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Abstract

This report delivers an analysis of the future trends in the space sector in an effort to predict
and anticipate the skill requirements of the field over the next decades. To fully cover this
large and expanding sector, two approaches were taken.

The first approach focuses on the future scientific developments in Europe, both at the EU
and national levels through European institutions and national space strategies. It was
conducted through an in-depth analysis of their science and education, earth observation,
and human and robotic exploration programmes. Reports, white papers, and documents
from the representative entities managing space policies and activities of each country were
analysed via desktop research and the future trends and projects were identified and listed.

The second part consists of a comprehensive analysis of future trends in the space services
and businesses sector, underpinning its importance in modern industry growth and
sustainability. Segregated into five primary sections, it emphasises distinct domains crucial
to the space industry: Earth Observation, Satellite Communication, Satellite Navigation,
Access to Space and Launch Systems, and Space Safety. The document meticulously
navigates through each domain's value chain, key programmes, market dynamics, and
anticipated downstream activities. Additionally, an evaluation of technologies, services, and
applications relevant to each domain is provided.
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1. INTRODUCTION

Space as an industrial and research sector has been critical worldwide for the past decades and its
importance should only grow in coming years. European countries have been an active force in space
research and industry with strong independent space capabilities, access to space, research institutions, and
space industry. Beyond exploration and developing a better understanding of other planets, space activities
are essential for sustainability, security, and a growing part of the economic strategies of Europe and its
countries.

As the global space sector undergoes significant transformation and rapid industrialisation, the national and
European space policies continually evolve and adjust to this dynamic ecosystem. This ensures they can
effectively address current challenges and anticipate future needs. In the face of this growing importance,
future generations of professionals with essential skills to contribute to the different facets of the space
sector will be needed.

To answer this need for qualified professionals in the space sector, the ASTRAIOS project aims to build an
inventory of skills offered by higher education institutions in all EU countries and compare them to the
current and future demand in the space sector to assess how well the current skill offering serves the future
evolution of the sector.

This document is a report of the preliminary analysis for Task 2100 from the ASTRAIOS project. The main
goal of this task is to assess the current and future knowledge demand in the space sector (Section 1.1
below).

The report is divided into four sections. The first introduces the context of this report and its place in the
ASTRAIOS project. Sections 2 and 3 address a different facet of the space sector in the EU and the UK. The
first two sections, written by members of the European Science Foundation, focus on the scientific trends
and challenges of national and European-wide space programmes, as defined by national space governing
entities (e.g., space agencies and ministries), and the European Space Agency (ESA). The third section is an
in-depth analysis of the services and business applications in the European space sector, subcontracted from
PriceWaterhouseCoopers Advisory SAS (PwC).

1.1 Deliverable updates in 2024

Task 2100 and D2.1 (this report) are part of a larger effort to map the educational offer and the possible
skills gaps in the EU and the United Kingdom, that covers work in WP1000, WP2000 and WP3000 of the
ASTRAIOS project. The current report is the first effort to define potential future needs of the space sector as
a whole in terms of skills needed by future workforce, based on strategic directions of the EU and ESA
member states, as well as the EC and ESA.

The qualifications needed to answer these needs will be explored in WP3000 of ASTRAIOS. From them, the
knowledge and skills that are and will be in demand in the space sector in the next 10 to 15 years will be
derived (Deliverable D3.1).

The comparison of the skills currently being offered by higher education institutions and the future demand
will be comparatively analysed in WP3000 to identify any gaps, thematical or geographical that might be
present in Europe. Recommendations for measures to overcome these gaps will be generated in WP4000, as
well as Massive Open Online Courses (MOOC) to fill in some of the gaps in an easily accessible manner.
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2. SCIENTIFIC PROGRAMMES OF NATIONAL SPACE GOVERNING ENTITIES AND THE
EUROPEAN SPACE AGENCY

2.1 Introduction

Scientific discovery is a fundamental human endeavour that enriches our lives, expands our horizons, and
challenges our intellect. It advances society through the basic knowledge that it generates, the technological,
industrial, and organisational advances that it drives, and the commercial applications that it enables.

The space environment provides a unique laboratory for studying fundamental physical and biological
processes and testing new ideas. The development of instrumentation capable of surviving the harsh ride to
space and operating successfully under its extreme conditions presents engineering challenges that drive
technological progress unlikely otherwise to occur. The knowledge and capabilities generated underpin a
cornucopia of practical applications crucial to the functioning of an advanced, culturally vibrant, secure, and
prosperous society. Observations from space play a critical role in addressing pressing societal challenges
such as climate and environmental change, natural disaster response, and resource management. The vista
opened up by space inspires new generations of scientists and engineers. It fosters international
collaboration and generates interest and pride in the general public. Europe’s position at the scientific and
technological forefront, achieved through the collaborative efforts of the 27 EU member states and/or the
22 ESA member states, is a remarkable feat, unique globally.

Traditionally, the space sector has required substantial investments in areas such as human space
exploration, making it the domain of large nations and organisations with considerable financial resources.
However, the swift evolution of technology in recent decades has facilitated the exploration and exploitation
of space through innovations such as small satellites, allowing even the smallest EU nations to participate.
This has brought about an increased focus on the potential for European businesses, researchers, and public
authorities to exploit the space economy.

The space sector is becoming an ever more important international catalyst for technological development
and for innovation in general. The implementation of Galileo, Europe’s Global Navigation Satellite System
(GNSS) and Copernicus, the European system for Earth Observation (EO), have unlocked new opportunities
for the space economy that is only expected to grow in the coming years. The European Commission (EC)
adopted the new EU space programme in 2021 and presented its new strategy for European Union space
security and defence in March 2023. Several small European countries have initiated their very first national
space strategies, while the larger, more established European space nations have presented their updated
space programmes.

2.2 Methodology

The analyses presented in this section of the report are based on desk research of publicly available
documents that were collected online during the second half of 2023. National space programmes and space
strategies are available for all EU nations with established national space agencies, as well as the United
Kingdom. For many smaller countries, however, space activities operate under various government
ministries, and finding a cohesive space strategy for many of them was challenging. For these nations the
collected documentation includes any official programmatic or strategic information found on government
websites, or through their association with the European Space Agency (ESA). All documents used in this
analysis are listed in Appendix A.
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The majority of the documents were directly available in English, in addition to the national languages. In six
cases — Belgium, Finland, Italy, Romania, Netherlands, and Slovenia — the documents were either translated
using common translation software or read by a native speaker. All EU-27 countries and the United Kingdom
were included in this analysis. All European-level agency documentation analysed in this section was publicly
accessible in English through the agencies’ websites.

2.3 How do we define science?

For the purpose of this report, and considering the vast scientific and engineering disciplines that are utilised
in the space sector, we will consider the “Pasteur’s Quadrant”? classification of scientific research as the
framework that helps us answering the question “what is science”. In this scheme, there are three classes of
research:

1. Pure basic research which deals with fundamental sciences that seek fundamental understanding of
nature (i.e., theoretical astrophysics, quantum mechanics, etc.)

2. Pure applied research, which aims to solve immediate problems (i.e., power production, propulsion,
etc.)

3. Use-inspired research, which seeks both to understand nature at a fundamental level and provide
solutions to current societal problems (the principal example being the vaccine development by Luis
Pasteur).

For the purpose of considering the scientific aspects of European activities in space, we will mainly focus on
pure basic research and use-inspired research. Additionally, the report remains at a high-level outline of
science related strategic guidelines (i.e. focus of programme, specific large scale missions), without going
into details on the scientific roadmaps or scientific disciplines engaged. Finally, the report concerns agency
only input, without dealing with science communities roadmaps or similar initiatives.

2.4 The European Space Agency

The European Space Agency (ESA) has been central to developing Europe's capabilities in space science,
technology, Earth observation, and human and robotic space exploration for over five decades. Through
skilful coordination, its achievements far exceeded what would have been possible through the separate
efforts of the 22 member states. This accomplishment is widely respected and admired in the rest of the
world. Scientific research within the Mandatory Science Programme (SCl), the Earth Observation programme
(EOP), and the Human and Robotic Exploration programme (HRE), formed the bedrock upon which ESA's
science related capabilities and successes have been built.

The ESA mandatory and optional programmes have facilitated research that spans from understanding the
origins of the Universe through astronomy and astrophysics to unravelling Earth's complex processes,
enabling physical access to a growing number of solar system bodies and the scientific exploitation of the
human occupation of zero gravity. The science enabled by ESA programmes nurtured the growth of a
European academic community at the global forefront, and a highly skilled space-based workforce, attracting
and developing talent from across Europe and worldwide. In doing so, it catalysed the creation of world
leading scientific, industrial, technical, and programmatic capabilities.

! Stokes, Donald E. (1997). Pasteur's Quadrant — Basic Science and Technological Innovation. Brookings Institution Press.
p. 196. ISBN 9780815781776.
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We review the scientific plans for the next decades of the ESA Science directorate (ESA/SCI - the ESA
mandatory program), ESA Earth Observation directorate (ESA/EQ) and ESA Human and Robotic Exploration
directorate (ESA/HRE). Given the breadth of the ESA programmes, this report only touches on the major
elements of the programmes that directly deal with science matter, primarily fundamental and/or use
inspired research. Applied research will not be considered, although in several cases it is not possible to
discuss the science without the engineering that underpins it.

2.5 National governance of space activities

Space science encompasses traditional elements such as astronomy, fundamental physics, planetary science,
human space exploration, and space flight, as well as studies focused on satellite navigation, Earth
observation, and telecommunications. Despite this broad scope, very few European countries currently have
a comprehensive overview of space research carried out in the nation. Gaining an insight into the research
activities conducted by various research communities throughout the European Union, including ongoing
projects and the extent of international collaborations in space research, is challenging at best.

For most European nations, and for all smaller EU countries, access to secure, reliable, and relevant space
infrastructure is through the common European programmes of Galileo, EGNOS (European Geostationary
Navigation Overlay Service), and Copernicus, as well as those developed nationally and through programmes
in ESA. The participation in ESA especially gives European researchers access to vital infrastructure for
exploration, space research, Earth observation, and data exploitation of all the aforementioned.

For the larger European nations such as France, Germany, ltaly, and the UK, space industry is built around
the cooperation between national space agencies, the Large System Integrators (LSIs), and the industry
primes, such as Arianespace, Thales Alenia, or Airbus. Their relationship with smaller European national
industries is often established on a complementarity basis, which provides opportunities for smaller nations
to participate in their value and supply chains, leading to a more stable and secure workload as well as
involvement in innovative space development challenges.

National space strategies for the smaller countries in particular call for a closer cooperation between
industry and research. Concentration of expertise and a strong focus on specialisation are desirable for the
smallest nations and the new ESA associated members, such as Estonia’s focus on nanosatellites and most of
Slovakia’s space industry focusing on Earth Observation. Assistance is needed for industry to obtain ready
access to component testing and qualification laboratories and equipment, while facilities can be shared
among individual companies, institutes, government entities, or with cooperating laboratories in Europe.

2.6 Space Science and Education

2.6.1 ESA SCIENCE Programme

The ESA mandatory Scientific Programme forms the backbone of the Agency and of related activities of the
national agencies of the member states, regarding space science activities. The programme has a legacy of
scientific and technical excellence and leads the world in key areas of space science with many historic firsts:

e Pioneering research in studies of the X- and gamma-ray sky, opening up new windows on the high
energy Universe (EXOSAT, XMM-Newton, INTEGRAL)

e The first ever flyby encounter with a comet (Giotto) and the first cometary soft landing (Rosetta Philae-
lander)

e The first landing on Saturn's moon Titan (Cassini-Huygens)

e The mapping and understanding of the primordial cosmic microwave background radiation (Planck)
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e lLaying foundations of European planetary science via Mars Express and Venus Express

e The pioneering development of space astrometry (Hipparcos) leading to the revolutionary mapping of
the three-dimensional structure and evolution of our entire Galaxy (Gaia)

e Advances in understanding of the interaction between our Sun, the surrounding heliosphere, and the
Earth (Ulysses - which uniquely operated out of the ecliptic, providing a new view of the Sun, SOHO,
Cluster, SWARM, Solar Orbiter). These missions together provide Europe’s central underpinning of the
scientific basis of Space Weather

e The first space-based measurements of stellar seismology and Exoplanet transits (CoRoT) and the
Exoplanet observatory CHEOPS, positioning Europe at the forefront of Exoplanet research

¢ The demonstration of technology enabling a gravitational wave detector in space (LISA pathfinder)

The science programme missions contribute to making Europe a highly attractive destination for scientists
and engineers worldwide. With its achievements and high visibility, the programme plays a key role in
continuing to inspire a flow of students in STEM disciplines, necessary to ensure a healthy pool of talent and
skills to support European academia and industry.

The current cycle of ESA's long-term planning for space science missions is called Cosmic Vision 2015-2025.
This is a series of mechanisms through which ESA's science missions are implemented, a necessary long-term
plan because space missions typically take over two decades to go from initial concept to the production of
scientific results. Cosmic Vision 2015-2025 was created in 2005 and it is still ongoing with several missions to
be launched in the future.

2.6.2 ESA Cosmic Vision 2015-2025

The missions that are part of Cosmic Vision? are classified in three categories: L for large flagship missions, M
for medium size missions, and F for fast (smaller) missions. There are also other missions of opportunities, in
cooperation with international space agencies, in which the European contribution is normally as a payload
to an existing mission. The cosmic vision missions are selected by a bottom-up approach, where the scientific
community proposes missions based on open slots of a call of opportunity. The Cosmic Vision is built around
several scientific themes, which can be seen on the following table.

Table 1: Scientific pillars of the Cosmic Vision programme.

Theme Scientific Topics Key Missions Launch Date
Planets and life - Planet formation M3 — Plato, exoplanets | 2026
telescope
- Emergence of life 2029
M4 — Ariel, exoplanets
The Solar System -Plasma and magnetic L1 — Juice, Jupiter 2023

fields in the solar exploration probe

system
M1- Solar Orbiter,

-Gaseous planets and

2 ESA COSMIC VISION website: https://sci.esa.int/web/cosmic-vision/-/46510-cosmic-vision?fbodylongid=2152. Last

accessed: Nov 2023. Report: “ESA's 'Cosmic Vision'". ESA. 19 February 2014.
http://www.esa.int/Our_Activities/Space Science/ESA s Cosmic Vision
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Moons heliophysics mission 2020
M5 — EnVision, Venus

-Asteroids and small orbiter 2031

bodies F1 - Comet Interseptor |, g (with Ariel)

Fundamental Laws - General Relativity, L3 — LISA. Gravitational | 2037

fundamental constants,

Wave observatory

guantum physics and
UHE cosmic rays

-Gravitational Universe

-Matter under extreme
conditions

L2 — NewAthena, an X- | 2035
ray observatory

The Universe - Early Universe, origin

of Dark Matter and

Energy
M2- Euclid, visible &
- First structures NIR telescope 2023 - 2029
- Evolution of matter F2 — ARRAKIHS, dwarf
formation galaxies and stellar 2030+

streams

As can be seen in the above table, there are several missions that are yet to be launched. Given that the
average life of a space mission is between 3 — 10 years (of producing data), and that it might takes years for
the full data to be exploited, the scientific communities served by the above missions will have important
data to be looking forward to. The next sections will take a bit closer look to the two large scale mission (L-
class), LISA and NewAthena, as these are the biggest European missions to come in the future and will define
their decade (2030s) regarding the science output.

The Laser Interferometer Space Antenna (LISA)? will be the first European space-based gravitational wave
observatory. Gravitational waves are ripples in the fabric of space-time emitted during the most powerful
events in the Universe, such as pairs of black holes coming together and merging. Gravitational waves have
been detected by ground-based observatories before — by experiments such as LIGO and the European Virgo
observatory — but these facilities are limited in size and sensitivity. While ground-based detectors are
sensitive to gravitational waves with frequencies of around 100 Hz — or a hundred oscillation cycles per

3 The ESA-L3 Gravitational Wave Mission Gravitational Observatory Advisory Team Final Report

https://sci.esa.int/science-e/www/object/doc.cfm?fobjectid=57909
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second — an observatory in space will be able to detect lower-frequency waves, from 1 Hz down to 0.1 mHz
Gravitational waves with different frequencies carry information about different events in the cosmos, much
like astronomical observations in visible light are sensitive to stars in the main stages of their lives while X-
ray observations can reveal the early phases of stellar life or the remnants of their demise.

In particular, low-frequency gravitational waves are linked to exotic cosmic objects than their higher-
frequency counterparts: supermassive black holes with masses of millions to billions of times that of the Sun,
that sit at the centre of massive galaxies. The waves are released when two such black holes are coalescing
during a merger of galaxies, or when a smaller compact object, like a neutron star or a stellar-mass black
hole, spirals towards a supermassive black hole. Observing the oscillations in the fabric of spacetime
produced by these powerful events will provide an opportunity to study how galaxies have formed and
evolved over the lifetime of the Universe, and to test Einstein's general relativity in its strong regime.

LISA will be able to observe the entire Universe in high-frequency gravitational waves, but also low-
frequency ones from other sources (such as those from merging supermassive black holes at the cores of
massive galaxies). To detect lower-frequency gravitational waves, an observatory must span millions of
kilometres — something that can only be achieved in space. This is the key requirement that makes LISA so
particular. The mission will comprise three spacecrafts flying in a triangular formation 50 million km behind
the Earth as our planet orbits the Sun. The three LISA spacecrafts will be placed in orbits that form a
triangular formation with a centre 20° behind the Earth and a side length of 1 million km. Each spacecraft
will be in an individual Earth-like orbit around the Sun. To be able to detect the minute movement of the
spacecrafts when affected by gravitational waves, the distance between each of them will be precisely
measured and monitored.

Figure 1: Schematic design of the position of the LISA spacecrafts (not to scale). Credit: AEI/MM/exozet.

Significant progress/advancement in several scientific fields are expected from LISA, most notably on
cosmology and galactic evolution, as well as general relativity. Most importantly perhaps, LISA science will
lead to improvements on the physics of gravity. It will also give rise to significant new methodologies for
observations in the electromagnetic field that other observatories are sensitive to. The nature of
gravitational waves allows for LISA to observe events months in advance from the time that such an event
would register in the electromagnetic spectrum. As such, exciting science is expected when LISA is used in
tandem with other observatories to observe events.
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LISA builds on the success of LISA Pathfinder and the US-based Laser Interferometer Gravitational-Wave
Observatory (LIGO). LISA Pathfinder, launched in late 2015 and operational until mid-2017, successfully
paved the way for LISA by demonstrating the key technologies needed for a large gravitational wave
observatory to operate in space.

Regarding data, there are no conceptual barriers to the principle of laser-data interferometry data analysis.
The overall volume of data from the satellites to earth is expected to be relatively small per year (~0.2 billion
points per year). The difficulty comes in the numerical processing where the difficulty lies in developing the
algorithms to differentiate between the various gravitational waves that are expected to be superimposed
with each other when detected, thus disentangling them would be the key operation to be performed. It is
estimated that the current algorithms that are used in LIGO, need to be improved by several orders of
magnitude in terms of speed to be utilised in LISA data. However, the community remains positive that this
is feasible, if work begins now to develop such computational methods.

NewAthena in an X-ray observatory-class mission based on ESA’s Silicon Pore Optics (SPO) technology which
provides large effective area with excellent angular resolution, to be used for spatially resolved high
resolution X-ray spectroscopy. NewAthena is expected to deliver superior wide field X-ray imaging
spectroscopy and timing capabilities, far beyond those of any existing or approved future facilities.
NewAthena is based on a conventional design retaining much heritage from XMM-Newton. Placed in an L2
orbit (behind the Earth, as viewed from the Sun for shielding from sunlight), Athena+ will be an observatory
whose program will be largely driven by calls for proposals from the scientific community but may be
complemented by key programs for science goals requiring large time investments. The observatories
contribution to modern astrophysics will affect almost all fields of astrophysics. NewAthena is designed to
investigate primarily two main topics:

e How did ordinary matter assemble into the large-scale structures we see today?
e How do black holes grow and shape the Universe?

Current communication capabilities of ESA are sufficient for NewAthena Operations. The Athena archive is
expected to be ~500 TB after 5 years, which is comparable to current mission archives, such as the Herschel

archive.

A Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily

:* *: reflect those of the European Union or HaDEA. Neither the European Union nor the granting authority can be held 17
* responsible for them. The statements made herein do not necessarily have the consent or agreement of the ASTRAIOS

Funded by Consortium. These represent the opinion and findings of the author(s).

the European Union



D2.1 - Overview of the Trends and Challenges for
the European Space Sector -1\
Version 1.0 ASTRAIOS

Figure 2: Artistic impression of the Athena X-Ray Observatory, whose mission is to survey a violent Universe of
exploding stars, black holes, and million-degree gas clouds. (Credit: ESA)

2.6.2.1.2.1 LISA and Athena synergies

While LISA and Athena are individually impressive missions, the additional science the two missions will
achieve by operating concurrently and gathering coordinated observations (so-called ‘multi-messenger’
astronomy) will provide further breakthroughs and address fundamental questions in modern astrophysics,
investigating the physics of distant and merging black holes, bright quasarsin active galaxies, rapid jets
around spinning black holes, the cosmic distance scale, and the speed of gravity.

2.6.2.2 What comes after: Voyage 2050

The next ESA roadmap for Large and Medium class science mission is called Voyage 2050% targeting the
decades 2040+, with missions to be realised in that timescale. The need for such long term planning is again
routed in the long timeline that space missions require, sometimes reaching 20-30 years to go from idea to
reality.

A call for ideas for Voyage 2050 was issued in March 2019 which generated a number of science themes and
recommended areas for long-term technology development beyond the scope of Voyage 2050. The sp