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FOREWORD

Aviation is recognised as one of the top advanced tech-
nology sectors in Europe and generates innovation that
benefits society at large far beyond its direct operational
sphere. It provides close to twelve million skilled jobs, di-
rectly and indirectly, and contributes over 700 billion euros
to Europe’s gross domestic product. Home to some 400
airlines and nearly 700 airports, European aviation plays
a key role in serving society’s needs for safe, secure and
sustainable mobility in Europe and all over the world. Its
impact on the wider European economy is significant and
must be sustained.

European demand for air transport is anticipated to grow
continuously until 2050 and beyond. Sustainable mobility is
required to satisfy this growth and it is essential that travel
remains safe, secure, fast, affordable and environmentally
friendly. Industrial competition is fierce, not only from es-
tablished world regions but also from new, strong challeng-
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ers. In this context, there is more to be done in the regula-
tory field within and outside Europe to ensure a global level
playing field in the sector.

In 2011 a European group of personalities set out a vision
of European aviation with the publication of Flightpath
2050. In response to this, ACARE produced a Strategic Re-
search and Innovation Agenda (SRIA) in 2012 that defined
the path to reach these ambitious goals. Since then there
have been many changes and developments that affect
aviation directly and indirectly, and these justify the release
of this new version which is updated and adapted to meet
the new challenges.

We invite all public and private stakeholders in European
aviation to consider the revised priorities set out in this doc-
ument in their future research and innovation programmes.

"Aviation sets the pace of a global community. The need
for fast and safe transport, combined with challenging
eco-environmental requirements, has advanced the Eu-
ropean aviation sector towards world-leading technology
in many fields. Representing all European stakeholders in
aviation, ACARE has developed a roadmap towards the
best system performance with minimum negative effects.
Achieving these ambitious goals will require extensive re-
search with long-term commitment. Only a combination of
profound expertise, fresh insights and courage can yield
the innovations we seek.”

“Aviation makes a substantial contribution to our econo-
mies, connecting markets and people worldwide. Key and
well considered policies and incentives will ensure that Eu-
ropean air transport remains safe, clean and secure. Inno-
vation is needed to be and remain competitive and deliver
high quality services to the customers.”

"“European aviation has a world lead in the manufacturing
and services industry which is facing new challenges and
ever increasing competition. Innovation will help preserve
European capability, jobs and our valuable market share.”
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EXECUTIVE SUMMARY

Aviation: innovation

for the benefit of society

ACARE has developed a strategic research and innova-
tion agenda (SRIA) to meet the challenging goals set by
Flightpath 2050. Research and innovation in aviation is
the key to tomorrow’s mobility and prosperity as well as
environmental and energy challenges.

A customer-centric, integrated European transport system
underpinned by common standards, innovative business
models and smooth processes is essential for seamless,
door-to-door journeys. Mobilising the diverse intellectual
potential, resources and organisations within Europe is vi-
tal in developing the future state. Prioritising this advanced
technology sector is critical to maintaining European com-
petitiveness with developments in aviation frequently lead-
ing to spill-over applications in other sectors. Research and
innovation excellence must be stimulated at the right time,
which is now.

Commercial aviation has come a long way since the dawn
of the jet age. Growth is anticipated to continue, particular-
ly in developing economies, but also elsewhere: to improve
connectivity for business and leisure, for visiting friends and
relatives, and for high-value freight. It contributes to the
geographical integration of Europe, hence supporting its
economic and political integration. It is a unique industry
which has a strong sense of working together across the
globe, with common language, standards and practices.

In recent decades the sector has demonstrated significant
achievements in the transport arena, with major improve-

ments in safety and security and impressive reductions in
environmental impact, in particular emissions and noise.
Advances directly benefit commercial aviation but im-
provements are also clear for other airspace users, search
and rescue, emergency and public safety applications as
well as the recreational market. This covers a diverse range
of aircraft types including general aviation and rotorcraft.

Passenger numbers are expected to double in the next 20
years. Current aviation ground infrastructure will not be able
to accommodate the coming traffic volumes. The demand
for service to regional and urban areas has increased with
the liberalisation of the European marketplace. A greater
number of vehicle movements will require further devel-
opments in safety and security. Remotely-piloted aircraft
systems (RPAS) need to be integrated in the overall sys-
tem. This means that tomorrow the sector will have a whole
new set of requirements to fulfil. In this context, research
and innovation is expected to lead to disruptive technol-
ogies across many fields including aircraft configurations,
engines, equipment and systems, materials, alternative en-
ergies, infrastructure, electronics, digitalisation and IT sys-
tems as well as human-machine interfaces to name a few.
Sustainable development is key.

In summary, the sector will need to develop solutions to
support the Flightpath 2050 goals in order to satisfy mo-
bility needs of European citizens in a sustainable manner,
to strengthen the economy and to ensure that ‘the industry
lead in this advanced technology sector is maintained'.
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EXECUTIVE SUMMARY

A DYNAMIC STRATEGIC RESEARCH
AND INNOVATION AGENDA

The ambitious goals of Flightpath 2050 remain valid to
deliver two aims: firstly to serve society’s needs for safe,
more efficient and environmentally friendly air transport;
and secondly, to maintain global leadership for Europe in
this sector with a competitive supply chain and competitive
operators. The roadmap to achieve these goals can be met
by addressing the following key challenges:

Meeting societal and market needs

Maintaining and extending industrial
leadership

Protecting the environment and the en-
ergy supply

Ensuring safety and security

Prioritising research, testing capability
and education.

Since 2012 a number of external factors and boundary con-
ditions have changed, and together with other develop-
ments have prompted ACARE to update the SRIA. Exam-
ples of these trigger factors are:

Repercussions of events such as MH370, MH17, Ger-
manwings 9525 where they may affect research and

innovation or policy

Cybersecurity threats, e.g. to aircraft equipment or
ATM systems

Developments in digitalisation and big data

Future stringency in emissions standards for CO, and
ultra-fine particles

Increased importance of noise annoyance and health
impacts

New mobility system concepts, stakeholders, business
models and vehicle types including RPAS (remotely-pi-
loted aircraft systems)

Increased competitiveness challenges for European air
transport stakeholders

New technologies, materials, manufacturing process-
es and system concepts vital for the European aviation
sector

Emerging hazardous substances legislation affecting
certified aviation processes and products

Availability of appropriate research and test infrastructure
Availability of a capable work force

Furthermore, research undertaken since the first edition of
the SRIA by European, national and regional programmes,
both private and public, needs to be considered.

Innovation in aviation is complex, capital-intensive and
takes time. Typically, fifteen years can elapse from the gen-
eration of a new idea to technology being fully developed
for application on the next generation of air vehicles. A shift
to more customer-centric and lower-carbon operations has
to be achieved. Specific challenges arise from stringent cer-
tification requirements consistent with the paramount im-
portance of safety in the sector. This requires many chang-
es, including new operational concepts, alternative fuels
fit for the future and so on. Infrastructure development is
dependent on the availability of excellent research, testing
and validation capabilities. Furthermore future aircraft and
systems will require a paradigm shift in methodologies for
certification and testing, platform integration and full-scale
demonstration.
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It is vital that new developments take into account the
international nature of commercial aviation. This doc-
ument contains many references to the importance of
globally aligning policies, standards and practices to en-
sure seamless introduction of new technology and trou-
ble-free operations.

Globalisation presents many opportunities for the Euro-
pean aviation sector. However, this requires a level play-

ACARE has developed a comprehensive roadmap to
deliver the Flightpath 2050 goals, and as part of this it
will continue to foster the need to monitor achievements
and progress on the SRIA objectives.

As an example, in 2015 the ACARE working group
on energy and environment estimated that we had
secured an overall 38% reduction in CO, per passen-
ger kilometre against a goal of 50% reduction goal
for 2020. Similarly, technical solutions showed a po-
tential reduction of 37% in perceived noise has been
achieved against a goal of 50%, also by 2020. Whilst
this represents significant progress, effort must be fur-
ther strengthened to meet the even more challenging
goals for CO,, noise and NOx emissions set for 2050.
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EXECUTIVE SUMMARY

ing field so that all parts of the industry can compete
fairly with the rest of the world, whether established or-
ganisations or new entrants that may benefit from spe-
cific support.

ACARE activities include the development of comprehen-
sive and up-to-date strategies to manage international co-
operation. This has identified key partners, as well as the
potential for new alliances with selected third countries.

Part of ACARE's brief is to monitor progress towards
Flightpath 2050 goals, and a number of steps have been
taken to do this. It is essential to have continued support
from the EC, Clean Sky, SESAR Joint Undertaking, Coor-
dination and Support Activities and other organisations
to ensure a picture that is complete and up-to-date, and
to enable identification of further gaps in research to be
addressed. New generations of aircraft under develop-
ment integrate many technologies that contribute very
significantly to the ACARE goals: new aerodynamics,
weight savings, new engines, computing capacity, air
traffic management and operational benefits, and so on.
Monitoring of progress in implementation is ongoing,
and in the mid-term will continue to focus on technolog-
ical developments, including RPAS (remotely-piloted air-
craft systems), as well as broader collaboration with Euro-
pean Technology Platforms and other key organisations.
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ACARE is working actively to promote inclusivity across
European, national and regional levels. This can only be
done taking into account differing socio-political and sus-
tainability considerations, and needs to be supported by
a comprehensive policy framework designed to enhance
synergies and exploit complementarities.

ACARE provides a platform for dialogue between indus-
try, research establishments, academia and other aviation
stakeholders, member states and regions together with
the European Commission with its various bodies (JU, JTI
etc.). It is essential to harmonise and promote research,
technology and innovation thereby facilitating coopera-

The development of effective and efficient aviation policy
and regulatory frameworks within Europe is necessary to
address, in particular, governance, funding and financing
issues. This is a prerequisite for delivering the Flightpath
2050 vision.

The precise timing for implementation of innovative solu-
tions into new air vehicles, operations and services will be
driven by the willingness of society to accept the change,
the capacity of the market to afford the change and the
capability of innovators to deliver it.

The previous SRIA document detailed a roadmap phased
over three timescales: short-term (2020), medium-term
(2035) and long-term (2050). This document develops this
dynamic to present action areas covering these timescales
and maintaining the overall objective to deliver the Flight-
path 2050 goals.

EXECUTIVE SUMMARY

tion and collaboration. New trends must be detected and
managed with strategic positioning and dissemination.
The dialogue extends outward to other modes of trans-
port and to research in different fields such as the digital
economy and energy.

Recommendations and outcomes from this platform have
been taken up by the different challenges and are incor-
porated throughout the SRIA. Future activities will con-
tinue to ensure a joined-up perspective that embraces all
players for the benefit of European aviation.

The following sections provide a brief overview of the five
challenges in which research must be conducted. The main
SRIA document follows the Executive Summary and com-
prises Volume 1 which contains the full text with compre-
hensive descriptions of each of the action areas. Volume 2,
which will have more specific details on research and inno-
vation areas, will be published separately.
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CHALLENGE 1

Meeting societal and market needs is about true jour-
ney-wide customer-centric mobility for both passengers
and freight.

This means that passengers, freight forwarders and ship-
pers must be the clear focus of the transport sector in which
aviation is a key player. This requires a paradigm shift from
the current perspective, centred on the service provider, to
one in which the customer comes first.

This must cover all segments of the door-to-door journey
providing the highest possible level of performance and
predictability. Core values in an advanced and innovative
transport environment are collaboration, co-operation and
data sharing giving customers access to reliable, timely and
unbiased information. Society requires seamless connec-
tion across the different transport modes that make up a
door-to-door journey.

The demand for both business and leisure travel continues
to increase. At the same time, society and customers require
mobility to be efficient and sustainable. In addition, air trans-
port is expected to further support economic growth.

All these aspects must be facilitated by the design and im-
plementation of a resilient, sustainable and customer-cen-
tric intermodal transport system that meets European mo-
bility goals and regulatory demands.

The three key areas of Challenge 1 are: design of a cus-
tomer-centric intermodal transport system; travel process
management; and integrated air transport. These lead to
the action areas for Challenge 1.

Understand customer, market and societal expecta-
tions and opportunities

Design and implement an integrated, intermodal
transport system

Develop capabilities to evaluate mobility concepts,
infrastructure and performance

Provide travel management tools for informed mo-
bility choices

12
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Deliver mobility intelligence: journey information,
data and communication

Provide tools for system and journey resilience, for
disruption avoidance and management

Evolve airports into integrated, efficient and sustain-
able air transport interface nodes

Design and implement an integrated information,
communication, navigation and surveillance plat-
form

Develop future air traffic management concepts and
services for airspace users

Address cross-cutting issues: system intelligence,
human factors and automation support, autonomy
and resilience

European citizens are able to make informed mo-
bility choices.

90% of travellers within Europe are able to com-
plete their journey, door-to- door within 4 hours.

A coherent ground infrastructure is developed.

Flights arrive within 1 minute of the planned arriv-
al time.

An air traffic management system is in place that
provides a range of services to handle at least 25
million flights a year of all types of vehicle.
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CHALLENGE 2

The global aviation market is increasing in size and Europe
must work to maintain its industrial competitiveness. Com-
petition is increasing and now comes not only from estab-
lished players but also from emerging challengers that re-
ceive national support. Substantial investment is required
in innovation, research and technology with the appropri-
ate, strong, positive supporting policies.

New business models are changing the ways in which new
developments are funded. Costs of entry to the sector are
reduced with greater use of digital and data-based busi-
ness models. There are many opportunities for Europe to
exploit its capabilities globally, also by building strong al-
liances with emerging partners. With regard to human re-
sources, Europe must attract and retain the best talent for
world-class innovation, research and technology develop-
ment.

Leadership in innovation is a major competitive differen-
tiator, notably in domains of energy and environmental
performance. The market demands ever-shorter cycles for
technology integration with, at the same time, aggressive
pricing. Supporting policies must be developed to include
emerging cross-sectorial enablers such as digitalisation,
big data and new industrial paradigms.

The level of support and investment must match the aspi-
rations of the aviation sector as a global leader, and ensure
that it continues to generate a vast positive contribution to
the European economy. The mechanisms for this support
must build on best current practice, target the full inno-
vation value chain, and recognise the unique lead times
of technology maturation, and the scale and complexity of
future technologies. All must be done in the context of a
level global playing field.

EXECUTIVE SUMMARY

Increase competitiveness in product industrialisation
Develop high-value manufacturing technologies
Embed design-for-excellence in the product lifecycle
Secure continued and focused investment

Exploit the potential of operations and maintenance,
repair and overhaul (MRO)

Develop innovative and optimised testing

Establish new business/enterprise models and initia-
tives

Lead the development of standards

Streamline certification

The whole European aviation industry is strongly
competitive, delivers the best products and ser-
vices worldwide and has a share of more than
40% of its global market.

Europe will maintain leading-edge design, man-
ufacturing and system integration capabilities
and jobs supported by high profile, strategic,
flagship projects and programmes which cover
the whole innovation process from basic research
to full-scale demonstrators.

Streamlined systems engineering, design, man-
ufacturing, certification and upgrade process-
es have addressed complexity and significantly
decreased development costs (including a 50%
reduction in the cost of certification). A leading
new generation of standards is created.

13
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CHALLENGE 3

Environmental protection is, and will continue to be, a key
driver for aviation. The environmental goals in Flightpath
2050 recognise the need for aviation to accelerate its ef-
forts to reduce emissions that impact climate change, noise
nuisance and air quality for the benefit of the citizens and
to allow sustainable traffic growth.

The UN Framework Convention on Climate Change held
in Paris in 2015 (COP 21) confirmed the aim to keep global
temperature increase below 2°C compared with preindus-
trial levels. Aviation produces around 2% of all human-in-
duced CO; emissions. This share may seem low but it risks
increasing with traffic if insufficient measures are taken.

Aviation can reduce CO, emissions by improving the fuel
efficiency of the entire system through technology, opera-
tions and infrastructure but also by developing sustainable
low-carbon aviation fuels.

Additional climate impacts result from nitrogen oxide
(NOx) emissions and condensation trails that may lead to
induced cirrus clouds.

Air quality, in particular regarding NOx and particulate mat-
ter, is also of increasing concern in and around airports.

The 2050 noise reduction objective and negative effects of
noise on human health require actions on vehicle and en-
gine design, operational and infrastructure measures, and
land-use planning. Better understanding of the effects of
noise on health is essential.

Production, assembly and maintenance operations con-
sume energy and raw materials, which also gives rise to
emissions and waste. Full life-cycle analysis, from concept
to end-of-life using circular economy methodologies, is
needed.

Securing a sustainable energy supply to match the expan-
sion of air transport will require joint efforts by the aviation

and energy sectors.

ACARE's response to Challenge 3 is covered by nine action
areas:

14
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Develop air vehicles of the future: evolutionary steps
Develop air vehicles of the future: revolutionary steps
Increase resource use efficiency and recycling

Improve the environmental performance of air opera-
tions and traffic management

Improve the airport environment

Provide the necessary quantity of affordable alterna-
tive energy

Understand aviation’s climate impact
Adapt to climate change

Develop incentives and regulations

CO, emissions per passenger kilometre have
been reduced by 75%, NOx by 90% and per-
ceived noise by 65% all relative to the year 2000.

Aircraft movements are emission-free when taxi-
ing.

Air vehicles are designed and manufactured to
be recyclable.

Europe is established as a centre of excellence
on sustainable alternative fuels, including those
for aviation, based on a strong European energy

policy.

Europe is at the forefront of atmospheric re-
search and takes the lead in the formulation of a
prioritised environmental action plan and estab-
lishment of global environmental standards.
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CHALLENGE 4

Ensuring safety and security

Responding to the demand for new and improved prod-
ucts and services requires a continuous stream of innova-
tion. This will involve high levels of automation, new mate-
rials, clean propulsion fuels, and information sources that
are increasingly open and shared.

Such developments bring new challenges, and if aviation
is to remain the safest and most secure mode of transport
fundamental shifts in thinking are needed. Moreover there
is potentially much to be gained by common approach-
es to safety and security, so in the mid-term these areas
should merge, or at least align significantly. The main ac-
tions for research and innovation in safety and security are
therefore similar.

Safety strategy needs to change from being an aggrega-
tion of individual contributions to one that is holistic and
multi-stakeholder. Core supporting principles for this are
collaborative governance, optimised human-system inter-
actions, better information, and systems designed and cer-
tified for safety in all conditions.

In recent years security has arguably become more of a pre-
occupation than safety. Although approaches for tackling
security may often be similar to those for safety, there are
some differences. In particular, security management struc-
tures are today weak, diverse and tend not to take a sys-
tem-wide view. Moreover, mechanisms for sharing security
intelligence are inadequate.

Despite the current differences between safety and secu-
rity, the same five supporting principles outlined above
for safety apply equally to security. Developments in both
domains are similar enough to justify a collaborative ap-
proach.

Action areas for Challenge 4

4.1 Collaborate for safety

4.2 Optimise human and organisational factors for safety
4.3 Build and exploit safety intelligence

4.4 Ensure operational safety

4.5  Design, manufacture and certify for safety

4.6 Collaborate for security

4.7  Engage aviation personnel and society for security
4.8 Build and exploit security intelligence

4.9 Ensure operational security

4.10 Design, manufacture and certify for security

Flightpath 2050 goals for Challenge 4

1. Overall the European air transport system has
less than one accident per ten million commer-
cial aircraft flights.

2. Weather and other hazards from the environment
are precisely evaluated and risks are properly
mitigated.

3. The European air transport system operates
seamlessly through fully interoperable and net-
worked systems allowing manned and unmanned
vehicles to safely operate in the same airspace.

4. Efficient boarding and security checks allow
seamless security for global travel. Passengers
and cargo pass through security screening with-
out intrusion.

5. Air vehicles are resilient by design to current and
predicted on-board and on-the-ground security
threat evolution, internally and externally to the
aircraft.

6. The air transport system has a fully secured glob-
al high bandwidth data network, hardened and
resilient by design to cyber-attacks.

15
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CHALLENGE 5

Prioritising research, testing capability

and education

Aviation is a high-technology sector which combines ex-
traordinary demands on research and innovation with long
lead times. Decisions on research and technology devel-
opment may have consequences on the future of the sec-
tor decades after they have been made. To maintain its
world-leading position and competitiveness in the dynamic
global market, Europe’s aviation must be underpinned by
world class capabilities and facilities in research, develop-
ment, test and validation, and should provide to the current
and future employees of the sector a top-level education
that is adapted to its needs.

The majority of the actions described in this challenge are
foundational for European aviation. This means that work
needs to start immediately, defining schemes to make sure
we do the right research, developing a coherent set of test
capabilities and, maybe above all, providing world class
education.

Action areas for Challenge 5

5.1 Maintain awareness with an effective technology
watchtower

5.2 Develop an inclusive research strategy covering the
entire innovation chain

5.3 Make the right investment choices with robust selec-
tion processes

5.4 Develop and maintain state-of-the art test infrastruc-
ture

5.5 Establish a sustainable network of operators for test in-
frastructure

5.6 Provide world-leading education in aviation
5.7 Stimulate the involvement of stakeholders in education

5.8 Make aviation attractive to ensure inflow into educa-
tional programs

16

Flightpath 2050 goals for Challenge 5

1. European research and innovation strategies are
jointly defined by all stakeholders, public and
private, and implemented in a coordinated way
with individual responsibility. The complete inno-
vation chain from blue sky research up to demon-
stration and innovation is covered.

2. Creation of a network of multidisciplinary tech-
nology clusters based on collaboration between
industry, universities and research institutes.

3. Identification, maintenance and on-going de-
velopment of strategic European aerospace
test, simulation and development facilities. The
ground and airborne validation and certification
processes are integrated where appropriate.

4. Students are attracted to careers in aviation.
Courses offered by European Universities close-
ly match the needs of the aviation Industry, its
research establishments and administrations and
evolve continuously as those needs develop.
Lifelong and continuous education in aviation is
the norm.
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RECOMMENDATIONS

In 2012 ACARE identified the following recommendations ~ Whilst the above still remain valid, the action areas detailed
in order to achieve the Flightpath 2050 goals for European  in this document identify the following additional recom-
aviation: mendations:

Lead the development of an integrated resilient Eu-
ropean air transport system that will meet the mobil-
ity needs of European citizens as well as the market
needs.

Maintain global leadership for a sector that is highly
advanced and anticipated to grow.

Establish efficient and effective policy and regulatory
frameworks which ensure a global level playing field
and allow European industry to prosper and compete
fairly under market conditions in order to stimulate re-
search, technology and innovation.

Put in place incentives which are accompanied by
long-term programmes with continuity across research
and technology efforts over many years. This requires
developing mechanisms that provide public sector in-
vestment both at European and national level, comple-
mented by public/private partnerships.

Champion sustainable growth so that noise and green-
house gas emissions can be further reduced and in-
novative, affordable, alternative energy sources can be
developed.

Maintain the sector's safety track record and enable
solutions to increasing security risks to be ‘built-in’ to
future designs.

Provide long term thinking to develop state of the
art infrastructure, integrated platforms for full-scale
demonstration and meet the critical need for a quali-
fied and skilled workforce for today and the future.

Enable integration of RPAS (remotely-piloted aircraft
systems) ensuring that safety and security risks are ad-
dressed

Develop and exploit advanced manufacturing technol-
ogies with new industrial paradigms

Harness the deployment of advanced IT capability and
big data taking into account security challenges

Ensure that the entire research and innovation chain
is covered and supported by appropriate measures,
financial, policy, regulatory, environmental and so on.

The challenging goals of Flightpath 2050 can only be deliv-
ered if all ACARE stakeholders work together to ensure that
research and innovation through collaborative programmes
is undertaken on both European and national levels.

ACARE has demonstrated the strength of working closely
together across the whole aviation community including air
transport, the manufacturing industry, research establish-
ments, universities, regulatory authorities, member states
and the European Commission. These stakeholders are
committed to playing a pivotal role in collaboration and
cooperation at European and global levels.

Today Europe is a world leader in aviation: The SRIA
represents a vital contribution to maintaining and
expanding this excellence in the future and provides
guidance on the research, development and innova-
tion needed to deliver the Flightpath 2050 vision.
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STRATEGIC RESEARCH & INNOVATION AGENDA

CHALLENGE 1

The customer is at the centre of the mobility vision set out
in Flightpath 2050. This means that passengers, freight for-
warders and shippers must be the clear focus of the trans-
port sector in which aviation is a key player. This requires a
paradigm shift from the current perspective, centred on the
service provider, to one in which the customer comes first.

Operators must provide a service on each segment of the
door-to-door journey with the highest possible level of per-
formance and predictability. Core values in an advanced
and innovative transport environment are collaboration,
co-operation and data sharing giving customers access to
correct, timely and unbiased information. Society requires
seamless connection across the different transport modes
that make up a door-to-door journey. In summary, meet-
ing societal and market needs is about true journey-wide
customer-centric mobility for both passengers and freight.

Efficient and sustainable mobility is an essential enabler
for Europe’s economic development and social well-being.
Good connectivity is a precursor to wealth and prosperi-
ty, cohesion, international relations and stability. It is also
a strong stimulant for local employment, both direct and
indirect.

Mobility is not just needed for travel to work and for other
business purposes, but is also nowadays an important so-
cial expectation. Increased free time, more disposable cap-
ital, and friends and relatives dispersed across the globe
give rise to a relentlessly increasing demand for leisure and
tourist travel. Improved mobility is a key enabler to further
the integration of the European Union.

Air transport must continue to support economic growth
and add value at European, regional and local levels by
providing the service and connectivity required by busi-
nesses and individuals. This must be facilitated by the
design and implementation of a resilient, sustainable and
customer-centric intermodal transport system that meets
European mobility goals.

Design of a customer-centric intermodal transport sys-
tem: An integrated and intermodal transport system must
be designed around future customer expectations, roles,
profiles and societal acceptance factors. Market changes
and opportunities must be fully embraced. In this context
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CHALLENGE 1

issues to be addressed include system architecture, in-
teroperability standards, regulatory frameworks and net-
work management needed for robust operations.

In order to meet mobility performance goals it is neces-
sary to develop assessment, monitoring and forecasting
capabilities for new concepts, infrastructure and demand
scenarios.

Travel process management: This will provide the cus-
tomer with simple means such as a single ticket for an
entire journey. Travel information that is unbiased, robust,
relevant and complete must be available both before and
during the journey.

It also involves enhanced crisis management and resilience
to mitigate the impacts of different types of disruption. A
robust management and recovery mechanism will protect
customers’ rights and interests.

Integrated air transport: Major change is needed to avi-
ation ground infrastructure in order to offer customers a
vastly improved, seamless travel experience. This applies
to airports, urban helipads and facilities to support new
air vehicles and concepts. Infrastructure changes must be
done with due consideration of the impact on local com-
munities.

Aviation ground nodes must evolve into intermodal hubs for
easy transition between surface and air transport, this is es-
sential if overall transport performance needs are to be met.

Air traffic management must find innovative ways to pro-
vide services to an increasing population of airspace us-
ers in a safe and efficient way: capacity must be available
to accommodate increased demand and vastly improved
predictability of operations in all weather conditions. All
classes of air vehicles must receive appropriate and timely
strategic and tactical air traffic services and supporting in-
formation.

All this needs to be supported by high-performance, in-
tegrated communication, navigation and surveillance sys-
tems and infrastructure. Underpinning performance will be
automation, autonomy, big data and system intelligence in
a structure designed for resilience.
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Understand customer, market
and societal expectations and
opportunities

Design and implement an in-
tegrated, intermodal transport
system

Develop capabilities to
evaluate mobility concepts,
infrastructure and performance

Provide travel management
tools for informed mobility
choices

Deliver mobility intelligence:
journey information, data and
communication

Provide tools for system and
journey resilience, for disruption
avoidance and management

Evolve airports into integrated,
efficient and sustainable air
transport interface nodes

Design and implement an
integrated information, com-
munication, navigation and
surveillance platform

Develop future air traffic
management concepts and
services for airspace users

Address cross-cutting issues:
system intelligence, human
factors and automation sup-
port, autonomy and resilience

Understanding customer, market and societal expectations and opportunities has led
the development of a customer-centric transport system. New processes, technologies
and services are built on these expectations and opportunities with agreed rules for data
sharing, increased automation etc.

The transport system is customer-centric, integrated, energy-efficient, diffused, resilient
and intermodal. It provides a variety of services and options for customers to choose
from based on individual preferences. It takes travellers, their baggage and freight from
door to door, safely, affordably, quickly, smoothly, seamlessly, predictably and without
interruption.

Mobility performance is highly predictable and transparent for customers. On a network
level, mobility performance is monitored and assessed on a constant basis with agreed
metrics. The effect of new mobility systems, infrastructure scenarios or mobility patterns
is analysed and predicted based on agreed criteria resulting in timely provision of re-
quired transport infrastructure.

Customers are served by a fully integrated travel management solution, enabling them
to establish a single-point transport contract for door-to-door services with a single ticket
for the entire journey.

Real-time data drawn from many sensors supports the successful completion of the
customer journey. High speed data connections enable continuous access to data and
applications for work or leisure through the entire journey. Customers receive dynamic
information at all stages of the journey.

When disruption occurs, journey management systems provide passengers with real-time
information and journey reconfiguration, including change of mode. Resilience is improved
by predictive tools to ensure service continuity, as well as collaborative mechanisms to en-
force mobility plans under disruptive events. -

Airside and landside processes at airports are optimised for customer comfort, predict-
ability, performance and better integration of transport modes. Revolutionary air vehicles
and aviation technologies are integrated into existing infrastructure. New air transport
interface nodes have been designed where existing capabilities were inadequate. Air-
port access has been improved through an innovative approach towards safe, efficient,
frequent, comfortable transport systems and services.

A new integrated information, communication, navigation and surveillance platform has
been implemented. This includes innovative infrastructure concepts to address intermo-
dality and performance, satisfying the needs of all air vehicle types and missions.

New operational concepts and new aviation services are in place accommodating all air
vehicle missions and aerial applications in a high performance, agile system. They adapt
to optimise air vehicle operation, fleet operation and flows in accordance with perfor-
mance-driven requirements. New business models and regulatory measures facilitate
innovative and performance-driven services to airspace users.

Concepts, procedures, systems and technologies are available to address cross-cutting
issues like system intelligence applications, human-centred automation, autonomous/
automated operation concepts, systems and interfaces including certification and re-
sponsibility issues and ATM resilience.
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ACTION AREA 1.1

The transport system of the future will be designed with the
customer at its centre. The needs of passengers, freight
forwarders, shippers and other users will define the
requirements. Their profiles, expectations and intended
roles must therefore be fully understood with a view to de-
livering the best possible door-to-door travel experience.

Current and future socio-economic factors and forces will
potentially have major implications for the transport indus-
try; these must be analysed and taken into account. Under-
standing customer, market, and societal expectations and
opportunities covers many different aspects.

Research is needed to develop a comprehensive view of
people’s attitudes and expectations concerning trans-
port systems of the future. Societal and market research
will yield key factors that will be used to shape concepts
and designs. It will also be necessary to consider regula-
tory aspects that may be needed to support or influence
developments.

The challenges of implementation, deployment and ex-
ploitation are of a different nature from those in technical
system development, so it is important to understand so-
cietal acceptance factors. These will be key to enabling
successful deployment and operation of new systems and
technologies into the market.

A further consideration is the increase of automation and
autonomous (airborne) operations. Acceptance of these
is critical and must be built on an understanding of the reg-
ulatory and legal implications of changes in responsibilities,
rights and obligations of operators and the general public.
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CHALLENGE 1

The operational and legal implications of integrating un-
manned and other innovative aerial vehicles into civil air-
space must also be fully identified.

Aviation and transport markets have their own specific
challenges since they need to consider local, regional and
global dimensions. In this context research is needed to
understand how competitiveness with a level playing field
can be assured.

An integrated transport system relies on very high levels
of cooperation and data sharing across all transport stake-
holders, who are sometimes in competition. For this, busi-
ness cases must be developed spanning multiple stake-
holders, and political instruments and incentives may need
to be developed.

It is vital to carefully consider customer and stakeholder
data management from the perspectives of privacy and
security. Specific data and information services will need to
be developed for an integrated transport system. Powerful
safeguards must be built in to ensure the integrity of pri-
vate data and ensure personal dignity. These must be suf-
ficient to gain customer confidence to ensure acceptance.

Finally, societal and market demand and acceptance fac-
tors for low carbon transport systems, essential for sus-
tainability, must be fully understood and incorporated into
future designs.

This action area covers foundational topics so research
should start as soon as possible and be well underway in
the 2020+ timeframe. Since the success of innovation in
many domains will benefit from the results, clear messages
should be available before 2030.

These actions will result in more focused research
and development, better chances of successful de-
ployment, more effective use of resources, shorter
innovation cycles and greater invention. Most impor-
tantly, they will place the customer at the centre of
the transport system.
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ACTION AREA 1.2

In order to satisfy customer needs and expectations, it is
essential to design a door-to-door transport system that is
fully integrated across all modes: air, rail, road and mari-
time. The design must take into account emerging market
developments, societal acceptability criteria and regulato-
ry constraints. It needs to provide seamless door-to-door
transit for passengers, baggage and cargo. Key elements
are flexibility and robustness to support constantly evolving
requirements, technologies, vehicle types, business models
and boundary conditions across all transport stakeholders.

Constant monitoring will be needed to ensure custom-
er-centricity regardless of mode of transport. A large quan-
tity of yet-to-be-defined data will have to be exchanged, and
collaborative mechanisms developed between potentially
competing stakeholders to support seamless door-to-door
journeys. Interoperability requirements and standards
will need to be agreed and implemented for all technical
and operational systems that interface with each other.

Transport and journey management functions must be
accommodated at architectural and design stages. They
must enable cross-modal optimisation, robustness and
resilience including dynamic reconfiguration in the case
of disruption or unforeseen incidents. Mobility must be
assured during abnormal conditions, especially for public
service and emergency situations. The design and costs to
support this must be accepted and shared across cooper-
ating modes.

CHALLENGE 1

Significant research is required to set up the basic architec-
ture of an integrated intermodal transport system. This
will need a holistic, end-to-end analysis with perspective
over the entire journey, and will integrate information and
operational procedures from the different modes. This is
non-trivial, since it needs to take account of competitive
interests, natural and statutory monopolies, and local, re-
gional and global aspects.

The system must benefit from a level playing field rela-
tive to other major (transport and non-transport) industries
in terms of cost, environmental assessment, taxation, reg-
ulatory burden, and public subsidy. It will balance public
service obligations, especially to remote and peripheral
regions, with competition and market realities.

The integrated, intermodal transport system will not be-
come a reality without overarching regulation setting the
framework conditions for design, implementation and op-
eration. This will require substantial analysis and research.

The focus of this action area is therefore the design of an
integrated, intermodal transport system to best meet the
various requirements of all customers and stakeholders.
Research will support this, and will furthermore address
innovation, policy, regulatory needs, business case, imple-
mentation and deployment, and customer and market ac-
ceptance.

In setting up a basic architecture it will be necessary to
foster agreement, initially political then technical, between
transport modes. This will cover operational concepts and
possibly the conditions of a regulatory framework. These
are fundamental steps towards a fully integrated transport
system, and therefore should be initiated as soon as possi-
ble and be mature before 2030.

An adopted architecture providing an operational
and technical framework, together with basic regula-
tory support are key requirements for the implemen-
tation of a customer-centric door-to-door-transport
system.
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ACTION AREA 1.3

Flightpath 2050 envisages ninety percent of travellers with-
in Europe completing their journey, door-to-door, within
four hours. Support and monitoring to allow achievement
of this target is needed, and is described in this action area.

Akey necessity in a fully intermodal system will be to under-
stand and evaluate door-to-door mobility performance.
For this we need detailed data, analysis and forecasting
capabilities for mobility flows, assessing the contribution
of each transport mode and its supporting infrastructures.
This must be extendible to new concepts.

Performance evaluation should take place on a single, in-
tegrated platform that can set baseline targets for achieve-
ment of the four-hour goal, and then forecast, measure and
validate progress towards it. The analyses will be based
on journey, traffic and infrastructure data collected in re-
al-time, as well as mobility flow forecasting tools.

It must be able to work both at a detailed scale, allowing
analysis of performance over single journeys, and also at a
macroscopic level, to evaluate multiple, complex journeys
that use different operators, transport modes and infra-
structures.
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CHALLENGE 1

Customer-oriented performance metrics must be careful-
ly chosen so that they are also capable of assessing future
demand and infrastructure scenarios.

It must be possible to apply the evaluation capability to
new and planned (intermodal) mobility concepts. This
will help to identify and address design and implementa-
tion challenges at an early stage.

Mobility performance is inherently linked to ground and
air infrastructure availability and capacity. The evaluation
capability must be able to perform assessments for various in-
frastructure scenarios giving it a role in infrastructure network
planning taking into account door-to-door mobility choices.

Innovative ways for reaching societal consensus must be
found for the construction, expansion and operation of air
transport infrastructure. An evaluation capability will help
by clearly demonstrating the expected benefits of mobility
performance and resilience.

This action area requires significant research to define met-
rics and implement a modelling and evaluation capability
for intermodal mobility performance. This should be able
to operate on local and European scales for a wide range
of future input scenarios and real data.

The evaluation capability described here will persist and
evolve over time to accommodate new concepts and re-
al-world developments. However, due to its importance for
assessment and forecast of mobility performance, initial ca-
pabilities are required in the 2020s with full functional capa-
bility to be achieved in the 2030s. Constant evolution and
adaptation to state—of-the-art technology will be required
following initial implementation.

The evaluation capability is vital to support the devel-
opment of a future multi-modal door-to-door trans-
port system that answers the needs of the customer.
It will enable key decisions at each stage of the pro-
cess from research planning to policy and infrastruc-
ture choices.



STRATEGIC RESEARCH & INNOVATION AGENDA

ACTION AREA 1.4

A customer travel management toolset capable of deliver-

ing the relevant information before and during a journey
is essential to support future mobility concepts. It will en-
able customers to make informed transport and mobility
choices for their door-to-door journey according to their
preferences, based on a sound and transparent logic.

As a first step it is necessary to define metrics, concepts
and methodologies for unbiased assessment of the dif-
ferent transport options. A regulatory framework will be
necessary to support collection and sharing of required data.

The toolset must allow journey planning door-to-door
across multiple modes according to customer preferenc-
es, using different operators if needed. This needs to be
done in an unbiased way that provides the best solution
with clear and transparent information on customer-select-
ed criteria. New functionalities will be required such as in-
termodal journey planning and pricing.

Customers must be provided with a single entity to as-
sume accountability and responsibility for their journey.
This is particularly important where multiple modes and
service providers are involved. As such, governance rules
will also have to evolve for example with regard to cost
allocation and compensation obligations between the dif-
ferent stakeholders.

It should be possible to make reservations and payment
for the complete journey in a single transaction. A single
ticket, electronic or otherwise, valid for the entire journey,
should then be issued.

CHALLENGE 1

Further recommendations may be provided to the traveller
at any time during the course of the trip.

There is strong interdependency between travel manage-
ment tools and other action areas under the ‘mobility’ chal-
lenge. Consistent overall architecture, common metrics
and enhanced information (Action areas 1.2, 1.3 and 1.5)
are therefore essential.

The visibility provided by travel management tools has wider
implications across the entire travel industry since they will
give customers a clear, unbiased view of the offers and re-
sponsibilities of all providers across all modes. As well as in-
creasing competition, this will bring pressure for cooperation.

Collaboration across all modes should be initiated imme-
diately and matured in the 2020 timeframe. This will allow
realisation of the functionalities during the late 2020s. Con-
stant update and adaptation will be necessary after initial
implementation, for which the architecture and design of
the system should make provisions.

Providing the customer with a transparent view of
travel options, costs, and the responsibilities of ser-
vice providers across modes will provide a powerful
force for improved customer experience and ensure
quality of service over the entire door-to-door journey.
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ACTION AREA 1.5

Customers need comprehensive information that will allow
them to properly manage their journeys in real time. In-
formed mobility choices require information that is trust-
worthy, accurate, reliable and timely. This must cater for all
eventualities and may require unprecedented availability
and sharing of operational, private and sometimes com-
mercially-sensitive data.

nnectivity

In-journey tracking and status of current or planned
stages must be shared in real-time. In particular, delays
and disruptions must be presented allowing, if necessary,
re-planning of one or more segments. All this must apply in
a seamless way across all modes, and over the entire trip.

The information system must be built on real-time data
drawn from all available sensors, including the customers
themselves, from all modes of transport. Standards for the
exchange of such data between the different modes and
service providers must be developed. A regulatory frame-
work may be required to ensure that data are collected,
shared and used without jeopardising commercial inter-
ests. Data privacy and security must be assured at all times.
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Sciences of data management, big data and predictive
analytics together with higher computational performance
bring significant possibilities for this application. New
cryptography algorithms (e.g. blockchain) may change the
nature of business transactions and solve privacy-related
issues. Information technology with biometry-based identi-
fication and payment systems may be of benefit for differ-
ent parts of the journey.

Underlying these applications will be robust, high-speed
and secure in-journey communication links for which signif-
icant progress has already been made. Multi-channel noti-
fication capabilities and systems will ensure relevant, timely
and personalised information to passengers at all stages
of travel.

The foundation of these capabilities is data, so common
requirements must be developed and agreed across
modes and service providers. Standards will then be
needed to cover all aspects of acquisition, processing, con-
fidentiality and security.

There is strong interdependency between mobility intelli-
gence tools to support customer travel management and
other action areas that form part of the mobility challenge.
Consistent overall architecture and common metrics (Ac-
tion areas 1.2 and 1.3) are essential.

This action area addresses a basic requirement for the cus-
tomer, so data policy and standards should be available in
the early 2020s. This should be accompanied by regulatory
actions if needed. Constant adaptation over the years to
accommodate technical and market developments will be
required. Full intermodal intelligence should be envisaged
in the 2035 timeframe.

Providing the customer with high-quality mobility
information and intelligence will not only improve
the travel experience but will also provide a power-
ful force for better quality of service over the entire
door-to-door journey.
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ACTION AREA 1.6

Disruption is one of the most frequent sources of traveller
dissatisfaction, with lack of information the most common
complaint. Management and recovery mechanisms are
therefore required to ensure successful completion of door-
to-door journeys in cases where one or more segments
cannot be executed as planned.

Resilience and mitigation against disruption must be de-
signed into the system at the earliest possible opportunity,
considering both technical and operational aspects. Unex-
pected events do occur however, and in these cases custom-
ers have a right to expect timely information and guidance
that supports and protects their rights and interests. In order

to minimise the likelihood and effects of disruptions, research
should address predictive and prognostic disruption fore-
cast methods in support of pro-active mitigation.

As far as possible, passengers must have information on
actual or predicted disruptions ahead of their departure
and throughout the entire journey. Intelligent tools must
pinpoint issues in any segment of the journey, notify the
customer and, if the issues are grave, suggest suitable al-
ternatives using the most effective mode(s) of transport.

Acceptance of a proposed alternative journey option must
be simple. Journey reconfiguration including cancella-
tions, re-bookings, refunds and compensation need to be
processed automatically. Costs must be redistributed auto-
matically between the different service providers.

Disruption management should be supported by legisla-
tion that ensures a level-playing field for all modes of
transport. Passenger rights must apply across all modes,
covering the door-to-door journey.

CHALLENGE 1

Widespread disruption events, or crises, may require sys-
tem-wide contingency planning and/or crisis manage-
ment that form an overarching context for individual pas-
senger processing. For such eventualities there must be an
agreed framework of actions that protects and supports
customers so they can effectively manage and implement
their individual solutions.

Mobility plans to ensure service continuity have to be
defined for all known or envisaged types of large-scale dis-
ruptive events. Plans must consider prioritisation of avail-
able capacity and be cooperative across all stakeholders
and with the relevant authorities.

Plans may include provision for temporary rules, freedoms
or obligations to allow effective and pragmatic manage-
ment of the situation. They must also make provision for
speedy reversion to normal operations.

Research is therefore needed on the resilience aspects of
the transport system, on the prediction of disruptive events
and on in-journey passenger tools for the detection and
management of disruption.

Policy and legislative involvement may be needed to en-
sure that the customer is given proper priority, and to en-
sure collaboration across the different modes.

Research can start immediately; initial capabilities can be
available in the late-2020s timeframe with full potential real-
ised by the mid-2030s. Constant adaptation to state—of-the-
art technology will be required after initial implementation.

This area is closely linked to others under this challenge.

Disruptions and crisis situations happen. Tools that
allow their intelligent management and improve
journey resilience are a key requirement for meeting
customer expectations and achieving the goal of four
hours door-to-door travel.
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ACTION AREA 1.7

Achievement of Flightpath 2050 mobility goals is criti-
cally dependent on the provision of sufficient supporting
ground infrastructure. Air transport interface nodes include
airports, vertiports and any other ground infrastructure
supporting airborne passenger or cargo services. Also cov-
ered is infrastructure that interconnects to other transport
modes.

Processes for passenger, baggage and freight handling
must be continuously improved. Better performance must
be achieved in punctuality, predictability, delay, waiting
times, convenience and availability of information. Much
improved integration with other transport modes is another
important requirement.

Progress should be based on the analysis of logistics pro-
cesses across the entire airport system. Innovative, collab-
orative decision-making, built upon total node (airport)
management is required to create seamless passenger and
cargo concepts, technologies and procedures. This must
be supported by specially adapted performance metrics.

In addition to process optimisation, research is required for
improved air transport interface node (airport) design
to deliver the best possible customer-centric infrastruc-
ture layouts that integrate seamlessly with other transport
modes. Airport access must be efficient with frequent,
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comfortable and stress-free transport options available.

Provision must be made airside for the technological
and procedural integration of new aviation technology
and future air vehicles. This may include short- and ver-
tical-take-off and landing aircraft, remotely-piloted aircraft
systems (RPAS), super- and hyper-sonic vehicles. New in-
frastructures or processes are to be designed where exist-
ing capabilities are inadequate. Given the long lead times,
radical new aviation developments and equipment must
be notified sufficiently in advance for effective and timely
integration into ground infrastructure.

In summary, this area primarily concerns research for fur-
ther optimisation of airport processes and infrastructure,
with particular emphasis on integration with other transport
modes. Attention should be paid to the accommodation of
new (air) mobility concepts and technologies.

This area builds upon the ATM Masterplan and SESAR
Solutions.Therefore research into airside operations should
be programmed post-SESAR 2020 and built upon relevant
exploratory research. However, research to improve inter-
modal infrastructures and procedures, currently outside the
scope of SESAR, is needed immediately.

Support to accommodate new air vehicle types must be
studied as soon as possible, preferably at their conceptual
stage. This is already the case for remotely-piloted systems.

Note: Environmental aspects of aviation ground node op-
erations are covered in Challenge 3.

The aviation network is critically dependent on highly
efficient and integrated ground interfaces. Improve-
ments in this area are therefore foundational, impact-
ing the entire system.
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ACTION AREA 1.8

New concepts for a cost-effective information and commu-
nication infrastructure are required to meet all aviation per-
formance requirements. Key considerations are bandwidth
(data capacity), safety, security and quality of service.

The concept of system-wide information management,
currently part of SESAR developments, should evolve into
a comprehensive information management network. In-
formation services should be fully decoupled from physical
channels and must be based on network architectures that
support the introduction of innovative services and facili-
tate market access to new entrants.

Quality-assured information needs to be exchanged using
consistent data that is derived, integrated and fused from
a number of independent sources. Greater interconnectivity
and integration increases the focus on the crucial importance
of cybersecurity — this is dealt with in Challenge 4.

Communication, navigation and surveillance systems and
infrastructure must take a more business-oriented ap-
proach so that resources are used more efficiently, deliv-
ering the required capability in a cost-effective and spec-
trum-efficient way.

CHALLENGE 1

A performance-based navigation and surveillance infor-
mation platform is envisaged. This will increasingly rely
on satellite-based technologies with multi-constellation,
multi-frequency augmentation systems. It will be available
throughout the global network to meet the needs of future
operations. The platform must accommodate, inter-alia,
RPAS (remotely-piloted aircraft systems), ensuring low cost,
robust navigation support with global coverage.

Advanced navigation technologies using new sensors
are needed to allow flexible and sustainable operations,
in all weathers and atmospheric disturbances. Research
is needed into electronic countermeasures against GNSS
jamming, spoofing and other security threats.

New surveillance techniques and procedures are need-
ed to improve the provision of continuous and accurate air
vehicle position information. Secure integration of diverse
cooperative and non-cooperative surveillance technolo-
gies from disparate sources will be required.

Timely development and introduction of global airworthi-
ness and interoperability standards is essential.

The focus of this area is research and innovation in the fields
of technology, systems and procedures. This must deliver
a spectrum-efficient integrated communication, navigation
and surveillance infrastructure that satisfies all system re-
quirements. Security considerations are key.

This area builds upon the SESAR ATM Masterplan and SES-
AR Solutions, therefore research must be targeted to follow
the current programme with new concept development in
the 2025 timeframe and implementation targeted at 2035
or later.

An integrated communication, navigation and sur-
veillance platform will be a foundational element of
the air transport system of the future.

29



STRATEGIC RESEARCH & INNOVATION AGENDA

ACTION AREA 1.9

Flightpath 2050 challenges air traffic management services
to double the available capacity while improving safety and
efficiency and reducing environmental impact. The future
system must also be able to accommodate new types of
aerial vehicle and cope with more complex demand pat-
terns, especially in extended metroplex airspace.

This calls for new concepts for an agile, resilient system
covering all operations from strategy and planning through
to tactical control. All vehicle missions and aerial applica-
tions must be accommodated, unintended use of airspace
prevented, and the impact of weather and other disrup-
tions minimised.

Performance-based operations must be designed to al-
low aircraft to fly the most efficient route and profile, ensur-
ing lowest-possible emissions. Safe separation should be
supported by advanced avionics and integrated commu-
nication, navigation and surveillance systems (see previous
action area).

Fully integrated collaborative decision-making will be
needed for all phases of flight encompassing all airspace
stakeholders. This will allow balancing and prioritisation of
stakeholder interests supported by system-wide analyses,
trading rules and assistance tools.

Network congestion management and recovery mecha-
nisms must be identified and implemented. Network-wide
optimisation must be effective for all vehicles and opera-
tors ensuring the best trade-off between the different per-
formance goals.

System status and performance data must be widely
available allowing airspace users to dynamically adapt air
vehicle and fleet operations according to their needs and
priorities. Measures should be available in near real-time to
allow high reactivity.

Research is needed to find the most efficient and fairest
operational schemes such as best-equipped-best-served or
on-time-first-served. Airports need effective airside models
that optimise across several criteria such as noise, emissions
and capacity in response to current operating conditions.

Innovative and competitive services for airspace users must
be supported by international agreements and possi-
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bly legislative and regulatory measures. These must be
adapted for future market needs and supported by strong
governance, institutional and economic frameworks.

In this respect there is a need to consider new business
models for service provision, and for the management of
the new integrated communication, navigation and surveil-
lance infrastructures. Incentive mechanisms may be required
to promote coordinated adoption of new technologies.

The focus of this action area is on research into all tech-
nological, operational and institutional elements of the
air traffic management system. It builds upon the SESAR
ATM Masterplan and SESAR Solutions, therefore research
should start in the 2025 timeframe and be targeted for im-
plementation from 2035 onwards. New research should
build upon works done in the SESAR2020 exploratory re-
search programme.

Performance-based, future-proof, robust and safe air
traffic management and its supporting technical ser-
vices are key enablers for the air transport system of
the future.
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ACTION AREA 1.10

This area deals with transversal issues and therefore may
be generally applicable to many parts of the aviation and
transport industry. Aspects of particular interest to the
scope of the mobility challenge are highlighted here. Safe-
ty and security are covered in detail under Challenge 4.

System intelligence refers to intelligent behaviour within
a complex system involving interaction and feedback from
all parts of that system. It is a new field that can benefit
automation at all levels, right up to the highest levels of
autonomy. Research is required into applications that could
support many areas described within this challenge: mis-
sion management, air vehicle or airport operations, travel
and traffic management, network management, air vehicle
maintenance, decision-making support, crisis management
and traveller assistance.

It is essential to better understand interactions between
humans and highly automated systems, and to design
effective interfaces towards a true human-machine partner-
ship. Automation systems and their interfaces should adapt
to individual human performance. Where appropriate, ma-
chines should provide visibility on guidance and decisions
generated by the automation. Attention must be paid to
all aspects of human factors, theory, methods and implica-
tions of decision support systems in particular with regard
to degradation of automation.

With the advent of higher automation and collaborative
multi-stakeholder decision-making in a connected envi-
ronment, requirements for selection, training and quali-
fication will evolve. In this respect due consideration must
be given to social context and culture to ensure that all
staff are well prepared for new and emerging design and
operational paradigms.

All of the above must apply particularly in the context of
a substantial increase in the number of RPAS (remotely
piloted aircraft systems) that will be operated in the near
future.

System intelligence and high automation can only work if
properly supported by common guidelines, and possibly
regulation. The share of authority and responsibility be-

CHALLENGE 1

tween different actors, pilot, controller or machine, needs
to be clearly set out, with an emphasis on human-centred
automation. By the same token it is also necessary to ad-
dress certification and liability issues.

Finally, it is necessary to better model and implement re-
silience across the air traffic management system. This will
require both organisational and technical provisions to al-
low the system to properly deal with both small- and large-
scale disturbances.

Much foundational work has been done in the SESAR and
Clean Sky programmes and elsewhere. However, this ac-
tion area is relevant across all parts of the aviation sector.
These transversal aspects must be constantly developed
and adapted for the benefit of aviation, keeping up with
new concepts, and exploiting new science.

System intelligence, automation and autonomy, cor-
rectly exploited, can provide breakthrough gains in
performance and safety across the air transport sec-
tor. Developing a proper foundation for their design,
development and implementation will maximise ben-
efit and minimise risk.
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STRATEGIC RESEARCH & INNOVATION AGENDA

CHALLENGE 2

Competition is becoming ever more fierce, not only from
established sources, such as the United States, but also
from recently emerged and emerging challengers, such
as Brazil, Canada, China, India, the Gulf States and Russia.
These countries understand the strategic nature of aviation
and support their industries accordingly. This impacts the
competition between countries as well as between com-
panies.

Even though the global aviation market is increasing in
size, Europe must preserve its pre-eminent position to en-
sure the continued success and economic contribution of

its aviation industry by investing continuously and heavily
in key enabling innovation, research and technology sup-
ported by adequate policies and frameworks. Financial and
human resources are abundantly available in the emerging
competing regions, and Europe must increase and focus its
resources to maximise its potential within the timeframe of
Flightpath 2050.

5

Furthermore, new business models are changing the ways

in which innovation, research and technology are being
funded by third parties. Additional game-changers include
reduced costs for entry to the sector, and greater use of
digital and data-based business models for value creation.
This provides opportunities for the European aviation sec-
tor to exploit its capabilities globally via strong industry al-
liances and emerging new entrants.
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To maximise these opportunities European aviation must
position itself as the preferred partner for global innova-
tion, research and technology. It must encourage start-ups,
supporting the existing ecosystem and enabling more da-
ta-driven and digital environments.

The fast-evolving globalisation of aviation also presents a risk
for retention of human resources in a highly competitive envi-
ronment. Europe must position itself with policies and frame-
works to attract and retain the best talent to ensure world-
class innovation, research and technology development.

Technological leadership and innovation is becoming the
major competitive differentiator, most notably in terms of
energy and environmental performance. The future is not
guaranteed without sustained or increased investment in
the technologies of tomorrow. The market demands short-
er cycles for new technology integration, and this in the
light of new competitors entering the market with aggres-
sive pricing. To succeed in this differentiation, European
aviation needs to apply more resources to innovation, re-
search and technology for quicker solutions and for adapt-
ability to a rapidly changing environment.

To achieve the energy and environmental targets of Flight-
path 2050 it is necessary to accelerate innovation, research
and technology development with clear, effective and ef-
ficient supporting policies. These should embrace emerg-
ing cross-sectorial enablers such as digitalisation, big data
and Industry 4.0. The level of support and investment must
match the aspirations of the aviation sector as global lead-
er, and ensure that it continues to generate a vast positive
contribution to Europe. The mechanisms for this support
need to be appropriate to the sector, building on success-
ful current practice and recognising the full innovation val-
ue chain, the lead times of aeronautics technology matura-
tion, and the scale and complexity of future technologies.
Finally, Europe must recognise the level of external support
being provided to the emerging competitive threats, and
respond accordingly.
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ACTION AREA

2.1 Increase competitiveness in

product industrialisation

2050 TARGET STATE

Industrialisation encompasses access to a full set of production data and capabilities
of different production sites in order to simulate the best industrial choice proactively,
starting at the early design and conception phases.

Develop high-value manufactur-
ing technologies

High-value manufacturing technologies represent an embedded digital thread within
the integrated supply chain, facilitating a data-driven material conversion and manufac-
turing process. The technology is developed, validated and certified in a virtual work-
space, enabling real-time changes in the physical manufacturing process.

Embed design-for-excellence in
the product lifecycle

The platform product development cycle, certification, and industrialisation operates
on a single virtual development platform that reacts to, and embodies new architecture,
systems and technology innovation in a fully autonomous environment.

Secure continued and focused
investment

Further innovative research, supported by continuous investment, is enabling aviation
to meet the EU challenges of decarbonisation and digitalisation in an ever-changing,
competitive and circular economy.

Exploit the potential of opera-
tions and maintenance, repair
and overhaul (MRO)

There is complete availability of data in worldwide overhaul networks. Supported by
augmented and virtual reality techniques not only data, but whole competencies are
available throughout the network. This enlarges the competitiveness of European avia-
tion with greater flexibility and the ability to cope with unscheduled disturbances in flight
operations and fleet management.

Develop innovative and opti-
mised testing

The full force of virtualisation technologies and cyber-physical systems is deployed to
enable simulations that are as reliable as physical tests for most practical applications.

Establish new business/enter-
prise models and initiatives

Physical, cyber and virtual business models are fully integrated to support the production
of new concept aircraft to fulfil the Flightpath 2050 targets.

Lead the development of stan-
dards

New configurations and new operations are based on dedicated new standards devel-
oped well in advance.

Streamline certification

A fully-integrated multi-physics and multi-scale model of the complete airframe is cou-
pled with aerodynamic and thermal models eliminating ground test rigs completely. A
streamlined set of validation methods is supported by a regulatory framework for certi-
fication by simulation.
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ACTION AREA 2.1

Development of an aviation product involves many com-
plex, interacting and critical activities and decisions. These
must transform design concepts and analyses into an in-
dustrial product that is affordable, safe and sustainable in a
competitive market.

Effective industrialisation is vital for European aviation.
Included are specific and critical activities on qualification
and certification, needed to fulfil customer and regulatory
requirements. It is essential to implement design solutions
with a solid industrial base that takes into account the very
long life-cycles of aviation.

European aviation needs to build its competiveness across
all horizontal industrialisation aspects: standardisation, spe-
cialisation, collaboration, automation and agility. These will
benefit the aviation-specific pillars of product complexity,
pressure on development targets and collaboration in the
supply chain.

Aviation must manage product complexity that is increas-
ing in a dramatic fashion, well beyond today’s levels. Multi-
disciplinary and multi-objective optimisation processes are
needed to achieve outstanding performance.

There is strong pressure to meet development targets with
delivery on schedule, within cost and respectful to the
environment. Modular solutions and standard practices
are needed to speed up return on investment. These will
use new technologies from different areas to reduce the
financial demands of long-term research and development
and promote faster testing.

Effective collaboration is needed with the supply chain
for sub-assembly design and manufacturing. Aviation must
forecast, analyse, share, manage and integrate the contri-
butions of the whole supply chain in its long-term industrial
scenarios. This must be done while continuously improving
quality and safety, reducing costs and assuring data security.

Digitalisation and big data, supported by cybersecurity
measures, will be key enablers, and these must be man-
aged correctly. Critical information must be customised,
classified and readily available for elaboration of produc-
tion and product-support scenarios. It will be important to
align with cross-cutting European initiatives for digitalisa-
tion and new factory and manufacturing paradigms.
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OEMs must establish priorities to ensure they build prod-
ucts that provide a range of performance features to meet
customer requirements. Collaboration with suppliers should
be achieved by sharing physical and digital resources.
Research is needed in the short- and mid-terms to simulate
the value chain with data that include human, machine and
industrial processes. Effective standardisation will be an im-
portant enabler in support of a modular approach.

Research for aviation industrialisation in a 2025 timeframe
must focus on high-value technologies that enable the right
choices to be made for productivity improvements. Innova-
tion is needed for rate flexibility and decision support to
cover the full life-cycle across the whole supply chain.

Disruptive industrialisation processes with full simulation of
supply chain input and the impact of choices may be en-
visaged by 2035. This should be facilitated using building
blocks from the digital economy.

By 2050, industrialisation should benefit from access to a
full set of production data and capabilities across different
sites in order to simulate the best industrial choices from
early design and conception phases.

Innovative choices in industrialisation concepts and
management will provide the European aviation val-
ue chain a competitive advantage and global lead-
ership. Future aviation products may be realised in
a shorter time with quantitative information on risks
and benefits. A minimal environmental footprint and
optimal use of resources can be assured well in ad-
vance during critical industrial decision processes.
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ACTION AREA 2.2

The development of high-value manufacturing technolo-
gies is needed to secure the competitiveness of the Euro-
pean supply chain and affirm Europe’s global leadership in
high-efficiency manufacturing.

High-value manufacturing technologies are the processes,
methods, and tools used for the creation of products and
services. They may be described in three major themes.

First, conventional manufacturing technologies, which
involve creation and finishing by mechanical and oth-
er means, and application of these processes for original
equipment, in-service management, repair and end-of-life
activities. Product and service verification and validation is
predominantly assured through post-process techniques to

minimise the cost of non-quality.

Secondly, disruptive manufacturing technologies involve
generation from additive and subtractive methods currently
not employed at industrial scale or used for prototyping only,
including technology development, and manufacture of raw
materials. Product verification and validation must be built
into the process to ensure that “right first time" is achieved.

Finally, the digital, zero waste, and energy-neutral facto-
ry will use data-driven manufacturing systems to ensure
high productivity, permit rapid new technology implemen-
tation, and enable product and rate flexibility through sup-
ply chain integration. This will facilitate innovative material
formulation and manufacturing conversion, assembly and
in-service support. The digitally-enabled factory should
deliver zero-waste output from process consumables and
product materials.

CHALLENGE 2

Specific aviation research is needed to focus on the ma-
terial-to-product conversion processes that ensure safety,
quality, fuel efficiency, environmental responsibility, cost-ef-
ficiency and flexibility. They must be embodied into the fi-
nal outcome with the application of intelligent automation
where economically viable.

It is critical to align with cross-cutting European initiatives ad-
dressing the digital economy and advanced manufacturing,
where high-value technology convergence is a possibility.

Research in underpinning high-value technologies that en-
able productivity improvements and/or rate flexibility must
be accelerated. Step change manufacturing technologies
that could be implemented on incremental or new plat-
forms to facilitate enhanced architectures through subtrac-
tive and additive processes, should be proven by 2025.

Disruptive manufacturing processes that deliver new ar-
chitectural capabilities should establish standard industrial
practice before 2035 in order to achieve the digitally en-
abled, low-energy and zero-waste factory.

By 2050 high-value manufacturing technologies should rep-
resent an embedded digital thread within the integrated
supply chain, facilitating a data-driven material conversion
and manufacturing process. The technology will be devel-
oped, validated and certified in a virtual workspace, enabling
real-time changes in the physical manufacturing processes.

The development of high-value manufacturing tech-
nology will secure the European supply chain through
demonstrated global leadership in high-efficiency
manufacturing capability. Future product aspirations
will be realised through demonstrated capability to
supply complex and multifunctional architectures, us-
ing intelligent automation within a digitally-enabled
environment. A minimal environmental footprint,
combined with high energy efficiency will ensure
that industry increases economic contribution to the
European Union, surpassing the 20% GDP industrial
policy vision.
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ACTION AREA 2.3

Design-for-excellence is a key enabler for whole aircraft
production and in-service optimisation. Design-for-excel-
lence impacts material formulation, manufacturing conver-
sion, and through-life services by embedding the philoso-
phy throughout the product development pyramid.

Design-for-excellence is a combination of capabilities re-
quired to conceptualise, define, integrate, verify and val-
idate complex aircraft architectures and systems through
efficient use of material and manufacturing processes. It is
sub-divided into three themes.

Product: Generation of a suite of verified and validated
principles to optimise the architectures and systems to
meet performance, fuel efficiency, operational needs, cost,
and environmental needs. Topological optimisation en-
sures that the material chemistry can be optimised for the
functional specification.

Factory: Evaluation of materials and manufacturing start-
ing at the conceptual design stage. The outcome will con-
sider the top-level aircraft and industrial requirements to
best fit technology requirements with economic cost and
rate objectives.

Services: Ensuring that consideration is given to in-service
operational needs and flexibility throughout the product
development pyramid, industrialisation phase and series
production. This will ensure ease of interchangeability and
minimise or eliminate maintenance and monitoring of ar-
chitecture and system performance through data-driven
services.

Knowledge must be exchanged with other high-value in-
dustrial sectors through collaborative initiatives, ensuring
best practice is exploited throughout Europe.

It is imperative that design-for-excellence principles are
embedded in ACARE, connecting with European initiatives
on trans-sectorial topics such as digitalisation and future
manufacturing. A knowledge-based engineering approach
will maximise commercial impact and minimise the indus-
trial footprint.

Research must ensure that principles addressed here are

picked up in complementary programmes. Specifically, this
will target next-generation platform developments where
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new materials, manufacturing processes, and digital en-
ablers are envisaged.

Initial research needs to focus on product and industrial
requirements for step-change and disruptive aircraft plat-
forms. By 2025 the product development cycle should
have embedded an integrated approach that meets op-
erational targets and maximises the architecture and sys-
tem performance through topological optimisation and
multi-functional components.

By 2035, the product, factory and service elements should
be integrated into open architecture platforms that enable
full integration of the vertical and horizontal supply chain.
By 2050, the platform product development cycle, certifi-
cation, and industrialisation will be operating on a single
virtual development platform that reacts to, and embodies,
new architecture, systems and technology innovation in a
fully autonomous environment.

Sustained evolution of design for excellence will ul-
timately lead to a revolution in the product develop-
ment cycle and through-life maintenance. The entire
European supply chain needs to ensure its place at
the leading edge of the development, and to main-
tain and grow its capability. Future high-value man-
ufacturing aspirations will only be realised through
an ability to first capture the principles of high-value
design.
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ACTION AREA 2.4

Secure continued and focused investment

Europe’s aviation industry can maintain a critical mass of
leading-edge capabilities and competitiveness through
planned, continuous and focused investment in technology
research and innovation. The timeframes for these invest-
ments are very long term, typically decades.

The focus should not just be on technology for aviation
products, attention must also be given to manufacturing
and operational technologies.

Visibility and stability in the support for long-term and
large-scale private and public investment are needed. Ef-
ficient and dedicated research and technology innovation
programmes must be organised within a stable, multian-
nual framework that can adapt to the changing landscape.

The research, technology and innovation pipeline is filled
on a rolling basis, to ensure a continuous feed into demon-
stration, application and ultimately development. Targeted
and specific interventions are needed to overcome market
failure and fill the gap between the end of research and the
start of product development.

Appropriate funding instruments must create sustained,
stable and predictable research and technical develop-
ment at manageable risk. They must cater for programmes
of ten or twenty year's duration. Public-private partner-

ships and joint technology initiatives have proven to be
efficient demonstrator-driven mechanisms. For example,
SESAR and Clean Sky have delivered significant results and
are recognised as best practice, inspiring other industrial
sectors. There is a need for specific funding instruments
to support basic and applied research up to technology
demonstration.

To remain attractive and foster private investment, existing
research and innovation programmes must be simplified and
consolidated with straightforward, lean rules and process-
es suitable for all kinds of entities. The entire research and
innovation chain must be supported at European level.

European priorities on digitalisation, energy and innova-
tion are in line with ACARE 2050 recommendations. They
should provide opportunities for further cross-fertilisation
with other European technology platforms, while recognis-
ing aviation’s specificities, development life cycle and intel-
lectual property constraints.

The current Clean Sky 2 and SESAR 2020 programmes
provide the necessary funding guarantees and stability to
develop and introduce game-changing innovations at the
aircraft platform level. Both airborne and ground-based
demonstrators will be available by 2025. They will under-
pin innovation for next generations of aircraft in time for the
next market window for replacement of the current fleet.

Disruptive industrial processes that deliver new architectur-
al capabilities must be experimented before 2035 as part
of future funding programmes.

By 2050, further innovative research, supported by continu-
ous investment, will enable aviation to meet EU challenges
of decarbonisation and digitalisation in an ever-changing,
competitive and circular economy.

Expected impact

Through continuous multi-annual, large research and
innovation programmes, the European aviation indus-
try and its supply chain will extend its industrial leader-
ship while meeting the essential societal challenges of
climate change and security. Further, high-skilled jobs
will be created within a digitally-enabled environment.
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ACTION AREA 2.5

A significant value in European aviation is created during
aircraft operations and through supporting services: main-
tenance, repair and overhaul (MRO).

Constantly increasing competition means that airlines must
maximise the operating time of their fleet, reduce oper-
ating costs and minimise the number of unscheduled flight
cancellations.

New technologies and data-driven services that will trans-
form the business are now emerging; their exploitation will
enable competitive European MRO capabilities. Products
and services based on such innovations will ensure employ-
ment in crucial MRO areas and increase the competitive-
ness of European aviation. Research projects are therefore
needed to develop and exploit these new approaches, fully
integrating digitalisation.

Another essential component for the competitiveness of
the European airline industry is increased airport efficien-
cy and capacity for airlines and passengers. Implementa-
tion of the next generation of air traffic management sys-
tems, currently being developed in the SESAR program, is
therefore vital.

Focus of this action area should be on developing new
services and products that help airlines maximise their
operating times, reduce operating costs and minimise the
number of unplanned or unscheduled flight cancellations.
These can be developed based on new technologies such
as RPAS (remotely-piloted aircraft systems), new repair
techniques (while taking into account REACH regulations),
new materials (e.g. carbon-fiber-reinforced plastic) or da-
ta-driven services.

By 2025 first new technologies and innovative digital prod-
ucts should be available. By 2035 new aircraft will be gen-
erating massive quantities of data, much more than today.
Developments must exploit this to generate services such
as maintenance-on-condition and predictive maintenance
based on big data analysis.

By 2050 worldwide overhaul networks should provide com-
prehensive availability of data. Supported by augment-
ed- and virtual-reality techniques it should be possible to
share this data to exploit competencies wherever they are
available. This will improve the competitiveness of Europe-
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an aviation with increased flexibility and the ability to cope
with unscheduled disturbances in flight operations and
fleet management.

To achieve these goals adequate funding opportunities are
needed to cover the whole field of digitalisation in aero-
nautics. These will ensure that Europe is the leader for digi-
tal ecosystems in support of innovation in aviation.
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The impact of new products and services to support
airlines with digitalisation and high-technology MRO
techniques will be enormous. Currently most innova-
tion is directed at new aircraft to be produced in the
coming years. However there is an opportunity to in-
fluence ACARE goals in the short term by targeting
current operational fleets.

The competitiveness of European airlines will strongly
depend on their ability to integrate future technologies
in their daily business, and this will be done by way of
innovative support services from MRO providers.
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ACTION AREA 2.6

Develop innovative and optimised testing

Testing, at all levels up to flight trials, has always been an
integral part of validation and verification to ensure the
quality and safety of all aeronautical vehicles. Large-scale
test activities are a critical part of research and develop-
ment at high technical readiness levels since they validate
technology integration in realistic operational scenarios.

Flight testing, in particular, is one of the most time-consum-
ing and expensive parts of certification. Any underperfor-
mance at this stage is likely to result in significant produc-
tion delays.

There is therefore a need for a better optimisation of avi-
ation test infrastructure and related assets. This can be
accomplished if the European aviation community better
integrates its processes and fully exploits emerging tech-
nological enablers, including digitalisation.

A wider use of distributed virtual simulation and test, with
early involvement of EASA in the research process, is of
paramount importance and should be adopted as a means
of compliance to regulations: more simulation and fewer
tests.

Full-scale tests could be partially supplemented by sub-
scale or model-based certification approaches, which will
continue to grow in fidelity and reliability. This will be facil-
itated by the definition of global standards.

Sub-scale demonstrators will expand and become a
pre-certification tool allowing, for example, reduced flight
test on full-scale vehicles. Such testing facilities may re-
place or reduce certification tests for environmental and
other aspects.

A broader use of wind tunnel facilities has the potential to
replace some flight test activities. A solid European infra-
structure of research and validation facilities thus needs to
be maintained and further developed with new capabilities
(see Challenge 5).

Advanced flight simulation will also support research and
certification, acting as a high-fidelity substitute for flight —
this is already the case for pilot training.

The overall objective must be to progress from the current
patchwork approach, with local virtual testing and certifi-
cation, to a federated approach. This must involve collab-
orative aircraft validation and verification, linking together
all stakeholders. Ultimately this will enable new capabilities
such as virtual hybrid testing: the seamless integration of
simulation and physical test.

The advances described here could be developed in stag-
es with, initially, incremental shifts followed later by trans-
formational changes. As a first step, cheaper, modular test
installations could prove a viable alternative to full-featured
prototype demonstration by the year 2025.

In the 2035 timeframe the adoption of new practices and
processes should lead to a significant reduction in global
test hours. This will have a major impact on the time and
cost to market.

By 2050 the full benefit of virtualisation technologies
will unfold, enabling reliable simulations of complex cy-
ber-physical systems which would not be practically feasi-
ble through other means.

Expected impact

A smarter, more efficient mix of sub-scale test, ground
test, virtual simulation and flight test will bring shorter
innovation cycles within reach.

The benefits of new approaches to flight test will be
broad; enhancing the competitiveness of European
industry and meeting societal expectation for better,
faster product innovation.
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ACTION AREA 2.7

The new world of connected products and services (Indus-
try 4.0) provides an incentive for the aeronautics industry to
adapt its business models. This should give rise to a num-
ber of developments and improvements.

There must be a collaborative approach to innovation,
pooling the know-how of multiple stakeholders, including
educational establishments, in order to accelerate the in-
novation process and provide the best possible response
to customers’ needs.

Innovative start-ups need to enter the process more easily,
notably by opening digitalisation and virtual data to them,
in line with an ‘on-demand economy’ business model.

Innovation vision must be combined with technology strat-
egy (new ways of flying, the concept cabin, the concept
plane) and services for connected products (machine-to-ma-
chine data, analytics, big data), to meet the evolving needs
and expectations of customers as never before.

Focus needs to go beyond aircraft design to include ground
and air operations to ensure that the expected growth in air
travel will affect neither its safety nor sustainability.

Development and certification costs must be reduced with
enhanced international certification processes for new
technologies. These should make extensive use of ad-
vanced simulation tools and virtual design and certification
capabilities.

An updated regulatory framework is needed, accom-
panied by corresponding funding instruments for future
framework programmes. This will create a stable and pre-
dictable environment for research and technical develop-
ment and innovation through grants and other financial
instruments. These must take into account long lifecycles.
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At the national level, investment in innovation should be re-
warded by appropriate tax credits, allowing full deduction
of staff costs in research and technology.

Entities such as the European Innovation Council, con-
ceived as a complement to research and technology,
should become the main point of reference for industry’s
innovation initiatives, and be a guide for SMEs.

Public policies and public procurement will be needed to
influence supplier and consumer behavior, for example by
encouraging the use of the next generation of aircraft and
systems.

Finally, financial instruments and institutions will be needed
to leverage the aviation sector’s willingness to accelerate
investment in new technology and promote fleet roll-over.
The decommissioning of older aircraft following green
life-cycle practices outlined in Challenge 3 should be facili-
tated through fiscal incentives.

In the 2025 timeframe focus should be on efficiency and resil-
ience through collaborative approaches and steady provision
of intellectual capacities and skills needed for innovation.

By 2035 there should be an approach that is increasingly
complex, inclusive and strategic. This should develop ev-
er-larger ecosystems and networks for testing new systems
and ensuring sustainable use of resources.

2050 should target full integration of physical, cyber and
virtual business models to produce new concept aircraft,
fulfilling Flightpath 2050 targets.

New business models will enable the aviation indus-
try to keep pace with ever-faster innovation cycles at
all levels, deliver environmentally-sustainable solu-
tions for global needs and contribute to a better-con-
nected world. The industry will take advantage of
interdependencies between technologies and oper-
ations, and enable coordination with neighbouring
fields of research.
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ACTION AREA 2.8

Standardisation plays an essential role in the aviation sec-
tor, covering many aspects from materials and processes
through design and certification compliance to operations.
It is essential to develop standards early in the innova-
tion process to shorten time to market. There must be con-
tinued efforts to improve approaches to standardisation,
building on existing projects.

The aviation sector should, in particular, benefit from the
EC dedicated initiatives for European standardisation ad-
dressing digital single-market strategy and competitive-
ness through standardisation.

With increased focus on the environmental impact of avi-
ation, the importance of new regulations concerning emis-
sions and noise has increased. Europe must proactively
participate in the related regulatory bodies with competent
representation from all stakeholders.

With regard to new materials and processes, the regu-
lation on chemical products (REACH) is impacting the ap-
plicability of consolidated products, surface finishing and
manufacturing processes and maintenance procedures.
The use of composites and hybrid structures, as well as new
techniques like additive manufacturing, requires the defini-
tion of suitable standards.

Innovative aircraft configurations will require new rules that
include evolution in means of compliance.

Future developments must take into account RPAS (re-
motely-piloted aircraft systems), whose increased presence
needs adequate standards to allow them to safely integrate
into airspace and operate alongside other airspace users.

New standards, applicable in all flight segments, are
needed to ensure safety and efficiency of operations. They
must cover air traffic management, extending to new avi-
onics, data links, interoperability and procedures. Develop-
ments will embrace the requirements of Single European
Sky and SESAR.

In summary, European stakeholders need specific initiatives
to drive the development of suitable standards for new ma-
terials, processes and configurations, new requirements for
environmental compliance and new operations. This will
involve airworthiness regulators and international bodies.
The early involvement of EASA is necessary.

CHALLENGE 2

To drive adaptation of future aircraft, new and revised stan-
dards on emissions and noise limits should be available by
2025.

By 2035 new aircraft and engine types should be ready for
entry into service; these will need new certification stan-
dards and evolving criteria.

2050 may see radically new configurations and operations
and these will again need new standards whose develop-
ment must be started well in advance.

In order to maintain the leadership and competitive-
ness of the European aeronautical sector it is essen-
tial to take a pro-active approach to standards and
their evolution.
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ACTION AREA 2.9

Streamline certification

Certification is a time- and cost-intensive process. Innova-
tive approaches are needed to optimise it and thus reduce
time to market.

Current processes do not fully exploit the range of virtual
tools that are available. The use of tools for automated
analysis and design, requirements tracking, data exchange
and simulation, needs to be further enhanced. Virtual tools
should increasingly become the principal means of demon-
strating compliance. This also implies an evolution of full-
scale testing requirements. Particular attention is needed
to deal with derivative products that may need specific ap-
proaches.

A revised process will change the role of authorities such as
EASA and modify the interactions between stakeholders.
Better harmonisation of certification and acceptance pro-
cesses between military and civil authorities at Europe-
an level is necessary. Research projects should engage the
authorities early to allow breakthrough technologies and
innovations to be certified as quickly as possible, increasing
their competitive edge.

Furthermore, new regulations on environmental compli-
ance or standards for chemical products need to be ad-
dressed. This requires upstream interaction with the reg-
ulators, and this must be planned and properly resourced
in the work programmes.
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European stakeholders have already worked on the devel-
opment of alternative methods of compliance; but further
dedicated initiatives must be launched. These need to in-
volve EASA directly in the virtual design process and in the
definition of new standards applicable to new configura-
tions, environmental compliance and new operations.

The dialogue with international bodies will be promoted
though support to EASA with appropriate representation
and data where requested.

By 2025 there should be increased use of validated simula-
tion and ground testing infrastructures to provide evidence
of compliance, reducing flight test requirement. This applies
to testing at element, sub-element and component levels.

By 2035, in the medium-term, further improvements in simu-
lation and ground testing approaches should be implement-
ed. These include, for example, the modelling and prediction
of icing effects for certification without recourse to flight trials.
Structural validation, health-and-usage monitoring systems
and on-condition maintenance should be further enhanced.

In the long-term, 2050 timeframe, a fully integrated
multi-physics and multi-scale model of the complete air-
craft including its engines and systems should be coupled
with aerodynamic and thermal models, eliminating ground
test rigs completely. A streamlined set of validation meth-
ods should be supported by a regulatory framework for
certification by simulation.

Refer to Action areas 4.5 and 4.10 for certification require-
ments specifically for safety and security.

Expected impact

The use of advanced methodologies to demonstrate
compliance with safety and security requirements at
component, product, system, and system-of-systems
level, covering human, social and technical aspects,
will contribute to higher efficiency, shorter time to
market and lower costs for new products, services
and operations.
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CHALLENGE 3

Protecting the environment
and the energy supply

Environmental protection is, and will continue to be, a key
driver for aviation. The environmental goals in Flightpath
2050 recognise the need for aviation to accelerate its ef-
fort to reduce emissions that impact climate change, noise
nuisance and air quality for the benefit of all citizens and to
allow sustainable traffic growth.

The UN Framework Convention on Climate Change con-
ference held in Paris in 2015 (COP 21) confirmed the aim
to keep global temperature increase below 2°C compared
with preindustrial levels. Aviation produces around 2% of
all human-induced CO2 emissions. This share may seem
low, but it risks increasing with traffic if insufficient mea-
sures are taken.

Aviation can reduce CO, emissions by improving the fuel
efficiency of the entire system through technology, opera-
tions and infrastructure, but also by developing sustainable
low-carbon aviation fuels.

Additional climate impacts result from nitrogen oxide
(NOx) emissions and condensation trails that may lead to
induced cirrus clouds.

Air quality, in particular regarding NOx and particulate mat-
ter, is also of increasing concern in and around airports.

The 2050 noise reduction objective and negative effects of
noise on human health require actions on vehicle and en-
gine design, operational and infrastructure measures, and
land-use planning. Better understanding of the effects of
noise on health is essential.
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Production, assembly and maintenance operations consume
energy and raw materials, which also gives rise to emissions
and waste. Full life-cycle analysis, from concept to end-of-
life using circular economy methodologies, is needed.

Securing a sustainable energy supply to match the expan-
sion of air transport will require joint efforts by the aviation
and energy sectors.

This section describes the key actions that need to be tak-
en in Europe to meet the mission level goals described in
Flightpath 2050. ACARE monitors progress to ensure that
they remain consistent with, and contribute to, the ATAG
world fleet level goals as and when the technology is deliv-
ered in the short, medium and long terms.

To achieve the 2050 goals, step changes in aircraft configu-
ration and operation (including alternative energy sources)
will be required - currently envisaged evolutions will not be
sufficient. Such disruptive change will have consequences
for all stakeholders: manufacturers, airlines, airports, ANSPs
and energy suppliers. The degree of change makes the fu-
ture more uncertain but it also makes the technology pro-
gramme and timing described in this section absolutely key
if results are to be achieved by 2050. It is also essential that
this technology roadmap and its implementation continue
to receive support through government policy and that it
remains a priority for European society.




Develop air vehicles of the
future: evolutionary steps

Develop air vehicles of the
future: revolutionary steps

Increase resource use efficiency
and recycling

Improve the environmental per-
formance of air operations and
traffic management

Improve the airport environment

Provide the necessary quantity of
affordable alternative energy

Understand aviation’s climate
impact

Adapt to climate change

Develop incentives and regula-
tions

These actions result in evolutionary aircraft developments that have driven progress in
environmental performance towards FP2050 goals. Changes are introduced both into
new aircraft and by retrofit across the civil aerospace fleet.

New technologies have been developed and implemented that significantly surpass the
capabilities of earlier-generation aircraft whilst improving on the high levels of reliability,
safety and usability that customers demand.

Resources, materials and new processes are better focused on providing an aviation
sector that is sustainable. End-of-service is characterised by high recyclability and reuse.

New operational practices are implemented resulting in optimised trajectories and re-
duced fuel-burn per flight in accordance with FP2050 goals. The FP2050 goal of emis-
sion-free taxiing is well on the way to being realised.

Air quality is improved and noise annoyance is reduced to acceptable levels. Airports are
fully integrated and accepted by local communities. Intermodal transport connections
are efficient and environmentally friendly.

Sustainable alternative fuels are widely used contributing to a substantial reduction in
aviation’s impact on climate change. Disruptive alternatives for energy storage and sup-
ply are increasingly viable.

There is a detailed, scientific understanding of the impact of aviation on the climate. This
has enabled the introduction of sound, globally harmonized policies and regulations to
support climate-friendly flight operations.

Impacts of climate change on aviation are well understood and steps have been taken
to protect the efficient operations of air transport and the integrity of its infrastructures.

There exists a comprehensive framework of policy, regulation and incentive to ensure the
implementation of new technologies and operations destined to reduce the impact of
aviation on climate change.
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ACTION AREA 3.1

Current aircraft configurations have evolved with a centu-
ry of innovation and development. Revolutionary changes
in aircraft design have been accompanied by evolutionary
developments and these have together resulted in high-
ly efficient, safe aircraft. Further evolutionary change is
essential in order to achieve the Flightpath 2050 environ-
mental goals.

In the mid-term, incremental improvements will come ei-
ther from new-built aircraft or from upgrades and ret-
rofits to existing fleets, for example new engine options
or other system changes. In the long term more radical
concepts and technologies will be necessary — these are
described in the next action area.

The environmental footprint of aviation is also influenced
by through-life support, so improvements in fleet data
management and on-board health monitoring are need-
ed. Further benefit should come from improved repair or
re-manufacturing techniques (with composites and alloys
containing rare or strategic elements) and new additive
manufacturing processes.

Design and validation needs to be supported by better
computer-based tools, reducing reliance on physical hard-
ware and testing. This will speed up the introduction of
new, environmentally-sensitive technology in a safe and
reliable manner. In general, measures must be developed
to ensure that new technology is introduced as early
as possible to maximise benefits in emission and noise
reduction.

CHALLENGE 3

Airframes (including cabin interiors) must bring benefit
from increased innovation in lightweight materials, includ-
ing composites. Their use will require new approaches to
design and manufacturing, with multifunctional materials
and structures for weight-saving, reduced manufactur-
ing cost and increased production rate. Improved aircraft
performance for low- and high-speed phases should be
achieved with innovative aerodynamics including laminar
flow and aero-elasticity control. Design for end-to-end per-
formance improvement must be achieved with multidisci-
plinary approaches such as multi-criteria optimisation and
digital model based engineering.

Propulsion developments need to target higher thermal
and propulsive efficiency. As with airframes, materials will
play a significant role with new lightweight structures and
high-temperature materials for engine cores. Awareness of
adverse health effects of NOx and combustion particulates,
especially for local airport air quality, must drive research
and innovation in combustion systems. Alternative fuels
such as high-blend drop-in kerosene will play an important
role in overall CO; reduction (see Action area 3.6), and their
effect on engines and aircraft systems must be mastered.

Close collaboration between airframe and engine manu-
facturers will be needed to install advanced, possibly even
larger , more complex propulsion systems onto aircraft.
In this respect ultrahigh bypass ratio engines of all types
will present new challenges. Moreover, these will use high
power, high speed gearbox components requiring new
technology for their development and introduction.
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On-board aircraft systems and equipment must support a
more-electric aircraft. This particularly concerns power gen-
eration, from main engine or auxiliary unit, distribution and
conversion. Alternative on-board energy applications such
as all-electric bleed or fuel cells have already been demon-
strated. However, research must target system capabilities,
weight and cost reductions and improved reliability. Noise
and weight reductions can also be achieved in on-board
systems such as landing gear, high-lift devices and actua-
tors and low-noise, low-drag nacelles. These key systems
will face specific challenges with the installation of ultrahigh
bypass ratio engines; research is needed to balance the
competing needs.

Systems to allow taxiing without the use of aircraft engines
have been proposed for existing aircraft. Their efficiency
must be further improved for new aircraft in order to fulfil
the Flightpath 2050 goal of emission-free taxiing.

On-board aircraft systems must be capable of supporting
new operations and air traffic management concepts for re-
duction of emissions and noise (see Action area 3.4). This
includes navigation systems with improved accuracy and
integrity, new atmospheric sensors and connectivity for flex-
ible, optimised trajectories. Aircraft cockpits will need auto-
mation and flight crew support to implement these changes.

Research is needed to develop aircraft systems that are not
subject to obsolescence and are future-proof to accom-
modate functional and operational changes for improved
safety and efficiency.

Further attention must be given to local noise effects
around airports, heliports and vertiports, with specific mea-
sures to reduce tones, frequencies and magnitudes that are
considered annoying.

Research and innovation for evolutionary aircraft
development described in this action area will drive
progress in environmental performance to be on
track towards the FP2050 goals. Changes will be in-
troduced in new aircraft or by retrofit into the grow-
ing civil aerospace fleet.
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ACTION AREA 3.2

Develop air vehicles of the future:

revolutionary steps

To achieve the environmental goals defined for 2050 will
require a step change in aircraft configuration and on-
board system capabilities. Focus will remain on CO,, NOx
and noise, but the effect of noise and aircraft emissions, in-
cluding particulates, on local communities will have greater
importance.

Future, revolutionary changes in aircraft design, propulsion
units and on-board systems will need to prove their worth
compared with the evolutionary developments described in
Action area 3.1. However, their introduction is essential for
progress to carbon-neutral air vehicles. A number of enablers
can be identified for achievement of this ambitious goal.

The first enabler is radical new design for airframe, cabin,
propulsion and on-board systems to bring step changes in
capability over the full mission of the aircraft.

New energy sources will be needed including electric and
hybrid, alternative fuels or renewables.

There must be a step change in capabilities or modes of
operation to meet future global passenger volumes and
locations.
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Health monitoring must apply to all elements, airframes,
cabin interiors, engines and systems. They must include
prognostics and connectivity for system safety, availability
and reliability.

The use of whole-aircraft systems engineering that in-
corporates airframe, propulsion and systems will improve
efficiency and reduce emissions through greater systems
integration and optimisation.

Finally, developments must target near-total use of recy-
cled materials and the ability to remanufacture and recycle
once typical duty cycles have been completed.

These changes are explicitly categorised as ‘revolutionary’,
and require substantial research efforts together with ef-
fective engagement from certifying authorities. There must
also be provision for integration of new air vehicles into
existing infrastructure, for example with adapted airports
to support new energy supplies.

To achieve new airframe configurations, novel structures
will be required along with new materials, manufacturing
techniques and design methods. These are not yet fully un-
derstood, so research must continue.

Further studies are needed for more radical offerings such
as compound helicopters, tilt-rotors, high propulsive effi-
ciency vehicles with distributed propulsion, and blended-
or braced-wing structures. Integration of propulsive units
for optimum airframe configurations will generate chal-
lenges, but may bring significant benefits. Cabin design
may need to evolve significantly to accommodate new air-
frame structures and configurations. Finally, efficient, reli-
able, safe operations of these aircraft must be developed.

For propulsion systems it is necessary that alternative
sources of energy become feasible for aviation. As de-
scribed in Action area 3.6, these alternative sources will
include non-kerosene, renewable energy such as electrical
and hybrid power for both thrust generation and on-board
functions. On-board storage of non-kerosene energy de-
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mands a huge research effort, especially given the weight-,
volume- and safety-critical nature of aviation.

Key areas of research will focus on energy/power density,
recharge/discharge rates, re-use capability, materials (such
as avoiding rare elements) and heat management. One
or two orders of magnitude increase in capability will be
needed. Where traditional carbon-based fuel continues to
be used, engines may have radically different configura-
tions with changes to the overall energy release cycle.

The introduction of more electric power for non-propulsive
and propulsive energy will imply radical redesign of aircraft
architectures and many energy sub-systems. Preliminary
architecture studies are required now using integrated,
multi-domain modelling tools. Systems and equipment to
support these future architectures will need to manage very
high levels of energy and heat, with high safety and reliabil-
ity and low weight.

Radical new aircraft configurations will also require new
designs for landing gear and engine nacelles, pods and
installations. These will also help meet the noise challenge.

Fundamental and demonstrable research in the areas de-
scribed above is needed to achieve Flightpath 2050's long-
term environmental goals. Beyond 2035 air vehicle design
will require more radical solutions than can be provided by
incremental and evolutionary change. Research to enable
this radical shift is ongoing but requires more specific focus
and support.

New technologies will significantly surpass the ca-
pabilities of today’s aircraft whilst maintaining or im-
proving on the high levels of reliability, safety and
usability that customers demand.
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ACTION AREA 3.3

In addition to the Flightpath 2050 objective “Air vehicles
are designed and manufactured to be recyclable”, the
aviation sector must align with the EU strategy to reduce
landfill by means of maximum resource recovery and reuse
of materials. This will happen either by optimising existing
production processes or developing new ones.

In an eco-design approach, the integration of novel inno-
vations in materials and processes are investigated, sup-
ported by life-cycle assessment. This contributes to lower
energy and resource demand, increased component life
and better reuse and recyclability for future, more sustain-
able aeronautical product designs.

Applying design-for-environment and design-for-recy-
cling methods to aircraft will lead to reduced dismantling
costs and higher recovery rates for the materials. This in-
cludes the development of easily-recyclable polymers such
as thermoplastics or bio-derived and naturally biodegrad-
able polymers for structural applications.

While materials from production, maintenance, repair and
operations may be readily reusable, materials from end-of-
life aircraft might need to find other applications since the
long lifespan of an aircraft may render them altered or ob-
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solete, or significantly increase certification requirements.
For some materials, such as recycled carbon fibre, finding
applications may be problematic due to small quantities or
high recycling costs. The search for new applications needs
to be intensified and to be included in the design process.

Recycling and reuse are part of the full life-cycle of materi-
als and products (ISO 14040). The quantity and quality of
recyclable or reusable scrap, from semi-finished products
or final parts, must be identified. Recycling needs a step-
wise scrap-management process.

Use cases for recycled materials will need to be regularly
revised and best practice regularly communicated to recy-
cling companies. These best practices should cover areas
including: dismantling, differentiating serviceable parts or
modules which can be reused from recyclable parts and
pollutants, identifying hazardous materials to be removed
before recycling, and improving traceability of parts.

Smart logistics and networks to collect residues from pro-
duction, maintenance, repair and operations (for example
by reverse logistics) and end-of-life will reduce recycling
costs and generate new business models.

The current aircraft recycling business is highly dependent
on the value of extracted parts and volatile raw material
prices. Lack of regulation causes a direct dependency of
recycling rate on market prices: low market prices lead to
low recycling rates. To support EU strategy it is necessary
to estimate recycling rates that are needed to ensure the
sustainability of certain rare or strategic materials.

A policy for the end-of-life of products at all levels of the
supply chain could lead to different product designs. Final-
ly, a proactive recycling policy is needed to accelerate safe
elimination of hazardous substances.

The proposed actions will ensure the development of
sustainable aeronautical products through increased
recyclability and reuse at the end of service life to en-
sure better use of resources, materials and processes.
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ACTION AREA 3.4

The short-term development of air operations and air traffic
management (ATM) will be defined by SESAR and Clean Sky,
an integral part of both is the improved environmental per-
formance of air-traffic operations. The requirement for sus-
tainable growth and decarbonisation will be supported both
by the adoption of best practices and by the development
of standards for aircraft operations and air traffic services.

New operational concepts based on multiple aircraft/fleet
interactions in a large air traffic service approach will be
needed to enable process optimisation, jointly imple-
mented by ATM and operators, with the air-travel seg-
ment seen as part of a multimodal door-to-door journey.
Research is needed for a better understanding and assess-
ment of environmental and socio-economic impacts to en-
able strategic and tactical real-time adjustment of operat-
ing practices to minimise these. Fleet operations must be
monitored in a way that provides customers with visibility
of available options and their associated impacts. This will
give them the ability to actively participate in greening
their travel itineraries (described in Challenge 1).

Improvements to air operations and traffic management
should deliver significant environmental benefits. The in-
dividual optimisation of each aircraft operation will reduce
fuel usage (and hence CO; emissions) and perceived noise.
Every phase of a flight, and the flight as a whole, needs
to be optimised for environmental efficiency in the new
ATM context developed by SESAR. 4-D trajectory manage-
ment should be standard.

The impact of winds and any adverse weather conditions
need to be fully accounted for in flight planning and in re-
al-time, using data made available through system-wide
information management.

The increasing availability and use of remotely-piloted air-
craft systems (RPAS) must be carefully managed in order
not to create problems for the safe execution of ATM. How-
ever, their impact on the environmental well-being of the
population is not very strong and could be mitigated pre-
dominantly through regulation rather than through research.

In the medium-term, flexible flight-management systems,
accurate satellite navigation systems and new atmospheric
sensors should enable trajectories to be optimised, and
fuel-burn minimised. This must be done with deployment
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of new operational concepts such as free routing and free
flight. In addition, aircraft networking and system-wide in-
formation management should allow, among other things,
the sharing of situational awareness, and self-spacing to
optimise runway capacity.

RPAS will need to be seamlessly integrated into the ATM
system using robust sense-and avoid technologies that
prevent any unnecessary increase in fuel-burn by tradition-
al air traffic.

Research is needed to better understand contrail physics to
allow robust decision-making on the trade-off between con-
trail avoidance and CO; reduction. This should enable their
impacts to be minimised through dynamic flight planning.

More advanced concepts, such as formation flight, must
be researched for the medium to long-term to give further
improvements in fuel efficiency. Additional gains should
also be delivered by the identification and assessment of
environmental benefits at the aggregated multi-trip lev-
el, leading to flexible/adaptive schedules from operators.
Air-trip optimisation could then be extended to the global
transport network, including ground transport.

The operational gains resulting from these research
activities will induce a reduction of between 250kg
and 500kg of fuel (800kg to 1600kg of CO,) per flight
- 5-10% of the total - as a major contribution towards
the Flightpath 2050 goal of a 75% reduction. This in-
cludes a 30% reduction in taxiing fuel-burn per flight
due to advanced taxiing operations in pursuit of the
goal of emission-free taxiing.
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ACTION AREA 3.5

Improve the airport environment

Airport development must be sustainable in a way that
contributes to an improvement of the health environment
within its boundaries and in surrounding communities.
This includes the impact of pollutant emissions on air qual-
ity, noise nuisance and other environmental concerns such
as water pollution and CO; footprint.

The main pollutants affecting air quality at airports are ni-
trogen oxides (NOx), particulate matter, and to a lesser ex-
tent, carbon monoxide (CO) and unburned hydrocarbons.
ICAQO certification standards apply to all these emissions;
the adoption of the first particulate matter standard in 2016
highlights the growing attention given to this pollutant.
Further improvement of scientific understanding of its ef-
fects on health is needed.

Pollutant emissions are mainly determined by aircraft en-
gines, and to a lesser extent auxiliary power units. Further
measures, which can directly be influenced by the airport,
address aircraft ground operations, ground handling and
terminal operations. Emission-free taxiing could become an
integral part of airport operations. Airport access, whether
by individual or public transport, surface or underground,
should be improved for reduced environmental footprint.

Assessment of air quality impact at or near airports must
be based on accurate measures or prediction of air vehi-
cle emissions combined with sound atmospheric transport
models. This needs to be complemented by direct mea-
surement of pollutant concentrations at and around airports.

Noise nuisance mitigation must form part of airport ex-
pansion plans. The principle of ICAO's balanced approach
for reducing noise annoyance must be maintained. This
means noise reduction at source, land-use planning and
management, operational procedures for noise abatement
and aircraft operating restrictions as a last resort. This must
be managed in collaboration with communities around the
airport.

The increased role of the rotorcraft sector, with improved
helicopters and advanced vehicle configurations such as
tilt-rotors and compound architectures, may lead to an
increase of heliports and vertiports in both densely and
sparsely populated areas. In addition, en-route noise from
future aircraft architectures and from new vehicle types fly-
ing low altitude routes needs to be managed effectively.
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Assessment of the airport’s environmental impact should
be supported by a fully-integrated European environmen-
tal-impacts tool suite.

More energy-efficient airports must be achieved by opera-
tional and infrastructure measures relying, in particular, on
greater use of renewable energy to achieve a low carbon
footprint. This covers the whole energy chain of production,
distribution, conversion, supply, storage and consumption.
Fixed power, green land transport vehicles should be fu-
eled with such low-carbon energy.

The use of environmentally-friendly chemicals (e.g. for
aircraft de-icing) and sustainable approaches to water use
needs to be generalized at airports. Maintenance and dis-
posal operations must also integrate sustainability criteria.

Land-use around airports needs to be planned and devel-
oped for the long term. This must recognise the benefits
and penalties of such proximity, with the airport fully in-
tegrated into its neighbourhood and full partnership be-

tween transport operators and local authorities. There must .

be full understanding of the level of nuisance, annoyance, Expected impact

sleep disturbance, health effects etc. of emissions, noise

and other aviation impacts. Specific research for the airport environment will per-
mit significant improvement in air quality and reduc-

Minimising these will give neighbours a more positive image tion of noise annoyance at European airports, with

of aviation and its supporting infrastructure. This must be sup- the most appropriate solutions for these key environ-

ported by a positive and transparent communication strategy mental concerns.

that should include awareness of technological progress.
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ACTION AREA 3.6

Large-scale use of renewable energy and energy carriers
will be instrumental in reducing aviation’s environmental
footprint to meet the sector's ambitious targets for green-
house gas emissions.

Disruptive solutions with near-zero emissions, for example
electric flying based on renewable electricity, should be in-
vestigated for long-term application. However, sustainable
drop-in alternative fuels are seen as a promising way of
reducing the carbon footprint of aviation in the short and
medium terms. This will require extensive introduction of
renewable fuels with the highest potential to reduce green-
house gas emissions.

Aviation needs to increase its use of sustainable alternative
fuels to a substantial percentage in the medium term to
contribute to carbon-neutral growth from 2020 onwards.
Europe’s long-term goal, as stated in the EU 2010 Transport
White Paper, is for aviation to use minimum 40% sustain-
able alternative fuels in Europe by 2050. To meet fully the
Air Transport Action Group global target of halving CO;
emissions in 2050 compared to 2005, the vast majority of
jet fuel needs to have strongly reduced lifecycle green-
house gas emissions compared with conventional jet fuel.

Sustainable alternative fuels can be produced from various
sources such as biomass streams, including waste and res-
idues from agriculture and forestry, or from industrial and
domestic waste, including industrial fumes. Processes are
being developed to produce alternative fuels from renew-
able energy and CO; from industrial sources or from the
atmosphere, with, for example power-to-liquid and so-
lar-to-liquid technologies. Ideally, only renewable carbon
sources will be used in the future.

Ensuring sustainability of air transport is a prerequisite for
growth in the aviation industry, so there is strong impetus
for the development of renewable fuels and energies. Re-
search and innovation must target effective greenhouse
gas reduction, but also other environmental, social and
economic sustainability. A global view of sustainability
criteria is needed to support worldwide deployment of
renewable aviation fuels, guaranteeing high sustainability
while avoiding competitive distortion.

Despite substantial interest and efforts, alternative avi-
ation fuels have not yet been implemented on a signifi-
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cant scale. The main obstacle for commercial deployment
are the higher costs associated with their production and
frequently-changing regulatory frameworks. An integrat-
ed transport and energy policy is needed incorporating a
stable set of financial and legislative instruments. This will
foster research and development, encourage investment in
production facilities and ensure that sustainable fuels are
competitive alongside conventional alternatives. Policy must
be based on a detailed understanding of sustainably-avail-
able quantities of feedstock and renewable energy in Europe.

-—*

A level playing field is required between aviation and oth-
er transport modes and industrial sectors. Priority in the
availability of drop-in fuels must be given to sectors such
as aviation that have no obvious alternative sustainable en-
ergy sources.

Intensive research and development efforts are required
to mature high-potential technologies for affordable large-
scale implementation — this must be supported by large-
scale demonstrator projects. Close collaboration is need-
ed between aviation and energy sectors to ensure that
aviation-specific needs are taken into account. A coherent
strategy covering all these sectors is required to concen-
trate efforts on technologies and value chains that offer the
highest potential benefits at acceptable risks.
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Specific research objectives include minimising green-
house gas emissions over the full lifecycle; high conversion
efficiency and low input demand (water, energy, ...); mini-
mal production costs without compromising environmental
performance; scalability, using several types of feedstock
and feedstock-flexible processes and minimizing risk of
negative social or environmental effects such as soil pollu-
tion or depletion and land use change.

Efficient processes for rapid, cost-effective technical ap-
proval of new fuels are needed. These processes must be
based on an in-depth understanding of the relation be-
tween chemical fuel composition and properties: storage,
combustion, emissions, effect on engine and aircraft fuel
systems as well as the distribution system. Such knowledge
will also be used to optimize formulation of renewable fu-
els towards improved combustion properties and reduced
pollutant emissions such as particulate matter. Note that
alternative aviation fuels are also expected to have a ben-
eficial effect on climate due to reduced particulate matter
emissions and related contrail formation. Improved under-
standing of this effect is necessary.

For the long term, potential environmental benefits of dis-
ruptive (non-drop-in) technologies for energy storage
and supply must be explored with an end-to-end perspec-
tive. In most cases these require considerable modification
of aircraft configurations and therefore fall within the scope
of revolutionary air vehicles described in Action area 3.2.
Such technologies could include, inter alia, gaseous or lig-
uid non-kerosene fuels as well as electric energy. Their de-
velopment should benefit from trends towards enhanced
use of renewable energies in other industries.

Research and technology results on alternative avia-
tion fuels, in cooperation with the renewable sector
and backed by a favourable policy framework, will
enable the large-scale deployment of sustainable al-
ternative fuels, which will contribute to a substantial
reduction of aviation’s climate impact.
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ACTION AREA 3.7

Full scientific understanding of the impact of aviation on
the atmosphere supported by appropriate measurement
capabilities is necessary for informed decision-making.
This will allow aircraft operators, manufacturers and air
navigation service providers to choose the best options to
mitigate air transport’s environmental impact. It will also en-
able the establishment of global environmental standards
based on agreed scientific principles.

Detailed knowledge and understanding of aircraft emis-
sions beyond CO; including NOx, particulate matter and
contrail-forming water vapour, must be acquired. This must
be based on accepted measurement techniques that fully
characterise engine exhaust emissions on the ground, in
altitude test cells and in flight. In support of this, computa-
tional fluid dynamics models must be available to predict
the effects on exhaust emissions of new engine technolo-
gies and different fuel compositions.

The capability to monitor the air vehicle environment in
flight (around and behind) should allow measurement of
pollutant concentrations in the atmosphere at the global
scale, in a particular flight corridor or behind specific flights.
Further, the capability must be developed to monitor the
effect of aviation on the extent and optical properties of
clouds, as well as detailed atmospheric conditions along
proposed flight paths.

For a well-balanced approach for reducing aviation’s total
climate impact, we must significantly improve the under-
standing of both CO, and non-CO, emissions’ impact,
and of the physical processes of interactions between the
aircraft and the atmosphere. Scientific tools must be de-
veloped and adapted to analyse the current and future
impact of air transport. Atmospheric and climate models
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at different geographic and time scales must be adapted
or developed, as well as specific measurement techniques
for model validation. Appropriate and representative met-
rics will bring to the aviation sector a single framework
for expressing, quantifying and managing long-term and
shorter-term impacts.

Numerical simulations and physical models must be
developed to describe accurately the processes that af-
fect aircraft engine emissions in the atmosphere, and the
whole range of aviation-induced effects on different time
and space scales. The role of NOx, contrails and induced
cirrus clouds must be modelled with high accuracy. Models
should take into account atmospheric feedback due to the
aviation emission on different time and geographic scales.
Tools and algorithms should be available to exchange data
easily between models operating on different scales and
to provide the flexibility to import data from new sources
when they become available. Eventually, the new tools will
allow each individual flight's contribution to climate change
to be quantified using appropriate metrics.

Infrastructure and processes must be in place to enhance
environmental impact monitoring. This should include
specific instruments such as sensors carried on air vehicles
as well as information on global atmospheric conditions
collected by earth observation and prediction systems. The
system must be able to provide precise environmental in-
formation to the advanced air traffic management system.

Traditional flight optimisation is based on minimum flight
time or direct operating costs. The developments de-
scribed here will allow climate change to be incorporated
into multi-criteria flight optimisation that combines cli-
mate impact with operating time and cost. Eventually, air-
frames will be optimised for flight trajectories with minimal
climate impact.

Improvements in scientific understanding of aviation
climate impact will enable the introduction of scien-
tifically-founded and globally-harmonized policy and
regulations to support climate-friendly flight opera-
tions, and will highlight the mitigation priorities for
manufacturers.
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ACTION AREA 3.8

It is essential that efforts to mitigate the sector’s contribu-
tion to anthropogenic climate change are continued and
augmented. However, there is now growing recognition
that measures may also be required to adapt and build
resilience to the possible effects of climate change.

The potential impacts of climate change include both an in-
crease in the frequency and intensity of weather events
that may be associated with disruptive impacts, and chang-
es to baseline conditions such as average temperature
and precipitation, wind patterns and sea-level rise. These
can affect air operations, traffic management and infra-
structure, and necessitate adapting the air transport system
to be resilient to future climate.

However, although the effects are broadly identified at a
qualitative level, further research is required to quantify
potential impacts, and this must involve increased collab-
oration with the scientific community. To support robust de-
cision-making and cost-benefit analyses, it is important that
techniques are also developed to evaluate the probability
of occurrence of these potential impacts.

Action to adapt and build resilience is required at both lo-
cal and network level. Measures may include adaptation

CHALLENGE 3

of infrastructure and the introduction or augmentation of
operational provisions to better manage disruption. Win-
win measures which can address other challenges, such as
capacity, whilst also building climate resilience may bring
particular benefits. Development of risk-assessment and
decision-making tools which account for flexibility and un-
certainty will also be required.

Climate adaptation must be addressed in cooperation
with other transport modes and relevant sectors such as
energy and communication: development of methodolo-
gies to identify cascading effects will be required. It is also
important to identify potential design trade-offs, and ascer-
tain where research efforts may need to be increased. For
example, climate change may lead to harsher operating
conditions for engines with ice, hail or sand ingestion. This
may make the design of lighter, more fuel-efficient engines
more challenging and require solutions which meet design
requirements in a more resilient way. Changes in operating
conditions may lead to changes in certification rules, so
sound research is needed to ensure that these are built on
robust information.

In general, it is important to understand how a future low-
er-carbon aviation system might look like, and adapt for
that, rather than assuming the system will remain as today’s.
For this, co-ordination between disciplines and stakehold-
ers will be key.

Continued research is then needed to improve identifica-
tion and understanding of the potential impacts and as-
sociated adaptation and resilience measures across the
sector, and their trade-offs and interdependencies. It is
necessary to develop risk assessment methodologies and
metrics to measure resilience and assess effectiveness of ac-
tions. These are ongoing actions that should be constantly
aligned with evolving scientific knowledge of the impact of
climate change and implementation of resilience measures.

The understanding of climate change risks to avia-
tion, and implementation of measures to tackle them,
are essential to facilitate safe and efficient operation
of air transport and to protect its infrastructure in the
face of increasing impacts.
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ACTION AREA 3.9

Environmental impacts are highly regulated at local, nation-
al, EU and international levels. Aviation as a global business
has a strong need for internationally harmonised rules, in
terms of both design and operational requirements.

Environmental standards, such as those established by
ICAQO for noise and emissions, have accelerated the de-
velopment of new technologies. Aircraft and engine man-
ufacturers compete with each other trying to exceed certi-
fication levels by the best possible margins. Radically new
technologies such as open rotors and electric aircraft will
probably require adaptation of existing standards.

To complement technical environmental standards and
measures, the 39th ICAO Assembly agreed on a glob-
al-market based measure for international aviation. The
scheme established by ICAO is a global offsetting mecha-
nism, under which aircraft operators will be required to off-
set the sector’s growth in CO, emissions above 2020 levels.

To achieve Flightpath 2050 environmental goals it is im-
portant that legislative, regulatory and policy frame-
works at EU, national and local (airport) levels encourage
the adoption of new environmentally-friendly technologies
instead of creating obstacles to their deployment or oper-
ation. Assessing the economic impact of different combi-
nations of controls, incentives and instruments is crucial.
Risks and unintended consequences must be identified.

While actual research and technology efforts in aviation are
well supported in Europe, incentives and legislative sup-
port encouraging the implementation of innovative tech-
nologies are often lacking for the gap between develop-
ment and deployment - the “valley of death”. The most
prominent example of this in green aviation technologies is
the implementation of sustainable alternative fuels. Today,
these are expensive niche products and are therefore pur-
chased in low quantities only. This does not help producers
and investors reduce their risks. Carefully selected policy
instruments are needed to foster demand and ensure
large-scale production.
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Environmental regulations and policy instruments applied
to aviation must be built on effective knowledge sharing
with other sectors, while recognising aviation specificities.

The (ICAO-based) certification process for new technolo-
gies needs to be enhanced to decrease its cost and du-
ration without degrading its efficiency. It is also necessary
to adapt environmental certification rules for new configu-
rations and systems such as all-/more-electric and hybrid
technologies.

A policy framework supporting renewable fuel production
and use is needed to make currently expensive renewable
fuels economically competitive. In addition, the ASTM-
based certification process for new alternative fuel path-
ways should be enhanced.

Additional research is needed in some areas of broader
environmental policy, such as circular economy, to identify
how aviation is specifically affected.

It is impossible to set a roadmap for planning regulations
and incentives for a 2035 or even 2050 timeframe. Never-
theless, legislative stability is a vital prerequisite to en-
courage investments in new technologies. Moreover, if the
certification and deployment of new technologies requires
adaptation of existing regulations, sufficient time must be
planned for the rulemaking process.

The implementation of new technologies to reduce
the environmental impact of aviation, including a
transition to more renewable energies, will only work
if embedded in a holistic transport and energy policy
framework. Research in this field will deliver these in-
centives and regulations to support the FP2050 goals.
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CHALLENGE 4

Ensuring safety and security

Everyone wants air transport thatis inexpensive, fast, punc-
tual and environmentally friendly. But above all, it must be
safe and secure. This balancing act is already a significant
challenge. Although aviation is considered the safest mode
of transport today, there are existing hazards such as severe
weather and new security threats which need to be better
understood and mitigated.

Added to this, aviation is an industry that does not stand
still. It continually evolves, and will experience certain step
changes between now and 2050. The future will see an in-
dustry that is ever more flexible and interconnected, with
higher levels of automation, including autonomous and
personal vehicles, as well as new, more ecological mate-
rials, cleaner propulsion fuels, and increasingly open and
shared information sources. These will all bring significant
change to current air operations. Change can be good, but
it can also lead to safety and security vulnerabilities unless
actively managed.

Dealing effectively with existing and future safety hazards,
and growing security fears and threats, requires a funda-
mental shift in thinking about safety and security. Today
these are largely dealt with separately, even though the
travelling passenger does not necessarily discriminate
between these two sources of risk. For this reason the
main threads outlined below for research and innovation
in safety and security follow a similar path. This will help
create synergies between the two domains for the better
protection of the travelling public and aviation businesses
in the future. The five common action lines, and desired
outcomes, are as follows:
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Governance: strong safety and security management in
organisations, and collaboration across the entire industry.
This must be under-pinned via a pan-European regulatory
system that supports stakeholders to actively engage in en-
suring safety and security while staying in business.

Human-system optimisation: safe and secure performance
and culture via all personnel at all levels, and in the case of
security, dealing more closely with societal trends.

Intelligence: better sensors, and sharing and analysis of
data. This will enable us to ‘see around the corner’ for safe-
ty, and provide a way to scan the security horizon.

Safe and secure operations: dealing with today’s and to-
morrow’s threats and hazards via safety radar and continu-
ous system behaviour and health monitoring. This includes
adaptive security controls and inter-connected security op-
erations centres.

Resilient design, manufacturing and certification: intrinsi-
cally safe and secure systems and products, with enhanced
survivability, resilient to cyber and other attacks.

The following pages describe how, and by when, these
action areas will be realised for safety and security, ensur-
ing that businesses and services can grow while improving
safety and security beyond today’s levels.




ACTION AREA
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2050 TARGET STATE

4.1 Collaborate for safety Europe operates an air transport system in which safety governance and practice is effec-
tive and able to stay ahead of the game in a rapidly changing environment.

4.2  Optimise human and organisa- The system is designed to fully benefit from the human’s ability to solve complex and

tional factors for safety unforeseen problems, thus ensuring the highest possible degree of safety.

4.3  Build and exploit safety intelli- Vast amounts of data are available in the system. These are gathered, processed and

gence exploited to provide vital information that makes the air transport system safer.

4.4  Ensure operational safety Very high levels of operational safety are assured as a result of the measures described:
strong collaboration, optimised human and organisational factors, effective use of data
and a system designed for safety.

4.5 Design, manufacture and The system operates inherently safely due to the built-in resilience by design, manufac-

certify for safety turing and certification. New systems do not hide any unsafe ‘surprises’.

4.6  Collaborate for security A framework is in place for system-wide security governance addressing policy, regula-
tion and oversight. This addresses common risk management, minimum level of security
and harmonised incident management. Security operations centres are in place across
the aviation system.

4.7  Engage aviation personnel Aviation personnel and society as a whole are fully engaged in security measures. Threats

and society for security are identified and mitigated early and the public has enhanced confidence in air travel.

4.8  Build and exploit security Data are effectively exploited for prediction of and preparation for emerging threats and

intelligence vulnerabilities. Early warning facilitates prevention and response system-wide, thereby
maintaining security across the entire aviation spectrum.

4.9  Ensure operational security There is a sophisticated real-time security capability, supported by a global network of
security centres. This builds public confidence and ensures overall system resilience and
business continuity.

4.10 Design, manufacture and Provisions for security are incorporated into design, manufacture, deployment and oper-

certify for security

ations. The system is resilient to security threats with no inherent weaknesses.
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ACTION AREA 4.1
Collaborate for safety

The aviation industry has adopted safety management
systems and high standards of certification which contrib-
ute to its excellent safety record. But aviation is a system
of systems and is ever more fragmented, with new players
arriving (e.g. RPAS manufacturers and users). It is therefore
necessary to shift the concept of safety governance from
one focused on individual organisations to one that har-
nesses the collective safety capability of all organisations
across the entire air transport system.

A recent EASA-industry safety workshop concluded that the
only way forward is through more collaborative approach-
es, initially by industry segment (airlines, air navigation ser-
vice providers, airports, manufacturers) but ultimately in a
broader system-connected way.

The landscape is complex and dynamic, with new types
of operations, new aerial vehicles, new interactions and
calls for inter-modality across diverse transport systems. All
these will profoundly influence the aviation environment
and, as a consequence, a ‘compartmentalised’ approach to
safety will be inadequate.

Aviation is a global system and does not stop at national
borders; neither should its governance. Safety governance
needs the commitment of all European and even global avi-
ation partners to ensure a coherent, interoperable (joined-
up) safety approach. This means more collaboration with-
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in and across aviation industry segments, more sharing of
best practices and data, more working together on safety
issues, and closer integration of safety management and
business management. It also means a better understand-
ing of the short- and medium-term aviation safety impact
of governmental and European-level policies, including
in the wider intermodal context. This means interdepen-
dence with international stakeholders.

Overall, if a collaborative safety governance approach
is achieved, it will mean that the entire industry can work
more coherently, collectively and efficiently for safety, and
can make better safety-informed decisions that affect both
individual organisations and the industry as a whole in the
shorter and longer term.

Getting the right stakeholders together and discussing
safety is only half the solution. The other half requires hav-
ing the right information to bring to such discussions. This
means having the right tools and methods to accurately
determine the risk impact of evolving hazards and threats.

It is necessary to develop the ability to see around the
corner and not just wait for the next accident to show
what should have been done. It must also be possible to
pro-actively identify external hazards, such as those ema-
nating from climate change. This will require new concepts,
methodologies, performance measures and practical ap-
proaches. These will lead to an enhanced capability, a risk
management system capable of reacting to known and
emerging safety issues, whether at the level of an organisa-
tion, a segment, or the entire aviation system.

By 2030, safety governance must be pan-industry, pan-Eu-
ropean and aligned within a global framework, each actor
fully aware of its collaborative role in its operational and
business context, and equipped with the right safety tools
to inform collaborative decision-making. Intermodal safety
governance is aimed at 2040.

Expected impact

Europe will operate an air transport system in which
safety governance and practice is effective, able to
keep up with and stay ahead of a rapidly changing
environment.
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ACTION AREA 4.2

Optimise human and organisational

factors for safety

In aviation today, humans are vital for the safety of the
system, and it is fair to say that ‘people make safety’ in
aviation. Human Factors supports safety at the individual
level, for example pilot and controller, considering aspects
such as fatigue; at the crew level covering aspects such as
shared situation awareness; and at the organisational level,
safety culture.

But the context in which people and organisations operate
is changing. There will be more automation and autonomy,
more distributed ways of working in a multi-cultural envi-
ronment, new business models, and a continued system
performance requirement to monitor and support safe hu-
man performance in real-time.

The design of human-machine interfaces must be recon-
sidered to accommodate a new and wider range of avi-
ation systems and user profiles. In particular this includes
increased automation, as well as autonomous- and partial-
ly-autonomous personal vehicles for business, leisure and
industrial uses. According to the degree of automation, the
design must provide an effective and satisfying role for hu-
mans, preserving operator competence and ensuring ser-
vice continuity in degraded modes. Information overflow
must be avoided, and the risk of mode errors when shifting
between different automation configurations or levels must
be mitigated. The level of decision that is allocated to the
system or to the human must be clear.

Research is therefore needed to develop smart human-ma-
chine interfaces, for highly automated systems. These
should adapt to the specific user and operational context
and thus support safe and efficient operations.

New crew and team concepts must be developed to em-
brace the whole air transport system. These must support
collaboration across professional roles and between differ-
ent organisations at national, regional and global levels,
potentially extending to non-aviation specialists.

Planning must be done so that the future workforce is pre-
pared for demographic and social change. Readiness must
be assured to deal with new governance structures, new
business models, challenges in achieving an industry-wide,
pan-European just culture, increasing cultural variability
(including the emergence of new players from outside Eu-
rope) and fragmentation of the aviation system. This is vital

where safety is concerned since effective communication
and cooperation amongst the different actors must be as-
sured. This changing environment also demands that at-
tention be paid to planning and preparation for new skills
and roles with, for example, updated selection and training
practices.

There will need to be a continued focus on key operational
roles, such as pilots and controllers, to monitor and sup-
port the human performance envelope, detecting and
compensating for problems such as fatigue, workload, vig-
ilance, poor decision making, loss of situation awareness,
and loss of control in real time.

Smart HMIs and human performance envelope protection
are targeted for 2030, with future workforce and new crew
concepts aimed at the 2040 timeframe.

Expected impact

The developments described here will ensure that
the future system continues to benefit from the hu-
man'’s ability and ambition to solve complex and un-
foreseen problems, thus ensuring the highest degree
of safety.
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ACTION AREA 4.3

Build and exploit safety intelligence

For decades, a major approach in safety has been to learn
from experience, that is, from incidents and accidents, but
because the industry is very safe there are few learning op-
portunities. Furthermore, with an increased rate of change
it is unwise to wait for things to go wrong - the industry
needs to be more proactive, learn from successes and stay
ahead of the curve. Until recently this has been difficult but
now, with the advent of powerful analytic tools, it is time
to develop a true look-ahead capability for safety.

This action area concerns the improvement and expansion
of data exploitation for the benefit of safety in the Eu-
ropean aviation system. The potential is broad, with ap-
plications ranging from commercial and general aviation,
airspace and airport operations through to training and
human performance. Included are enhanced acquisition of
aviation data, its fusion, storage, processing, analysis, pro-
tection and visualisation.

Operational and safety-relevant data, correctly analysed,
will yield information that will help improve our knowledge
of the underlying dynamics of the system. Machine learn-
ing can be exploited to analyse data-rich descriptions of
events and used to develop prediction paradigms to sup-
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port safety decision-making. Furthermore, data models can
help forecast the impact of changes in technology, regu-
lation and operational procedures as well as human and
organisational factors.

Management tools, methodologies and processes are
needed for automated acquisition of data from multiple
sources, including traditional recorded flight and opera-
tional data, as well as new sources such as weather, voice
and video. Knowledge discovery and data mining algo-
rithms, capable of detecting patterns across heteroge-
neous data sources can then be brought to bear. These can
employ big data and deep analytic techniques to assess
risks, detect causality relationships and identify new safety
hazards. Visualisation techniques can be used to facilitate
understanding and exploration of complex datasets.

The aviation system currently has many data sources, but
they interact in a limited fashion, if at all. Restrictions often
exist for reasons of privacy, legality or security, due to com-
mercial concerns or technical incompatibilities. Strategies
and policies must be developed to ensure that confiden-
tiality is not a barrier to exploitation of data for safety,
whilst still respecting data privacy.

Schemes must be developed to manage safety intelli-
gence. These must ensure that the right information is dis-
tributed to the right stakeholders at the right time. Data
must be presented in an easily accessible way using, for
example, innovative visualisation techniques. Management
schemes will cover all organisational aspects from top-lev-
el governance to real-time operations across the air trans-
port system. A multidisciplinary approach will also focus on
finding solutions to legal, privacy, commercial and security
challenges.

Full safety intelligence capability, including tools and meth-
ods, sharing schemes and protection of privacy, is targeted
for 2030.

Expected impact

Vast amounts of data are already available in the sys-
tem. Gathering, processing and exploiting them will
provide vital information that will make the air trans-
port system safer.
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ACTION AREA 4.4

Ensure operational safety

Actions in this area are designed to ensure that air trans-
port, the movement of air-vehicles, passengers, personnel
and freight, operates safely. This must be done in the con-
text of pressure to increase capacity and improve efficiency
in an operational environment that is becoming more auto-
mated and more distributed.

Future developments in air transport vehicles and opera-
tions will be accompanied by new approaches to air traffic
management. Airports and ground infrastructure will also
evolve to better facilitate safe and secure transit for passen-
gers and goods. The overall European air transport system
must operate seamlessly with fully interoperable and net-
worked systems.

There will also be an increase in the number and the diver-
sity of vehicles with different degrees of autonomy, both
in the air and on the ground, which will need to operate
safely alongside manned systems. The complete landscape
must be fully understood and supported by a comprehen-
sive systemic concept of operations.

Special missions such as search and rescue, emergency
medical services, firefighting, and aerial work, must remain
safe and work unhindered in the majority of weather, atmo-
spheric and operational environments. Innovative solutions
are needed to track and monitor flights in all circumstanc-
es. It is also desirable to monitor the behaviour of key op-
erational personnel and flag possible threats to the safety
of operations.

The effects of all weather phenomena and other external
hazards must be precisely evaluated and risks properly mit-
igated, in order to lead to weather-conflict-free routes. It is
also necessary to extend research to consider environmental
and weather hazards that may result from climate change.

To support these objectives a safety radar is required.
This will use innovative methods, processes and services
for near-real-time detection (e.g. with a look-ahead time of
15 minutes) of operational and behavioural deviations that
could pose a threat. The safety radar must cover the total
air transport system, and will depend on the availability of
good safety intelligence as already described.

Research is also needed to monitor system behaviour
and health with a view to self-healing for certain types of
anomaly. This may apply to on-board and ground systems.
Maintenance will also remain critical for mission safety, and

new ways of enhancing maintenance performance and ef-
fectiveness must be developed.

Mitigation of existing weather, a concept of operations
addressing all vehicles, and safety radar, are targeted for
2030. Mitigation of weather phenomena resulting from cli-
mate change is targeted for 2040.

Expected impact

Ensuring high levels of operational safety is the cul-
mination of all safety efforts. It is therefore indispens-
able for an aviation system that is globally safe.
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p ACTION AREA 4.5
Design, manufacture and certity for safety

Improved design, manufacturing and certification process-
es are needed to ensure safe and secure operations in a
resilient air transport system. This starts with deeper un-
derstanding and modelling of phenomena leading both
to safety risks, and safety successes. The issues to be con-
sidered are diverse, ranging from, for example, icing and
lightning, to greater connectivity and high levels of auto-
mation. The final goal is to ensure an aviation system that is
agile and resilient by design.

Studies should take into account the introduction of new
on-board safety technologies with new human-system in-
terfaces, protection against loss of control, improved sen-
sors, turbulence detection and health monitoring.

Innovative approaches are needed to ensure that safety
is an integral part of systems design starting at the very
first phases, especially where disruptive concepts are being
developed, and also encompassing other domains, such
as occupational safety. Modelling and simulations, more
accurate and detailed than before, must be available to
support the entire development cycle.

Further study is needed on new system design techniques
involving complex software and hardware, and automatic
code generation, to understand their impact upon safety
and security. Attention must be paid to the increased inte-
gration of functions and systems together with the human
dimension across the entire life-cycle. New simulation and
virtualisation tools will be needed to improve testing effi-
ciency and coverage.
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Maintenance, continuous airworthiness and operational
monitoring measures must be in place to ensure the conti-
nuity of resilience throughout the system life-cycle.

Certification must also benefit from new simulation tools
and capabilities to ensure the highest safety levels as well
as reduced time-to-market, as developed in Challenge 2,
even for the more complex and highly integrated systems.
Simulation can be especially useful where experimentation
is difficult, and for checking completeness of coverage.
Certification rules must also make provision, at an early
stage, for new and emerging technologies and concepts
including, for example, RPAS (remotely-piloted aircraft sys-
tems). In such cases safety targets and certification require-
ments must take into account a dynamic landscape with
short lifecycles for several classes of vehicle. This is a major
change compared with traditional aeronautical systems.

A further concern to be addressed in both design and cer-
tification is the increasing use of commercial-off-the-shelf
software and connected microelectronics. New techniques
such as additive manufacturing and 3-D printing (see Chal-
lenge 2) must also be examined for potential safety issues.

Expected impact
Finally, studies are needed to improve survivability of peo- P P

ple and goods in all types of aircraft. These actions will result in a system that is inherently

safe, due to resilient design, manufacturing and cer-
tification processes. This means that new systems will
not deliver any unsafe and unmanageable ‘surprises’.

New approaches to certification should be targeted at the
2030 timeframe, and full understanding and adoption of
resilience-by-design in the 2040 timeframe.
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ACTION AREA 4.6

Collaborate for security

The future aviation system is expected to evolve signifi-
cantly in the future, with the application of new operational
concepts, the increased use of Commercial Off-The-Shelf
(COTS) products developed using open standards, in-
creased sharing of data and networking of systems, and
the introduction of RPAS into controlled airspace. Devel-
opments in other industries have demonstrated that such a
transition is not without risk, a dominant one at the moment
being cybersecurity. The next generation of systems, as
well as anticipated technological advances (e.g. the inter-
net of things) may also introduce new vulnerabilities, the
exploitation of which could result in undesirable impacts
on aviation.

Security requires an end-to-end approach: there can be
no weak links in the chain. This implies a holistic approach
to risk management, addressing people, processes and
technology. Security management must keep up with the
persistent and dynamic nature of the threat. It must be in-
telligence-driven, asset-based and outcome-oriented.

This will require a suitable security governance frame-
work which defines requirements for aviation security
policy, regulation, and oversight at the state, regional and
global level.

It is necessary for each aviation stakeholder to implement
a common (or compatible) security management system,
capable of operating seamlessly across the whole air trans-
port chain. The scope must also include interfaces to criti-
cal supporting infrastructures, such as communication net-
works and satellite systems.

The approach to security management must not only con-
sider all components of the system, but also the whole
life-cycle of the system, from concept through design, de-
velopment and operations, up to and including decommis-
sioning. It needs to cover all aspects of security risk assess-
ment, risk treatment, and incident and crisis management,
including prevention, preparedness, emergency response,
operational continuity, and recovery. The system must be
capable of managing threats that have materialised, as well
as those that have not.

A key driver of security management will be information re-
ceived from security intelligence (see Action area 4.8) with
a security radar providing information on current threats
and vulnerabilities. Emerging future threats and vulnerabili-
ties are identified via the process of horizon scanning.
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It will be necessary to ensure that security across the sys-
tem achieves a common, global, minimum level of per-
formance. This should be supported by the governance
framework, and will require the development of security
performance indicators along with the means to evaluate,
verify and validate security performance and to perform se-
curity certification of systems. State and regional security
programmes must adopt a consistent approach at systems
level. The security baseline will be fundamental in creating
the necessary trust framework, motivating stakeholders to
work together in a networked, data sharing environment.
It will also support security monitoring, audit and liability
considerations.

The governance framework must address the development
of security operations centres, which will provide the plat-
form for security incident management tasks to be carried
out, including incident detection, identification, response,
and recovery, using security intelligence and sharing infor-
mation and alerts on incidents across the aviation system.
These must involve organisations that understand local and
regional issues and cultures, as well as international bodies
to ensure global collaboration.

A longer-term objective is to integrate the separate do-
mains of security and safety where this is feasible. These
may be regarded as two sides of the same coin since they
both seek to prevent harmful events, whether intentional
(security) or unintentional (safety) in nature. An integrated
safety and security management system may bring advan-
tages such as providing an overview of risks and hazards,
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and may be able to exploit potential synergies in the im-
plementation of controls while simultaneously dealing with
incompatibilities.

B
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These considerations extend beyond aviation into oth- : um‘ " “H
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as the health, banking, energy, finance, water and digital
infrastructure sectors. Aviation is already a system-of-sys-
tems, but is part of a much bigger family interconnecting
with, interacting with and depending on many other sys-
tems-of-systems.

Failure to adequately address security poses a serious
threat to aviation. There is an urgent need to perform the
necessary research and develop the methods, tools, and
procedures to support the end-to-end management of
security. Studies on technical and organisational aspects
should start immediately. Support for institutional and leg-
islative frameworks should be discussed across the sec-
tor with a view to implementing full system-wide security
schemes by 2025, extending to intermodal security gover-
nance by 2030. Security and safety collaboration is target-
ed for 2025.

The cost for a secure aviation system should be shared fair-
ly between stakeholders.

The activities to ensure secure operations should have min-
imal impact on service delivery to customers, e.g. passen-
gers, and need to be aligned with safety aspects of the
operation.

Expected impact

The actions described here are essential to mitigate
security risks to the aviation system. They provide the
framework to achieve appropriate system-wide gov-
ernance to address policy, regulation and oversight,
and the development and implementation of appro-
priate management systems. Together, these will ad-
dress the means to achieve common (or compatible)
risk management methods, a common minimum lev-
el of security, and a harmonised approach to security
incident management with security operations cen-
tres across the aviation system.
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ACTION AREA 4.7

¢ CHALLENGE 4

Engage aviation personnel

and society for security

People are central to security. Security is not only a matter
of technology, but also of policy and procedure. It is ef-
fective only when proactive, informed human involvement
is ensured over the whole life-cycle, creating a defensive
layer that can protect individuals and society from harm.
Security is a societal need and expectation to which author-
ities and regulators are obliged to respond. The scope of
actors able to introduce security threats into the system
is greater than that considered in safety.

Peoples’ actions are shaped by their national culture and
that of their organisation. Since aviation is a global busi-
ness, perceptions of security and the way it is approached
may differ substantially, so it is essential to understand the
impact of these factors.

To address these issues, aviation must develop and nurture
a security culture, in which people are motivated to follow
established procedures, comply with regulations, and take
the initiative when unforeseen circumstances arise.

This can be achieved via education, awareness, training
and personal development, supported by an appropriate
governance framework and security management systems
(Action area 4.6). Innovative methods using, for example,
computer-based training and gaming could be applied. The
goal is to embed a risk-based security culture throughout the
aviation system. Many lessons can be learned from safety.

Behaviours can be key to identifying threats and vulnera-
bilities, and this can be analysed through the use of inno-
vative means to monitor staff and passengers using, for
example, physiological measurement, the analysis of inter-
actions at the human-system interface (e.g. personal devic-
es), and the analysis of social media. The development of
novel, non-intrusive means of monitoring will greatly im-
prove their effectiveness. These areas should be exploited
by developing and using new methods for the analysis of
multiple data sources, such as those applied to the analysis

of big data.

Harmonised vetting procedures for staff will be required
to ensure a common level of security in the aviation system.
It may be possible to predict the occurrence of threats and
vulnerabilities through the analysis of socio-cultural issues
and trends. All new information will be shared with the secu-
rity radar and horizon scanning processes (Action area 4.8).
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Research is needed to better understand and more opti-
mally manage cultural diversity in aviation including pas-
sengers, crew, engineers, operators and security person-
nel. For emergency situations such as, for example, the
management of disruptive passengers, this will improve
outcomes.

A comprehensive programme of education in security cul-
ture should be developed now and be fully deployed by
2025. Ways of monitoring and analysing people and so-
cial trends for security threats should also be developed by
2025. Harmonisation needs to be achieved by 2030.

Expected impact

The outcome of these developments will be en-
hanced awareness of security for aviation personnel
and society, taking account of cultural differences.
Threats will be identified and mitigated early, leading
to a high level of security that provides the public
with enhanced confidence in air travel.
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ACTION AREA 4.8

Build and exploit security intelligence

Security must be supported by intelligence that provides the
information necessary to develop a comprehensive and de-
tailed catalogue of threats and system vulnerabilities. Tools
are needed to automate detection of aviation incidents,
gathering of associated information, and forensic analysis.

Current technologies and techniques should be adapted,
and emerging approaches for data acquisition, storage,
analysis and distribution should be exploited for this pur-
pose including, for example, big data analytics.

A security radar must be developed to detect and identify
security threats and associated vulnerabilities in real-time,
allowing prevention and resolution actions to be taken.
Information from the security radar is a key input to sys-
tem-wide security management and operational security
(see Action areas 4.6 and 4.9), driving the assessment and
mitigation of risks in the aviation system.

A horizon scanning approach must also be developed to
allow the detection of future, emerging threats to aviation
from a variety of information sources, using the analysis of
technology trends, socio-cultural trends and behavioural
analysis. Information from horizon scanning will be provid-
ed to the security radar to allow it to address such threats
and vulnerabilities as they emerge.

Specific methodologies, processes and simulation plat-
forms must be developed to identify the best solutions
and protection against the emerging threats in various sce-

narios, and to assess the resilience of the aviation system.
These studies should suggest the appropriate KPI for dif-
ferent types of scenarios.

An important part of this area is security information man-
agement and sharing. The potential sources are many
and varied and include airport devices, operational and
passenger information, aircraft and air traffic management
systems, system-wide information networks and open
source intelligence. Information from computer emergency
response teams, government, and security services must
also be processed.

Real-time security incident information-sharing capabilities
will enable early-warning and alert mechanisms to be en-
gaged, facilitating incident prevention, preparedness and
response actions.

Finally, information can be used to support post-incident
analysis and develop lessons learned. Improved methods
and procedures are needed for the forensic analysis of
security incidents. This must encompass the efficient ac-
quisition of key information on an incident, and its analysis
in conjunction with other data sources such as the security
radar and horizon scanning. Outcomes will support securi-
ty-by-design (Action area 4.10).

Links must be initiated with all stakeholders who have a
direct security interest so that work can start on building a
comprehensive intelligence framework for mutual benefit
across the industry. Standardisation and regulatory bodies
should be involved as needed.

Security radar, horizon scanning and forensic analysis, along
with information management and sharing, are all targeted
for first implementation by 2025, with full system-wide ca-
pability by 2030. Intermodal provisions should be in place
by 2040.

Expected impact

These developments will provide the capability to
predict and prepare for emerging threats and vulnera-
bilities. Early warning and alerts will facilitate incident
prevention and response system-wide, thereby main-
taining security across the entire aviation spectrum.
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ACTION AREA 4.9

Ensure operational security

Since aviation is likely to be an ongoing target for a variety
of threat agents, security must be addressed continuously
during operations to ensure the safety of staff and passen-
gers and continuity of service. This must be achieved while
maintaining system safety as well as performance, with
acceptable levels of capacity and delay.

Common (or compatible) incident management systems
are needed to detect, identify, respond, and recover to
normal operations in the event of an attack on the system.
Information from the security radar (Action area 4.6) will
be used to inform the incident management process of
known threats and vulnerabilities. Sophisticated interven-
tion methods, tools, technologies, and processes must
be developed. These will be supported by intelligent de-
cision-making capable of supporting human operators in
high workload and high stress situations.

The capability to react semi-autonomously or autonomous-

ly to attacks should be researched, and approaches de-
veloped, for example, to anticipate attack threat paths,
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adaptively delay or neutralise ongoing or developing at-
tacks, and adaptively modify security controls on antici-
pated threat paths.

Dedicated security operations centres must provide the
platform for security incident management, including in-
cident detection, identification, response, and recovery.
They will use information received from various sources in-
cluding computer security incident response teams and
the security services. They will share information and alerts
as appropriate.

Strategies must be developed that go beyond response
and recovery considerations to include broader contingen-
cy planning for all affected people and parts of the system.
This is part of the review cycle of the security management
system.

Whereas the immediate objective in the aviation sector
is to provide secure flight operations, this must be seen
as part of the overall door-to-door security environment
covering all transport modes. The integration of aviation
security management systems with those of other transport
modes and the sharing of information will provide clear ad-
ditional benefit.

Collaborative support will provide services or information
from aviation relating to an act of unlawful interference to
law enforcement, military, search and rescue or incident
investigation agencies. All operational facilities must com-
ply with governance requirements and legal frameworks in
place. It will be necessary for certain systems to be securi-
ty-certified.

The security threat is immediate, so actions in this area must
be initiated as soon as possible. Comprehensive coverage
with interconnected security operations centres should be
in place by 2030.

Expected impact

These measures will deliver a sophisticated real-time
security capability, supported by a global network of
security centres, assuring public confidence and ensur-
ing overall system resilience and business continuity.
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ACTION AREA 4.10

Design, manufacture and certity for security

New trends in aviation include the increasing use of dis-
tributed systems, data sharing, automation, virtual opera-
tions, and remote monitoring and control. The presence of
autonomous vehicles is expected to increase substantially.
These present new security challenges which must be ad-
dressed immediately to ensure that the ultimate goal of a
secure and resilient aviation system is achieved.

Security needs to be addressed from the beginning to the
end of the development life-cycle, covering all phases
from the initial concept, through design, deployment, op-
erations and decommissioning. By applying a design-in
approach, security requirements are obtained and integrat-
ed during development, avoiding costs and delays of bolt-
ing-on security later. This also avoids the situation where a
fundamental re-design is required to address security risks
identified late in the development process. Traceability
through the whole life-cycle, and secure change manage-
ment will also be of vital importance.

In order to achieve this, an appropriate security risk man-
agement approach must be in place (Action area 4.6), pro-
viding the necessary foundations for design-in security.
This must include methods, tools, and guidelines for risk
management activities during development, such as risk
assessment and risk treatment. A specified security base-
line (minimum level of security) is needed.

To support the achievement of a consistent, end-to-end,
minimum level of security in the aviation system overall,
the methods, tools and guidelines must comply with legal
frameworks and agreed international standards, and be
common (or compatible) across the aviation system.

Robust methods for developing security-critical software
should be applied in the development of certain systems.

Systems developed to recognised standards will obtain a
security certification.

Secure design, manufacturing and certification must be a
team activity involving operational, technical, and regula-
tory experts working with safety and security experts. Co-
ordinating with safety allows the exploitation of potential
synergies in the implementation of controls, while simul-
taneously dealing with incompatibilities (Action area 4.6).

Systems must be secure against current threats, but must
also be adaptable to the evolution of the threat landscape.

80

Consequently, information obtained from security intelli-
gence must feed the design process.

Reciprocally, key design changes must feed the security in-
telligence to avoid the emergence of new vulnerabilities. In
order to design suitable secure systems, specific studies
involving stakeholders of the trust framework (Action area
4.6) should focus on the consistency between the defini-
tion of emerging security threats and the design cycle.

Security controls must be easily maintainable in order to min-
imise operational downtime. The system should be designed
so that system patches are easily installed, and security con-
trols can be incrementally enhanced with minimal effort.

When a security event occurs, the future aviation system
must be capable of providing support to operators, who
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may be suffering from high workload and stress, to effec-
tively address the threat. Human factors and psycho-social
issues must therefore be addressed in the design process.

The system should be designed to alert operators to po-
tential security events, and to react semi-autonomously or
autonomously to attacks. The system should be capable
of, for example, anticipating attack threat paths, adaptive-
ly delaying or neutralising ongoing or developing attacks,
and adaptively modifying security controls on anticipated
threat paths.

The architecture must support secure systems that comply
with interface standards, interoperability requirements, in-

cremental enhancement of security controls, and informa-
tion exchange requirements.

A robust system acquisition strategy must be established
which addresses the security risks as well as, for example,
cost, schedule, capability and quality. This will ensure that
potential security risks associated with procurement, for
example in software development and manufacturing, are
identified and mitigated.

New methods must also be developed for testing, along
with innovative means to evaluate, verify and validate secu-
rity performance during design, and in other development
life-cycle phases. New approaches may include the use of
modelling and simulation tools to demonstrate compli-
ance to security requirements at component, product, sys-
tem and system-of-systems level, addressing human, social
and technical aspects.

In keeping with the international nature of the challenge,
new systems must be studied, designed and manufactured
to permit global harmonisation of security performance.

A design-in security approach is targeted for 2025, with full
implementation aimed at 2030.

Expected impact

Inclusion of security provisions in design, manufac-
ture, deployment and operations is essential to en-
sure no inherent weaknesses in the system, and a
system that is resilient to security threats.
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CHALLENGE 5

Prioritising research,
testing capability
and education

Aviation is a high-technology sector which combines ex-
traordinary demands on research and innovation with long
lead times. Decisions on research and technology devel-
opment may have consequences on the future of the sec-
tor, decades after they have been made. To maintain its
world-leading position and competitiveness in the dynamic
global market, Europe’s aviation must be underpinned by
world class capabilities and facilities in research, develop-
ment, test and validation, and should provide to the current
and future employees of the sector a top-level education
that is adapted to its needs.

The majority of the actions described in this challenge are
foundational for European aviation. This means that work
needs to start immediately, defining schemes to make sure
we do the right research, developing a coherent set of test
capabilities and, maybe above all, providing world class
education.
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ACTION AREA

5.1

Maintain awareness with an
effective technology watchtower

RIS,

A

o 'I'- o, A
EARCH &

2050 TARGET STATE

A strong technology watchtower is in place ensuring that the European aviation industry
is globally competitive. In particular it will support OEMs with key knowledge and visibil-
ity of emerging technologies.

Develop an inclusive research
strategy covering the entire
innovation chain

A coherent, integrated strategy ensures that promising research progresses easily up
through the TRLs to implementation and operation. The strategy incorporates skills de-
velopment that matches the technological demands.

Make the right investment
choices with robust selection
processes

Agreed metrics support a robust selection process with clear prioritisation of research
and technical development in support of ACARE goals.

Develop and maintain state-of-
the art test infrastructure

European investment in infrastructure is fully coordinated to support efficient, cost-ef-
fective testing. Facilities are state-of-the-art with substantial use of virtual test capabil-
ities, ensuring high utilisation and providing significant benefits to the aviation sector.
Al stakeholders are engaged in a common approach and emerging trends are properly
accommodated.

Establish a sustainable network
of operators for test infrastruc-
ture

There exists a dynamic and cooperative network of operators of strategic European
test infrastructure, ensuring that up-to-date equipment is efficiently operated and main-
tained for the benefit of the aviation sector. Innovative business and operating models
and funding schemes provide access to the testing capabilities for all stakeholders, in-
cluding academia and SMEs.

Provide world-leading education
in aviation

European aviation education is world-leading, providing excellent support to the avi-
ation sector. Programmes are harmonised with European accreditation schemes and a
chartered aerospace engineer qualification.

Stimulate the involvement of
stakeholders in education

Industry and research establishments are fully involved in educational programmes en-
suring that students are better prepared for a career in aviation. Industry is reaping sub-
stantial benefits from this collaboration, which extends to apprenticeships and life-long
learning.

Make aviation attractive to
ensure inflow into educational
programmes

The image of the aviation sector is positive and attractive. Sufficient numbers of people
flow into the educational programmes and choose a career in aviation. This supports
European aviation as world leader.
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ACTION AREA 5.1

Maintain awareness with an effective
technology watchtower

Mechanisms are needed at European level to assess and
evaluate research and technology developments that may
be of benefit to the aviation sector. Scope must extend out
to cover a wide range of applications, programmes and
geographical regions, identifying new technologies, pro-
cesses, regulatory and institutional approaches and so on.

As developments such as digitalisation, the internet-of-things
and autonomy become pervasive, careful, systematic moni-
toring of other sectors has the potential to bring great ben-
efit. A formal assessment network, a technology watchtow-
er, will support this. It must be capable of keeping up with
rapid developments in disruptive technologies.

The technology watchtower will promote harmonisation of
evolutions in aviation with other relevant sectors, with spin-
in and cross-fertilisation in a number of areas. It will help
aerospace be more responsive to fast-evolving information
technologies.

The purpose of the action area is to implement and de-
velop the watchtower concept, to ensure it is focused and
adapted to the task. It will monitor new developments
while keeping traditional areas under constant review. A
future vision must be created that includes breakthrough
developments such as electric aircraft.

Lessons must be learned from other sectors such as marine,
automotive, rail and energy. Particular attention must be
paid to fast-moving areas of information technology, com-
munications, big data analytics, internet-of-things and se-
curity. It must remain alert to the possibilities of disruptive,

step developments which may be currently unimagined.
Expected impact
Furthermore, the watchtower must look at innovative busi-
ness models that are able to better take advantage of new Aviation is traditionally seen as a leader in technolo-
technologies. New processes are needed to help capture gy development, providing positive spin-off to oth-
and import technology from other sectors. er sectors. This leadership will continue as long as
fast-moving developments from other sectors are ef-
An enhanced watchtower must be in place by the end of fectively embraced and exploited.
2025. It will in the first instance generate a list of most prom-
ising and fast-evolving technologies and their roadmaps. A strong technology watchtower will ensure that the
European aviation industry remains globally competi-
Access to the findings of the technology watchtower, which tive. In particular it will be a support to SMEs with key
need to be regularly updated, must be made available as knowledge and visibility of emerging technologies.
widely as possible.
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ACTION AREA 5.2

Develop an inclusive research strategy
covering the entire innovation chain

The aviation sector must be organised to support the full
research and innovation chain. In particular provisions are
needed to ensure that research that has achieved an ap-
propriate technical-readiness level can be further matured
towards production and implementation. This will ensure a
steady stream of new and improved components.

OEMs and tier-one suppliers need ambitious require-
ments to promote technology development and competi-
tion through the different tiers of the supply chain. This will
enhance the overall competitiveness in the OEM’s supply
chain and enhance tier-one competitiveness worldwide.

There also need to be effective mechanisms in place to en-
sure that operational experience through the life of a prod-
uct is fed back into early-stage research.

The sector uses the widely-accepted technology readiness
level (TRL) method for classifying product maturity from
basic research through to operational success. A comple-
mentary scale that measures skills capability is needed, so
the adoption of an analogous skills readiness level (SRL)
is proposed.

The main focus of this action area is then to ensure that the
aviation sector has a fully inclusive TRL pipeline that starts
with formation and education and progresses seamlessly
through exploration, research, development, validation
and demonstration to operations. Progress through tech-
nology readiness levels should be linked to advances in
skills, introducing the notion of SRL.

Actions must also be taken to improve innovation and ear-
ly-stage research through lessons learned from demon-
strations and operational experience. This should be sup-
ported by better use of structured dissemination events:
existing opportunities such as Aerodays and CEAS con-
ferences must be better exploited, and these should be
supplemented by new targeted events. Furthermore there
needs to be greater collaboration between industry and ac-
ademia with specific joint activities.

There must be better networking across the entire innova-
tion eco-system, national, regional and global, with links at
all levels. Inclusivity must be actively promoted. Improved
selection processes (see Action area 5.3) will help identify
areas that need specific skills, and will encourage syner-
gies. More broadly, common skills, disciplines and topics
must be shared wherever possible for the benefit of all.

Policies to support an inclusive research strategy over the
entire innovation chain are needed in the short term. This
embraces mechanisms to enable small and medium enter-
prises to link with higher-tier suppliers without penalty for
sub-contracting.

The concept of skills readiness level to be used alongside
technology readiness level needs to be developed by 2025.

Regular and targeted dissemination to support early-stage
research should be initiated immediately with, for example,
an annual Aerodays technology event.

Expected impact

A coherent, integrated strategy will ensure that
promising research can easily progress up through
the TRLs to implementation and operation. Develop-
ing the right skills alongside the technology will en-
sure more robust product development. Systematic
feedback from exploitation and operations into early
research will ensure more effective technology devel-
opment and reduce waste.
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ACTION AREA 5.3

Make the right investment choices
with robust selection processes

European research and innovation needs to be defined,
organised and funded in a coherent and coordinated
way, with minimum administrative burden. Publicly-funded
programmes must be fully transparent and accountable.
They must support business and promote efficiency while
protecting intellectual capital.

Programmes must be linked to common objectives and
roadmaps shared by stakeholders across the entire supply
chain - this will promote suitable prioritisation of research.

There needs to be greater use of common and agreed
metrics to help guide investment choices, particularly in
the case of low TRLs. These must allow for studies of al-
ternative business models supported by new technolo-
gies. They must also support technology adoption where
business risk is higher, encouraging entrepreneurial ideas
from small, innovative companies. The metrics should be
reviewed periodically to ensure they remain appropriate in
the context of changing technologies.

The focus of this action area is then to develop metrics and
goals to support the selection of projects and investments.
Proposals for research and innovation actions (RIAs) should
be judged with reasonable flexibility, but should be guid-
ed by the findings of the technology watchtower (see Ac-
tion area 5.1). Innovation actions (IAs) should be selected
taking into account agreed roadmaps, business models
and objectives.

Selection metrics must be developed and maintained to
keep pace with changing technologies, and must take into
account different kinds of business model and timescale.
Priority may be given to developments with the potential to
rapidly enhance competitiveness through faster progress
up the innovation chain. There must be positive stimulation
for promising technologies.

Metrics must take into account high-level societal and
global goals, while recognising that impacts are difficult
to assess where technology readiness is currently at a low
level.

A review of selection and prioritisation metrics and pro-
cesses is needed by the end of 2017. This will help guide
activities in support of overall ACARE goals taking into ac-
count the evolving technology landscape.
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Expected impact

The systematic use of agreed metrics as proposed
here will provide a robust way of prioritising invest-
ment in research and technical development in sup-
port of ACARE goals.
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ACTION AREA 5.4
Develop and maintain

state-of-the art test infrastructure

A broad scope of test facilities is already available today
for various tasks in the field of aviation research and devel-
opment. They have traditionally been used for identifying
and measuring physical parameters and for predicting the
behaviour of the products concerned.

In recent years, numerical simulation has increasingly com-
plemented or even replaced physical testing, with the aim
of reducing costs and accelerating development. In partic-
ular, computer-based, multidisciplinary optimisation in the
design phase of a product has the potential to dramatically
reduce the needs for physical testing for verification and
certification. Moreover, accuracy and fidelity are expected
to further increase.

This trend will certainly intensify, shifting the principal role
of physical testing more towards validation of simulation
methods, tools and processes. As a consequence fewer,
but more capable, test facilities will be required in many
areas.

There is therefore a growing need for new infrastructure for
numerical simulation and virtual testing. This will be sup-
ported by rapid developments in high-performance com-
puting and data management, with big data analytics, data
security and cloud-based architectures. An increasing share
of investment in infrastructure will need to be dedicated to
these new digital disciplines.

Both physical and virtual testing capabilities must be devel-
oped to cover the entire innovation chain from low-TRL
research up to large-scale technology demonstration and
certification.

Specific applications will include basic research, aircraft de-
sign and development, manufacture and assembly (Indus-
try 4.0) and certification.

More broadly, facilities must also cover air traffic manage-
ment and aircraft operations, maintenance, repair and
overhaul as well as upcycling, recycling and disposal

The overall task of this action area is therefore to identify
requirements and targets for an infrastructure invest-
ment strategy to meet the future needs of the European
aviation industry. All stakeholders, in particular operators
and potential users of infrastructures, must join forces.

First, an up-to-date inventory of existing infrastructure must
be established. This will lead to the identification of needs
which are not yet adequately covered.

In this context, emerging industry trends and products
must be analysed. These may be highly diverse with de-
velopments such as unmanned aircraft, alternative fuels,
electric propulsion, new production techniques and new air
traffic management concepts. These are widely covered in
other sections of this document.

New infrastructure should make use of technologies out-
side the scope of classical aviation disciplines. Areas of
interest include computing, data management, electric
systems, automation, digitalisation and Industry 4.0. Fi-
nally, it will be beneficial to develop synergies with other
transport modes leading to, for example, shared use of
infrastructure.

A basic inventory of current capabilities and requirements
for new or updated infrastructure should be completed
by the end of 2018. A systematic process for continuously
monitoring future needs, and specifying and prioritising in-
vestment should be in place by 2025.

Expected impact

Coordinated European investment in infrastructure
will support efficient, cost-effective testing. Keeping
facilities state-of-the-art will ensure high utilisation
and provide significant benefits to the aviation sector.
Engaging all stakeholders in a common approach will
ensure that future trends are properly accommodated.
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ACTION AREA 5.5

Establish a sustainable network
of operators for test infrastructure

The aviation sector needs a coordinated and shared ap-
proach to the development, maintenance and operation of
a broad range of infrastructure. This means that the vari-
ous operators, public and private, must form a sustainable
network, with a permanent process of collaboration. The
network will bring together the expertise of all major op-
erators, and serve as the counterpart to potential users in
discussions on future needs and trends.

Transparent business models for governance, investment
and operation are needed. These must employ best cur-
rent practice and fully exploit potential European and na-
tional funding schemes.

The network will comprise primarily operators of those fa-
cilities that can offer a high degree of accessibility to all
stakeholders. For infrastructure that is less accessible and
more competitive, means of access should also be devel-
oped wherever possible.

The focus of this action area is therefore to first develop
a collaborative network of infrastructure operators. This
will involve large-scale facilities of strategic relevance to
aviation research and development in Europe. The scope
includes, inter-alia, an aviation computing network (or co-
ordinating body); a network of aero and acoustic wind tun-
nels; a network of flying test beds and a network of ATM
simulation platforms. The scope covers both physical and
virtual capabilities.

The ultimate objective is to cover the entire range of facil-
ities that needs to be available to a variety of users.

The collaborative processes in this network will address the
development of business and legal models for infrastruc-
ture provision and operation. They will develop secure,
barrier-free access for all stakeholders to the facilities. This
may include a voucher system for academia and SMEs.

The network will identify emerging capabilities that need to
be provided in the field of physical and virtual testing (see
Action area 5.4). It will then coordinate European efforts in
development and provision of new infrastructures. Finally
it will define processes and mechanisms to make available
sanctioned data as required, for example to establish an air
traffic management system simulation capability.
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A joint understanding among all European stakeholders of
the strategic importance of existing test facilities should be
reached as soon as possible. Then, before 2025, a network
of operators of strategic facilities should be established,
with basic processes defined.

In parallel, business models, funding schemes and mech-
anisms must be identified to provide access to infrastruc-
ture for academia and SMEs.

Expected impact

A dynamic network of operators of strategic Europe-
an test infrastructure will ensure up-to date, relevant
equipment, efficiently operated and maintained for
the benefit of the aviation sector. Utilisation will in-
crease and redundancy will be reduced.

Innovative business and operating models and fund-
ing schemes will provide wide access to the testing
capabilities.

Engagement of the network with stakeholders to de-
fine emerging needs and capabilities will ensure that
the inventory remains up to date.




STRATEGIC RESEARCH & INNOVATION AGENDA ¢ CHALLENGE 5

ACTION AREA 5.6

Provide world-leading education in aviation

The availability of a workforce with excellent education
is crucial for maintaining leadership in European aviation.
Professionals need the right knowledge and skills to ad-
dress current and future challenges. World-leading educa-
tion is essential at all levels, in all areas of aviation and for
people at all stages of their career.

Europe is already a leader; it has a strong tradition in avia-
tion education with many excellent schools and universities
in several countries. In order to secure this position in the
current changing world, it is necessary to go further, capi-
talising on the educational portfolio in Europe and prepar-
ing students for future needs.

In particular there must be a balance of in-depth under-
standing and broad knowledge, such as systems engi-
neering and integration across disciplines. New, relevant
developments in other fields such as big data and auto-
mated manufacturing must be incorporated. They must be
included in educational programs while respecting total
workload for the students.

21st-century skills such as problem solving, critical think-
ing and creativity, identified as priorities by the World
Economic Forum, must be taught.

Forms of knowledge and skills transfer must be matched
with overall objectives. This implies a mix of on-site and on-
line programs, lectures, studio-classroom, laboratory work,
project and teamwork, theory and practice.

Secure pedagogical methodologies and tools are required
to modernise education with a life-long learning perspective.

To capitalise on the educational portfolio in Europe means
fostering diversity, exchange and cooperation. To support
this, the curriculum must be harmonised by means, for
example, of the PERSEUS label for university education.
Quality must be assured with a Europe-wide standard for
aviation education, authenticated with a recognised quali-
ty label or by accreditation to a selected group of European
establishments. This should be supported by a European
chartered engineer qualification, managed and awarded
by a respected organisation.

Deviations from the standard curriculum should, however,
be accommodated with some establishments offering spe-
cialist skills for the benefit of the industry.

Finally, in addition to cooperation and exchange within Eu-
rope, links should be stimulated with outstanding educa-
tion institutes worldwide.

Preparing our students for the future needs of aviation is a
continuous endeavour and the actions described here must
start as soon as possible. Between 2020 and 2035 educa-
tional establishments must increasingly give special atten-
tion to relevant technological developments in other fields.

By 2025 the means for harmonisation across European avi-
ation education should be defined, with implementation
following shortly thereafter. This will be followed by Euro-
pean accreditation which should be in place by 2035. The
qualification of chartered aerospace engineer should also
be available by 2035.

Expected impact

As a result of these actions European aviation educa-
tion will remain world-leading and provide excellent
support to the aviation sector.
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ACTION AREA 5.7

Stimulate the involvement
of stakeholders in education

Education is essential to ensure a well-developed work-
force in the European aviation sector. Involving stakehold-
ers in this will be beneficial for the students, the education-
al programs, and especially the stakeholders themselves.

Stakeholder involvement will allow educational programs
to receive up-to-date knowledge and training, and inspire
students with real-world problems. It will give industry di-
rect access to the talent pool, with the possibility to influ-
ence the development of their future employees.

& Rolls-Royce

Stakeholder involvement in aviation education can be stim-
ulated in several ways and can take several forms, but the
key is for people from both sides to connect and work to-
gether. This happens already to some extent, but it must
be intensified and stimulated across all levels and countries.

The focus of this action area is therefore to ensure involve-
ment of industry and research establishments in education-
al programs with advice on course content that addresses
current and future needs. Internships, or topics for student
projects, should be more widely available, as well as place-
ments and subject matter for masters and doctoral stu-
dents.

There should be more staff exchanges. Universities should
invite more guest lectures from industry and research es-
tablishments. Longer-term exchanges should be possible
with more guest positions for industry at educational in-
stitutions, and more possibilities for academic staff to take
sabbaticals in industry. There should also be a greater num-
ber of industry-funded university chairs.

Mechanisms should be in place so that masters and doc-
toral students can participate in joint European projects,
ranging from basic research to technology demonstrators.

These actions must start as soon as possible, at least be-
fore 2020, with the objective of having a significantly better
quality of new recruits available to industry and research
establishments in the 2025 timeframe.

Expected impact

Involving industry and research establishments in ed-
ucational programs will ensure that students are bet-
ter prepared for a career in aviation. The benefits for
the aviation industry will be substantial.
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ACTION AREA 5.8

Make aviation attractive to ensure
inflow into educational programs

A well-educated workforce is crucial for a world-leading
aviation sector, and steps towards this are described in the
previous two action areas. But there must first be suffi-
cient numbers of young people interested in embarking
on a degree and a career in aviation to ensure a good sup-
ply of qualified professionals into the industry.

To ensure a large enough inflow of talent into aviation edu-
cational programs we need to stimulate wide-ranging inter-
est, starting with young people at primary and secondary
schools in Europe. We should also aim to attract talent from
outside Europe, those that wish to embark on a university
degree and those that have already graduated and are fit
for employment.

Measures are needed to ensure that professionals at later
stages in their career remain fresh and motivated. Efforts
should also be made to attract people from other sectors
to pursue a career in aviation by providing good quality
education adapted to their particular needs.

In order to ensure the availability of a large enough work-
force we therefore need to foster interest in aviation in
schools at all levels from primary through secondary to
higher education. More widely, research and innovation in
aviation should be promoted in an attractive way by out-
reach to the general public.

Degree programmes must be interesting, appealing, of
high quality and supported by modern facilities. There
must be plenty of capacity on courses to satisfy an increas-
ing demand. There should be clear prospects on gradua-
tion of finding a good job, or of moving on to challenging
postgraduate studies.

For aviation to reach a larger pool of talent, gender bal-
ance must be promoted to attract female students and
encourage greater participation of women in conferences,
events and competitions.

International scholarships may be used to attract top tal-
ent from Europe and outside to join aviation programs.
Prestigious prizes, maybe modelled on XPRIZE, should be
offered to boost motivation and innovation.

Careers must be visibly attractive and progressive, with
life-long learning possibilities and the flexibility to change

disciplines within the sector. Professional education and re-
training opportunities should be available on-line or on-site

Awareness programmes for schools should be in place
from 2020 onwards. Other kinds of outreach should also be
in place from this date.

Europe-wide learning for the sector, partly online, should
be available starting from 2020.

By 2025 there should be a system of grants for outstanding
students who wish to join aviation programmes from within
and beyond Europe. A European XPRIZE in aviation should
also be organised by 2025.

Diversity in types of training, experience and culture should
be explicitly and continuously prioritised with immediate
effect.

Expected impact

These activities will increase aviation's image as an
attractive sector. As a result sufficient numbers of
people will flow into the educational programs and
choose a career in aviation. This is foundational for a
world leading aviation sector
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ANNEX A: DEFINITION OF TERMS

4-D Four-dimensional

ACARE Advisory Council for Aviation Research and Innovation in Europe

Aerodays The EU flagship aviation event, held every few years

ANSP Air navigation service provider

ASTM An international standards organisation (originally American Society for Testing and Materials)
ATM Air Traffic Management

CEAS Council of European Airspace Societies

Clean Sky A European JTI focused on innovative green technologies

Clean Sky 2 The second phase of the Clean Sky JTI, started in 2016

CO Carbon monoxide

CO, Carbon dioxide, a greenhouse gas

COP 21 UN conference on climate change held in Paris, December 2015

COTS Commercial Off-The-Shelf

CSA Coordination and Support Action — a funding device of the European Commission
Digital Economy An economy based on digital computing technologies

EASA European Aviation Safety Agency

EC European Commission

ETP European Technology Platform

Factories of the Future A public-private partnership for competitive European manufacturing

Flightpath 2050 Europe’s vision for aviation, written in 2011

GDP Gross Domestic Product

GNSS Global Navigation Satellite System

HMI Human-Machine Interface

IA Innovation Action — a funding device of the European Commission

ICAO International Civil Aviation Organisation

Industry 4.0 Next generation industry paradigm: cyber-physical systems, internet of things etc. etc.
ISO 14040 Standard which describes the principles and framework for life cycle assessment
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IT Information technology

JTI Joint Technology Initiative — an EC mechanism for public-private partnership

JU Joint Undertaking — an EC mechanism for public-private partnership

KPI Key Performance Indicator

LCA Life Cycle Assessment

MRO Maintenance, Repair and Overhaul

NOx Nitrogen oxides

OEM Original Equipment Manufacturer

PERSEUS An EU CSA for skills and education in European aviation

PPP Public-Private Partnership

RIA Research and Innovation Action - a funding device of the European Commission

REACH An EU regulation concerning chemical substances and their risks

RPAS Remotely-Piloted Aircraft System; UAV (unmanned aerial vehicle) and drones often used synony-
mously

SES Single European Sky

SESAR Single European Sky ATM Research

SESAR 2020 The second phase of SESAR, started in 2016

SJU The JU charged with executing the SESAR programme

SME Small and Medium Enterprise

SPIRES Sustainable Process Industry through Resources and Energy — an EU PPP

SRIA Strategic Research and Innovation Agenda

SRL Skills Readiness Level

STRIA Strategic Transport Research and Innovation Agenda

TRL Technology Readiness Level. A “"de-facto” standard metric that goes from TRL-1 to TRL-9. TRL6

is widely considered the end of the technology development cycle with TRL7-9 addressing the
product development cycle.

UN United Nations

XPRIZE A globally-recognised prize competition for innovation on a range of subjects
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BACKGROUND

The Advisory Council for Aviation Research and Innovation
in Europe (ACARE) was formed following the launch of 'Vi-
sion 2020’ for European aviation in 2001 by the European
Commission with the help of a group of personalities. Since
then significant progress has been made in European air
transport and close collaboration by ACARE stakeholders
has enabled the development of successive releases of the
Strategic Research Agenda (in 2002, 2004 and 2008) which
has served as guidelines for European research.

As a result of global changes in the first decade of this mil-
lennium, including better understanding in environmental
science, advancing IT and economic downturn, more chal-
lenging goals were established by Flightpath 2050 in 2011.
In response, ACARE developed a new Strategic Research
and Innovation Agenda (SRIA) in 2012 to enable the new
vision to be realised.

The first edition of the SRIA underlines the need for further
emissions reductions, recommends maintaining and ex-
tending Europe’s leadership, enhancing safety and security
as air transport needs grow as well as developing excellent
research infrastructure and education for the sector. Howev-
er, even more significant changes have occurred in key pa-
rameters over the last five years. This has prompted ACARE
to update the SRIA once more to reflect these dynamics in
the latest priorities for research in aviation in Europe.

ACARE stakeholders continue to provide leadership for the
whole air transport and aeronautics community and this

collaborative framework is essential in developing an even
more successful air transport system for the future in Europe.

© all images are copyright of ACARE stakeholders
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More information: www.acare4europe.org
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