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Introduction

The Space Economy, as reported by the Ministry of Enterprise and Made in Italy, is
the value chain that, starting from the research, development and construction
of enabling space infrastructures, reaches the generation of innovative "enabled"
products and services (telecommunications, navigation and positioning services,
environmental monitoring, weather forecasting, etc.). It represents one of the
most promising development trajectories of the world economy in the coming
decades.

Italy boasts a long tradition in space activities: among the first nations in the
world to launch and operate satellites in orbit, it is one of the founding members

of the European Space Agency, of which it is now the third largest contributor.

In this report we analyze the development of the sector in Europe and then in
Italy.

We then present use cases based on data collected through a dedicated
questionnaire and through our network. These projects offer a concrete vision on
the adoption of advanced technologies in different Italian business and

institutional contexts.

The second half of the report focuses on the ICSC Foundation's projects dedicated

to the Space Economy.
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Finally, we show future trends and scenarios, outlining the long-term prospects,
highlighting the main technological, economic and regulatory developments

expected.
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The Space Economy: definition

The OECD defines the Space Economy, in the broadest sense, as the full range of
activities and use of resources that create value and benefits for human beings
in the course of space exploration, research, understanding, management and

use.

More in detail, as reported in the article The Space Economy between new
businesses and social benefits by Cavallo and Paravano, the Space Economy has a
double meaning. On the one hand, it is aimed at access to and exploration of
space, whose activities (including, for example, space tourism, space
colonization, asteroid mining) will have significant repercussions but at the same
time can only be achieved in the long or very long term. On the other hand, the
Space Economy is aimed at using space to create value-added services with
impacts on the earth, which can already be appreciated in the short to medium

term.

The space infrastructures already in operation make it possible to develop new
services, which in turn allow the application of innovative solutions in sectors
such as meteorology, energy, telecommunications, insurance, transport, the
maritime sector, aviation and urban development, generating further economic
and social benefits. The space sector is not only a growth sector in itself, but it is
also an essential enabler of growth in other sectors, as reported by the European
Space Agency within its portal.
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This dynamic has led some analysts to declare that the space industry could
become the next trillion-dollar industry by 2040. The main current trends that

are influencing the Space Economy include:

e An ever-growing public interest and ever-increasing investments in

space activities globally;

e Anunprecedented level of private investment in space companies, linked
to increased attractiveness and higher profitability prospects, as well as

an expanding \Venture Capital (VC) market;
e Anever-increasing number of players in the sector;
e Space industry revenue still growing;

e The further development of commercial activities worldwide, including
those based on small satellites (smallsats/cubesats) and the expansion
of commercial activities in new areas, such as micro-launchers and space
flights;

e A traditional space industry that continues to generate most of the

revenues, but which is facing more competitive and uncertain markets;

e The further development of the New Space phenomenon at a global level.
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Where are we in Europe?

The European Union's space program aims to help carry out the daily activities

that take place on Earth. The satellites that the EU sends into orbit enable

millions of people to communicate using new technologies, travel by land, sea

and air, and develop new ways to improve the health of our planet.

The EU's space policy, as reported by the European Council:

contributes to creating jobs and boosting growth and investment in
Europe;

plays a crucial role in supporting the twin transitions to a green and digital
economic model;

strengthens the EU's strategic autonomy;

it pushes the boundaries of science and research;

promotes and facilitates other policies in areas such as security and

defence and industry.

In addition, the Council of the European Union argues that high-quality, up-to-

date and secure space data can:

guide rescue teams in locations affected by natural disasters;
improving land use in agriculture;

make transport and energy infrastructure safer.

The EU's flagship space programmes are:
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Copernicus: is the largest provider of Earth observation data globally.
Most of the data is available and accessible to all citizens and
organizations in the world in a free, complete and open form. In 2022,
seven Copernicus satellites were in orbit. In addition, around 160,000
registered users of the Copernicus climate change service had access to
around 76 terabytes per day of climate data, which were quality-checked.
The benefits from the EU's Copernicus programme are estimated to
reach €35 billion by 2030.

Galileo: Europe's Global Navigation Satellite System (GNSS) is free of
charge, and its high-precision global service, with an accuracy of 20 cm,
makes it a revolutionary solution for autonomous driving and commercial
drones. In 2022, there were 28 Galileo satellites in orbit and there were
about 3.8 billion compatible devices in use. The EU-related Galileo and
EGNOS programmes are estimated to generate socio-economic benefits

of between €60 billion and €90 billion over the next 20 years.

EGNOS: is Europe's satellite-based regional augmentation system and
operates at more than 400 airports and helicopter landing pads. EGNOS
was built to offer navigation services for the safety of human life to the
aviation sector and is a support application for the maritime, railway,

agricultural and road sectors.
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Componenti principali dell'UE

che forniscono quotidianamente

servizi spaziali:

Copernicus

E il piti grande fornitore di dati di
osservazione della Terra a livello globale.
La maggior parte dei dati & disponibile

e accessibile a tutti i cittadini e a tutte le

orga ni del mondo in forma gratuita,

completa e aperta.

programm
raggiun
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Galileo

E il sistema globale di navigazione satellitare
(GNSS) europeo: é gratuito e it suo servizio
globale ad alta precisione (20 cm) lo rende
una soluzione rivoluzionaria per la guida
autonoma e i droni commerciali.

== 73 satelliti Galileo in
orbita nel 2022

“ nei prossimi 20 anni
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Servizio europeo di copertura per la
navigazione geostazionaria (EGNOS)

Figure 1. The EU's achievements in the space sector. Credits to European Union, 2023
(https:/www.consilium.europa.eu/it/infographics/eu-in-space/#0)

The European Union's space sector, as shown in Figure 2, is therefore a rapidly
expanding area, supported by a significant financial commitment and a steady
growth in employment and the market. For the period 2021-2027, the EU budget
for the development of the space sector provides for financial programming of
€1.44 billion, in addition to contributions from other countries and entities worth
€0.22 billion.

In 2022, the EU's space economy experienced a significant increase, with direct
employment in the sector reaching 57,822 full-time equivalents (FTEs), marking
an increase of 8% compared to previous years. In parallel, the European space
industry generated sales totalling €8.25 billion, confirming its position as a
strategic pillar for technological innovation and the Union's economic

competitiveness.
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Il settore spaziale
dell'UE in cifre

2021-2027 2022

Bilancio dell'UE per il settore spaziale Economia spaziale dell'UE

* Occupazione
* Programmazione diretta del settore
finanziaria 57822 ETP

1,44 miliardi di EUR (+8%)

- L'industria spaziale
Contributi da altri

europea ha registrato
vendite pari a
" paesi ed entita 8,25 miliardi di EUR

0,22 miliardi di EUR 1992 2002 2012 2022

Figure 2. The EU space sector in figures. Credits to European Union, 2023
(https./www.consilium.europa.eu/it/infographics/eu-in-space/#0)

More specifically, space technologies are already widely used in various fields,
contributing significantly to scientific, economic and social development. In the
field of research and development, the use of space infrastructures makes it
possible to explore new frontiers of knowledge, fostering innovation and

technological progress.

In the communications sector and the digital economy, satellites play a
fundamental role in global connectivity, supporting the use of smartphones,
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satellite communications and the Internet of Things, making faster and more
reliable connections possible.

Space technologies are also essential for monitoring climate change and the
state of the environment, allowing for more efficient management of water
resources, air quality control and ozone layer analysis, with direct impacts on

planet protection and sustainability.

In the search and rescue sector, satellite systems facilitate emergency operations
at sea, in the mountains and in urban areas, improving response capacity and

reducing intervention times in critical situations.

Transport and traffic benefit from space technologies thanks to advanced
navigation systems, which ensure safer landing of aircraft, increase road safety

and optimise traffic management on a global scale.

Security and defence are increasingly relying on satellites for maritime
surveillance and border control, ensuring constant monitoring and effective

management of national and international security.

Agriculture and fisheries also benefit from the use of space technologies through
precision agriculture, which optimizes crop development and allows for accurate

monitoring of drought and fish stocks, improving sustainability and productivity.

Finally, space systems play a crucial role in the monitoring of natural disasters

and in the management of emergencies, making it possible to predict and
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respond promptly to events such as earthquakes, forest fires and floods,

reducing the impact on the territories and populations involved. Sicurezza e difesa Sorveglianza marittima e

di frontiera, ecc.

Per cosa sono gia -
usate le tecnologie
spaziali?

Agricoltura e pesca Agricoltura di precisione,
sviluppo delle colture,

stock ittici, monitoraggio

della siccita, ecc. _4a nu- uno o)

Ricerca e sviluppo '

Monitoraggio delle Terremoti, incendi
catastrofi naturalie boschivi, alluvioni, ecc.
relativa risposta

Comunicazione ed Comunicazioni satelli
economia digitale . ..rnar'phone mtemetdeu

Monitoraggio dei Gestione delle risorse idriche,
cambiamenti climatici qualita dell'aria, strato di

% Fonti: Commissione europea
e dell'ambiente 0z0no, ecc.

Ricerca e soccorso Mare, montagne, aree
urbane, ecc.

Figure 3. Use of space technologies. Credits to European Union, 2023
Traffico e trasporti Atterraggio deivelivoll, . e (https:/www.consilium.europa.eu/it/infographics/eu-in-space/#0)

sicurezza stradale, sistemi
di navigazione, ecc.
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Where are we in ltaly?

According to the report "The Italian Space Economy: a stellar potential to be
seized" by Benedetti and others, the space industry in Italy represents a strategic
sector for the future, consisting of multiple interconnected supply chains that
cover all phases, from upstream to downstream, and involve numerous and
varied sectors, from electrical appliances, to instrumental mechanics, up to
sectors that benefit from the space segment to obtain increases in terms of

productivity and sustainability, such as agriculture and transport.

In these space systems, Artificial Intelligence is increasingly integrated,
improving the speed and quality of images coming from space and simplifying
and enhancing their analysis and allowing scientific advances in a faster time,
with obvious positive effects on the entire economy. This is also why investments
ininnovation and digitalisation are key to maintaining and strengthening national
competitiveness and security.

Unfortunately, however, there is still a long way to go, but in order to seize the
many opportunities that the sector offers, Italian companies must leverage
technological excellence, the high quality and professionalism of the workforce
and the ability to create a supply chain. To do this, it is necessary to simplify the
numerous ways of accessing credit in order to make investments, in particular for
small and medium-sized companies and for the many start-ups that characterize
the sector, and to provide training.
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The continuous evolution of technologies and commercial dynamics — from the
miniaturization of satellites to the spread of micro-launchers — will make space
operations economically sustainable. An increasingly important role will be
played by Artificial Intelligence, which will improve the speed and quality of the
analysis of images transmitted from space to Earth. Directly integrated on board
satellites, Al will reduce the amount of data to be transferred and stored,
optimizing the autonomous management of numerous satellite operations and
favoring the use of robotics in space exploration, thus reducing human
intervention. Al will also support the design and testing of spacecraft, improving
their performance in different conditions, and contribute to security through
advanced algorithms that strengthen defense against cybersecurity threats.
Space technologies can be used in various transversal applications: in the
responsible management of resources, in the reduction of the carbon footprint,
in healthcare and pharmaceuticals (by promoting the research and development
of new drugs), in the production of semiconductors and biotechnologies (also

through 3D printing), and in insurance, financial, logistics and transport services.
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In the 2024 report of the Space Economy Observatory — Digital Innovation
Observatories of the Politecnico di Milano "The Space Economy in Italy: strengths
and attention of the Italian context" in collaboration with the Aerospace
Technology Cluster (CTNA), an analysis of the Italian space supply chain was
presented aimed at characterizing its status quo, evolutionary trends, strengths

and weaknesses.

In Italy, they have increased private investments by companies and venture
capitalists that have supported the growth of new entrepreneurial realities,
helping to bring out a variety of services: from satellite communication to Earth
Observation, passing through satellite navigation. This phenomenon marks a
significant change although still in its early stages. In fact, only 10% of large Italian
End-User companies are interested in or have launched their first initiatives
related to the Space Economy, while the remaining 90% say they do not know the
topic or do not perceive it as an interest, as shown in Figure 4. In particular, if 40%
of companies say they do not know the concept of Space Economy, 36% say they
do not consider it a team that will materialize in real opportunities for their
business or sector, while 14% consider it a relevant issue but on which it is too

premature to invest.
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Ci stiamo interessando/abbiamo gia avviato
prime iniziative;
10%

E'un tema di rilievo ma ‘
prematurg;

14%

Non conosco tema
e sue implicazioni
per il business; 40%

E'untema che
caratterizzera futuro del
settore ma non
dellimpresa;

10%

E'un terma che non si concretizzera in reali
opportunita per il nostro settore; 26%

Campione: 212 grandi imprese

Figure 4. The level of knowledge of large Italian End-User companies (credits: Space Economy
2024 Observatory, Politecnico di Milano - www.osservatori.net)

Focusing on companies that are interested in the Space Economy, the main driver
to invest was the need to align with customers' digital expectations (45%). Space
technology is therefore a contribution to being able to satisfy its customers:
combining the availability of satellite images with advanced digital technologies
is already configured as a useful element to provide differential and value-added
services for its customers. The primary objective pursued is the optimization of
business activities, which is divided into two aspects: internal efficiency,
understood as the improvement of specific activities or processes, and external

Italiadomani
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efficiency, focused on the provision of higher quality products and services on the
market. However, the gradual expansion of the Space Economy towards new
sectors proceeds with low growth rates, influenced by some critical issues
related to the implementation of these projects. The companies themselves
identify three key elements to monitor: high costs, the lack of qualified
professionals and the difficulty in integrating space technologies with the rest of

the corporate infrastructure.

From this initial evidence, the need to find new channels and languages of
communication to represent the opportunities and benefits of the Space
Economy to actors operating in different sectors clearly emerges, thus attracting
not only new companies but also new talents who can help fill the need for
professionals capable of conceiving and developing new services and
applications to be offered to economic sectors that are not currently interested

in the Space Economy,.

The lack of skills also emerges as a barrier with respect to the ability to activate
and develop collaborations for the launch of new projects or services. Among
those who are already interested in the Space Economy, in fact, only 16% say they
have not needed to collaborate with other players. Among the players with whom
a collaboration is established, the need to identify an intermediary (67%) — such
as a consulting firm, system integrator or service provider — who is able to act as

a bridge between the Upstream and the end user emerges.
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Systern integrator 25%

E 67%

Intermediari

Enti pubblici locali (es. regioni, comuni) NN 10
Service provider 17%
Societa di consulenza 16%
Universita/Centri di ricerca 9%
Startup del settore spaziofaerospazio [N 6%

PMI del settore spaziofaerospazio I 4% éﬁ

Agenzia Spaziale Italiana N 4%

10%

Aziende spazio
Non si collabora con attori esterni GGG 16%

Campione: 23 grandi imprese che hanno progettualita o si stanno awicinando al tema

Figure 5. The collaborations established during the start-up phase of the project (credits: Space
Economy Observatory 2024, Politecnico di Milano - www.osservatori.net)

A scenario emerges with a potential that is still largely unexplored, but which
allows us to look to the future with optimism. Even among those who today do
not know the Space Economy or do not perceive it as an opportunity, one in three
declares interest in one or more projects based on space technologies: cargo
tracking, fleet management, connectivity in remote places and land monitoring

are the most reported application areas.
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Space economy: what use cases?

The field of the space economy is vast: the activities related to the exploration
and use of space are many and have strong economic and social potential, in both
short and long-term perspectives. Interest in the sector is growing strongly:
investments are increasing, both from private individuals and from institutions
such as the European Union. At the European level, key programmes such as

Copernicus, Galileo and EGNOS are accelerating their development.

Space technologies support global communications, environmental monitoring,
security, precision agriculture, transportation management, and emergency
response, contributing to innovation and sustainability. In Italy there are several
examples of technological excellence, which could be crucial levers for the future
competitiveness of the sector.

We have mapped some virtuous examples of realities, small and large, that use
new technologies (Big Data, Supercomputing, Artificial Intelligence) in the space
economy. We would like to thank in particular Obloo Ventures and Galaxia —
National Aerospace Technology Transfer Hub for providing us with numerous

use cases of Italian companies and start-ups that excel in the sector.

In the following paragraphs, we present some use cases, highlighting:

abstract of the project;
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expected benefits and/or objectives of the project;

technology used in the project.

To share new use cases, you can fill out the form at the following link:
https:/forms.office.com/e/6ZNCp0O4rUW .
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Grab anything: grasping solutions for space

Adaptronics has developed a multifunctional elastomeric membrane,
called Electro Active Adhesive Layer (EAAL), which functions as an actuator and
can be applied as a coating on robotic hands and automatic machinery. This
device, based on electrostatic adhesion, allows robots and automated systems
to grasp and manipulate objects with unprecedented versatility, dexterity and

energy efficiency, supporting up to 50 kg with two credit card-sized patches.

The adoption of this technology aims to meet the growing demand for
in-orbit services and satellite assembly, stimulated by the increase in satellite
launches. The main objective is to provide reliable, flexible and efficient grasping
solutions that are essential for robotic operations in space, while improving
material handling in the industrial environment through a significant reduction in

energy consumption.

The project uses electrostatic adhesion technology via EAAL, developed
in-house by Adaptronics. This device represents an innovative alternative to
traditional technologies such as vacuum suction and magnetic adhesion, offering
superior performance in terms of strength, efficiency and adaptability. Its ability

to lift high loads with reduced power consumption (about one-tenth of current

Finanziato #53% Ministero
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solutions) makes it ideal for in-orbit servicing applications and industrial
automation in general.

adap‘t»ronics

Grab Anything.

https:/www.adaptronics.it/
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Magic: satellite production as a service

MA61C (MAGIC) is a universal smart connector that offers Modularity-

as-a-Service for satellite manufacturing. This system automatically detects
incoming data, scans connections, and routes or converts data between different
interfaces without the need for manual intervention or hardware customization.
The solution addresses the need to reduce development costs and time by
enabling the use of flexible and reconfigurable COTS components for diversified

satellite missions.

The goal of MA61C is to support the space industry in the era of "Fast
Space', accelerating development cycles and reducing overall costs. The adoption
of this technology saves up to 50% on design costs, 30% on production costs and
shortens integration time by one year, responding to the growing demand for

rapid commercial services from satellite constellations.

The design is based on SPiN's patented MA61C universal connector,

which leverages built-in intelligence for automatic data management between &
satellite modules. Compatibility with more than 80% of existing component

suppliers makes this technology extremely versatile, promoting modularity and
standardization in satellite platforms, and contributing to the reduction of costs SIITID'.IFI:] Space ManUFaC'rUrlng

and time of assembly, integration and testing. https:/www.spinintech.com/
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Monitoring the Earth's surface through satellite
radars: Titan4

Titan4 has developed an automatic, fast and intuitive platform for
monitoring the safety and structural health of critical infrastructures. Using
INSAR satellite radar images, the platform makes it possible to monitor the
millimeter movements of the earth's surface in near real time and assess the
state of public and private infrastructures, simplifying access to satellite data

without the need for dedicated experts.

The goal is to make structural and infrastructure safety monitoring
accessible, fast and cost-effective, overcoming the cost and skill constraints
required by traditional satellite data analysis. The aim is to offer an automated
service that supports public bodies, companies and private operators in the

continuous monitoring and prevention of risks.

The project uses a proprietary Al-based software platform, which

TITANAQ

processes INSAR images from Copernicus and other satellite constellations. The

technology enables millimeter monitoring of the earth's surface and integrates

remote sensing services, SaaS subscriptions and B2B integration via APIs, for

example with BIM tools, for accurate and automated control of infrastructures. https:/www.titans.it/
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Quantum technologies to improve satellite
performance: the case of Rotonium

Rotonium is developing quantum devices that enable the production of
compact, low-power, scalable quantum computers operating at room
temperature to open up new opportunities for the environment and the

economy.

It was created in response to the growing need to process large amounts
of data in orbit, providing satellites with high-performance devices that are
sustainable, compact, cost-effective and easy to manage. Rotonium aims to
overcome the limitations of traditional quantum computers by offering modular

and easily integrated quantum accelerators.

The project is based on a Photon Quantum Processing Unit that exploits

the properties of the Orbital Angular Momentum (OAM) of photons for data ®
transmission, ensuring higher bandwidth and better signal immunity. This o o n I “ m
solution reduces size and cost, consumes little energy, is scalable and operates

at ambient temperature and pressure.

https:/www.rotonium.com/
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SolarCube: Efficiently Providing Power for Space
Missions

FRET - Flexible Reinforced Electronics Textile is a reinforced flexible
electronic fabric that uses Nomex® materials combined with rigid-flex PCBs to
create deployable lightweight structures. The first application, SolarCube, is an
innovative photovoltaic panel that offers higher power levels with reduced

volume and weight for space missions.

SolarCube's goal is to respond to the growing demand for energy in space
missions, offering an efficient solution for energy-intensive applications such as
deep space missions, communications, and laser applications. SolarCube
promises up to a 200% increase in energy production for the same weight and a
30% reduction in weight for the same volume, lowering launch costs and enabling

new high-power payloads and edge computing services.

The project uses FRET technology, which integrates advanced Nomex®
textile materials and rigid-flex PCBs, enabling the fabrication of deployable solar
panels. This technology ensures a lightweight and durable structure, increasing

the efficiency and reliability of solar panels for space applications.

Astradyne

https:/www.astradyne.space/
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Managing and monitoring space traffic: the Arca
Dynamics experience

Arca Dynamics has developed a space traffic management and
surveillance service based on a patented architecture that uses advanced
algorithms to process data from an optical camera and a passive RF sensor. The
company plans to launch an initial proprietary constellation of CubeSats, capable

of monitoring and tracking objects in Earth orbit ranging in size from 1 to 30 cm.

Arca Dynamics' goal is to address the growing threat posed by space
debris by offering a real-time service for the detection, monitoring and tracking
of space assets. The service supports advanced risk analysis and liability
assessments, helping to improve the safety of space operations and reducing the

risk of collisions.

The project leverages a combination of passive optical and RF sensors,
along with proprietary algorithms, to provide continuous and precise monitoring

of objects in orbit. The technology developed by Arca Dynamics is able to detect

and track objects up to 1 cm in size, both day and night, ensuring a reliable and D Y N A M I ( S

innovative service for space traffic management.
https:/www.arcadynamics.space/
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LunaDrone: an exploration system for the lunar
soil

Evolunar has developed LunaDrone, a low-cost, lightweight aerial
exploration system for deep space missions, designed to monitor difficult
surfaces and lunar craters not accessible to rovers. The drone is easily integrated
into space transportation systems and represents an innovative solution for

lunar exploration.

LunaDrone's goal is to support the future colonization of the Moon,
exploring craters and lava tubes that could host the first lunar city by 2040.
Evolunar aims to provide an autonomous system for lunar exploration, allowing
missions without the need for external guidance and facilitating access to

unexplored and strategic places for the development of lunar infrastructure.

The design is based on an autonomous navigation system that eliminates . ’ E vo I u n a I

https:/www.evolunar.com/

the need for external guidance, ensuring complete control of the mission. The
propellant tank serves as the main anti-sloshing structural element and
integrates four legs for landing on lunar terrain. This technology makes
LunaDrone an innovative and reliable solution for lunar soil exploration and data
collection.
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Quick and easy access to space: HyperDart

FAST Aerospace has developed HyperDart, a hypersonic horizontal
launcher that offers fast, cost-effective and flexible access to space for
SmallSats. The solution is distinguished by the use of a reusable hypersonic
aircraft as a first stage, combined with a second-stage missile for the release of

the payload into orbit.

HyperDart's goal is to drastically reduce launch costs (up to 10,000
Euro/kg) and waiting times for companies operating with small satellites,
overcoming the limitations of current rideshare options. The system eliminates
the need for complex infrastructure and allows direct launches from continental

Europe, accelerating access to space for the SmallSats sector.

The project uses a stratolaunch architecture consisting of a hypersonic l
autonomous aircraft (first stage) with sequential turbofan and ramjet engines,
capable of reaching Mach 5, and a second-stage rocket for transporting the
payload into orbit. HyperDart's technology combines reusability, efficiency and

speed, offering an innovative solution for microlaunching satellites into low orbit.

(/

https:/www.fast-aerospace.com/
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Supporting human activities beyond Earth: the
Kurs Orbital platform

Kurs Orbital has developed a patented rendezvous and docking platform
that is based on the kinematic concept of the Soviet platform used on the MIR
space station, completely redesigned with a unique combination of computer
vision, radar and laser telemetry. The system guarantees full autonomy, the
ability to lock onto rotating space objects, precise maneuvers and rapid response

to emergencies during docking.

Kurs Orbital's goal is to support in-orbit service operations, including
inspections, extension of operational life, repositioning and de-orbiting of
satellites, including non-cooperative ones. The system offers full autonomy from
30 kmin GEO and 3 km in LEQ, eliminating the need for manual intervention from

the ground and standardized attachments on the objects to be served, thus ‘

ensuring flexibility and efficiency. O r b I t a L

The project uses an advanced architecture that integrates computer
vision, radar and laser telemetry for autonomous sensing and locking. Four

robotic manipulators allow it to grasp any part of the space object, making the https.//kursorbltal.com/

system versatile and adaptable to the demands of in-orbit service operations.
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Cheap, sustainable, reusable satellites: the Space
Frontier experience

Space Frontier has developed the first solid propellant for hybrid rocket
engines based on PLA (polylactic acid) bioplastic, 3D printed and adaptable in
density and shape according to mission needs. This technology makes hybrid
engines cost-effective, non-explosive, scalable and high-performance, offering a

sustainable and flexible solution for access to space.

Space Frontier's goal is to respond to the growing demand for
microlaunchers for small satellites and constellations, offering a sustainable and
competitive hybrid propulsion system. The technology developed supports the
evolution of the sector towards reuse, efficiency and sustainability, also
contributing to in-orbit servicing activities such as satellite refueling and

maintenance.

The project uses a PLA bioplastic-based propellant, produced by 3D
printing, which allows for density and shape to be varied to optimize
performance. This innovation overcomes the limitations of traditional hybrid

engines, offering a safe, cost-effective and versatile solution capable of powering ﬂnm

different space platforms and supporting the future needs of the space

propulsion market. https:/spacefrontier.eu/

Finanziato #53% Ministero 7 . l l

dall'Unione europea & dell’Universita Italiadomani -« 1UJ

NextGenerationEU 5&> e della Ricerca DS AT ONAE enza N 55Dt 2 Quantan g |
\—


https://spacefrontier.eu/

Osservatorio sulle tendenze
e le applicazioni del Supercalcolo

08

Lightweight, high-performance materials for
aerospace: AddyX

Addyx has developed a patented spindle that enables the production of
lighter carbon fiber composite components while maintaining and improving
stiffness-to-weight, strength-to-weight and impact resistance ratios. The
spindle is expandable and water-soluble, making the production of complex

geometries more efficient and sustainable.

Addyx's goal is to meet the growing demand for lightweight, high-
performance materials in the aerospace industry while reducing the costs and
environmental impact associated with the production of carbon fiber
components. The technology aims to improve the scalability of the use of
composites, optimizing manufacturing processes and reducing the overall weight

of spacecraft, resulting in savings on fuel consumption and mission costs.

The design uses patented mandrels made of expandable, water-soluble

polymer, which reproduce the internal geometry of the component to be

manufactured, facilitating the production of hollow composite materials. In

addition, Addyx has developed an exoskeleton carbon fiber lattice structure, Qddl.JX

topologically optimized to ensure high structural and load efficiency, representing https:/www.addvx.it/

an innovative and high-performance solution for the aerospace industry.
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Energy systems in extreme environments: the
Novac supercapacitor

Novac has developed a moldable supercapacitor designed to be
integrated into composite materials such as carbon fiber. This advanced energy
storage solution offers superior power delivery, enhanced safety, and space
optimization, making it ideal for high-performance applications in the aerospace,

automotive, and marine industries.

Novac's goal is to respond to the growing demand for energy systems
capable of operating in extreme environments, improving power management
during critical operations such as launches and deployment of satellite antennas,
and supporting energy management in electric vehicles. The supercapacitor
extends battery life, reduces overall system weight, and improves performance

by efficiently handling peak power.

The design uses pouch-format supercapacitors with high energy density, ‘ I I OvaC

a Universal Current Collector (UCC) that optimizes electron flow, and a Poresel
https:/www.novacsupercap.com/

solid electrolyte, which can be processed as a liquid electrolyte but solidified at
the end of the production process. These advanced technologies ensure high
performance, flexibility and reliability, opening up new opportunities for
aerospace, electric vehicles and beyond.
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Enabling technologies for the space
economy in the National Research Center in
HPC, Big Data and Quantum Computing

The National Research Centre in HPC, Big Data and Quantum Computing

addresses the issue of the space economy in a dedicated Spoke, namely Spoke 2
of ICSC — Fundamental Research & Space Economy. Spoke 2, coordinated by
Sandra Malvezzi (INFN), Tommaso Boccali (INFN) and Antonio Stamerra (INAF),

has several fundamental objectives.

W SPOKE

‘ Fundamental Research
& Space Economy

Figure 6. Logo of the ICSC Spoke leader of projects in the Space Economy field.

The first concerns the development of scalable and efficient computing for
fundamental research. This includes the design and testing of computing
infrastructures that are suitable for both existing and future experiments, with a
focus on improving energy efficiency. A crucial aspect of this goal is also to
facilitate access to computing resources, regardless of whether they are

managed by the National Center or by other sources.
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The second central objective is the promotion of technology transfer. The Spoke
aims to share the knowledge and technologies developed in basic research with
the production sectors, thus promoting the development of applications of
national interest in the economic and industrial fields. In this context, particular
importance is given to collaborations with the Space Economy sector, especially

through the Mirror Copernicus program.

Finally, the Spoke aims to encourage interdisciplinary sharing. This means
sharing algorithms and computational solutions with other scientific domains of
the National Center, promoting scientific advancement that is truly transversal.
The ultimate goal is to make the results available to the Italian system through
dissemination and technology transfer activities, thus creating a significant

impact on the entire national scientific and technological ecosystem.

In this report we present some projects, funded by ICSC, that touch on the theme
of the space economy (both upstream and downstream) and are being carried
out in partnership between the companies, universities and research institutes
belonging to the National Center. We summarize the objectives and the
underlying concept, also giving a view of how the enabling platform of the
National Center is a starting point for such different projects but united by the
need to identify solid sources of data, forms of data collection and analysis, to
build models based on this data and to carry out analyses that enhance their

quantity and variety, with a transformative impact on the industry.
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Quantum optimisation for space: the ACAT
project

In the space and telecommunications industry, many crucial challenges can be
framed as combinatorial optimization problems: it is about finding the best
solution among a huge number of possible combinations. Traditional methods

work well when complexity is limited, but they show their limits in the face of

increasingly complex systems.

The project Approaches to Scale up Quantum Optimization Algorithms for
Industrial Aerospace & Telecommunication applications - ACAT, coordinated by
Thales Alenia Space Italia in collaboration with Leonardo, the University of
Bologna and the University of Padua, aims to explore the potential of quantum

computing to overcome these limitations.

The project focuses on two main areas: mission planning for satellite Earth
observation and optimising antenna networks in complex scenarios, such as
emergency situations. These seemingly distinct problems share a common
mathematical basis in the field of combinatorial optimization, making them ideal
for the application of innovative quantum algorithms. With the advent of mega-
constellations of satellites and increasingly extensive antenna networks, the
combinatorial complexity of these problems grows exponentially, necessitating

new computational solutions.

ACAT combines Thales Alenia Space's experience in the construction of Earth

observation satellites, Leonardo's know-how in the aerospace and defence

Ministero
dell’'Universita
e della Ricerca

Finanziato
dall'Unione europea
NextGenerationEU

sector, and the academic expertise of the Universities of Padua and Bologna in
quantum modelling. This synergy will allow to identify and develop the most

promising quantum approaches to address complex combinatorial problems.

The project's expected impact is significant: the solutions developed will enable
more efficient management of satellite constellations and telecommunications
networks, with direct benefits for services such as Earth observation and
emergency communications. This represents an important step towards the
adoption of quantum technologies in concrete space applications, strengthening

Italy's position in the space economy sector.
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Dlglta| tWI ns 1:0 r sate | | itES' the H DTS p I’OjECt infrastructures and more efficient management of resources, contributing to the
' competitiveness of the Italian space industry.
In the space sector, monitoring and predicting the behaviour of satellites during

their operational life is essential to ensure their efficiency and longevity.

The Hybrid Digital Twin for Satellites - HDTS project, coordinated by Thales Alenia
Space Italia in collaboration with the Politecnico di Milano, aims to develop an
innovative solution based on the concept of "digital twin", a virtual replica that

simulates the behavior of the real satellite.

The project, which is part of the broader ASTRAL program dedicated to
monitoring critical systems through artificial intelligence, combines two
complementary approaches: models based on system physics and data-driven
algorithms. This hybrid methodology allows for more accurate and reliable digital

twins that can describe system dynamics and identify potential anomalies.

A distinctive feature of HDTS is the use of telemetry data generated by the

satellite's on-board units. This data is integrated into physical models to consider

)

the real operating conditions and the possible functional and performance Th I Al o
degradation caused by the space environment over time. This approach allows a eS /eﬁla

o | R o et s oo~ SDACE POLITECNICO
the development of increasingly precise predictive diagnostic capabilities. 8 Thetes / Leonarda company p MILANO 1863

In terms of expected impact, the digital twins developed will make it possible to

anticipate and prevent possible malfunctions, optimize satellite maintenance and .
A data lake for the space economy: the IDL project

extend their operational life. This translates into greater reliability of space
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Space exploration and Earth observation generate huge amounts of data from

both satellites and ground-based instruments every day. Efficiently managing,

storing, and making this data accessible is a key challenge.

The Interoperable Data Lake - IDL project, coordinated by Leonardo in
collaboration with INAF, INFN and Thales Alenia Space Italia, aims to create an

innovative "data lake" service to address this challenge.

The project aims to develop a distributed and interoperable repository based on
the latest generation of open technologies, which supports both scientific
research and industrial applications. IDL addresses the typical challenges of
spatial big data on several fronts: from the management and storage of data, to
its identification and access, to the availability of the computing resources

necessary to process it.

A key aspect of the project is the adoption of international FAIR and IVOA
standards for data description and access. IDL integrates cutting-edge
technologies such as blockchain and Object Storage, optimized for the efficient
management of large volumes of data in a cloud environment. Particular
attention is paid to the security of the system, with a functional architecture that

guarantees appropriate levels of protection in access to satellite data.

The project also includes the development of a simulator capable of generating
synthetic datasets based on real-world operational scenarios. This will allow to
test and validate the data processing algorithms and evaluate the computational

load of the system.
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IDL will provide the scientific and industrial community with a powerful tool to
access and analyze space data efficiently and securely, accelerating the
development of new applications and discoveries in the field of Earth observation

and space exploration.
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Next-generation spatial processors: the RISCV
project

In the space sector, the choice of on-board processor is crucial for the
performance of satellites. The RISC-V architecture, an innovative open-source

hardware platform, is emerging as a promising solution in several industrial

sectors, including space.

The High Performance RISC-V satellite processor - RISCV project, coordinated by
Thales Alenia Space lItalia in collaboration with Leonardo and the University of
Bologna, aims to explore and develop high-performance processors based on

this architecture for satellite applications.

The project is developed in two main phases. In the first, after an in-depth
analysis of the state of the art, an existing architecture will be selected to be
configured and optimized to meet the specific requirements of satellite on-board
applications. The second phase will focus on testing through benchmarks and the
development of a representative use case, delving into crucial aspects such as

the operating system, libraries and development tools.

RISCV combines the industrial expertise of Thales Alenia Space and Leonardo
with the academic expertise of the University of Bologna in the field of processor
architecture. This collaboration aims not only to identify the best hardware
architecture based on RISC-V for modern space applications, but also to develop

the software necessary to exploit its full potential.
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The transition to processors based on open standards represents a strategic step
for the space sector: it will reduce dependence on proprietary solutions,
accelerate innovation and open up new possibilities for future satellite missions.
In this context, the RISCV project contributes to positioning the Italian space

industry among the pioneers of this technological transformation.
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Satellite constellations for resilient

infrastructure: the RC project

Climate change and the consequent increase in extreme events require new

solutions to protect critical infrastructure and energy assets.

The Reactive and Adaptive Earth Observation space distributed constellations
systems: HPC modelling, design optimisation and simulation for energy and
critical infrastructures resilience - RC project, coordinated by Thales Alenia Space
Italia together with Leonardo, Politecnico di Milano and Terna, explores an
innovative response to this challenge: constellations of distributed, reactive and

adaptive satellites for Earth observation.

The project focuses on the development of a proof of concept through advanced
simulations. The idea is revolutionary: to create satellite systems that do not just
observe, but react autonomously to events, detecting anomalies and providing
early warnings on specific phenomena identified by end users. This approach
allows for a faster and more targeted response to threats that could compromise

critical infrastructure.

The complexity of the project requires significant computing power. Simulations
must consider not only the design of the constellations, but also the adaptive
control strategies that allow satellites to modify their behavior based on the
observed situations. For this, RC leverages high-performance computing (HPC)

technologies to optimize these complex systems.
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This research opens up new frontiers in the space sector and in the protection of
infrastructures. Combining satellite observation, autonomous response
capabilities and critical infrastructure protection, RC represents a concrete
example of how the space economy can contribute to the security and resilience

of terrestrial systems.
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New geolocation methods for safer mobility: the
GNSS-SDR project

Almost every mobility application has a great prerequisite at its base: having
efficient and precise systems for geolocation. Only this tool, in fact, makes it
possible to monitor not only people but also infrastructures in their provision of

mobility services.

Within the National Research Center in High-Performance Computing, Big Data
and Quantum Computing, a project coordinated by Sogei in partnership with the
University of Catania addresses this issue. The Precision positioning for smart
cities and safe mobilities - GNSS-SDR project aims, in fact, to develop an

innovative monitoring system for critical transport infrastructures.

The acronyms in the title refer to the advanced technologies used in the
execution of the design prototype. GNSS is the Global Navigation Satellite
System, the "father’, in a certain sense, of the much better known GPS (Global
Positioning System). GNSS is a satellite navigation system that provides
information about location, speed, and weather anywhere on or near Earth, in
any weather condition, at any time. SDR stands for Software Defined Radio, a
radio communication system in which most of the transmit and receive functions,
traditionally performed by specialized hardware, are performed via software on
a computer or programmable device. The use of these technologies is allowed by
the design of special supercomputing algorithms that process the data coming

from these collection systems quickly and efficiently.
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The project will make it possible to track road vehicles and urban micromobility
vehicles with high precision and in real time, allowing the monitoring of their
trajectories and the identification of potential accident risks. In addition, thanks
to the use of specialized receivers with high computing power, it will be possible
to monitor transport infrastructures throughout the country, thus improving the

safety of roads and users.

Finally, the project involves the development of a predictive model to monitor
tropospheric error, an error in satellite positioning and navigation derived from
variations in air density, pressure and temperature within the lowest layer of the
atmosphere. Correcting these errors will contribute to a more efficient and safer

management of road transport.
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Monitoring natural hazards from space: the
HAMMON project

Satellite observation is revolutionizing the way we monitor and manage natural

hazards on the ground.

The Hazard Mapping and vulnerability Monitoring - HAMMON project,
coordinated by UnipolSai (Leitha) and implemented by a large consortium of
scientificand industrial partners, develops innovative tools to quantify the impact

of extreme natural events on the Italian territory through the use of satellite data.

The project combines Earth observation data with scientific visualization
technologies and artificial intelligence to map risks, monitor the territory and
predict extreme events. Particular attention is paid to the identification of risk
factors and the quantification of post-event impacts, taking advantage of the

high resolution and continuous coverage offered by satellite systems.

HAMMON integrates different skills: from satellite data analysis to
environmental modeling, from risk management to artificial intelligence. This
synergy makes it possible to develop high-resolution forecasts of extreme events
and improve risk mapping on the Italian territory, creating an advanced

technological infrastructure for data processing and distribution.

The project represents a concrete example of how space data can generate value
for society: from the protection of critical infrastructures to emergency
management, HAMMON transforms satellite observation into a practical tool for
the resilience of the Italian territory to extreme natural events.
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Digital twins for emergency management: the
DIRECT project

Modern cities continuously generate data through sensors, drones, and satellite

imagery.

The Digital twins foR EmergenCy supporT - DIRECT project, coordinated by Sogei
in collaboration with CNR, the University of Milano-Bicocca, the University of
Salento and the University of L'Aquila, exploits this flow of information to create
an innovative digital twin of urban districts, integrating building information
models (BIM) to monitor and predict the impact of natural or man-made

disasters.

The heart of the project is a dynamic and adaptive Decision Support System that
operates on two temporal levels: in the immediate phase of the emergency,
providing real-time information to propose dynamic emergency plans when the
predefined ones may not reflect the real situation on the territory; in the long

term, through continuous monitoring activities.

The project is developed in two main phases. The first phase focuses on the
feasibility study, the configuration and installation of the sensors, the
development of the loT platform and the digital twin. Through simulation tools
based on different technologies and high-performance computing (HPC)
resources, the system will represent the monitored urban district and its risk
profile, integrating data collected in real time from ground sensors, drones and

satellites.
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The second phase involves the integration of BIM models to predict the impact
of natural disasters on buildings, incorporating data from sensors (energy
consumption, humidity, temperature, CO2) into the digital twin. A demonstrator
of the system will be tested by simulating a natural event, such as an earthquake,

on a portion of the urban district.

DIRECT is an example of how space technologies, integrated with terrestrial
sensors and advanced digital models, can improve urban resilience. The
combination of satellite data with other sources of information makes it possible

to create a valuable tool for emergency management and citizen protection.
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PERBACCO: early warning system for the
prevention of the spread of flavescence dorée
based on multiparametric airborne monitoring of
wine crops

The PERBACCO project aims to develop an early warning system
accessible through a dedicated WebApp, to support the strategic decisions of the
Phytosanitary and Production Defense Sector of the Emilia-Romagna Region in
the fight and prevention of flavescence dorée. The system allows early detection
of the disease, allowing targeted and timely interventions for the protection of

the vine.

PERBACCO aims to provide innovative tools for the monitoring and
prevention of flavescence dorée, contributing to the preservation of regional wine
production. The project involves the multiparametric and multitemporal
monitoring of an area of about 15,000 hectares through experimental aerial
platforms, the automated analysis of high-resolution multispectral images with
advanced analysis algorithms and the development of a WebApp for the
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visualization of geospatial data relating to the areas affected or at risk of

infection. These elements are summarized in Figure 7.

The project uses an integrated approach based on airborne surveys with
multispectral sensors, advanced image processing algorithms and an interactive

WebApp for the management and visualization of geographical data.

[N

Figure 7. The PERBACCO project involves three steps: monitoring of the vines, development of
an automatic analysis software, and creation of a webapp for the visualization of information
layers

Il progetto PERBACCO & finanziato dalla Regione Emilia-Romagna
L.R. 27 ottobre 2022 n. 17 "Interventi urgenti a sostegno del settore agricolo,

ERﬂglﬂnBEmllia-Rﬂmagna agroalimentare, ittico e delle bonifiche”

art. 1 “Interventi per I'innovazione del settore agricolo ed agroalimentare”
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Deterministic  learni ng a|gorith m for the possible to identify panels based on the extraction of colors from a few labeled
identification of P hotovoltaic panels images, providing an effective, explanatory and quick to execute tool.

Estimating the number of photovoltaic panels in a region is complex due
to the lack of official records and the variety of installations, from large plants to
residential systems. An accurate estimate is essential for monitoring progress
towards sustainability and planning new installations. For this purpose, a
deterministic algorithm was developed which, by analyzing aerial images,
identifies solar panels through their characteristic colors. The approach, based on
a few labeled images, ensures a fast, effective and explanatory identification of

photovoltaic installations.

Estimating the number of PV panels in a region is a complex task due to Figure & Identification of photovoltaic panels in aerial images

the lack or insufficiency of official records. This difficulty is further accentuated For further information:
both by the presence of large solar fields and by the spread of small systems Prof. Emiliano Tramontana
installed by private citizens, for example on the roofs of homes. Estimating total https:/www.mdpi.com/2227-7080/11/6/174

installed PV capacity and energy production can improve the ability of

policymakers and stakeholders to assess sustainability progress, quantify the
For more information:

Dr. Virginia Strati
Abstract EGU24-10773

actual benefits of green energy, and consider potential future installations.

A deterministic algorithm was developed that can identify solar panels in Dr. Giuseppe Piparo
https:/agenda.infn.it/event/43778/contributions/248747/

aerial images by identifying their characteristic colours. This approach makes it

Finanziato -3 Ministero . . I C S C
dall'Unione europea o~y dell'Universita Italiadomani -« 1UJ
NextGenerationEU 5&> e della Ricerca B RIFRESA ERESiTienza B et vt

\
Y
\—



https://www.mdpi.com/2227-7080/11/6/174
https://meetingorganizer.copernicus.org/EGU24/EGU24-10773.html
https://agenda.infn.it/event/43778/contributions/248747/

Osservatorio sulle tendenze
e le applicazioni del Supercalcolo

08

Dr. Giuseppe Piparo
https:/agenda.infn.it/event/43778/contributions/248747/

Artificial intelligence for satellite image analysis

The project focuses on the detection and mapping of areas affected by
fires through the analysis of multispectral images acquired by the Sentinel-2
satellites. The goal is to develop advanced tools for large-scale environmental
monitoring and improve the management of natural disasters. For the training of
the models, a dataset consisting of 114 burned areas was used, labeled with
information provided by the Copernicus Emergency Management Service (CEMS)

and collected mainly in the Mediterranean area.

In recent years, forest fires have increased significantly due to higher
temperatures and prolonged periods of drought. In 2023, more than 4.1 million
hectares were burned in Europe, an increase of 40% compared to the average of
the last ten years (Source: EFFIS). Fires are often caused by a combination of
factors: extreme weather, human activities, and inadequate forest management.
In the era of climate change, it is crucial to adopt prevention and response
strategies, such as advanced monitoring and sustainable land management, to
protect the environment and communities.

Ministero
dell’'Universita
# e della Ricerca

Finanziato
dall'Unione europea
NextGenerationEU

An artificial intelligence algorithm was developed for the identification of
burned areas using time series of multispectral images acquired by the Sentinel-

2 satellites. An example of the results obtained is shown in Figure 8.

Figure 9. An example of an image of Sentinel-2, showing the edge of the burned area provided
by the CEMS (blue line) and the predictions of the Al algorithm (red area)

For more information:
Prof. Alessia TricomiProf. Joachim Alex Anastasi
Dr. Giuseppe Piparo
https:/agenda.infn.it/event/43778/contributions/248747/
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Scenarios and future prospects for the space
economy

The space industry is undergoing a profound transformation, with growth
forecasts that see the sector expand from $596 billion in 2024 to reach $1.8
trillion by 2035. This expansion is driven by both traditional "backbone"
applications — such as satellites, launchers and basic services — and "reach”
applications that integrate space technologies into diversified sectors of the

economy.

The space economy today represents one of the most significant megatrends
shaping our future, with implications that extend far beyond the traditional space
sector. The convergence of technological innovation, growing private sector
participation and new business models is creating a dynamic ecosystem that
embraces both the upstream segment - focused on the production of space
hardware and launch services - and the downstream segment - dedicated to the

exploitation and enhancement of satellite data and services.

This evolution is characterized on the one hand by the democratization of access
to space, with the emergence of private players such as SpaceX that have
revolutionized the launch sector, and on the other hand by the proliferation of
innovative applications that are transforming traditional sectors such as
transport, agriculture, telecommunications and defense. The increasing

integration of advanced technologies such as artificial intelligence, quantum
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computing and blockchain is also opening up new frontiers in the capabilities of
processing and using spatial data.

In this chapter, we will explore the key trends shaping the future of the space
economy, analyzing both the key technological developments in the upstream
and downstream segments, and the market dynamics that are driving this
transformation. Particular attention will be paid to the impact of these changes
on the various industrial sectors and the growth prospects that are emerging for

the next decade.

Market trends

Whether it's a test of a new rocket system, the launch of an innovative satellite,
or a robotic exploration mission that lands safely on the moon, activity in space
is accelerating. According to Nova Space, the space economy is expected to grow
from $596 billion in 2024 to $944 billion by 2033, driven primarily by

downstream solutions that leverage satellite data.

McKinsey and the World Economic Forum, in the 2024 report "Space: The $1.8
Trillion Opportunity for Global Economic Growth', estimate that the global space
economy will be worth $1.8 trillion by 2035 (taking inflation into account), up
from $630 billion in 2023. This figure includes:

"backbone" applications - such as those for satellites, launchers and

services such as over-the-air television or GPS
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- "REACH" applications - those where space technology helps companies Figure 10. Growth of the space economy sector, in billions of dollars (credits: McKinsey & World
in various industries generate revenue. Uber, for example, relies on Economic Forum)
combining satellite signals and chips inside smartphones to connect

drivers and passengers and v. global nominal

i i i i i For reference: Global nominal GDP growth is forecasted to grow at 5% p.a. over 2023-35 GDP growth, 2023-35
provide directions in each city. g g g
As shown in Figure 10, in 2023, Source: Future of Space ]
backbone applications accounted for ~ Fconomy research / | +9% oA @
$330 billion, or just over 50% of the Natee Detalled sogmontation 9% o
of the Space Economy sizing p.a. 1790
global space economy, while REACH presented in Appendix (Fig. 20) / ) i
applications accounted for $300

7

billion. The projected annual growth 9% 0.,
rate for backbone and reach

applications is twice the projected : +1 1 % p-a. @
GDP growth rate for the next decade.
For comparison, value estimates for
space are similar to those for
semiconductors (estimated at $600
billion in 2021 with annual growth of
6-8% until the 2030s) and about half

the projection for the global

-+ % pa

2023 2030 2035

payments industry (estimated at $3.2
trillion in revenues by 2027). @ Reach @ Backbone
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Growth drivers for the space economy include the need for increased satellite
connectivity, increased demand for positioning and navigation services on mobile
phones, and a growing demand for Al and machine learning-based insights.
These innovations are bringing greater benefits to a more diverse set of
stakeholders than ever before, including companies in industries ranging from
food to transportation. They could also help solve some of the world's biggest

challenges, such as climate change.

755

+7% p.a. =

= +6% p.a.

commercial

- +8% paa.

state-sponsored

2023 2030 2035

O Commercial — others Commercial - earth observation Commercial - infrastructure and support

. Commercial - positioning, navigation and timing . Commercial - communications

Source: Future of Space

o ———, . State-sponsored - civil . State-sponsored - defence

Figure 11. Revenue growth from backbone applications, in billions of dollars (credits: McKinsey
& World Economic Forum)

Ministero
dell’Universita
# e della Ricerca

Finanziato
dall'Unione europea
NextGenerationEU

Focusing on backbone applications, McKinsey divides revenues into several
categories (see Figure 11):

- Commercial: Earth Observation; Infrastructure and support; Positioning,
navigation and timing; Communications; Other commercial services.

- State: Civil sector; Defense.

We dedicate a specific focus to Earth Observation in Figure 12.

2023-2035
CAGR, %

7%

17%
22%

+1 2% I.;._if;-—-7-""_7-7--7-7-7-_7-7-7‘:?

1%
7% ]

8%
7%

%

1 ‘o

2023 2030 2035

EO for IT EQ for mining EO for finance EO for maritime uses . EO for insurance

@ EO for environment/climate services . EQ for construction . EQ for agriculture . EO for energy

Figure 12. Growth in revenues from Earth Observation applications, in billions of dollars (credits:
McKinsey & World Economic Forum)

Commercial Earth Observation data and services appear today to be one of the
smallest segments of the backbone, valued at $2 billion in 2023. However, this

tells only a partial story of the widespread space-based demand for EO because
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(i) large datasets are freely available to the general public, and (i) the price of
imagery is falling with the development of commercially available sources. For
these reasons, the value will continue to shift towards data processing, data
fusion, and custom products (e.g., Planet's API Platform and Maxar's Precision
3D) to meet the growing end-user demand for specific analytics. Total revenue
will more than triple to $9 billion annually between 2023 and 2035 as these
insights become essential for business leaders in decision-making.

+9% oa 1,790

_.+11%p‘a.

reach - commercial

1,160

L. +8% p.a.

reach-state-sponsored

755 = +7% p.a.

backbone

330

2023 2030 2035

Commercial — others Commercial — enabled by communications @) Commercial - enabled by positioning, navigation and timing

. Commercial — enabled by communications {3 Backbone

Figure 13. Revenue growth from reach applications, in billions of dollars (credits: McKinsey &
World Economic Forum)
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As regards reach applications (whose growth in value generated is reported in
Figure 13) are of type:

e Commercial: Communications-enabled applications; Positioning,
navigation, and timing enabled applications; Other communications-
based business applications;

e State: State-subsidized communications applications.
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The space economy and industrial sectors According to McKinsey (2024), seven industries (listed here in order of largest to

_ _ _ _ lowest share) that account for more than 80% of revenues generated by
Of even greater interest is the segmentation by industry of the value generated _ _
o _ backbone and reach use cases by 2035 will be at the forefront of expanding the
by space economy applications (see Figure 14).
space economy.

0
+9% pa. q Supply chain and transport, for

more efficient and cost-effective

logistics.

With a focus on supply chain and
transportation players (excluding automotive
manufacturing), the application of space

technologies in this sector is expected to generate

~$410 billion in revenues by 2035, contributing

significantly to the overall space economy

(estimated at $1.8 trillion). Rapid growth is

2023 2030 2035 )
expected, with an annual rate of 14% over the
period 2023-2035, outpacing the overall growth
Others* Automotive and manufacturing . Professional services . Engineering and construction Information technology . . .
rate of the industry. The key themes in this area
. Agriculture . Aviation and aerospace — non-space Space . Digital communications . State-sponsored - civil
are:
@ Media, entertainment and sports @ Retail, consumer goods and lifestyle @) State-sponsored - defence

@ Food and beverage @ Supply chain and transportation - Improved mobility services: Positioning,
Figure 14. Growth in the space economy sector by industry (credits: McKinsey & World Economic navigation, and timing (PNT) systems can improve
Forum) vehicle tracking and management, reducing costs and increasing
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efficiency. This promotes the development of both business-to-business
(B2B) and business-to-customer (B2C) services.

Accelerating the flow of information in the global supply chain: The
integration of loT (Internet of Things) and Earth observation (EO) data
revolutionizes the flow of information in the industry, enabling more
informed decisions, optimized routes and on-time delivery.

Risk prediction and mitigation: Weather services help predict and
mitigate risks along transportation routes, reducing delays and ensuring

greater safety for goods and personnel.

From 2035 onwards, the space sector will help unlock:

Autonomous deliveries over long distances and in the last mile. A
persistent, high-speed, low-latency, low-cost satellite connection has
the potential to enable modes of transportation beyond the line of sight,
such as drones and maritime shipping.

Al-enabled predictive supply chain optimizations. Real-time PNT
(positioning, navigation, and timing) and Earth observation (EO) data can
be leveraged by Al to support better decisions, increase productivity, and

improve overall efficiency.

Finanziato % Ministero
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Food and beverage, to increase the efficiency of last-mile deliveries

of perishable goods.

In the food and beverage industry, the impact of space
technologies is particularly evident in fast, time-sensitive
deliveries, such as those of perishable products. This industry is set to undergo a
significant transformation, with revenues expected to reach $330 billion by 2035.
A robust growth rate of 11% underlines the potential for dynamic expansion. The

key themes in this area are:

- Revolutionizing the fast delivery of perishable products. PNT (positioning,
navigation, and timing) technology is improving accuracy and efficiency
for operators like UberEats and DoorDash. PNT signal integrity is
essential to ensure efficient deliveries and combat fraud.

- Innovation in nutrients in zero gravity. Space research is advancing
rapidly in the development of nutrients in zero-gravity environments,
opening up new possibilities for the creation of high-quality functional

ingredients.
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State-sponsored  advocacy, for surveillance and  resilient

communications.

The space defense sector, with a compound annual growth rate
(CAGR) of 9%, is set to reach a market size of ~$250 billion by
2035. This growth highlights the increasingly important role of global security,
fueled by the adoption of advanced space defense technologies. The key

challenges will be:

- Improved intelligence, surveillance, and reconnaissance (ISR). The
expansion of the space economy will strengthen global ISR capabilities in
near real-time, supporting rapid deployment of forces, increased
operational efficiency, and improved decision-making.

- Development of command, control and communication platforms (C3)
and the "Internet of Things for the Battlefield (loBT)" With secure and
resilient satellite communications, C3 platforms and 0BT data will
ensure a continuous and reliable flow of information.

- Growing demand for spatial sensing. The increased demand will
stimulate partnerships with leading sensor manufacturers and Al
analytics companies, improving data acquisition and interpretation

capabilities.

From 2035 onwards, the space sector could contribute to:
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- Border control enabled by geofencing. Satellite-supported systems will
provide precise border markings and real-time monitoring, ensuring
greater security and a rapid response to violations.

- Al-based software to predict and monitor geopolitical evolutions. Thanks
to the analysis of satellite images and artificial intelligence, the new
platforms will be able to track enemy troop movements, naval
concentrations or construction activities in real time. This will provide
defense agencies with crucial information to anticipate potential

geopolitical actions.

Retail, consumer goods/electronics and lifestyle, for consumer

electronics and online e-commerce services.

This sector includes e-commerce, consumer goods, and
electronics, where the application of space technologies is
expected to reach $170 billion in revenues by 2035. With solid growth, the use of
space technologies in this sector is set to grow by 10% by 2035, outpacing the

overall growth rate of the industry. The key themes are:

- Leverage internet connectivity for retail. Satellites can provide internet
connectivity to remote areas, eliminating the need for terrestrial
infrastructure. This allows people in underserved regions to access high-
speed internet, making it easier for them to participate in online shopping

and e-commerce activities.
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- Growing demand for PNT receivers. With the increasing adoption of
space technologies, the demand for PNT (positioning, navigation, and
timing) receivers is increasing rapidly. This is driven by growing consumer
interest in products equipped with satellite data, which improve tracking

and navigation experiences.

From 2035 onwards, the space sector will contribute to the creation of smart
wearable devices with capabilities for emergencies and natural disaster
warnings. Advanced wearables for civilian applications will act as emergency
location transmitters, providing real-time alerts about impending natural

disasters such as avalanches, hurricanes and tornadoes.

Media, entertainment and sports, for sports tracking devices and

online media.

For this sector (which includes media broadcasting,

entertainment and sports applications), revenues from the use
of space technologies are expected to stabilize at $157 billion by 2035,
representing about 10% of the total of $1.8 trillion. Unlike other sectors, growth
is expected to remain below GDP (1%), due to the gradual decline of satellite TV.
This highlights the need for adaptations and innovations to maintain consumer
demand. The key issues to monitor will be:

- Improve content delivery. For decades, satellites have provided TV and

radio services with wide coverage. However, as consumers shift to online

Finanziato
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content (e.g. streaming platforms), value creation will increasingly shift
towards digital platforms accessible through satellite internet
connection.

- Offer location-based services for individual users. By leveraging PNT
receivers embedded in consumer electronics, the media, entertainment,
and sports industries are increasingly developing location-based
services, such as personalized augmented reality experiences and sports

maps for outdoor activities.

From 2035 onwards, the space sector will help unlock space-based media and

entertainment (e.g. reality TV shows).

State-sponsored  civilian, ~ for  scientific research, disaster

management and environmental monitoring.

The civil space sector is projected to reach $146 billion by 2035,
with steady expansion at 7% CAGR (compound annual growth
rate). While this growth is lower than the space industry average, it still
underscores its crucial role in space exploration and satellite communications.

The key themes will be:

- Collaboration for exploration and research. Emerging partnerships
between technology innovators will drive deeper exploration of the solar

system, promoting advances in space science and related technologies.
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- Advancement of observation systems. Developments in Earth total space economy ($1.8 trillion). Consumer and business adoption will drive
observation technologies will improve applications such as weather 12% annual growth between 2023 and 2035, with a slowdown in the following
forecasting, urban planning and disaster response, offering cross-sector years as the market matures. The key themes will be:
benefits.

- Leverage satellite connectivity in low Earth orbit (LEO). Satellite

- Expansion of space-based loT and PNT. Increased investment in space loT _ - . o
constellations will improve connectivity, especially in underserved areas,

and PNT will revolutionize metropolitan development, biodiversity , o _ _ o _
with applications ranging from residential internet to loT and enterprise

research, and environmental monitoring, contributing to smarter and
networks.

more sustainable urban and natural resource management. ) i . ) ] o
- Facing price competition. Satellite operators will need to anticipate and

From 2035 onwards, the space sector will help unlock: adapt to increasing price competition, as coverage expands and more

agile strategies are adopted to remain competitive.
- Spatial analyses for the prediction and anticipation of natural disasters. & 8 P P

_ , _ _ _ - Create collaborations between sectors. Downstream players are
Platforms that use satellite data and in-orbit analytics to proactively

lori tnershi ith public bodi d digital tel t
identify, predict, and mitigate impending natural disasters. eXploring partnerships with public bodies and digrtal telecom operators

" o to adapt, design and harmonize infrastructure and drive innovation.
- Space-enabled loT and PNT for smart cities. Systems that optimize urban

life through spatial data, automating traffic flow, improving From 2035 onwards, the space sector will help unlock:

transportation, and innovating waste management. . . , , _
- Ubiquitous connectivity for business-to-business and business-to-

- Lunar settlements. Long-term human presence on the Moon, with the _ ,
consumer users. Integration between space and terrestrial networks

associated needs of construction, energy, food, and other essential , . , , _ ,
could provide ubiquitous access to high-speed internet, ensuring reliable

infrastructure. _
and secure connections.

Digital communications, for better connectivity. - Adoption of decentralized communications. Space networks could

. . . . . , address the growing need for secure and private communication
Satellite communications will play an increasingly important . o
. - L _ networks, offering greater control over personal data, greater efficiency
role in the future of digital telecommunications, reaching a

and reduced costs.
market of $70 billion by 2035, representing about 5% of the
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The space
megatrends

According to the Italian Institute for the Future, the space economy is one of the

economy among the global

megatrends that are impacting society and that will progressively play an

increasing role in the economy and in the transformations that are taking place.

What is a Megatrend?

Megatrends are major transformative forces that have a profound and lasting
impact on society, the economy, the environment and technology. These are
long-term trends (typically decades) that significantly affect multiple aspects
of human life and economic systems.
The main characteristics of megatrends are:

e Decades-long term

o Global or large geographic impact

e Cross-cutting effects across multiple industries and scopes

e Ability to structurally change behaviors and systems

The privatization and commercialization of space represents one of the most
significant transformations in the sector. From an area historically dominated by
government agencies, we have moved on to an ecosystem where private
operators such as SpaceX, Blue Origin and Virgin Galactic play an increasingly
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decisive role. This evolution is evidenced by the constant growth of private
investments alongside public funding, with forecasts indicating an expansion of
the sector from 470 billion in 2023 to 1000 billion dollars in 2030. In the 2025
report of the Italian Institute for the Future "Emerging Long-Term Megatrends:
Ten changes destined to influence our future’, SpaceX's space monopoly is
included among the ten megatrends to be monitored, together with the race for
energy stimulated by Artificial Intelligence, the crisis of democracy, and the child-
free phenomenon. Regarding this megatrend, we read: "in the commercial space
launch market, SpaceX has acquired more than 70% of the market share, also
dominating the government sector thanks to strategic contracts with NASA and

the Department of Defense" (p. 57).

The new space logistics is redefining the way the industry operates. Innovation
focuses on the development of orbital services for end-of-life satellites and
advanced rendezvous and docking technologies. A particularly revolutionary
aspect is the emergence of space manufacturing, with the creation of modules
dedicated to in-orbit assembly and fabrication, supported by artificial intelligence
systems and advanced robotics. This approach is opening up new frontiers in the

management of space resources and operations.

Permanent space settlements represent one of the most ambitious visions for
the future. Projects such as ESA's Moon Village and NASA's Lunar Gateway are
laying the foundations for a stable human presence on the Moon, while the
concept of the "Cislunar City" is being developed, which envisages communities
of about 1000 people permanently settled between Earth and lunar orbit. These
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projects extend as far as Mars, requiring the development of new forms of spatial
architecture, called OrbiTecture.

Space tourism is emerging as a concrete commercial sector, no longer limited to
science fiction. The first tourist flights have already been carried out by
companies such as Virgin Galactic and SpaceX, while dedicated infrastructures
such as spaceports are being developed. The progressive reduction in the cost of
access to space is making this experience, initially reserved for a very few,
potentially accessible to a wider audience, opening up new perspectives for the

tourism industry.

Space mining represents another revolutionary frontier, with a growing interest
in extracting resources from celestial bodies. The focus is on rare and precious
materials, with particular interest in water and helium-3. The development of
technologies for the exploitation of resources in situ could have a significant
impact on global raw materials markets, radically changing the availability and

value of some resources considered rare or strategic today.

Advanced space telecommunications are revolutionizing global connectivity
through the development of mega-constellations of satellites. Competition
between projects such as SpaceX's Starlink and Amazon's Kuiper is driving a
significant increase in the number of satellites in orbit, with the aim of providing
broadband internet connectivity in every corner of the planet. This trend is
leading to an unprecedented expansion of satellite communication services, with

important implications for global telecommunications access.
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Key Technology Trends

Technological trends in the space economy sector can be divided into two macro-
categories that reflect the value chain of the space sector.

Upstream Trends

The upstream segment of the space economy is undergoing a profound
technological transformation that is redefining the way space systems are

designed, manufactured and operated.

In the field of advanced manufacturing, the adoption of additive
manufacturing technologies is revolutionizing the production of
space components, allowing the creation of optimized and
lighter complex structures, resulting in lower launch costs. This
evolution is accompanied by the increasing use of advanced materials and
composites, which offer superior performance in terms of strength, weight and
protection from the extreme conditions of space. Robotics and automation are
transforming production lines, improving the accuracy and repeatability of

production processes.

A fundamental role for the upstream segment is played by
digital twins, which are revolutionizing the entire life cycle of
space systems. These digital twins make it possible to simulate
and optimize every aspect of a space system before its physical
implementation, reducing development risks and costs. Their integration with
artificial intelligence is also enabling increasingly sophisticated predictive
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capabilities for maintenance and anomaly management. Artificial intelligence is
in fact permeating all aspects of upstream space systems. Machine learning
algorithms are used to optimize in-orbit operations, improve the autonomy of
satellites, and manage increasingly complex constellations. Al-based control
systems allow for more efficient management of on-board resources and better

response to changing environmental conditions.

What is a Digital Twin?

Adigital twinis a dynamic virtual replica of a physical object, process, or system
that allows its behavior in the real world to be simulated and monitored.

In the propulsion sector, innovation is moving on several fronts.

On the one hand, the development of electric propulsion

systems is opening up new possibilities for in-orbit mobility

and deep space missions. On the other hand, research into

green propellants and reusable systems is helping to make
access to space more sustainable and economical. Particular attention is paid to
precise landing and automatic rendezvous technologies, which are fundamental
for future exploration missions.
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Miniaturization continues to be a key driver, with the
development of increasingly compact and efficient
technologies. This trend has led to the proliferation of small
satellites and CubeSats, which are democratizing access to
space and enabling new business models. Integration and testing technologies
are evolving accordingly, with the development of specific procedures and tools

for these new formats.

The growing focus on space sustainability is also driving the

development of technologies for monitoring and mitigating

space debris, as well as end-of-life solutions for satellites. This

includes active de-orbiting systems, debris capture

technologies, and materials designed to minimize the creation
of new debris.

Downstream Trends

The downstream segment of the space economy is also undergoing a radical
transformation, driven by the evolution of digital technologies and the growing
demand for services based on space data. This evolution is redefining the way
satellite data is processed, distributed, and monetized, creating new market

opportunities and innovative business models.
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In the field of data analysis, the integration of big data analytics
technologies with cloud platforms is revolutionizing the ability
to process and extract value from the enormous amount of
satellite data available. A particularly significant trend is the
emergence of "Space-as-a-Service" solutions, which democratize access to
satellite data and services through cloud-based business models. This evolution
is lowering the barriers to entry for new players in the downstream market,
stimulating innovation and the creation of specialized vertical applications.
Artificial intelligence, in particular through deep learning algorithms, is making it
possible to automate the interpretation of satellite images and identify complex
patterns in Earth observation data. These advanced analytical capabilities are
enabling increasingly sophisticated applications in areas such as precision

agriculture, environmental monitoring, and natural resource management.

What is the "as-a-Service" approach?

The "as-a-Service" (aaS) model represents a paradigm of delivery of
technological resources in which capabilities, functionalities or infrastructures
are delivered as a service through the cloud, eliminating the need to own and
manage physical resources directly.
The key features of the as-a-Service model are:
e Pay-per-use: Users only pay for the resources they actually use,
significantly reducing the initial investment costs

e Scalability: Resources can be easily scaled up or down as needed

e Accessibility: The services can be used from anywhere through
internet connections

e Simplified maintenance: Upgrade and maintenance are handled by the
service provider
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Space connectivity is entering a new era with the integration of
satellite networks into terrestrial telecommunications
infrastructures.  Inter-satellite  optical communication

technologies are dramatically increasing data transmission
capacity, while integration with 5G systems and the future 6G is creating a

seamless global communication network.

The Internet of Space Things is emerging as a paradigm for
connecting devices and sensors through satellite networks,
enabling loT applications even in the most remote areas of the
planet. In this, edge computing is taking on an increasingly
crucial role in the downstream segment, allowing data processing directly on
board satellites or at edge nodes close to the end user. This capability reduces
latency and transmission costs, paving the way for real-time services based on

satellite data.
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What is Edge Computing?

Edge Computing is a technological paradigm that consists of processing data
as close as possible to the source that generates it, i.e. "at the edge" of the
network, rather than transmitting it to a data center or a centralized cloud for
processing.

Quantum computing, although still in its infancy, promises to
revolutionize the ability to process complex spatial datasets,
particularly in areas such as cryptography and optimization of

communication networks.

Standardization and interoperability are becoming key
priorities, with the development of common APIs and protocols
that facilitate the integration of space services into terrestrial
applications. Marketplace platforms are emerging as a meeting
point between satellite data providers and application developers, creating a
dynamic ecosystem of downstream services. Blockchain is finding application in
the traceability and certification of satellite data, guaranteeing the authenticity

and provenance of information.
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What is Blockchain?

Blockchain is a distributed ledger technology that allows transactions to be
recorded and tracked in a secure, transparent, and immutable manner, without
the need for central intermediaries.

The principle of operation is based on a chain of blocks of information, where
each block contains a set of transactions and is cryptographically linked to the
previous blocks. Once a transaction is recorded and validated by the network,
it cannot be changed without leaving a trace, thus ensuring a high level of

security and reliability.

Cybersecurity is also becoming increasingly important, with
the development of specific solutions to protect ground
infrastructures and satellite data flows from increasingly
sophisticated cyber threats. In parallel, technologies are
emerging to ensure privacy and regulatory compliance in the use of satellite data,

which is crucial for the mass adoption of services based on this data.
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Observatory on Supercomputing trends and applications (2024). "Observations
on.. SPACE ECONOMY OF THE FUTURE. Trends and applications of

Supercomputing, Big Data and Quantum Computing”.
www.osservatorio.supercomputing-icsc.it

. In conjunction with the report, the Observatory organizes a
- 4 ) p y org
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webinar on the same topic. The webinar hosts experts,

researchers and innovation professionals who are interested

in the topic at hand, to share use cases and future applications

with the community.

Register or watch the webinar on

https:/osservatorio.supercomputing-icsc.it/eventi/live-webinar-

0sserv-azioni-su-space-economy/

The Observatory on Supercomputing Trends and Applications is a project of the

National Research Center in High-Performance Computing, Big Data and

Quantum Computing.

Created and managed by IFAB (International Foundation Big Data and Artificial

Intelligence for Human Development), the Observatory has a privileged focus on

SMEs, Public Administrations and Communities.

The Observatory's activity consists in mapping the most

advanced technological innovations, developing future

scenarios for the development of research and innovation

ecosystems and creating opportunities for the members of

these ecosystems to meet.

Read this and other reports on

WwWw.osservatorio.supercomputing-icsc.it/report/
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