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SPACE INDUSTRY

AIRCENTRE

The space industry is a knowledge-intensive strategic sector, fundamental for the implementation of many public
policies, supporting all economic sectors and essential in the daily life of citizens

* The space sector is also an engine of growth and job creation, studies by specialized consultants affirm that for
every euro invested in space, a multiplying factor of 10 is generated in the country's economy

* The space sector has been very resilient to crisis like the current Covid-19 pandemia, with a continuous growth

European space industry sales and employment (M€, right & FTE, left)
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SPACE INDUSTRY STATISTICS

_
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Space industry employees’ qualification and gender characteristics (Table)

Qualification profile All Men Women
1. University (4-5 years and up) 57% 59% 53%
2. University (up to 3 years) 16% 17% 13%
3. Higher Vocational School 10% 10% 11%
4. Vocational School 8% 7% 13%
5. General School Only 5% 4% 7%
6. Apprenticeship 0% 0% 0%
Not available 3% 3% 3%
Space industry employees age pyramid
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SPACE INDUSTRY SEGMENTATION
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Institutional Space:
* Scientific programs
* Interplanetary missions
* Manned flights

* Commercial Space:

* Telecommunications = mature, capital intensive

» Satellite Navigation = free open service, PRS

* Earth Observation = emerging, high potential !!

» Space Traffic Services = geographical location

* Launch Services = Santa Maria Spaceport
* Future commercial services:

* Space Tourism = In the future Santa Maria

* Asteroid Mining = too early



SPACE TRAFFIC SERVICES: SPACE DEBRIS
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e Os detritos espaciais sao constituidos por qualquer objeto artificial na
orbita da Terra que nao esteja operacional e do qual nao se espere uma
recuperac¢ao razoavel de sua funcionalidade original.

* Dos cerca de 20.000 objetos catalogados, apenas 6% sao satélites
operacionais, o restante é um conjunto formado por:

» Satélites ndo operacionais

* Etapas de lancadores m Satélites

- . . Operacionales
* Remanescentes de missoes espacials

* Fragmentos de explosao

B Fragmentos

O Restos de

17% 42% Misiones
13% O Etapas de

Lanzadores

B Satelites No
Operacionales 6
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SPACE TRAFFIC SERVICES: Paises de origem
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SPACE TRAFFIC SERVICES: RISCO DE COLISAO
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Mesmo as colisdes com pequenas particulas produzem consequéncias
catastroficas devido a enorme energia cinética envolvida.

* Esses choques aumentam o problema, uma vez que inumeras
particulas sao criadas.

* Para evita-los, manobras de evasao sao freqlientemente realizadas
tanto em navios tripulados como o Shuttle ou em satélites terrestres
(Geosat 1 e 2 a cada 10 meses).

e Varias colisdes ocorreram até agora. O primeiro em 24 de julho de
1996, Cerise, um satélite francés colidiu com um fragmento de uma
explosao anterior de um lancador Ariane. Apds este incidente, o Cerise
se dividiu em duas partes.

* Um dos mais graves foi um satélite americano da constelacao de
Iridium que se perdeu apds uma colisdo com os restos de uma missao
russa.




SPACE TRAFFIC SERVICES: RISCO DE REENTRADA
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A maioria dos objetos que entram na atmosfera se desintegra antes de
chegar a superficie. A excecao a esta circunstancia diz respeito a grandes
estruturas (MIR, Skylab).

* Felizmente, uma grande parte da superficie da Terra é coberta pelo oceano,
entdo a probabilidade de que o impacto na superficie seja na terra € menor
(aproximadamente 3/4 do que cai no oceano).

* Essas reentradas oceanicas ndao constituem um perigo, a menos que o
objeto envolva carga nuclear.

* Os continentes ocupam 30% da superficie da Terra, com apenas 1%
ocupado por superficies densamente povoadas, portanto o risco de causar
ferimentos pessoais € muito baixo, a Unica vitima foi uma vaca em Cuba
(lenda urbana)

* Vdrias reentradas ocorreram até o momento, as mais conhecidas sao MIR
(reentrada controlada), Skylab, Cosmos 954, ...




\ SPACE TRAFFIC SERVICES: RISCO DE REENTRADA (NUCLEAR)
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SPACE TRAFFIC SERVICES: RISCO DE FRAGMENTACAO

e

AREEDIEE Causes of fragmentation events along history
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* Aumenta o risco de colisao gerando fragmentos 0,4%

* Detectavel para pecas grandes, mas também gera

Aerodynamics
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* O mais sério foi a fragmentacao deliberada do satélite
chinés Fenyung, gerando 2.500 fragmentos muito
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SPACE TRAFFIC SERVICES: SOLUCOES PARA O PROBLEMA
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* Reduzir o numero de objetos relacionados a cada missao
* Passivagao de sistemas em Orbita,
* Diminuindo a pressao dos tanques de gas inerte

* Eliminou o excesso de combustivel no final da missao. Esse processo
também pode ser usado para queimar o combustivel em uma ultima
manobra que retire o satélite de sua orbita.

* Remover os satélites das drbitas mais povoadas:

* Satélites orbitando em LEO: sua altitude é reduzida até que sua vida util
seja inferior a 25 anos. Um exemplo dessa manobra é a aplicada a um
estagio do lancador Delta Il, localizado a 900 km de altitude, que levaria
centenas de anos para entrar. Apds a manobra, essa etapa foi colocada
em uma 6rbita de 200 km x 860 km, cuja reentrada ocorre em um ano.

* Re-orbitando satélites em GEO: em uma 6rbita cemitério 300 km acima
do cinturdo de uso geoestacionario.




SPACE TRAFFIC SERVICES: Space Situational Awareness

Cosmic Roys
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Um Sistema de Vigilancia Espacial (Space Situational Awareness
ou SSA) é de vital importancia para garantir o uso futuro do
espaco

Avrora and offiet
Almospheric Effecls

* A Europa nao possui sistema proprio e depende dos dados
fornecidos pelos EUA e pela Russia, o sistema SSA europeu
encontra-se numa das fases preliminares de desenvolvimento.

Space wealher effecls
W ESB-SOB PWE ATIEL A

* O sistema SSA europeu tera quatro dominios:

e Deteccao e rastreamento de objetos espaciais

» Caracterizacao de objetos no espaco

* Monitore o clima espacial

* Monitore o risco de NEOs (asterdides e cometas)

* QO sistema tera:

* Componentes no solo: radares, telescopios e data centers
 Componentes no espaco (satélites de observacao)




SPACE TRAFFIC SERVICES: ESTAGIOS DA VIGILANCIA DO

ESPACO
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SPACE TRAFFIC SERVICES: ESTAGIOS DA VIGILANCIA DO

ESPACO
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\ SPACE TRAFFIC SERVICES: OBJECT DETECTION
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EARTH OBSERVATION: HIGH PRIORITY
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Global EO downstream market projections

* Investment in EO foster job creation in 3

different markets, the multiplication effect is

amplified:

* Upsteam space market with space segment,

ground segment and launch activities = space 2
components manufacture 1500000 /

* Downstream EO data sales segment = space —
operators market -

=== PWC copernicus market report 5945,42 8 493,45 17333,58

Nothern Sky Research 5702,14 8 829,00 20901,45

* Downstream EO added value products and cc /o8 57560
EUROCONSULT 6771,82 8 642,00 16532,92

1 9 t f I dd d Statista 4870,00 8290,00 25270,00
services ecosys eém ot value a e Bank of America 5522,04 10378,49 24569,66

M M M H = Morgan Stanley 3910,57 7 232,31 14129,74

companies (Al, Big Data, Machine Learning, ...) —..

= US Chamber of Commerce 4 859,36 8522,18 19267,82

GoldmanSachs 5771,21 10815,96 38535,65

17



EARTH OBSERVATION: HIGH PRIORITY
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* EO products helps to solve the global challenges in line with
the Green Deal EU strategy:

* Climate change, environment monitoring, biodiversity
protection

* Optimization of agriculture, water and natural resources,
forestry management, detect deforestation

* Disaster monitoring (fires, flooding, tsunamis, earthquakes,
volcanoes)

* Urban monitoring, cadaster, cartography, air quality, smart
cities

* Defence applications: intelligence, border control, illegal
traffic, security, safety and search and rescue

e Oil and gas, energy, tourism, transport, utilities and civil
emergency
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GEOSat acquired the Business Units of Urthecast in Spain:
e Satellite GEOSAT-2 (12km swath @75cm) tformer peimos-21
» Satellite GEOSAT-1 (625km swath @22m) tformer beimos-1]
 10m Antenna in Boecillo, Valladolid, Spain
 Hardware for data storage, processing and delivery
* Software for Mission planning, Image processing and delivery
e Team of 46 people
* Facilities in Spain (Boecillo and Puertollano)
* Imagery Archive (6 billion km? mid res, 100 million km? very high res)

19
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GEOSAT-2 GEOSAT-1 20



229 2018 Apr. 14,2018

GEZSANT

Global Earth Observation Satellites

: TR ) 2
: ot - 5,’,
PRODUCTS: 4 € 00
GEOSAT'1 4 C
5 PPNl

Imagery ol ok

9, T

vE 2 )8
Wide coverage capability 5_ f;' e
(625km swath @ 20m) g B Pk LT G S BT AN o
' s (del ¥ TR e S e

Agriculture
Environmental management

Maritime traffic monitoring

KT Dsunes I Lamp Firer A, 1
m DBt Imagmg el U‘lheC'L.t Cormpary.--

Dsimos-1, Hill Firs and Woolssy Fire burn scars,
& Deimos Imaging, an UrtheCast ﬁﬁ




GEZSNT

Global Earth Observation Satellites
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‘ COASTAL POLLUTION CONTROL
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COASTAL POLLUTION: AIR QUALITY CONTROL
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\ DISASTER MONITORING: TSUNAMI IN JAPAN (FUKUSIMA)




\ COAST NATURAL DISASTER MONITORING: TSUNAMI IN

JAPAN
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. , Before
- Satellite radar and optical

imagery are also a valuable tool
for mitigation of coast natural
disasters

« Change detection algorithms
provide a first alarm in case of
large affected areas

« This image presents areas of
Japan before and after the
tsunami, a quick analysis of
infrastructures was done with
above techniques



\ DISASTER MONITORING: TSUNAMI IN JAPAN (FUKUSIMA)

AIRCTENTRE




\ COAST NATURAL DISASTERS: FLOODING (Katrina)

- 17th Street Canal Breach

New Orleans

AIRCENTRE = London Avenue (E) Canal Breach — 4

- London Avenue (W) Canal Breach ~ *

= Industrial Canal Breach

>
P __
{ il

..Lf“
1y

st .'*- f;
. 4 l - -




VOLCANOS

DISASTER MONITORING
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| | INTELIGENCE: AIR BASE
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FIGHT AGAINST PIRACY
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| Fechﬁ d; a&qulsidén: 2009-11-05; Hora:07:D§:38

« Satellite and radar optical

imagery are also used for coastal

safety issues like fight against
piracy

 The behaviour of the pirate boats
can be identified thanks to
Machine Learning techniques

« This image presents some pirates
boats in the Indic Ocean waiting
for vessels to attack



\ CONTROL OF ILLEGAL VESSEL TRAFFIC
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» The combination of AIS + satellite [ESS o el

optical or SAR data + Al algorithms g = o, 4 3 ’

) . ) enwmiex  LERF

allows the identification of ilegal _
vessel traffic

« This image presents the maritime
traffic on Gibraltar strait, AIS data
is overimpossed on satellite optical
imagery, allowing to detect
unidentified vessels suspicious of
illegal immigration or narcotraffic

34



DETECT SUSPICIOUS OPERATIONS
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\ DETECT SUSPICIOUS OPERATIONS




\ TERRORISM: BOKO HARAM CAMEROON
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\ TERRORISM: BOKO HARAM CAMEROON
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\ | TERRORISM: BOKO HARAM CAMEROON
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AGRICULTURE

Major Land Cover Categories
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CLIMATE CHANGE, DEFORESTATION
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URBANISM, CARTOGRAPHY, CADASTER
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BEFORE AND AFTER

\ FLOODING EBRO RIVER
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\ FLOODING EBRO RIVER: BEFORE AND AFTER
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FLOODING EBRO RIVER: BEFORE AND AFTER




GERMANY FLOODING 2021
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\ USA FLOODING
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GEOSAT 1, Fire in Avila, Spain




FISH SUPPORT

MEDITERRANEO 27 - Julio - 1997
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\ TARGET GOALS
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Satellite
Operator

* The development of Earth Observation systems should target to the following goals:

Creation in Portugal of prime system integrator — operator which complete the space value chain

Generates a unique opportunity for the development of an ecosystem of small companies and
startups that produce value-added services

Positions Portugal as key player in the Atlantic and fosters international collaboration with AIR
partners

Generation of high qualified jobs in the different lines of the value chain and return of investment
54



ROLE OF GOVERNMENT
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* The actions needed to promote the EO space
industry are:

* Foster use of EO satellite data in public institutions
(cadaster, forest inventories, disaster management,

* Implementation of agile “Innovation Public
Procurement” mechanisms

* Support potential private users by giving facilities to
access loan or tax advantages

* Open privileged access to venture capital or capital
risk for startups or small companies in the EO industry

e Stimulate new vocations in this technical domain and
increase the number of graduates in the applicable
sciences

55
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POTENTIAL SOURCES OF FUNDING

* Different funding sources can be envisaged for the
development of EO system industries in Portugal:

Recovery Plan, the PRR is one of the most suitable
mechanisms, but it is not the only one

Private investment from the Portuguese space
industry

Private investment from foreign space industries
with strategic agreements

Private investments from Venture Capital or
specialized Technological Investment Funds

Support from other R&D funding mechanisms like
ESA, Horizon Europe or PT2030

The European Investment Bank (EIB)

56



CONCLUSIONS
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* After more than 60 years of space exploration, space is
now the new frontier of business

* The traditional satellite telecommunications sector is
now extended with new business like space tourism or
asteroid mining

* Space Traffic Services emerge like a new commercial
sector due to the congestion of space debris

e Earth Observation is the most attractive new space
sector as it includes three markets and provides unique
data to solve global challenges aligned with the EU
Green Deal

* In this context, the development of EO systems is a very
attractive project to promote the Portuguese industry at
the level of system prime for the first time while
providing valuable data for the space-climate-ocean
interactions and fostering international collaboration




