Part of this policy challenge is to
ensure that the competition between major regions
is recognised as a major factor in the development of
industrial plans. Stability will be encouraged by equal-
ity of treatment both inside and outside of Europe.

9. Action is required by each Member State if the
full contribution of their own industry is to be fully
exploited.




Section

B The economic impact and strategic importance
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The economic impact and strategic
Importance of air transport in Europe

The scope of Air Transport

The European air transport sector, defined as
airlines, airports, Air Traffic Management and
the manufacturing industry, comprises more
than 130 airlines, operating across a network of
over 450 airports with some 60 air navigation
service providers (ANSP). This complex set-up
forms a unique global network linking people,
countries and cultures — and plays a vital role in
the further integration and development of the
enlarged Europe.

Air transport is increasingly becoming more
accessible to a greater number of people who
can afford to travel by air, both inside and out-
side Europe, for leisure and business purpos-
es. This is evidenced by the fact that last year
the European air transport system moved
more than 1 billion passengers and 14 million
metric tonnes of freight through its airports
whilst handling more than 12 million move-
ments over the same period.

In addition, the sector supports tens of thou-
sands of suppliers and manufacturers across a
wide range of industries and nations. Their com-
petitiveness is clearly demonstrated by their
commercial success in the global market and
the trade surplus of € 2.2 bn that they create.
In the field of large commercial aircraft,
accounting for a major part of the capital equip-
ment of the world's airlines, Europe now sells
more than the US in terms of both the air-
frames and engines for them. Europe also has
strong positions in the business jet and civil hel-
icopter market and a major proportion of the
airborne and ground equipment is also supplied
from Europe.

This success is founded upon the skills and
knowledge of its employees. The research work
that established that knowledge has been sus-
tained and built up over decades of investment
underpinned by a consistent strategy for achieving
competitive products.

The benefits of Air Transport

Benefits manifest themselves as ripples of pros-
perity moving out from the activity. From the
direct and indirect impact of the sector and its
own trading, through the induced economic
effect caused by the spending of earnings from
the sector to the reliance effects on a wide
range of businesses, including the related ones
of tourism, hotels and the like.

For the first time at a European scale the eco-
nomic effects of air transport have been com-
prehensively examined. The results of these
studies fit comfortably within the range and
scope of other studies and comparators. The
study establishes categorically the economic
importance of the air transport industry.

Whilst contributions naturally vary between
nations, cumulatively the sector generates
€ 220 billion of direct added value for the
EU economy representing some 2.6% of
Europe’'s GDP. To achieve this the sector
employs 3.1 million people, many of whom are
highly skilled which in itself represents a
source of competitive advantage.

These benefits alone would be noteworthy but
air transport also lubricates the overall econo-
my, providing its citizens with access to a full
array of goods and services thereby improving

13
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their overall quality of life. The greater speed
and accessibility that comes from air trans-
port is a key contributor to globalisation, with
many businesses unconnected with air travel
building air transport into their business
approach. This dependence on air transport
amounts to some 18% of all international
trade, and underlines the dependence of the
broader economy on air transport and travel.
This effect is most acutely evident in the
Tourism sector, which is dependent on air
transport for at least 6% of its 12% GDP
contribution.

The contribution of air transport to the EU's
economy is estimated therefore to be well
over 10% or, expressed differently, it current-
ly makes an impact on the economy over three
times its own size and this is set to grow as
globalisation increases.

A further benefit results from the sustained
investment in R&D (typically around 12% of
sector turnover) over an extended period
which has spawned a great many innovations
such as Structural Analysis tools, Computer
Aided Design (CAD) and composite materials
which are now used in many disparate non-
aerospace sectors. These pioneering innova-
tions have not only been spun-out but have
themselves been subject to constant improve-
ment over time, pushing the envelope of per-
formance still further and passing this into
general use.

The future

The Air Transport sector contribution to GDP will
continue to grow. Despite the effects of 9/11,
SARS and the IRAQ war the sector forecasts that
over the next decade, both passenger and freight
traffic is expected to increase at an average 4-5%
p.a., (with freight slightly higher) both significantly
above global GDP growth: in air transport terms,
this implies a doubling of traffic about every
16 years.

ACARE therefore expects the sector will cre-
ate between 2 and 4 million new jobs by
2020, even assuming continued productivity
gains at historic levels, with the GDP contribu-
tion of the air transport sector increasing
from 2.6% to about 3.3%. The contribution
to the wider economy through reliance effects
that enable a diversity of businesses to suc-
ceed better is expected to rise from its present
8-10% to, perhaps, 11-13%. That this will be
factored to an EU of 25 countries in place of
the present 15 will mean that the economic
importance of the sector is enormous.

Fast Facts

Value Added € 220 bn
EU GDP 2.6%
Jobs 3.1 m
Trade surplus™ € 2.2 bn
Airlines 130
Airports 450
Passengers 1 bn
Freight 14 m tonnes
ANSP 60
Movements 12 m

* Figure limited to manufacturing industry

The prizes for Europe in achieving the goals set
for this sector are enormous. Every country in
the EU will benefit. Every citizen will be able
to trace some tangible strand of advantage.




But in a highly technological industry, with other
nations eager to compete, the key to sustained per-
formance is through applying superior knowledge.
Only by embarking on a commitment to sustain the
superior knowledge that had been built up, to refresh
and enlarge it with new technologies, to train new
people in its potential and to create the mechanisms
for its application can our present economic position
itself be sustained. Today's abilities are built on
yesterday's investments. In looking to 2020 we are
identifying the investments that are needed today for
continued success tomorrow.

15
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Defining the technical challenges that must be overcome to meet the objectives

The Challenges
Assessment of the challenges identifies what technical work has to be done

The agenda informs, guides and influences the research work that will be
supported by the stakeholders

The Agenda is converted into research programmes by the stakeholders who will
contribute funds, resources and capability to execute the research guided by the
Strategic Research Agenda.

The research programmes are executed, and technical solutions to the problems
identified in the challenges and in the agenda are created as new capabilities for
the supply chain to create products, systems and services.

The supply chain creates new products, systems and services for integration into
products for a sustainable air transport system — these impact upon the system in
a number of ways.

These impacts create the changes that will collectively deliver the Top Level Objectives.

Creating Competitive Leadership Meeting Society’s Needs

Figure 1: SRA edition 1 process flow diagram



Recalling SRA-1 and its impact

In January 2001 senior members of the air trans-
port industry published a new view for the future
of the Air Transport System. As figure 1 shows,
Vision 2020 was an innovation for Europe and pro-
posed the simultaneous achievement of two Top-
Level Objectives:

* Meeting society's needs

= Leadership for Europe

In supporting these objectives in the preparation of
the Strategic Research Agenda four specific chal-
lenge areas were extracted, which were later aug-
mented with a fifth “Security” in response to the
events of September 2001. These ‘Challenges’,
defined as the key issues to be successfully tack-
led in progressing towards the Top Level
Objectives, each had identified constituent goals
that contributed to the necessary achievements.

The Strategic Research Agenda in its 1St edition
was published in October 2002. It consisted of an
Executive Summary and two volumes of material
prepared by working groups under the direction of
the newly formed Advisory Council for Aeronautics
Research in Europe. Its contents are summarised
below under the Challenges.

Quality and Affordability — The Challenge of delivering
products and services to airlines, passengers,
freight and other customers whilst increasing
quality, economy and performance for sustained
international competitive success.

» Creating a competitive supply chain able to
halve time-to-market

Environment — The Challenge of meeting contin-
ually rising demand whilst demonstrating a sen-
sitivity to society’s needs by reducing the environ-
mental impact of operating, maintaining, manu-
facturing and disposing of aircraft and associat-
ed systems.

Goals -
= To reduce fuel consumption and CO, emis-
sions by 50%
» To reduce perceived external noise by 50%
e To reduce NOx by 80%

e To make substantial progress in reducing
the environmental impact of the manufac-
ture, maintenance and disposal of aircraft
and related products

Safety — The Challenge of sustaining the confi-
dence of both the passenger and society that
commercial flying will not only remain extremely
safe, notwithstanding greatly increased traffic,
but will reduce the incidence of accidents.

Goals —

= Reduction of the accident rate by 80%.

e Reduction in human error and its conse-
quences

Goals —

* Reducing travel charges
* Increasing passenger choice

= Transforming air freight services

Air Transport System efficiency — The eco-
nomic needs of Europe’s citizens, international
competitiveness and the convenience of pas-
senger and freight customers’ demand that ris-
ing traffic shall not exacerbate the downsides
of congestion, delay and lost opportunities.

17
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The Challenge is that the efficiency of the
whole system must be substantially increased.
This will require radical new concepts to be
introduced.

Goals -

= To enable the Air Transport System to
accommodate 3 times more aircraft
movements by 2020 compared with 2000

e To reduce the time spent by passengers in
airports to under 15 minutes for short-haul
flights and to under 30 minutes for long-
haul*

e To enable 99% of flights to arrive and
depart within 15 minutes of their adver-
tised scheduled departure time, in all
weather conditions

Security — The Challenge is to identify measures
that will improve security, on a global basis, with-
in a highly diverse and complex system and
against a strong backdrop of increasing traffic.

Goal -

= Zero successful hijack.

18

Assumptions used for SRA-1

e Air traffic volume in 2020 would be 3X the
2000 figure.

= Social priorities would continue to be a bal-
ance between economic prosperity that
favours trade, commerce, employment, etc
and an increasing desire to enjoy these
within an overall quality of life and responsi-
ble management of the environment.

< In relation to the USA there would continue
to be a healthy mixture of co-operation and
competition against a backdrop of shared

democratic values and sound economies.
SRA-1 assumed no shocks to the internation-

al system by war or natural disaster.

Against these challenges and goals specific
“Contributors” were identified which represented
the constituent elements contributing to the

achievements of the goals.

Each Contributor has associated with it a timed
set of technical and operational solutions, which
were not mutually exclusive, and which, if appro-
priately funded, researched and applied would

be capable of meeting the Vision 2020 goals.

In support of the more technically orientated
work outlined above a number of enablers were
defined which would act transversally in support
of the technical delivery. The enablers were
research infrastructures, education, certifica-
tion and qualification, competitive supply chain
and trans-European synergy. Both project based
and broad based mechanisms were proposed to

realise these enablers

Examples of project based mechanisms were

e Technology Integration Platforms would be
concerned with ensuring that technical con-
cepts work reliably in integration and at the

scale of the full system needs.

» Large scale research test-beds which would be
needed in Europe on a scale most likely unafford-
able by single companies or countries, and which
could be used flexibly by the whole supply chain

for testing advanced systems.

* The airport throughput process should be capable of delivering the goals, leaving passengers the choice to enter and

exit the process at will.



Examples of broad based mechanisms were

e Mechanisms in support of improving the
research infrastructure in Europe. Improving
the capability and utility of the European
research infrastructure is an important invest-
ment in the future. The opportunities for Pan-
European collaborative research efforts to
exploit the very best research capabilities, both
human and capital, rest in testing facilities, R&T
programme structures, and collaborative
mechanisms.

e Mechanisms to support the ambition to
realise the untapped energy and expertise
of Europe’s technology supply chain. New
mechanisms would raise the levels of aware-
ness by both customers and suppliers to
very much higher levels. Customers would
have better information on the capabilities of
suppliers whilst suppliers would exercise
better knowledge of what opportunities
exist.

Key findings of the SRA-1

 The Top Level Objectives, even though ambi-
tious, are achievable in Europe, if the challenging
Strategic Research Agenda, prepared by ACARE,
is adopted, implemented and its results deployed
into practical products and services with a high
level of commitment.

The SRA provides strategic directions for
solutions and R&T road maps to achieve the
Top Level Objectives as outlined in Vision
2020. The objectives are not achievable
without important breakthroughs, both in
technology and in concepts of operation -
evolutions of current concepts will not be
sufficient.

Delivering these European ambitions will require
substantially more output from the European
aeronautic research community which must
devise new ways to make the system of
research, in all its forms, more efficient.

= Delivering the Top Level Objectives will require
a number of additional and significant Pan-
European enabling mechanisms within the
European Research Area. Five areas for new
mechanisms are identified: the European
research infrastructure, the supply chain, cer-
tification and qualification, education and
Trans-European synergy of research.

e It is clear that more investment from both
public and private sources will be needed to
support the research.

The aspirations for European leadership will only
be achieved if the climate in Europe remains con-
ducive to retaining and advancing core compe-
tence, capacities and centres of aviation
research. The ambition of SRA-1 is for the
European stakeholders to succeed in the global
market, both by competition and by collabora-
tion, from a strong, effective European base.
This requires that major corporations, which
increasingly have international links and
options, continue to invest their resources in
Europe. From its side Europe must provide a
receptive environment, ensuring equal compet-
itive footing with other countries and econom-
ic regions, to encourage those investments to
remain in Europe.

The Impact of SRA-1

Following publication of the 1st edition of the
Strategic Research Agenda nine dissemination
events were held across Europe during the
period November 2002 to March 2003.
Speakers presented the structure and content
of the SRA to relevant national or, in the case
of EUROCONTROL, to specialist audiences.

As expected there was some variation in the
themes raised by delegates. At the top level
there was consistent acclaim and support for
the SRA and for the dissemination event. The
main message that speakers managed to get
across to audiences was that the SRA was not

19
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only for specialists in European collaboration
but relevant to a wide range of people in the
aviation community.

The concept of using the SRA as a tool for the
better alignment of technology programmes
with the needs of the future also received wide-
spread acceptance. In a number of cases this
has led to a move to create agendas that are
compatible with the SRA and will serve both
to feed into the SRA and to illuminate it.
Examples include the EU FP6, French National
Programme, German National Programme,
EUROCONTROL, DLR and an increasing number
of Industrial companies.

The scale of the SRA and the clear evidence that
no single nation could afford to pursue the whole
range of technologies to the degree necessary
also found a favourable response. This has
encouraged the use of the SRA as a catalyst for
new thinking by the ACARE stakeholders about
which areas should be included in their priorities
and the extent to which they should rely upon
collaborative efforts (e.g in the publication of the
United Kingdom'’s Innovation and Growth study).

The SRA was widely seen as being a valuable
start but received significant commentary about
the need for it to be taken forward to implemen-
tation and further development. This has led to
the creation of an ‘Observation Platform’ to mon-
itor, analyse and present the rate and depth of
SRA implementation progress.

Whilst SRA-1 was the first step of a long jour-
ney, it clearly needed, and was planned to have,
further development. Most of these areas for
development were known prior to publication.
The second edition of the Agenda continues in
aspiring to address the technological needs of
Europe but with more examination in SRA-2 of
possible alternative futures, choices and uncer-
tainties for air transport. The first step in this
was clearly to define the scenarios and a
process was put in hand at once to begin this.



Alternative world scenarios

Introduction

The purpose was to identify a small number of
alternative world scenarios presenting views for
the future air transport that are different from
the standard “Vision 2020” used as the baseline
for SRA-1. One aspect of the baseline had been
traffic growth. This was expected to continue in
a steady progression. ACARE now has a differ-
ent view of this. The historic plot of traffic
growth (figure 2) shows that perturbations
occur and, if they are widely spaced, the growth
resumes along the earlier pattern. However, if
the disturbances are frequent and/or sustained
the impact on the traffic flows could be
depressed to a new steady state. ACARE want-
ed to take these and other effects into account.

The key objective was to enhance the overall
credibility of SRA-2 by providing a shared stake-
holder view of the impact of different external
factors affecting the air transport system, and
of the risks and opportunities associated with
each of the identified scenarios.

The scenario workshops

Scenario workshops constitute a well-established
methodology for testing the robustness of
assumptions in a wide range of fields. A scenario
is characterised by a consistent description of a
possible future situation and by the developments
leading to this situation. The scenarios address
what may happen not what will happen.
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Figure 2: World Scheduled Revenue Traffic by year
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The ACARE workshops were attended by a
diverse range of participants from a cross sec-
tion of the air transport industry (manufactur-
ing, airlines, airports, ATM), national and EC
institutions, environmental research etc.
Assisted by facilitators the stakeholders were
asked to expose their views on a wide range of
topics dealing with possible future develop-
ments.

The scenario workshops were focused on the
Civil air transportation of passengers and
cargo taking a Global view but having a
European focus for decision making through to
the year 2020. The product of the workshops
was the three following scenario storyboards,
shown graphically in figure 3, and described
hereafter.

Alternative scenario 1 “Segmented Business
Models*:

Economy - GDP will grow at a strong average of
around 4% as the result of globalisation, eco-
nomic and political stability with Asia/Pacific
experiencing higher growth. Financial markets
believe in the business models for investment,
thus releasing the required capital. Increasing yield
is thus part of this model and is not jeopardised
by increasing but moderate energy prices. New
business models (e.g. offering lower fares) will
enable this to happen.

Politics — Some instability will still be evident
largely in the poorer and less developed
nations. There will be stability in oil producing
regions, thus allowing segmented markets to
operate in a sustainable manner.

Greater liberalisation facilitates greater
flexibility in different market segments.
Legislation/certification issues become more
streamlined thereby allowing earlier product
introduction and decreasing operating costs
and, therefore, increasing affordability.

Society — Segmentation offers better choice for
travellers and generates more passenger
movements, the majority of which are leisure
related. Improvements in ATM system and air-
port processes increase punctuality and relia-
bility, which are a strong demand from the
travelling public. Global political stability
improves public perception of security and
safety, allowing streamlined airport security
measures that enable a rapid “hassle free”
throughput of passengers.

Ecology & Energy — Some business travel will be
focused on flying passengers directly to city cen-
tre locations thereby leading to greater attention
to lower noise and emissions. For the freight
segment, and to a limited extent in leisure, noise
and emissions are less of a pressure as a result
of a move towards dedicated freighter and
leisure airports which are built in “remote” loca-
tions and do not face the same environmental
pressures. They are able to operate effectively
and efficiently by virtue of good supporting
ground infra-structure and transport links. Air
transport in general is identified as a contributor
to global climate change leading to higher envi-
ronmental awareness and emissions charges.

General Air Traffic — Passenger air traffic (RPK)
will increase strongly at an average of around
6-7% world-wide p.a., primarily as a result of
strong GDP growth, political stability, increased
globalisation and population growth. Freight air
traffic (RTK) will increase by 7-8% p.a.

Infrastructure — For Europe and US airport
capacity limitations are overcome by building
dedicated airports to meet demands and con-
verting existing military and other airports.
Greater public expenditure on ground connec-
tions and infrastructure allows more of these
“remote” airports to be used. Greater political
stability allows the “military only” airspace to be
reduced.

Airlines — The number of airlines will increase as
new operators target different market segments,



including niche segments. Operating yields
increase for both passenger and freight as a
result of the customer base being prepared to pay
for the tailored services on offer.

Alternative scenario 2 “Constrained Air Traffic
Growth”:

Economy - Although GDP will grow strongly
with an average around 3% p.a. from econom-
ic and political stability air traffic will be con-
strained by environmental concerns. GDP in
US, Japan and Europe is expected to grow
between 2% and 2.5% per year whilst GDP
growth in developing regions (Southeast Asia,
Latin America, India) may average 3-4%.
China is expected to have the fastest growing
GDP with an average of 5-6% p.a. Airlines
have improved their financial situation due to
stabilised yields. Air transport is again an
interesting business; return on investment is
comparable to other sectors.

Politics — Political stability increases in good
global economic conditions. The middle-East
region is considered stable and the United
Nations plays a strong role in international nego-
tiations. Advanced negotiations of air transport
agreements on a global level are expected to
lead to a global liberalisation. As a first step, the
bilateral contracts between Europe and the US
and Japan will be replaced. Strong and far reach-
ing political and legal requirements in safety/
security and environment imply increasing efforts
for certification on a global level.

Society — The travelling public (esp. in business)
has high expectations for punctuality and reliabil-
ity. Increasing responsibility is put on airlines
for delayed flights (leading to compensation
requirements).

Statistically safety is not a major problem, but
the growing traffic leads to increasing number
of accidents and greater public awareness.

Ecology & Energy — Oil demand rises everywhere
and fastest of all in China. The world’s energy
resources continue to meet the growth in ener-
gy demand, but the growth in oil prices leads to
more investments in alternative energies and
fuels. As airports expand there will be increas-
ing exposure to noise nuisance. Urban spread
leads to more environmental issues. Air trans-
port is identified as a major contributor to glob-
al climate change thus leading to higher environ-
mental awareness. Aviation fuel environmental
taxes are applied and alternative fuels are being
investigated.

General Air Traffic — Despite economic growth,
passenger air traffic (RPK) will increase on aver-
age by only 3% p.a. world-wide, as environmen-
tal constraints bite. Business travel growth
exceeds leisure travel growth. Freight traffic will
grow strongly at 9-10% p.a. as demand for high
value goods surges. Average ticket prices will
increase.

Infrastructure — Europe, US and Southeast Asia
will experience capacity limitations despite tech-
nical and process improvements across the air
transport system. Airfreight partly evades
capacity problems (and emission/noise con-
straints) by using remote airports.

An increase in fees and taxation is applied
(measured as a proportional increase in direct
operating cost). There are additional fees and
taxes on fuel, environment and for ground
support services.

Airlines — All networks will experience higher
traffic density. Business travel in the upper tick-
et price level and the rate of capacity and air-
craft utilisation is increasing. Airlines have
improved their financial situation with stabilised
yields, even with increasing fees and higher
kerosene prices. Traditional airlines operate with
very high technology in strong alliances. Low
cost carriers maintain a fragmented structure
without alliances.
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Alternative scenario 3 “Bloc Building”:

This scenario postulates an increasing tension
between the EU and the US and between those
and Asia, leading to the formation of socio-polit-
ical blocs in contrast with the globalisation trends
of 2000. The drivers leading to this condition are
economic, religious and political.

Economy — GDP on a global level will stagnate at
about 1% p.a as the flow of goods and services
between the blocs decreases. Access to finan-
cial market will be limited within blocs. Within
increased inter-bloc protectionism, additional
taxes for bloc-to-bloc flow of capital and goods
will appear. Energy prices will grow as a result of
oil resources within blocs reducing and religious
conflicts that arise in the oil-rich regions of
the Middle-East. Access to oil resources will be
restricted, driving prices up.

Politics — The political picture is split between
“within blocs” and “between blocs”. Within blocs
there is greater political stability, especially in
the EU. This sees the US as a common “com-
petitor” for all EU countries, which build
“Fortress Europe”. There is, however, an
increased tension between blocs, leading to an
atmosphere reminiscent of the past cold war,
but one where NATO has been dissolved to avoid
US involvement in European defence affairs. The
World Trade Organisation becomes ineffective
with growing protectionist attitudes between
blocs.

Society — The threat of terrorism, especially reli-
gious, makes people increasingly sensitive to
security issues. This is curbing traffic growth as
people travel less and for shorter distances,
avoiding far-away destinations for vacations. The
resulting air traffic growth will be stagnant at
about 1 to 1.5% p.a. This reduces pressure on
the whole air transportation system.

Ecology & Energy — Constrained traffic growth
will drastically reduce all the associated envi-
ronmental consequences. The environmental

awareness of people will be affected and glob-
al climate aspects will become less important
as more urgent concerns such as security
emerge.

General Air Traffic — There is a trend towards a
more “point to point” type of traffic within blocs.
Between blocs air traffic is generally decreasing,
mainly through much reduced business travel.
The only region of the world to grow substantial-
ly is Asia, due to its faster growing economy.

Infrastructure — The slow growth in traffic volume
will cancel or postpone most problems associated
with capacity. There will be no need to increase
airport capacity, much less to build new ones or
to shift to radically new paradigms for ATC. The
situation is of course quite different in Asia,
which experiences a strong economical and air
traffic growth. Here new airports will be built.

Airlines — A major consequence is the disap-
pearance of global airline alliances, which have
no reason to exist in the protectionist environ-
ment which heavily penalises foreign players.
There will be an increased consolidation of air-
lines within blocs. Low cost airlines will exist
only within blocs and will dominate the scene
with a great share of the market as passenger
yields stagnate and will prompt new low-cost
business models to guarantee airline survival.
Given the rise of short haul travel, both for
leisure and for business, competing transport
modes will increase shares. In particular high-
speed railway networks will be developed or
expanded and will prove an efficient alternative
to short flights.
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Figure 3: The ACARE Scenarios
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Taking SRA-2 forward

From its retrospective review of the first Agenda
ACARE had concluded that in the second edition
it should:

* Take a more comprehensive and holistic view of
the Air Transport System, including the perspec-
tive of operators within it, relating the influences
on each of the stakeholders to each other and
to their operations.

 |dentify areas of uncertainty, variance and choice
so that the range of possible future options can
be explored and assessed. The main plank for
this would be the scenario workshops that were
to be held in the interval and the subsequent
development of High Level Target Concepts.

Integrate the further work done by all the stake-
holders in building up their interpretations of the
SRA. Consolidating the developing views of the
stakeholders to ensure that their views and the
development of the related technologies are
running in harmony. Especially this would
address the work on airports that had not
been thoroughly covered in SRA-1.

Take a longer view, in addition to continuing to
work on a threshold of 2020, so that the
medium term work can be illuminated by the
possibilities for the long-term future.

Bring the work in SRA-1 on institutional and
infrastructure issues closer to the needs of the
technologies and thereby support their delivery
by identifying the specific areas of priority action
that need to be taken by agencies in Europe and
the nations.

* Improve the presentation that connects the nec-
essary technologies with the underlying narrative
of the scenario in which they will operate.

Within these points it was also important to
address new areas of uncertainty. Vision 2020
was a singular projection of the future that
described a world with no major alterations to the
currently projected trends (i.e. with respect to
environment, air traffic and economic growth).
SRA-1 was produced against this outlook as the
most likely singular view of the future landscape
and it established that, provided there were
breakthroughs in certain key areas, then the
vision could be materialised with the concurrent

achievement of all the Vision 2020 goals.

One of the key development areas of SRA-2 has
been to examine the sensitivity of the Agenda to
alternative views of the future. These future
views, discussed in the previous section, are
determined by the sets of unique characteris-
tics that describe different drivers of the
air transport system (GDP etc...) and the
Challenges to it (Environment, security etc...).
By exploring the technology implications of each
of these unique characteristics along a particu-
lar research axis not only has it been possible
for the analysis to identify the technologies and
solutions needed under those conditions but
also to see how they would be used within a sys-
tem operational context. This analysis and its
subsequent representation is through the use
of High Level Target Concept (HLTC's) which
extend thinking to a moderately extreme view in
five different directions: protecting the environ-
ment, saving time, improving security, increas-

ing choice and reducing cost.



The High Level Target Concepts selected, all con-
sidered within the 2020 timeframe, are :

e The highly customer oriented air transport
system

e 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

The HLTCs are not of equal ‘intensity’ or cover-
age. Those for the ‘Highly Cost Efficient’ and
‘Highly Customer oriented’ have a greater
coverage of the air transport system than do,
say, those for ‘Ultra Secure’ or ‘Ultra Green’ but
the basis of their formation is the same. They
each take an aspect of the ATS and explore its
extension to identify the technology needs.

Highly Time
Efficient

The value of the HLTCs is in identifying a set of
technologies, or creating a technology pool, that
is brought out by considering the special charac-
teristic that the HLTC emphasises. A compre-
hensive 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 anyway on
most, of the HLTCs.

As an example the Ultra Secure HLTC describes
a set of technologies that would be emphasised
in a system especially concerned with security
but some of these technologies would also be
used in other HLTCs, although perhaps not with
the same intensity or range. Likewise the Ultra
Secure HLTC would draw upon the technologies
described in the Time Efficient HLTC for
advances in Air Traffic Control systems. As fig-
ure 4 shows, we see the HLTCs as individual
pools of technology that are identified by the
HLTC and upon which we can draw in variable
and flexible ways for the future.

Ultra
Secure

Highly Cost
Efficient

Highly Customer
Oriented

Figure 4: Schematic diagram showing how technology influence
flows from each of the HLTCs to each of the others
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Safety however is a special case and is notable
by its absence in the HLTC list — intentionally
so. Safety is not a factor that can be traded-
off since it is a fundamental pre-requisite for
air transport. SRA-1 tackled the Challenge of
Safety by identifying a number of Contributors
which were aimed at improving the basic rela-
tionship of accidents to traffic density at least
as fast as the rise in traffic. Against these
Contributors a suite of technology solutions
were proposed ranging from airborne self sep-
aration assurance systems through to syn-
thetic 3D vision capability. It was also docu-
mented that this “system research” would
need to be supported by basic research into
hardware, software and human centred
design enabling technologies.

In support of the safety research technolo-
gies, SRA-1 argued that new concepts for the
air transport system would also be needed and
these have been better elaborated in SRA-2.
Whilst safety is an essential element in all
HLTC's it was felt that the most demanding
traffic volume and highest complexity of the
Air Transport System arose within the Highly
Customer Oriented HLTC and therefore Safety
would specifically be dealt within this concept.

In the passage of time no complete HLTC's will
be chosen and none rejected. The competitive
pressures of the market, the force of regula-
tion, the state of the world and national
economies as well as the strength of public
opinion will all play a part in shaping the world
we actually live in and the part air transport will
need to play in it. HLTCs are therefore about
identifying technologies that need to be devel-
oped. They are not models of the future from
which we can chose one or more that suit us.
The technologies embraced by the HLTCs will
all need to be developed but at speeds and
intensities relevant to the developing world.

ACARE also wishes to provoke even more outly-
ing thought and to spur the consideration of new
technologies. The section entitled “Towards the

Future” shows some features of an air system
far beyond 2050 and along with the HLTC ‘s
forms an integral part of the Agenda. Taken
together the HLTCs and the pioneering innova-
tion described in “Towards the future” provide
a much better insight into the range of problems
and of likely solutions than in SRA-1. They will
stimulate the system-wide, cross-disciplinary
research so strongly needed to develop opti-
mised solutions for a high performance air
transport system.

Figure 5 shows the inter-relation of all these
strands of activity and how they will allow the
two top level objectives to be realised.



Defining the technical challenges that must be overcome to meet the objectives

The Challenges
Assessment of the challenges identifies what technical work has to be done

The baseline which defined the technical and institutional challenges to be
addressed

Strengthening the Agenda by building a wider knowledge base and considering
alternative future options

Exploring to a moderate extent the technological, enabling and system
operational considerations required to realise different air transport systems

The ACARE members will disseminate the SRA across the wider aviation
community and to key decision-makers who fund or influence public/private
research programmes

The ACARE stakeholders will convert the Agenda into research programmes and
provide Institutional mechanisms to facilitate the research to be performed

The tool to be used to assess the rate and depth of SRA implementation.
Its results will guide and inform the ACARE stakeholders’ future
research programmes

These future programmes will create the changes that will collectively deliver
the two Top Level Objectives

Creating Competitive Leadership Meeting Society’s Needs

Figure 5: SRA edition 2 process flow diagram
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An introduction to the structure
of the High Level Target Concepts

The sections that follow set out the 5 High Level
Target Concepts for the work to 2020. Each of
the HLTCs is assembled around a common
framework of sections and they may be easily
compared with each other. This similarity of
structure is important as the HLTCs are not
intended individually to describe a full context for
the air transport system but to represent one of
the pools of technology that any real situation
could draw upon.

The first section “concept” explores the basic
philosophy of the HLTC and its particular line of
emphasis and links the HLTC to the most valid of
the scenarios from those studied in the scenario
workshop.

The next section sets out, as if they are already
in 2020, the implications for the main actors in
the air transport system and how they would
respond to the pressures of the HLTC. Each
starts with the operators (airlines) before elabo-
rating in a systematic and standardised manner
the impact on airports, aircraft and ATM.

The third section refers back to SRA-1's
Challenges and shows how each HLTC must
compromise and trade between conflicting
needs. It does this schematically showing which
of the Challenges (Environment, Safety etc) are
affected very positively, positively, neutrally or
negatively.

The following section addresses the research
infrastructure required to realise the concept
and particularly addresses the technology valida-
tion and demonstration that would be needed.

The fifth section identifies those non-technical
aspects that would be implied and are highlighted
by the emphasis of the concept. These issues
may concern new needs for regulation, policy, or
identify new areas that need international or inter-
stakeholder agreement. Even if some of the situ-
ations we face in the future do not need all of
these, or to a different degree, the work of the
HLTCs has identified areas for timely considera-
tion of these aspects. The action for these areas
is often outside the industry of air transport and
frequently concerns the engagement of govern-
ments at both national and European level.

Each concept has associated with it a schemat-
ic diagram that describes the concept graphical-
ly. The technologies themselves that underlie the
concept are captured in Volume 2 and are
traceable either by target concept or through
system component (ATM/AP/AC).
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The Highly Customer Oriented Air

Transport System

The concept

The Highly Customer Oriented Air Transport
System proposes a quantum leap in passen-
ger choice and schedule flexibility. With a
trend away from hub-oriented operations to
more convenient point-to-point travel, increas-
ing numbers of individuals on leisure and busi-
ness travel fly in small to medium size aircraft
including supersonic business jets for long
range operations. New large aircraft such as
the A380 accommodate large-scale move-
ment of economy passengers on dense
routes.

The concept is especially relevant to the
Segmented Business Models Scenario which
envisages a world driven by strong growth in
GDP with its consequential (3.5 fold) increase in
air traffic relative to 2000 arising in a relatively
safe and secure world where environmental
concerns are not dominant.

Freight movement by air has become increas-
ingly important as the growth in globalised
markets and underlying economic growth
leads to increased demand for transport
by air.

Given that this HLTC is associated both with
the largest traffic growth and the maximum
complexity of the Air Transport System, safe-
ty (and the associated intention to reduce
accidents rates by 80% with reference to
2000) is specifically dealt with in this concept
despite being an essential element in all
HLTCs.

Implications for the Air Transport System

Within this overall concept for greater choice the
principal sectors of the ATS each have to con-
tribute specific new services, although in a well
integrated way, if the concept is to be fully effective.

Airlines

The high volume of traffic and intense competi-
tion by 2020 has prompted airlines to offer cus-
tomers the services that they want — whether
this is in terms of route, schedule, facilities or
otherwise. Airlines publish extensive combina-
tions of service from their main bases. They now
offer specific services from smaller airports
where they sense that the market exists. The
airline, for example, provides ‘all-business’ class
travel from city centre to city centre or from
door to door.

Many of the options available are capable of
being fitted to basic aircraft but may not repre-
sent a permanent allocation to that role. Indeed
the management of the fleet remains important
to ensure that aircraft are equipped for the
services that are being offered.

A key customer preference is reliability of sched-
ule and airlines have developed new business
models that enable this to be virtually guaran-
teed to passengers. Delivering on this means
new relationships between the airlines and the
airports and with ATM so that the whole system
is devoted to sustaining schedules.

Tickets are booked on-line and passengers
issued with an electronic ticket keyed to their



national ID number which is not transferable —
there is some carry over from the ideas of the
Ultra Secure HLTC here.

Airlines work with Internet brokers to keep their
information current and although all aircraft
have almost all-weather capability they keep the
information updated in real time to allow passen-
gers to compensate if necessary. Arrival on time
is regarded as the vital characteristic but air-
lines also communicate any delays in departure
so that travel to the airport can be adjusted.

The major change to maintaining schedules
was the establishment of the ‘gate-to-gate’
journey trajectory that encompassed the
processes of loading, taxiing, take-off, cruise,
landing, taxiing and disembarkation. The tra-
jectory is allocated to areas of responsibility
and passengers have clear routes to claim
high compensation for deviations. This has
made remarkable improvements to schedule
maintenance.

There is an increased number of Freight
Carriers who operate a wider range of aircraft
types including specialist vehicles for heavy lift
cargo (300t) over relatively short distances to
avoid road traffic congestion.

Perishables and high value goods are moved
quickly around the world, encouraged also by
the lowering of costs for airfreight. This involves
both bulk freight movement and small size “per-
sonalised” delivery from both dedicated freight
airports and passenger terminals in a range of
different aircraft types. Inter-modal links for
freight are an important aspect of the transport
infrastructure.

Airports

Airports are adapted to different types of jour-
ney and vehicle types and within large airports
there is also more customisation of passenger
area and services.

Clustering of city airports with associated inter-
linking infrastructure allows optimisation of cur-
rent locations and runway capability whilst
regional airports grow in number and capacity
to meet the increased need for point-to-point
connections. City “vertiports” are designed for
the operation of VTOL air vehicles inside dense-
ly populated areas, while dedicated freight air-
ports are often located in out-of-city areas,
allowing 24-hour operation and providing for
rapid distribution via nodes in the national
motorway and rail network.

Inter-modal transport is paramount in providing
the passengers with increased flexibility in get-
ting to and from the airport. This provides the
opportunity to separate the landside part of the
airport terminal from the airside with secure
transport links between the two. Landside termi-
nal buildings are often in city centres or at con-
venient connecting points on highways thus
removing much of the congestion that existed
around major airport terminals. Taxi services
are available from all landside terminals to the
eventual destination.

The processes for check in, security, immigra-
tion and customs are harmonised and non-inva-
sive in nature. Fast security clearance forms an
essential part of the on-schedule service. Fast
track facilities are provided for premium fare
paying passengers who are transported quickly
through the airport terminal to the gate. There
is a range of facilities for business and leisure
passengers with lounges for each type of pas-
senger including transit passengers. Passenger
movement through the airport is speeded up by
the more extensive use of moving walkways,
automated vehicles, particularly in older airports
with long walkways. Baggage for all passengers
is tagged with active electronic tags that identi-
fy the passenger, the flight, the departure and
the destination and allow the baggage to be
monitored throughout the airport.

Runway capacity has been increased and this
increases the choice available to passengers by
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increasing flights spread over a 24-hour period
and by reduced separation times at peak peri-
ods with take off and landing sequences tailored
to each aircraft type. Personalised air vehicles
and different aircraft/helicopter types require
the new procedures and technologies to ensure
safety and all weather operation.

As for the support for this more flexible airport
new systems like the advanced Departure and
Arrival Management Systems and the Advanced
Surface Movement Guidance and Control
Systems (ASMGCS) for all ground vehicles
(including trucks, cars, buses,...) ensure adher-
ence to schedules with the proper level of safe-
ty for all the airport operations as the traffic
increases.

Airports are specialised to service specific
traffic types. Integration of different types of
traffic into the same airport is organised
according to the most common types of serv-
ice needed. Low-density airports use self-sep-
aration landings and take-off. Dedicated
Freight airports use automatic landings and
take-off and in due course will be equipped to
handle pilot-less aircraft. High-end airports
use the same all weather features as in the
‘Time Efficient’ HLTC.

The timescale of change is as much determined
by the speed at which the airport and ATM infra-
structure can be changed as by the availability of
technology. In the longer term however, airports
will have separate landside and airside terminals
joined by ground and air transportation links with
the same levels of security. Large airports are
increasingly being serviced by a number of these
landside terminals, geographically dispersed
including one close to the airport for those pas-
sengers who wish to join the system at the air-
port itself either by car, helicopter or personal
air vehicle. The procedures for processing the
passengers is as defined in the ‘Time Efficient’
concept.

Aircraft

A wide choice of airframe/engine configurations
range from large wide body (inc. blended wing)
aircraft, medium size aircraft, business jets
including super-sonic, advanced tilt-rotors and
helicopters, specialised freighter aircraft, etc.
A wider use of personal/general-aviation vehi-
cles for business or leisure purposes is also part
of the scenario. At any specific airport the range
of aircraft is more limited as it responds to the
roles being operated from that airport.

A wide selection of comfort items and in flight
services is provided on request and with the
proper security levels by the implementation of a
“plug-and-play” customisation concept. This
includes areas for seating, working with full
connectivity to the outside world (office in the
sky concept with in—flight connection to the
web, e-mail, telephone etc), sleeping, eating
and drinking, communication, exercising, and
personalised flat screens for games or
gambling in all classes. Medical services have
been enhanced to serve the needs of passen-
gers. The performance and control of cabin
microclimates provides increased comfort levels.

Aircraft choice has been improved by the capa-
bility of aircraft to take off, fly and land in all
weather conditions whilst reducing the number
of accidents in line with ACARE goals. Safety
remains a very important aspect of aircraft
design.

These capabilities have required new integrated
Multi Mode Receiver Systems and Advanced
FMS on board the air vehicle to ensure
improved, curved precision approach, automat-
ed 4D trajectory conformance monitor