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BACKGROUND INFORMATION

This position paper has been prepared by the Eurospace FP9 Task force formed in April
2017 by mandate of Eurospace Council. The Position paper was formally endorsed by
Eurospace Council on 20 November 2017.

This position is complemented by a set of annexes providing more details on specific areas
of the paper. In particular the RIAP outline annex provides the Eurospace proposals for the
expected scope of activities to be addressed by a JTI.
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PREAMBLE - SPACE IS AN ESSENTIAL ASSET FOR EUROPEAN POLICIES

"Europe needs to maintain and further strengthen its world-class capacity
fo conceive, develop, launch, operate and exploit space systems. To
ensure this, the Commission will support the competitiveness of the whole
supply chain and actors from industry to research organisations. It will also
foster the emergence of an entrepreneurial ecosystem, opening up new
sources of financing, creating new business opportunities, and making sure
this will benefit businesses in all Member States."

Space Strategy for Europe

“Research, development and innovation not only are key elements of space
industrial competitiveness, but also essential ingredients of a sustainable
economic growth, be it in the short run as in the long run, with effects on
the ability of the European Union to remain competitive in an increasingly
globalised economy”

Communication of the EC on EU space Industrial Policy - Releasing the potential for economic growth
in the space sector, February 2013 - COM(2013) 108 final

When the leaders of the 27 Members states met in Rome in March 2017 to celebrate 60
years of European constructions, they acknowledged' the main global and domestic
challenges that Europe is facing in the next decade, and they pledged to work together
towards making the European Union safe and secure, prosperous, competitive, sustainable
and socially responsible, and with the will and capacity of playing a key role in the world and
of shaping globalisation, providing its citizens new opportunities for cultural and social
development and economic growth.

Space systems deliver services and applications that play critical roles in supporting these
essential policy goals:

» Sustainability: European remote sensing systems for operational meteorology,
resources, ocean and atmosphere monitoring are providing the Union with
autonomous assessment capabilities supporting EU commitments at COP21 and the
capacity to act on the global scale.

» Safety and Security: Space systems contribute to securing European borders, and
to the global safety of European citizens. The capacity for Europe to intervene in
situations of crisis management, within and outside our borders, while maintaining
appropriate visibility of operations and secure communications is also supported by
space systems and services. Furthermore, extending the notion of security to the
protection of our assets in Earth orbit is essential for the preservation of this
operational capability.

* Competitiveness: The European space industry has established strong competitive
positions on the global scale, with its excellent penetration of commercial space
markets for both telecommunications and observation applications and for
commercial launch services. This leadership enables the development of high profile
employment in the sector, and keeps Europe at the forefront of space global markets.
Notwithstanding, aggressive strategies from new players in the USA and China are
challenging European positions, supported by national policies and growing
institutional budgets.

" Council of the EU - The Rome Declaration - 25/03/2017 Press Release 149/17
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* Prosperity and cultural and social development: The digital revolution is providing
new areas of growth and development for Europe, but with the digital divide still
strong in the Union all citizens cannot benefit from it equally. Space infrastructures
will contribute to bridge the divide, and support the spread of networks for enhanced
connectivity and mobility for all European citizens.

* Geostrategic outreach: space systems and the European autonomous access to
space contribute to giving Europe a leading geopolitical dimension. Space exports are
a growing tool for economic diplomacy and for the establishment of soft power in
international relations.

A prosperous A stronger
Space infrastructure A safe and prosp - g
and A social Europe on
programmes & assets vs the secure
. sustainable Europe the global
Rome Declaration Europe
Europe scene
European GNSS YES NES! YES
European access to space YES YES YES
Govsatcom YES YES
Bridging digital divide YES YES YES
Remote sensing for security and
A YES YES YES YES
relief
Space Science and exploration YES YES YES
Climate & Environment
Monitoring (incl. Meteorology) e e b YES
SSA (incl. SST) YES YES

EUROSPACE RECOMMENDATIONS FOR FP9

With the relatively limited funding available for space technology development in Europe, the
matter of its effectiveness is absolutely crucial. Developments should be appropriately
targeted and correctly performed, avoiding unnecessary duplications whenever possible.

It is absolutely essential that more efforts in coordination be undertaken to clarify the
understanding of needs and issues and ensure maximum effectiveness of public and private
investments in space technology with the establishment of focused initiatives - such as the
Strategic Research Clusters (SRC) approach or Joint Technology Initiatives (JTIs) - with well
identified objectives and leaving appropriate room for industry involvement in the definition of
development plans. These efforts shall also provide for synergetic developments and
continuity with opportunity driven (bottom-up) research activities.

FP9 shall support the space sector in addressing medium to long-term challenges in
an evolving geopolitical and market environment. A budget envelope for FP9-Space in
the order of 2 Billion Euro should be made available, of which 1.5 earmarked for
space (upstream) RDT&I?, and 0.5 for market development, outreach and other
actions.

FP9-Space shall focus on: technology readiness for institutional/EU programmes and
international cooperation; autonomy and non-dependence for critical technologies,
building blocks and access to space; competitiveness and innovation for space

2 RDT&I: Research Development Technology & Innovation

20 November 2017 3



FP9 Position Paper ‘,A-—SD-E U ROSPACE

systems and services; safety and sustainability of operations in the orbital and
industrial environments; and promoting the take up of space services, applications
and uses of space data.

Key recommendations:

* Ensure the preservation of a dedicated Space line in FP9 to address the unique
European challenges of space technology development.

* Establish a global and inclusive vision for FP9-Space with the involvement of all
stakeholders, public and private, large and small.

* Ensure the appropriate involvement of all technology stakeholders, suppliers,
promoters and users of space technology alike;

* Address all areas of space RDT&I needs, from competitiveness support at
components, equipment and system level, for market driven activities, for EU
institutional programmes and for the take up of space services and the exploitation of
space data, with appropriate instruments, tools and budgets.

* Organise FP9 to support the appropriate identification of RDT&I needs and suitable
coordination and implementation mechanisms for different RDT&l strands (see the 4
Pillars organisation in the Programmatic overview)

* Support the emergence of a JTI for Space, providing opportunities for larger and more
ambitious projects, and enabling the expression of industry driven priorities for a
competitive and sustainable industrial base and supply chain, and add leverage to
industry investment for innovation in space components, materials, equipment,
software, manufacturing processes for spacecraft, launchers and ground segments.
The JTl is expected to enable larger projects

INTRODUCTION

Since decades, the Space sector has reached a level of maturity that allows reliable access
to space, extraordinary Space and Earth science, and fully operational programs delivering
services strategic for the governments and answering the citizens' needs. Satellites imagery
and satellite communications (including localisation) have become the norm for a range of
major applications such as for meteorology, for disasters monitoring, for surveillance
purposes, for providing localisation, navigation and cartography software and services, for
emergency and/or secured communication, for delivering connectivity everywhere (in-flight
and to the most isolated places), just to mention a few. Many of those applications address
Europe societal challenges (such as the Maritime Strategy, the Arctic Strategy, the Digital
Agenda, the Common Security and Defence Policy, the Sustainable Development Strategy
etc.).

The recent years have illustrated European industry’s ability to deliver performing solutions to
address all the space applications, be they governmental (e.g ultra secure satellite
communications, very high resolution surveillance, navigation), scientific (e.g unrivalled Earth
and universe observatories, asteroid landing world premiére) or purely commercial (world
leader of the communication market). European industry develops and flies systems in any
orbit (from LEO to the outer planets) through any architecture (from single satellites to
constellations and recently mega-constellation for the so-called “new space customers) and
using the whole portfolio of satellites (from nanosat to multi-tons communications satellites).

The continuous innovation efforts of the space sector were instrumental to realise
those achievements. In a more and more globalised while less secure world, fed by
exponentially performing technologies, eager for digitalisation, and where fierce
competition is the commercial rule, the need for innovation further increase and
becomes a condition for survival.
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Through an FP9-Space programme, and in complement to space agencies, the European
Union will seize the opportunity to ensure that those challenges are addressed in the most
efficient manner in the mid term.

LOOKING AHEAD TO FP9-SPACE

|FP9-SPACE GOALS

The objective for industry is that European space technology policies ensure the on-
time availability of needed/advanced technologies - with the appropriate maturity, the
required level of non dependence, and at competitive conditions - for risk mitigated
implementation in European (institutional) and global (commercial) programmes.

Europe shall be able to bridge the gap and keep ahead of its competitors. This can
only be achieved with appropriate funding effort, and with a stronger and sustainable
commitment of all stakeholders, under industrial leadership, to the definition,
implementation and coordination of activities for sustainable European systems
competitiveness.

A dedicated FP9-Space programme, addressing the appropriate areas of space
technology development with the appropriate (grant-based) instruments and in
coordination with all stakeholders (agencies, industry, research establishments and
institutes) is needed to further the achievements of H2020.

FP9-Space shall rely on the convergence of existing coordination schemes, and shall
enhance them with an industry driven Research and innovation Action Plan (RIAP) for
implementation in a Joint technology Initiative (JTI). This situation would allow
technology suppliers, promoters and users to maximise the impact of developments,
each being able to contribute to the definition of programme priorities, within their
specific areas of responsibility and expertise.

|WHY AN FP9 DEDICATED FOR SPACE?

Space systems are highly complex systems integrating a wide range of technologies from
many other sectors®. They have specificities and unique features that require dedicated
development programmes before they can be used to deliver operational services and
applications. Throughout FP7 and FP8 this approach has yielded positive results that need to
be pursued through FP9 with maximum impact on space system readiness, efficiency and
industry competitiveness.

The space systems industry is one of the most RTD-intensive sectors in Europe. This
is due to the high technological constraints of space systems (spacecraft and launchers). All
space programmes have promoted and implemented innovation since the beginning of the
space age, space sector acts as a technology integrator, adapting state of the art technology
to space requirements and promoting space innovations for advances in space systems.
Space technology and product development thus require important investments in industrial
equipment (including test equipment), software, design and modelling tools and protocols
development and maintenance, not to mention the scientific and technological competences
required within industry, agencies, research centres and laboratories.

Space technology is Sensitive: Space technology is dual use (military and civil) by sheer
nature, and as a result, space activities and space technology exports are highly regulated
by the governments of all space fairing nations, and by inter-governmental agreements: all

% See also the Annex on The unique features of space technologies
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space technology is excluded from the WTO agreement; and more specifically, launcher
technology exports are strictly regulated by MTCR (Missile Technology Control Regime).

Space technology aims at Optimisation: Space technology is on a constant evolution
path, achieving growing levels of complexity and integration. At System level the key drivers
include the increase of functionalities, growth in electrical/thermal power, size and
capabilities (e.g. large Geo satellites), but at the same time we witness the trend in reduction
of mass, size, power consumption (e.g formation flying/constellation concepts, nano-
satellites). These trends are also visible at equipment level, where the demand for mass/size
reduction, calling for functional hybridisation and for standardisation of designs and
interfaces, with larger production volumes is growing.

Spacecraft systems technologies and drivers

Spacecraft technology is driven by the constraints of operations in space environment for a
long duration (several years) of time without maintenance. The absolute limitations on mass
and volume (launcher constraints, launch costs) and the necessity to withstand the duress of
launch are also major constraints.

Key technology drivers for spacecraft will thus include autonomy, radiation hardening and
particle protection, thermal constraints, and operations in the vacuum. Core technology areas
for spacecraft include technologies for the platform (thermal, propulsion, power, stability etc.)
and technologies for the payloads to perform the missions (with a variety of technology
domains depending on the mission). Particular constraints will often apply, such as high
stability (thermal, mechanical, electrical), high temperature control, complex deployable
systems, high power computing, reconfigurability etc.

Neighbouring technologies and synergies can be found in a variety of technological areas.
optical/IR sensors, computing, RF and radio wave propagation/amplification/modulation
technologies, thermal control, actuators, position sensors, small mechanisms, robotics,
autonomy, guidance, etc.

Launcher systems technologies and drivers

Launcher technology is driven by the need to operate faultlessly in extreme physical
condition & short lifetime (minutes to hours). The main constraints for launcher technology
are: high energy density, mass sensitivity, vibration, acoustics, atmospheric/orbital
environment, high energy density, extreme temperatures (cryogenics vs. extreme heat),
autonomy and of course safety and reliability.

Ground systems technologies and drivers

Ground System is the interface between the Space Infrastructure, and the end-user; it is the
key enabler to provide new space data-based innovative services.

Ground systems technologies are driven by the growing data bandwidth and data rate
requirements of space systems, the required reactivity and timeliness for user needs to end-
user product delivery, the need to automate the system and reduce operational costs, the
need for end-to-end security, and face new challenges required by satellites constellation
management.

They encompass telemetry and command needs, where data security and integrity are key
requirements, as well as mission data management (uplink and downlink, processing,
storage) where data rate and bandwidth requirements drive ground station development: the
mission and user ground segment is a critical component of the space infrastructure.

For the specific case of launchers, the ground segment is starting from the final assembly
and test, up to the integration and launch pad. It is therefore an important part of the full
launch system, in all its functional aspects but also considering the severe specific load
cases caused by the activities at the launch pad.
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|FP9—SPACE CORE OBJECTIVES FOR INDUSTRY RDT

It is a main goal of the European space strategy for Europe to maintaining and further
strengthening its world-class capacity to conceive, develop, launch, operate and
exploit space systems — the EU needs to enhance its industry technological
readiness and competitiveness through a consistent leverage to its RDT investments.

The leverage to RDT answers a political objective, and should therefore take the form of an
instrument allowing a top down, focused, approach achievable only through a dedicated and
well-defined budget line. Therefore, in line with the objectives of the Space Strategy for
Europe, Industry strongly recommend the EU to strengthen its leverage to space RDT
by furthering a dedicated line under FP9 (as with H2020-Space); more specifically:

When it comes to the preparation and development of potential new operational
capacities under EU leadership (such as SSA or Govsatcom) as well as the evolution
of existing EU programmes (in order to remain competitive and cost-effective in the
long term), space industry considers that the related RDT activities must be driven by
the EC in a way that offers sustainable plans and programmes.

When it comes to leveraging the European space competitiveness on the commercial
markets, the main expectation from Industry is to increase the impact of FP9-Space in
comparison to H2020-Space, by improving the consideration of industry needs. The
leverage to industry competitiveness is supported by close monitoring of market
needs and expectations, that can only be achieved through a structured involvement
of the manufacturers that are in contact with their customers, whether private
(commercial operators) or public (export markets).

Both individual competition and global competition need to be maintained within the
FP9-Space program either by existing RTD instruments as in H2020-Space-Space
(as a collaborative research) or new PPP based instruments such as the forthcoming
JTI for space. The space industry recommends to making public private partnerships
(PPPs) an integral part of FP9-Space - in addition to traditional mechanisms - as an
effective tool to prioritising specific pre-operational space activities with a potential for
industrialisation and commercialisation.

The existing H2020-Space program and other existing space research and technology
programmes need to be expanded and improved in FP9-Space

EC Space program evolution: Today technology development activities are organized
to support the sector readiness in EU driven programmes. This is typically the case of
Galileo and Copernicus, and may include space surveillance, Govsatcom and the
preparation of future planetary exploration (human and robotic) despite the lower level
of definition of these areas. FP9 still needs to take care of technology for these space
programs by focusing on system level, programme-driven activities with multi-annual
coordination of projects, and interlinking of projects.

Competiveness and Demonstration in Space: Today H2020 technology development
activities are driven by sector competitiveness goals, addressing transversal aspects,
including dependence aspects, building blocks and product-driven approaches,
maturity considerations. An evolution of existing H2020 program needs to be
introduced for IOD/IOV (In Orbit Demonstration/In Orbit Validation) and to give the
appropriate focus to grand challenges identified by the industrial sector. The existing
program concept should be complemented by other concepts such as PPPs to
prepare the future competitive European space products.

Collaborative and complementary Space Research: H2020 supports regular
collaborative space research with partners which are complementary to ESA program
by definition. It is of high value to keep the spirit for long term objectives (beyond ESA
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programs) and the transversality with other sectors such as energy, aeronautics and
automotive. An evolution of the existing program may consider stronger social issue
compliances such as REACH and other regulations.

Eurospace advocates the preservation of a space sector specific line for FP9-Space
including upstream segment RDT&I and downstream market and services
development.

|FP9-SPACE, PROGRAMMATIC ORGANISATION

FP9-Space should provide a balanced and coherent approach to support the technology
readiness of future systems and applications, and to stimulate the take up and development
of new services and applications.

An organisation of FP9-Space in 4 pillars would suit these needs.

Competitive and sustainable Innovation in system and
industrial base and supply chain architecture for market driven

eResearch and technology for component, competitiveness

equipment, building blocks, software and eResearch, development and concepts for system
innovative design & manufacturing level competitiveness

*Entire SUPPIYI chain _ e Commercial and export markets
oImA)lementatlon: Grants through JTI, driven by «Implementation: Grants through PSA/SRC
AL «Budget 500 M€

*Budget 500 M€

Readiness for institutional and Market, Services and applications
flagship EU programmes development

e Copernicus evolution eEarth Observation downstream applications

¢ Galileo evolution eData distribution & networks

*SSA preparation e Galileo services

*10D/IOV service eImplementation: Grants/Programme Commitee
eScience & Exploration *Budget 500 M€

eImplementation: SRC/EGEP type
*Budget 500 M€

The 4 Pillars:

* Competitive, sustainable and non-dependent industrial base and supply chain:
for a competitive common technology base, where technology development activities
identified by all the actors will be driven primarily by sector competitiveness goals,
and combining the transversal aspects of the two other pillars. Synergies will be
sought with the identification of technological solutions that may serve multiple
purposes (spin-in/spin-off). It would include dependence aspects, and development
on components, materials, building blocks, equipment, software, industrial processes,
for spacecraft, launchers and ground segments. Maturity considerations (including
IOV where needed) and sustainability aspects will be driving the developments, to
ensure that developments are providing effective capacity in terms of implementable
innovation for products. Ideally this core technologies pillar would be managed in the
context of a PPP* involving all technology suppliers with an industry leadership. A
commitment to technology roadmapping and the funding of activities together with the
European Union will be enabling factors for this pillar. This pillar is proposed for

* Public-Private Partnership
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implementation in the context of a JTI for space. A technical annex is provided in
the form of a RIAP® scoping paper to support further discussions in view of the
establishment of a JTI.

* Innovation in system and architecture for market driven competitiveness:
where Space systems/ product maturations roadmaps are defined by competitiveness
needs (including IOV where deemed necessary) giving the appropriate focus to
commercial markets (such as exports, launcher competitiveness, telecommunications
markets etc.). This pillar could be implemented optimally with an approach inspired
from the PSA/SRC approach tested in H2020, but with a strong involvement of
industry.

* Readiness for institutional and flagship EU programmes: Research for EU-
institutional programs. In this pillar technology development activities are organized to
support the sector readiness in specific, well-identified institutional programmes. This
is typically the case of Copernicus continuity and next generation and Galileo next
generation. It will be the case for Govsatcom related development if the program is
adopted next year. It could also be relevant, to include the preparation of the
preparation of a European I0D/IOV service, the future planetary exploration (human
and robotic) and space situational awareness in this branch. This pillar will focus on
system level, programme-driven activities with multi-annual coordination of activities,
and interlinking of projects within a single area. This pillar will benefit from the best
possible levels of coordination among European institutions for overall technology
planning and programme implementation aspects.

* Market, services and applications development: the take up of space services
markets and the enhanced utilisation of space data are essential to a healthy space
sector and for the efficient exploitation of European space infrastructures. The
upstream sector is committed to supporting emerging services and unlocking
applications through innovation and research. FP9-space should provide the
appropriate budgets, programmes and instruments for the downstream sector, in the
public and private domains, to reap the benefits of investments in space RDT.

The organisation in four pillars of FP9-Space will enable the consistent expression and
identification of essential RDT&l needs. It will address:

* Activities for the competitiveness of the European industrial base and supply chain for
space systems (driven by industry together with its RDT&I stakeholders, in particular
research establishments)

* Activities for the readiness to support future European public infrastructures and
programmes (driven by the promoting agencies, mainly ESA and the EU)

* Activities promoting the development an take up of space services and data (driven
by the user segment).

The many synergies and complementarities between the four pillars justify the setting up of a
global vision for FP9-Space able to embrace, with the contribution of all stakeholders, public
and private, the global research needs of Europe in space. The elaboration of a European
long-term vision for European space technologies would allow the best coordination
and consistency of all investments in space research and the identification of key
development strands for Europe.

|FP9-SPACE STAKEHOLDER INVOLVEMENT

FP9-Space will have to ensure the appropriate balance of involvement of technology
suppliers (industry, research establishments, academia and laboratories), institutional

° Research and Innovation Action Plan
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supporters (EU, ESA, Eumetsat, National space agencies and other national/regional public
institutions) and technology users (EU programmes, ESA, Eumetsat & National
programmes and commercial customers).

Technology suppliers are the core targets for FP9-Space. This community is composed by all
entities performing the development of space technologies, products and systems (including
the supply and operations of test, modelling and integration tools) for both institutional and
commercial programmes.

Technology suppliers include:

* The industrial sector: composed of handful of large enterprises (with space
employment above 1000), a few tens of medium size enterprises (with space
employment between 1000 and 250) and a vast network of hundreds of SMEs (with a
majority of micro-enterprises), the industrial sector is the main actor of technology
development in Europe, focusing on the higher end of the TRL scale.

* The Research Establishments and institutes: research establishments (such as
the DLR institutes, Onera, Inta, NLR, Cira, TNO, Tecnalia, etc.), have been key
players in space RDT&I since the first steps of European space programmes. They
are mostly involved in low to mid TRL research and provide supporting infrastructure
for a vast array of test and integration activities.

* The academic and scientific community is also involved in the full RDT&I supply
chain, as it provides low TRL research where now concepts can be validated for
applications, but also as a key provider for the development of scientific payloads and
missions. A wide range of laboratories are already participating in European space
programmes.

By providing the appropriate mix of programmatic activities in the low, mid and high TRL
range, with a variety of instruments, focusing on grants, FP9 shall ensure the inclusion of the
full scope of technology suppliers in the European space sector.

PUTTING FP9-SPACE IN THE CONTEXT OF EUROPEAN SPACE RDT&l
ACTIVITIES AND POLICIES

Investment in space can help drive solutions to major societal and global challenges and
contribute to jobs, growth, innovation and competitiveness. Space is a strategic asset for
Europe’s security. That is why the European Commission is putting space high on the
political agenda. Together with the European Space Agency, member states and industry
stakeholders, the Union is working to ensure that investments in space bring tangible
benefits to European citizens and businesses. At the end of October 2016, the Commission
published its vision for a “Space Strategy for Europe”: "Europe needs to maintain and
further strengthen its world-class capacity to conceive, develop, launch, operate and
exploit space systems. To ensure this, the Commission will support the
competitiveness of the whole supply chain and actors from industry to research
organisations. It will also foster the emergence of an entrepreneurial ecosystem,
opening up new sources of financing, creating new business opportunities, and
making sure this will benefit businesses in all Member States."

Excellence in space technology is critical for Europe to remain at the forefront of global space
developments, enabling us to reap the benefits of space research, science and exploration.
Europe needs to maintain a strong and innovative industrial base to deliver the potential.
Cooperation between European space actors is essential.

In a dynamically changing global context, marked by growing competition and major
technology shifts, the space sector requires continued investments in cutting-edge
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technologies, innovation and skills in order to stay ahead. It needs a smart and coordinated
approach for investment.

|[FUNDING MECHANISMS AND BUDGETS FOR SPACE RDT&I IN EUROPE

FP9-Space shall take stock of the complex and multifaceted situation of the space
institutional framework (space is a shared competence of the Union) with the articulation of
space RTD programmes managed in a national context (national space agencies), in an
intergovernmental context (ESA & Eumetsat) and in the EU context (FP/Space, Copernicus,
Galileo). Achieving strong coordination of RDT&I activities shall be a stated objective of FP9.
The synergy between all RDT&l strands is a key requirement for maximum efficiency.

In Europe there are 4 main budget sources to support technology development and
readiness or space programmes: EU programmes, ESA programmes, National programmes
and industry investment. The vast majority of these programmes are implemented in industry
usually in cooperation with research establishments and specialised laboratories.

ESA and civil national space agencies (such as CNES, DLR etc.) have specific programmes
devoted to technology development activities. These programmes can be generic (such as
ESA’s TRP and GSTP programmes) i.e. targeted at developments with potential use with a
wide variety of space applications, or specific to certain applications needs (such as ESA’s
ARTES, for telecommunications, FLPP for launchers and so on). The European Union, with
the H2020-Space programme also provides leverage to technology development with the
COMPET and SPACE TEC calls (and with the calls delegated to ESA for next generation
Galileo activities). Due to the relevance of space technologies for security and defence there
might be also some space related technology developments in the upcoming RDT&
activities within the EU Defence Plan.

The European space industry co-funds with space agencies and the EC a number of
technology developments (within EU's H2020 programme for instance, but also in some
elements of ESA's ARTES or GSTP), and, of course, funds internal efforts in research,
development and technology.

Funding sources for Space RDT&I in Europe

Overall, public budgets made H2020 H2020
available to support research 7% (delegated
and technology for space to ESA)
programmes in Europe have 7%
been estimated by ESA at 680 Industry

M<€/year®. Eurospace has 24%

assessed that private industry

investment in space RDT&I National
contributes an additional 200 249,
M<€/year to the global funding

context for space RDT.

| THE JTI FOR SPACE: PRELIMINARY SCOPING AND OBJECTIVES

In the rapidly changing environment of space markets and applications, the space sector
must adapt to new challenges. Research, development, technology and innovation are part
of the solution, and the JTI approach for space, promoted today by the European Union, is a

® Source ESA European Space Technology Master Plan 2016 edlitiion.
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welcome addition to the European context of space RDT&I programmes, as a strong
leveraging tool for quick and fast adaptation of the industry to the market needs. The JTl is
also expected to provide opportunities for projects of a size sufficient enough to allow for the
development of real “game-changers” in technologies/processes/materials...

The JTI will be better connected to markets, and will provide a more flexible and agile
environment for Space RDT&. It will ensure a product-oriented focus, it will promote spin-in
and the take up of COTS in space systems, it will ensure that all developments are brought
to the appropriate maturity for integration in products, it will address environmental concerns,
with appropriate solutions to comply with environmental regulations affecting industrial
activities and the overall issue of orbital debris mitigation. And last but not least, the JTI will
enable the conditions for industry to go beyond 4.0, with new integrated processes, new
models, new tools.

It will be an industry driven instrument aiming at supporting the development of a more
competitive industrial base and supply chain. It will address issues such as technology
readiness, dependence reduction, and innovation, with a strong focus on components,
materials, equipment, software and processes.

The JTl is proposed as a complement to existing RDT&I programmes established at ESA,
national and EU levels. Innovation is necessary to face competition; technology roadmaps
elaborated by Industry can be implemented at most partially because of shortage or
fragmentation of funding; there is therefore a demand for further funding, and the JTI concept
goes in this direction.

Eventually, an industry-driven JTI will accelerate innovation, provide more focus,
more agility and more budgets for research through a coordinated approach to
achieve competitiveness goals because the investment by industry will be leveraged
by the Union. This is the positive basis of the JTI partnership.
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SPACE TECHNOLOGIES REQUIRE DEDICATED DEVELOPMENT PROGRAMMES
ADDRESSING UNIQUE CHALLENGES AND ISSUES

Space systems (spacecraft, launchers and supporting ground systems) are complex
technology integrators (today 70% of technologies used in space are spin-in from other
sectors), with unique requirements and drivers that set them aside from technologies used
and developed for terrestrial uses (such as radiation hardening, use in vacuum, no
maintenance, autonomy, extreme temperatures, exposure to dust & micro-meteoroids,
extreme acoustic environment, multiple-G then absence of gravity...).

Space technology is very diverse, especially since it is not a technology per se, but the
integration of a wide range of technology domains (propulsion, mechanisms, electronics,
software, materials, ...) with a common set of requirements for operations in space and to
withstand launch to space.

Space technology is also strongly segmented from a product point of view, with launchers on
one side and spacecraft on the other’. Technical differences between these two families of
products are driven by two largely different sets of requirements/drivers.

SPACE TECHNOLOGY DOMAINS

Launcher technology is driven by the need to operate faultlessly in extreme physical
condition & short lifetime (minutes to hours). The main constraints for launcher technology
are: high energy density, mass sensitivity, vibration, acoustics, atmospheric/orbital
environment, high energy density, extreme temperatures (cryogenics vs. extreme heat),
autonomy and of course safety and reliability.

Core technology areas for launchers include:

» Structure and mechanical technologies: materials, design, separation, architecture
and system studies, structural dynamics, tanks, cryogenics....

* Propulsion: engines, thrusters, propellants, energetic materials, chemicals...

* Flight Physics: Orbit dynamics, mission analysis, trajectography,
aero(thermo)dynamics, propellant management...

* Functional chain & Software: COTS, processors, sensors, telemetry, power systems,
software engineering, GNC

* Manufacturing, Assembly, Integration and Test (MAIT) and Ground systems: ground
infrastructure design, system operation, ground support equipment and launching
support

* Design & System Engineering, Simulation & Tests

Spacecraft technology is driven mainly by the constraints of operations in the harsh space
environment for a long duration of time without maintenance. Spacecraft systems are also
required to withstand the duress of launch. Key technology drivers include autonomy,

” Human systems are a family by their own, due to the additional requirements they generate on
safety and retrieval. They share some characteristics with the spacecraft systems with a number of
additional technology areas: pressurisation, chemical management, life support, closed loop
systems... there are commonalities with the submarine sector.
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radiation hardening and particle protection, thermal constraints, and operations in the
vacuum. Core technology areas for spacecraft include:

* Spacecraft platform technologies:

o Stability, thermal control, energy production/storage/distribution, propulsion
(electric/chemical), on board computing (processors, data storage, data
transmission...) and autonomy, mechanical aspects (deployable panels and
thermal screens, tribology, motors...) etc.

* Payload technologies: very specific technical challenges p