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FOREWORD

Dear members and readers,

I am happy and proud to introduce to you ths new edition of our ESPI Yearbook.
This long-established annual publication has gained along the years a solid
reputation of being a reliable source of information and a useful tool for
monitoring the development of the Europeanspace policy in a global contex.

With this new issue we tried to better meet the expectations of our readers and
we paid substantial efforts to ensure a consistent overall coverage of the 2019
space activities and business.

We do not pretend establishing with this yearbook THE referene document
describing and analyzing the evolution of the global space sector. Some other
publications have such ambition, but none of them has such a strong and permanent focus on the
situation of Europe. And this is exactly the purpose we pursue with th publication, highlighting the
position of Europe on the space international stage and putting forward the trends at work that deserve
being considered in the further development of the Europearspace policy.

Ui jt!' bggqspbdi ! cvj met! BectbrXbtidgtlshhgpeu! dZztgbd &k¥f! jojujhb
new ESPInsighs quarterly publication structured along four major areas of interest to our members:

0 Policy & Programmes, where we report on the latest developments of space public, governmental
and institutional affairs,

0 Industry & Innovation, where we gather prominent announcements related to space industry
evolutions worldwide and technology! most promising progress,

0 Economy & Business, which is based on a collection of indicators relevant to theglobal space
economy and markets,

0 Launches & Satellites which presents some exploitations of our inrhouse databases related to launch

site activities worldwide over the past year.

Actually, 2019 has been quite remarkable regarding the development of spacpolicy-related matters with:

0 The enactment of a few new national space policies both in civil and security & defence realms
worldwide,

0 Unprecedented financial commitments from European member states both at ESA $acel9+ Council
and at EU level during thenegotiation of the next Multi-annual Financial Framework (still to be
dpogjsnfeluipvhi A*-

0 The reorganisation of the European Commission and the settingup of a Directorate-General for
Defence Industry and Space,

0 The rise of spacesecurity and sustainability concerns fuelling renewed interest in Space Situational

Awareness and Space Traffic Management,

0 Intense efforts to consolidate future space exploration plans.

Regarding space industry, 2019 has also been quite dense with the adant of major initiatives that might
have disruptive consequences in the medium term:

0 First operational steps for a handful of microlaunchers projects,
0 Start of the deployment of mega-constellations in a grim GEO satcom environment,
0 Initiation of spectacular breakthrough In-Orbit Servicing for lifeextension of geostationary spacecraft,

Full Report
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0 Decisive progress in Ariane6 and VegaC developments along with other superheavy capacities in
the United States, Russia and China,

0 Emergence of promising innovations regarding Artificial Intelligence capabilities for space
applications, connectivity

I hope you will enjoy going through this publication as much as we did preparing it and that you will share
with us the need to fillin a gap with solid Europecentered socio-economic indicators to support the
further development of the European space policy in order to best foster effectiveness of public
expenditures, business development and investment.

| would be more than happy to reeive feedback on ways we could further tailor this publication to your
needs.

In the meantime, | remain,

Sincerely yours,

Jean-Jacques Tortora

Director of the European Space Policy Institute

Full Report
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ABOUTESPNEARBOOK ANBPACESECTON\ATCH

New ESPI Yearbdoo

The Yearbook on Space Policy is an annual publication of the European Space Policy Institute (ESPI)
providing an overview of major developments and trends in space policy, industry, programmes, economy
and overall worldwide activity over the year.

After 10 successful editions published by
Springer, ESPI decided to update th
editorial formula and publication policy of

the Yearbook. Gl Bordanci =3

Ui flofx! dFTQI! Zfbs  [NATRIGINN AN
be directly available on ESPI website, lik Space POIICy :
other public reports of the Institute. It also

| i | : :
st q mbdft! uif ! gpsnh Secuntym0uterSpace:Rismng 5 ESPI Yearbook 2019
Jttvft! boe! Usfoetl o e

for Civilian Space Programmes 3, -

another annual publication of the Institute
providing additional information and data PR
about the state of the global space sector.

€1 Springer

The 2019 edition is the first of this new Yearbook series and adopts a revised structure and content,
organised in four complementary chapters:

0 Policy & Programmes:space policy highlights and trends, major space programme developments

0 Industry & Innovation: launcher and satellite industry developments, selected company infosheets

0 Economy & Businessiglobal and European space economy indicators (turnover, budgets, investment)
0 Launches & Satellites:space activity statistics, mission highlights and ESPI laurch log

ESPI Yearbook does not aim to be comprehensive but rather to provide useful information, data and
insights on a selection of topics expected to shape the future of the global and European space sector.

ESPI Space Sector Watch

ESPI continuously monibrs international space affairs and tracks a selection of indicators in proprietary
databases. The ESPI Yearbook is part of this broader space sector watch activity of the Institute, together
with the following publications:

0 ESPInsights:every quarter, a ynthetic overview of major developments
in the space sector providing useful links to official documents, public
reports, web articles or conference websites. Starting from 2020, ESF
plans to publish ESPInsights reports more regularly, on a monthly basis
and to offer the option of an automatic delivery to registered users.

@ ESPI

0 ESPI Executive Briefsevery month, ESPI team views and analysis of a | ESPInsights

outstanding space policy topic. e A
0 Other ESPI publicationst vdi ! bt ! ui f! dZTgbdf ! —
which provides statistics and information about private investment and =
entrepreneurship in the European space sector.

Full Report
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1 PoOLICY.PROGRAMMES

1.1 2019 in a nutshell

Between the passing of new space poliées and the substantial progress achieved by important space
programmes, 2019 wasyet another eventful year for the space sector. While some developments were
certainly groundbreaking, involving important changes with far-reaching consequences many others
were long-anticipated milestones in already established pracesses. This chapter, alike the rest of the
Yearbook, does not aim at comprehensiveness but rather tries to offer a synthetic overview and selection
of developments that marked the year and which are expectedo shape the future of the space sector.

In Europe,2019 offered great promises for the future of the space sector with an unprecedented financial

commitment to European space programmes at the ESA Council at Ministerial Level with total

t vct dsj g uj5pilion. inpardlldl 8pade was also the subject of intense discussions at European

Union level with theelection of a new Parliament in May, a rerganisation of the Commissionin November,

including the setup of a new DirectorateGeneral for Defence Industy and Space and the negotiation of

the next Multiannual Financial Frameworkwhich will cover the period2021-2027. No final agreement has

been reached on thefuture of the EU space programmeat the end of 2019 but the main lines were drawn

and it could legitimately be expected that the overall budget villt uboe! bs pv o ot theh&t cj mmj p «
seven years excluding complementary funding from Horizon Europe and otter relevantEU budget lines

Of course, he COVIDL19 crisis may very well reshuffle some of the cardsin 2020.

At the global level, 2019 has been a landmark year in the space defence domain, confirming a change of
paradigm in the approach of various spacefaring nations and intergovernmental organisations to military
space activities. Multiple policies were issued over the yeargcharacterised by a more assertive posture of
some governments starting to address space as an operationalmilitary domain, reorganising their armed
forces and programmes and developing offensive and defensivespace capabilities as part of new
doctrines. Notably highlights include the publication of new strategies in France and lItaly, the
establishment of the U.S. Space Force and Spac®evelopment Agency but also the Indian AntiSatellite
Test in March or the adoption of a new NATO space defence policy.

Public and private actors of the space sectorare also concerned by the rising challenge to ensure the
safety and sustainability of space operations at a time of globalization, diversification and intensification
of space activities. In this regard, the year has been marked bymportant developments such as the
adoption of guidelines for the longterm sustainability of outer space activities by the UN COPUOS but
also by the emergence of several industry-led initiatives to promote the adoption of better suited
standards and best practices for space operations.

Another important area for space policy and programmes in 2019concerns space exploration plans and
in particular the reignited lunar ambitions through the Artemis programme which is progressively taking
shape. Despite the many milestones reached, some questions remain regarding fundingformalis ation of
partnerships and the future of the ISS.

These are only a few outstanding highlights of a year that saw many morespace policy and programme
developments across the entire spectrum of space activities ranging from Earth Observationto Space
Science.

Full Report
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1.2 Space policy ighlights andtrendsin 2019

1.2.1 ESASpace 19+ecord breaking subscriptions bolstering ESA programmes

Undoubtedly the most important development for ESA in the year 2019 was the ESA Council Meeting at

Ministerial Level p Spacel9+ p which took place in Seville, Spain in Mvember 2019. ESA Ministerial

Councils take place every two to three years and bring together ESA Member States and observers to

make decisions on programme proposals and the funding for ESA: The last ESA Ministerial Council took

place in Switzerland in 2216 under the vision of a United Space in Europe in the era of Space 44nhd
sftvmufe!jo!uif!bmmpdbujpo! pg! U021/ 4C! gps! FTB!t!tqgbdf!

The 2019 ESA Council at Ministerial Level was held under the mott@pacel9+x j ui ' ui f ! bj n!l up! dzbqg
dpngsfifotjwf!tfu! pg!gsphsbnnft!up!tfdvsf! Fvspqgf!t!]
3131t-!cpptu! Fvspgf!t! hspxjoh! tqgbdf! fdpopnz-!boe! nbl
Solar System and the Universe beyod, all the while making the responsible choice to strengthen the

fggpsut! xfltbsf!nbljoh!up!®tfdvsf!boe! gspufdu! pvs! gmbof

Uijtl!zfbs-!'njojtufst!dpnnjuufe!uif!cjhhft u!sB'withs! cvehf
Germany as the largestcons j ¢ v u p srhj)nthdj-p3o: *5-11 g p mmp x hjerhmjzp &G*slbmad ! ) WBmZ
Million)*J ouf sftujohmz-!'uif!tdjfodf!gsphsbnnf!sfdfjwfeluif
The Space Science programme is embedded in one of the four pillarso ddpsej oh! up! xi j di!
programmes and activities will be carried out, as proposed by DG Worner in 2018The four pillars are:

0 Science and exploration comprising Space Science and Human and Robotic Exploration;

0 Safety and Security comprising Space Safdy, Safety and Security Appliations and Cybersecurity;
0 Applications: comprising Telecommunications, Earth Observation, Navigation;

0 Enabling and Support comprising Technology, Space Transportation and Operations.

1dzZF TB! po! ui f! xbz! up! ITEpA @ttcber200®:0e! cf zpoeA
https://lwww.esa.int/About_Us/Corporate_news/ESA_on_the_way_to_Spacel9 and_beyond
2dzFvspgfbo!njojtufst!sfbez! FTB! gps ! b4.0VBIA (Decerhber@@lé)f ! j o! Fvspqgf!joluif
https://lwww.esa.int/About_Us/Ministerial_Council_2016/European_ministers_ready ESA for_a_United_Space_in_Europe_in_the_e
ra_of_Space_4.0

3dzZFTB! njojtufst! dpnnj LESANbvenbert201®.u! f wf s! cvehfu

http://www.esa.int/Abou t_Us/Corporate_news/ESA_ministers_commit_to_biggest_ever_budget

4 Total revised amount including subscriptions from Romania, see Replay of ESA Director General's press briefingvailable at
https://lwww.esa.int/ESA_Multimedia/Videos/2020/01/Replay_ESA_Director_General_s_press_briefing

5 Charts on subscription to ESA programmes (November 2019). Available at:
https://esamultimedia.esa.int/docs/corporate/Space19plus_charts.pdf
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A detailed breakdown of Member State contributions at the ESA Ministerial Council 2019 is provided

below:
Austria 190 1.3%
Belgium 816 5.7%
Czech Republic 150 1.0%
Denmark 128 0.9%
Estonia 9 0.1%
Finland 110 0.8%
France 2,664 18.5%
Germany 3,294 22.9%
Greece 84 0.6%
Hungary 97 0.7%
Ireland 81 0.6%
Italy 2,282 15.9%
Luxembourg 129 0.9%
Netherlands 345 2.4%
Norway 284 2.0%
Poland 166 1.2%
Portugal 102 0.7%
Romania* 44 0.3%
Spain 852 5.9%
Sweden 244 1.7%
Switzerland 542 3.8%
United Kingdom 1,655 11.5%
Slovenia 5 0.0%
Canada 114 0.8%

Total contributions 14,388 100.0%

*Subscription from Romania updated after Space19+ conference, final amount not communicated yet

Table 1: Total subscriptions per contributor (Source: ESA®

6 Ibid.

Full Report n
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ESA also released the breakdown of subscription allocation per line of activity:

Prodex

Basic Activities U33: 1 N : -
)93 6) ,NJ6 9 61 N‘ Human & Robotic Exploration

U2-:64! N

‘ Science Space Safety
Uu2-792'108- 2 N * U543! N
e Safety & Security Applications
U21:! N

_Spaceport CSG
U41:),N031

Earth Observation

Space Transportation U3-652! N

U3-349! N l
Tegh6n07|029yl N Telecommunication
: . U2-622! N
U83! N v 6

Figure 1: Total subscriptions per line of activity (adapted from ESAY
Three resolutions were passed as a result othe ESA Ministerial Council 2019:
Resolution 1

The first resolution, titled Resolution on Space: The five dimensions of Space 4.0,0pens with reflections

on the ESA Convention, preceding resolutions on ESEU cooperation and acknowledges the work of ESA,

as well as the role of Member States visa-vis and within ESA. It then invites the ESA Director General to
gptufs!FTB!t!usbotgpsnbujpo!joup!dib!tgbdf!bhfodz!ui bu
reliable and sustainable capabilities andj o g s b t ups alodguthe dife Ldimensions of Space 4.0 put

forward by an ESA Director GeneralAccording to the resolution, this should be achieved, inter alia, by:

0 tusfohuifojoh! FTB!'t! gptjujpol! bt! b! diméebtmlftoghe bewwe! sf mj b
fsb!'pg! hmpcbm!tqgbdf! fygmpsbuj polXk

0 dzf otvsjoh!uif!jngmfnfoubujpo!pg! Tgbdf2: ,lefdjtjpot L

0 cpptujoh!fyjtujoh! Nfncfs! Tubuft!!dbgbcjmjujft!bt!xf

0 dzddpousjcvuj dhvlupp!phvzs gopfltbad!df ttj oh-!fygmpsjoh! boe! vt

Resolution 2

The second resolution, titled Resolution on the Scientific Programme and the Basic Activities for
Spacel9+’qspwj eft! bl csfblepxo! pg! dzui f! sftpvsdHepdriadp! cf ! nb
2020-3135 L) gps! uif! Tdj fouj gj d! Qavipghregrchtod i! fblolej Lfbd y pd !BHIfug fi
Qspgptbm/ ' Uijt!dpwfst!uif! bmmogdsd|Fird!!pgd!lchs-j A3 DN-u!jjwg dum
for the Scientific Programme. The resolution also provides guidelines for future ESA activities in different

fields.

7 1bid.

Sd2et pmvuj po! po! Tgbdf; !'Uif!lgjwf!ejnfotjpot!pg! Tgbdf!5/ 1L )Sftpmvujpc
2019. Available at:https://fesamu ltimedia.esa.int/docs/corporate/Resolution_1_Space19+Finat28Nov-12h30.pdf

°dzSf t pmvuj po! po!luif! Tdjfoujgjd! Qs ph slevehof Resoorees for 20263 A Bt5jLd !) Bd u jpwnjvwijj fpto!!
2), adopted by ESA Ministerial Council on 28 NovembeR019. Available at
https://esamultimedia.esa.int/docs/corporate/Resolution_2_Space19+Final-28Nov-12h30.pdf
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Resolution 3

The third resolution, titled Resolution on ESA programmes: addressing the challenges aheatf reflects on

ui f ! Ej sf dup s iTéirh Bldn 2022029 Whith pehains to the expected evolution of European

tgbdf! bdujwjujft-!boeluif!spmft! uibu!tublfipmefst! bo
play in this timeframe. The resolution continues to detailp along the four programmatic pillars of ESAp

new plans of the Agency, reflections on ongoing programmes and new priorities for the future:

0 Science and Exploration the resolution acknowledges the successful space science missions and
notes the utility of the Second Period of the European Exploration Envepe Programme (E3P)p now
tusvduvsfel!l bmpoh! dzgpvs! dpHKumdnsih luow &drth @rhitt(LEQ)idumand b ngbj h o
beyond LEQ Lunar robotic, Mars robotic exploration. The resolution recalls that the E3P particularly
bjet! jo! nffuj oh! sdauociffs!! £V sgpjqofbbood'j Rm! pcmj hbuj pot! bs]|
Jouf shpwfsonfoubm! Bhsffnfou! )JHB*! boe! Nfnpsboevn! p
goes on to express the prioritization of the formalisation of the European participation in the Lunar
Gatewaya e! ui f ! Nbst! Tbngmf ! Sfuvso!dbngbj ho! xjui! OBTB! j
gps!uifl!bduvbm! ef wfmpgnfou-!mbvodi!boe! pgfsbujpo!pg

0 Safety and Security:the resolution outlines that the successor to the Space Siuational Awareness

programme p the Space Safety Programme (S2P) aims to protect Earth and humanity as well as
bttfut! gspn! i b{bset! xjui! uifjs! psjhjo! jo! tgbdf-1]
addressing hazards originating in space throughthe identification of their different types, the analysis

pg! uifjs!tubuvt-!tfwfsjuz! boe! nbhojuvef LS ! Gvsui fsn
dzf t ubc mj t iterno Frdmdwbrknfpr oirrorbit servicing starting with active debris removal
pegpsnfel po!bo! FTB!'tgbdf! pckf dulLJ

0 Applications: the resolution addresses Earth Observation Programmes, Telecommunication
Programmes, and the Navigation Programme.

3 Within the section on Earth Observation the resolution elaborates on three groups of missions
joup! xijdi! FTB!'t! Fbsui! Pctfswbujpo! gsphsbnnft! ib
Observation, Operational Earth Observation and Customized Earth Observation. Regarding the
Future EO programmep which was formerly the Earth Observation Envelope Programme ESA
welcomes the creation of new Scout and 3 -sat missions to foster the NewSpace domain. For
ui f! Pgfsbujpobm! FP! hspvg-!uif! sftpmvujpo! gpdvt ft
Sentinelmj t t j pot! boe! uif!sfmbufe!hspvoe!tfhnfould gps!
3 Regarding the Telecommunication Programmes, the resolution states the succession of the
ARTES Programme by the Programme of Advanced Research in Telecommunication Systems,
ARTES 4.0, which is designedu p! dzgspwj ef! b! tusfbnmjofe! boe! npsf!
toolset to support industry in the increasingly dynamic and fierce competitive market
fowjsponfoulL) !Uifl!lgsphsbnnf!jt!nfboulup!dzfotvsfl!lu
of the fiercelyd pngf uj uj wf! hmpcbm! uf mfdpnnvojdbuj pot! nbslf
3 Regarding Navigation, ESA primarily reflects on the progress of the Navigation Innovation and
Tvgqgpsu! Qsphsbnnf! ) OBWIJITQ*!jo!jut!gjstuluisfflzfb
alongtheentre PNJ! wbmvf ! di bj oL}l evsjoh! Qi btf! 3-Tup!dinbj out
cfzpoeluifl!tdpqgf!pg!l13131!boe!lgvuvsf!Iipsj{po! Fvsp

10d7Sf t p mv u jppogranpned: ddréddingthe challenges ahead J! ) Sf t p edopted pydESAMinisterial Council on 28
November 2019. Available at https://fesamultimedia.esa.int/docs/corporat e/Resolution_3_Space19+Finak8Nov-12h30.pdf
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0 Enabling and Supportithe resolution reflects on the progress of the development of the Ariane 6 and
VegaClauné f st ! boe! jo! gbsujdvmbs!tusfttft!uibu! dzif! Bsj
Fvspgf!t!bvupopnpvt!bddftt!up!tgbdf!gspn!Fvspqgf!t!T
nbsl fu! fobcmfst! cfzpoe! uifl!tgbdf ! tefnore,pghe fegplpton ui f ! Fv
foepstft! uif! FTB! Ufdi opmphz! Tusbufhz! boe! effnt! ju
European space sectorand thefullt db mf ! j ouf hsbuj po! pg!tgbdf! joup! npef

Mbtumz-!jo! beejujpol! up! aitiéslamdprogamaés,mchager onphg EvBImi@&! t ' t q b d
pg! uif! Bhfodz!t! Joevtusjbm! Qpmjdz! sfjufsbuft! uif! of:
tvhhftut!nfbtvsft!up!bdijfwf!b!gsbnfxpsl!uibuadbufst!
competitive international market.

Notably, throughout all resolutions, the importance of the relationship between ESA and the EWas

stressed, specifically through the mentioning of successful past and present cooperation p e.g. the

Copernicus programme, the 2016 ESAF V! Kpj ou! Tubuf nfou! po!lui fl dzaibsfe! wj
pg! Fvspqf p prdahrotigg bnddurbding future cooperation. In sum, according to ESA Director

Hf of sbm! Kbo! X" sofs-! uif! Njojt uf sigtuenthatDspes dndpjratidn,3 1 2 : ! dzc
competitiveness and responsibility underpin our actions for the coming years, with ESA and Europe going

beyond our previous achievements with challenging new missions and targets for growth along with the
xjefs!jdevtuszl]

gesa Spacel9 g

Official group photo Spacel9+ (Credit: ESA S. Corvaja)

11 dZSA ministers commit to biggest ever budget ESA (November 2019):
http://www.esa.int/About_Us/Corporate_news/ESA_ministers_commit_to_biggest_ever_budget
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1.2.2 European Union prepasfor 20212027 with new Commission

New European Commission

2019 has been a key year fothe EuropeanUnion. Between the 239 and 26" of May 2019 took place the

elections for the renewal of the European Parliament(EP). The first task of the new EP has been the
appointment of a new Commission. Ms. Ursula von der Leyen, former German Ministry of Defenceyas

elected President of the Eurgpean Commission on July 16" 2019 and the new Commission received the
Qbsmj bnf ou! Novérdber 37/ 20b9randwfficially entered office on December Bt 2019.

The new European Commissionorganisation has contributed to raise the visibility of spaceas a domain
of strategic importance for Europe. For the first time in the history of the European Commission, the
Commissioner for the Internal Market p Thierry Breton p will be supported by a Directorate-General
exclusively devoted to Defence Industry ad Space (DG DEFIS)This development entails the transfer of
certain units and directorates from the DG Internal Market, Industry, Entrepreneurship and SMEs (DG
GROW) to the new DG for Defence Industry and Space, namely:

0 Unit GROW.02 (Financial Managemenbf Space Programmes)

0 Directorate GROW | (Space Policy, Copernicus and Defence)

0 Directorate GROW J (EU Satellite Navigation Programmes)

0 The part of Unit GROW G3 (Access to Procurement Markets) dealing with defence procurement.

DG DEFIS organigramme (as of pril 20" 2020) is provided hereafter!?

In her Mission Letter to Thierry Breton, Ursula von der Leyen statethat space policy is one of the
Fvspgfbo! Vojpo!t! dinpt u! wh3vibfc!mf H nbnote!! ptou! sbiuff thp @ rojt tt tf jud
tuspoh! boe! joopwbuj wf! tgbdf! joevtusz-! nbj-effactvg oj oh! ui
bddftt!up!tgbdfL-'!up!jngmfnfouluifl!lgvuvsf! Tgbdf! Qsphs
boe! nbndgstpwlgioh! ui f! dsvdj bm! mj ol ! cfuxff oPtltgemdifistoboe! ef g
be seen what the dynamic of pairing space with defence industry will yield both in terms of policy and

public action.

12 DGDEFIS organigramme (as of 20 April 2020)Available at:https://ec.europa.eu/info/sites/info/files/organisation_charts/dg -
defis-organigramme_en.pdf

BUrsulavonderMf zf o- ! dZzNj t t j po! MfQomniissibnerg p8il Jbsé§ zoBsnf Wpesd FulLd )Efdf ncfs! 312
https://ec.europa.eu/commission/commissioners/sites/comm -cwt2019/files/commissioner_mission_letters/president -
elect_von_der_leyens_mission_letter_to_thierry_breton.pdf

1 1bid.
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Figure 2: DG DEFIS organigramme as of April 20" 2020 (Source: European Commission)
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The establishment of this new Directorate General marks a crucial step forward in a longstanding political
development process. This pairing of defence industry and space clearly yields an interesting dynamic
regarding the longterm development of both sectors in the EU framework In addition, it paves the way
towards further potential synergies and raises important questions for the future conduct of EU space
affairs:

0 Onaprogrammatic level, how will defence-oriented applications and operations be integrated in the
EU space programme? How will this rapprochement support the EU space agenda and prioritiesni
particular with regards to strategic autonomy?

0 On a budgetary level, the current ratio of institutional funding supporting R&D between these two
domains is quite in favour of space. Will this balance be impacted in the future according to the
relative size of the industrial sectors and the needs expressedy Member States?

0 On apolitical level, to what extent will Member States with limited industrial military capabilities
support the further growth of EU space defencerelated budgets and responsibilities? Will the more
active ones agree on any additional tansfer of sovereignty towards the EU?

0 On aninstitutional level, what will be the role of the freshly created EU Space Programme Agency
(EUSPA) in defenceoriented activities? What will be the distribution of responsibilities between the
various EU actois concerned, namely EUSPA, EEAS, EDA, as well as ESA?

These are just a few of the questions that the next Commissioner and Director General in charge of
Defence industry and Space will have to tackle in order to clarify the scope of this enlargement of
responsibilities of the European Commission He will be challengedto propose a way forward towards a
clear and ambitious European Space, Security and Defence policy adapted to the current evolution of
threats posed to EU citizens and assets.

Preparation ofthe next Multiannual Financial Framework of the Union (MFF-202T)

The roadmap to the adoption of the
next European Union Multiannual
Financial Framework for 2021-2027
has been drawn although it is still
unclear if the contributions will be set
according to the cautious level
proposed by the outgoing Commission
and accounting for the 1.114% of EU27
GNI (Gross National Income) or for the
more ambitious proposal made by the
Parliament calling for a 1.3%o0f GNI.*® (
(Update 2020: the impact of the COVID ; rﬂ:xgycgm:m
19 on EU budgets including for space . T

activities is still unknown).

Commissioner Thierry Breton at the 12th European Space
Conference (Credit: Business Bridge Europe)

Several proposals have been madeavith
reference to the budget allocated to
space activities within the next MFF. As of today, the European Space Programmis expected toreceive

a total endowment of U16 billion for the period 2021-3 1 38/ ! Ui f ! Dpnnj ttj po! t! pckfduj

BFvspgfbo! Dpnnj ttj po-! dzD pnmissiomtp ttiebEurppean Paglianpent,!the Edropeam Council and the

Dpvodjm; !Ujnfluplefdjef! pol! ui f-2027eyipfo!! BV 59g opfbloal!j dpml rgjstbtnjf xp!stl ! gpes U SBjl1c
European Council meeting on 1718 October 2019.J! ) P d u p chitps:l/e8.Aupaeu/commission/sites/beta -

political/files/communication -euco-mff-oct2019_en.pdf
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j tEndurdzthe continuity of the existing space infrastructures and services and the development of new
poft-1\VAAlI Gptufs! bo!joopwbuj wfdfFwfslpgmpold mnyzb-d'f\!l A~ 1dSifpjsc
capacity to have a guaranteed access to space and space services?® This budget includesU: / 8! ¢ j mmj po
gps! Hbmj mfp! boe! FHOPT! gsphsbnnft! boe! U6/ 9! cjmmjpo! g
Govsatcom and Space Situational Awareness are also proposed within this budget.

As part of the MFF preparation, the next Research and Innovation Framework Programme for the period
2021-2027 (Horizon Europe which will follow Horizon 2020 is also actively discussed The European
Commission allocated a total budget of U100 billion for this programme. This framework is divided in 3
Pillars: 1) Excellent Science, 2) ®bal Challenges andEuropean hdustrial Competitiveness, 3) Innovative
Europe. Space would be included underthe scope of the second programme which has an earmarked
cvehf u! pgn. Id2he spacg domairp Horizon Europe aims tosupport FV! t | t usbuf hj d! gm
programmes (Copernicus, Galileo, EGNOS) and to develop technology and components for future EU
space infrastructures such as SSA and Govsatcom programmes. The programme is also expected to
support the development and harmonization of a common European technology base and moreover,to
sustain the space industrial ecosystemin orderto foster European campetitive position in global markets
across the space value chain.

The COVID19 crisis will likely have a profound impact on the overall MFF budget as well as on priorities
and provisions of the various resolutions, including for the space programme.

BFvspqgfbo! Dpnnjttj po-! dzDpmissiomotp tHelEurpppan Paglianpent,'the EuropearpCouncil and the
Council: A Modern Budget for a Europe that Potects, Empowers and Defendsp The Multiannual Financial Framework for 2021
3138LJ ) N intgpd:/@cleRrOp&.eulcommission/sites/beta -political/files/’communication -modern-budget-may_2018_en.pdf
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1.2.3 A change of paradigm in thepacedefencedomain

2019 will likely be remembered as a landmark yearin the space defence domain confirming a change of
paradigm in the approach of various spacefaring nations and intergovernmental organisations.

Space applications have become central to the conduct of military operations, in particular since thdirst
Gulf War, and satellites have become strategic targets for a range of actors with various maotivations and
objectives. Security threats to the spaceinfrastructure have multiplied, diversified and intensified. This is
taking place in a changing international and geopolitical environment marked by rising tensions and
changes in the global balance of power. In this context, the potential vulnerability obpace systems has
become a major concern, leading some governments to reconsider their doctrines and to adopt more
assertive postures in the space domain. More specifically, several space powers are:

O Altubsujoh! up! beesf t twartfagry ddmhirbaohgbide lapdgdir sitol sgajdanyy m!
nations are now seeking to improve and demonstrate their capacity and readiness to treat outer
space as a theatre of military operations. As a consequence, space increasingly appears as a field of
rivalry that could become an arena of conflict.
6 Alsfpshbojtjoh!uifjs!bsnfelgpsdft! up! Ovenalifisthebeesf t t
whole spectrum of space defence activities, from research, development and acquisition to operation
and command that is concerned, following new national doctrines and objectives.
6 Alefwfmpqgjoh!pggfotjwf!boe!efgfotjwf!dbgbcjmjujft!hb
Major space powers are advancing technologies to disrupt space systems (e.g. kinetic or energ
weapons, RPO, electronic and cyber) but also exploring new approaches to reinforce the resilience of
their critical space infrastructure (e.g. distributed architectures, responsive capabilities).

The year 2019 was marked by important developments in thespace defence domain contributing to this
change of paradigm.

New French SpadgefenceStrategy

On July 13" 2019, French President Emmanuel Macron addressed military personnel at the Defence
Njojtufs!lt!sftjefodf! up! boopaS9Spdce Canmant withiteegrefcimAirp g! ui f !
Force?’ Bddpsejoh! up! Nbdspo!t! boopvodfnfou-!uif! Tgbdf! Dy
efgfodf!dbgbcj mjujftL) boe! ufBuldiiymon he dtatcongniprade in01&s f odi ! t
on her commitmentto j odsf btj oh! Gsbodf ! t! t u¥ [Frercth DPetehceb Miniskeo pnz! j o
Florence Parly announced on July25"3 12 : ! Gsbodf ! t! gpsuidpnjoh! Efgfodf! T
following pillars:

0 dib! cfuufs!voefstuboejoh! pgluif!tgbdf!dpoufyulLld
0 dZ odsf btdfug wode!stpuf duj po! pg! Gsbodf!t!pscjubm!tztufnt
0 dZboe! b!tusfohuifofe! @j mjubsz!tgbdf!dbgbcjmjuz/ L]

The new French Defence Space Strategy was eventually published a few days later.

Important announcements included that the Space Command would officially be estblished in Toulouse
on September1t312: ! boe! xpvme! cf! dgmbdfe! voefs!uif!bvuipsju:z
ui f! Gsfodi!Bjs!boe! Tgbdf! Gpsdf! boe! npsf pwfs! ¥j mm! sfq

7d2Gs b odd fl upf!! t gbdf ! dp nn bReeatérs(July 2019 Httpsj/isww geptersicbn/rticle/us -france-
nationalday-defence/france-to-create-space-command-within-air-force-macron-idUSKCN1U8OLE

18 1bid.

19 1bid.

20dz2ef gf odf - ! Tgbdf ! Dpnnboe! up! htpsi/gtesse.bnestfrien/defenoeCspace-corimanuzbe-Gehtdd * ; !
21 |bid.
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The Command has three objectives: einforcing French capacities regarding space support to operations;
developing autonomy in the field of space situational awareness in all orbits; and developing capabilities
for active defence in space.

Furthermore, Florence Parly
announced that she would like to
dzt f f ! ui f!l ufyut! hpwfsoj o
space evolving to take into account
the specific nature of military space
pqf s bt phet ddectives of
these moves are to provide a greater
capacity of action to the armies in
space, and to better protect French
space capacities that are of strategic
nature. To this end, the Minister
: announced the creation of a draft
French Minister of Defence Florence Parly at Airbase 942 in Lyor legislation, designating the Ministry

Mont Verdun (Credit: © Philippe Desmazes/AFP/Getty) of the Armed Forces the operator of

all defence satellites, yet in

continuous cooperation with CNESNpsf pwf s- 1 ui f! boopvodfnfou! jodmvefel .
defence capabilities through a new weapons programme calf e! ¥ Nbiusjtf! ef! m!l Ftgbdf! |
xijdi!xjmm!dz ouf hsbuf! uxp!dpngpofout;!tvswfjmmbodf! b
enhanced and a very longrange radar demonstrator will be tested. Active defence capabilities will inter
alia include anti-satellite laser capabilities for self-defence purposes®. Should French satellites be
ui sfbufofe-!Gsbodf!sftfswft!dzuif!sjhiu!boel!uif!nfbot!
powerful lasers deployed from our satellitesorfpn! gbuspmmj oh! obopt buf mmj uft LJ !
satellites of the adversaries?*

To support these measures and renew French satellite capabilities, Florence Parly announced an
jowftunfou! pg! U811N!)jo! beej uj p o itaryplannoirgfal)Wih/theé &h cv e hf u!
of reaching full capacity in 20302°

New lItalian National Security Strategy for Space

Jo! Jubmz-1!312:1! xbt! nbslfe!cz! uif! sfmfb’Thd dayrheati f! dZ20bu
explores the global nature of the gace security issue and calls for of a systemic approach to strengthen

the national space sector. Five strategic objectives were set to support the growth and strengthening of

the national space sector:

0 To ensure the safety and security of space infrastrucdures;

0 To safeguard national security, including through space, by ensuring access to and use of national
security capabilities in any situation;

2dzGmpsfodf! Qbsmz! vowf jmt!uif! Gsfodi!tgbdf!efgfodf!tusbufhzLJ ! Qfsnt
Disarmament (January 2020):https://cd -geneve.delegfrance.org/FlorenceParly-unveils-the-French-space-defence-strategy

2 |bid.

24 dzrance to develop antisatellite laser weaponsLRFI (July 2019)http://www.rfi.fr/en/france/20190725 -france-develop-anti-

satellite-laser-weapons

®dzEf gf odf - ! Tgbdf ! Dpnnboe! up! htpsi/gtesse.bnestfrien/defenoeCspace-corimanuzbe-Gehtdd * ; !

2 Presidency of the Council of Ministers of Italy,National Security Strategy for SpacéJuly 2019):
http://presidenza.governo.ittAmministrazioneTrasparente/Organizzazione/ArticolazioneUffici/UfficiDirettaPresidente/UfficiDire tta
_CONTE/COMINT/NationalSecurityStategySpace.pdf
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0 To strengthen and protect the institutional, industrial and scientific sectors;

0 To promote a space governarce capable of ensuring sustainable, safe and secure space operations
at international level;

0 To ensure that the development of private initiatives in the space sector (upstream and downstream)

is consistent with the country's overriding interests.

The document calls for SST/SSA capabilities development, support to STM initiatives, promotion of a
regulatory framework, to address also the growing role of commercial activities. The strategy promotes
the adoption of a comprehensive approach to protect all naional interests but also asserts that it is part
of a European Space Strategy aimed at preserving the leading position of the European Union in this
sector. More generally, a strong emphasis is put on international cooperation and diplomacy at bilateral
and multilateral levels, enabling the reduction of threats and ensuring a more sustainable space
environment. In line with the security strategy, the Ministry of Defence initiated the creation of a space
operations command within the Joint Chiefs of Defence Staff, after an overall reorganisation of the Space
General Office?’

U.S. Space Force and new U.S. approach and posture in space defence

2019 was also a very significant year for U.S. spacalefence developments, particularly in regards to the
reorganisation of the U.S. Armed Forces and the creation of the U.S. Space Forc&his is in line with views
already expressedin 2018 when President Donald Trump reasserted the vision of space as avar faring
domain and expressed the will to set up a Space Forcevithin U.S. Armed Forces.

On 19 February 2019, President Trump signed the Space Policy Directive 4, directing the U.S. Department

of Defense to deliver to the Congress a legislative proposal for the creation of a Space Force which was

approved in December2019. This service, which is initially integrated within the Department of the Air

Gpsdf -l bjnt!up! dipshboj {f-!"usbjo! boe! frvjg!njmjubsz!t
needed space capabilities are integrated and available to all United b uf t ! Dpncbubou! Dpnnboe
Tgbdf! Gpsdf!ibt!uif!njttjpo!up! fotvsf!divogfuufsfel! bd:c
United States and its allies, deter aggression and defend their interests from hostile acts in and from

space and project military power in, from, and to space in support of these interests. In addition, the

directive also re-established a U.S. Space Command to lead space wafaring with forces provided by the

U.S. Space Force and other U.S. Armed Forces. By moving space oeions from a support function to a

gvmmz! pgf sbujpobm!spmf-!luijt!efdjtjpo!difgmfdut! uif!]
reactivated onthe 29 August 2019, and had a staff of 400 people by the end of the year (with an increase

to 500 staffers planned by 2020). It is headed by the General John Raymond, who serves also as the first

Tgbdf! Gpsdf!t!Dijfg!pg! Tgbdf! Pqf sbuj pot/

The Space Policy Directive 4 is actually part of a broader move of the Trump administration to adapt U.S.
Armed Forces to a changing military space landscape and achieve space dominance and controlApart
from the Space Force and Space Command initiatives aforementioned, the United States is also seeking
to improve and streamline its acquisition process to foster innovation, responsiveness and efficiency.
This objective stimulated the creation of a Sace Development Agency in March 2019, with the
responsibility to unify the various space defence programmes and accelerate technological
developments by reducing R&D time cycles and encouraging the integration of commercial solutions. The
first project of the SDA is a megaconstellation in low Earth orbit which would fulfil communications

Tufgbop! Qj pgqj - ! dZTgbdf ! Gpsdf ! f! ej gf tAbPrasyybDefegmben®019y. f dpoep! j m! t puupt f
https://lwww.airpressonline.it/41094/space -force-difesa-tofalo/
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needs, surveillance purposes (especially focused on hypersonic weapons and missile threats), and
provide an alternative to GPS.

Eventually, the whole spectrum of U.S. spee defence activities is being overhauled from Research,
Development and Acquisition (Space Development Agency) to Operations (U.S. Space Force) and
Command (U.S. Space Command). The administration requested $72.4 million for the establishment of

the Space Force, $83.8 million for the Space Command and $149.8 million for the Space Development
Agency. Overall, the rerganisation of the U.S. space military sector would have cost $306 million as part

of Fiscal Year 2020. Yet, decisions of the Appropriations @mmittees of the Congress modified these
ovncfst/! Fwfouvbmmz-! uif! Dpohsftt! gspwjefe! bspvoel! %
nbjoufobodf L) pg! ui f! Tqbd é&rdup reghrfdihgthe furdingiof the! SOA, wifich n p s f
finally obtained $125M for FY2020 ($30.5M for operations and maintenance, $20M for R&D and $75M for
technology prototyping). The positions of Assistant Secretary of the Air Force for space acquisition and
integration and Assistant Secretary of Defense for space policy were alo created.

Beyond the intent to optimize the functioning of national organisations, these recent decisions also

illustrate a changing posture of the United States in the field of military space. Indeedalthough some of

the proposed changes build on the égacy of previous administrations (e.g. the Space Command already

existed until 2002) or are not as ambitious as initially planned (e.g. the Space Force is not yet an
independent department), they form part of a broad move toward a more open and assertivestance of

ui f!'Vojufe! Tubuft!joluif!sjtjoh!dpoufyu! pg!b!tqgbdf! dz

2020 update: Stephen Kitay, Deputy Assistant Secretary of Defense for Space Policy, stated in February
2020 that the United States is developing a new defence space strategy d replace the document
elaborated in 2011 under Barack Obama. The new version will revolve around three pillars: maintaining
space superiority, providing space support to U.S. and allied forces, and ensuring stability in space.

New NATO space defence@poli

NATO members approved in June 2019 an overarching space policy fothe organisation. In line with
national announcements from some of its member states, NATO also officially recognized space as an
operational domain in the same way as air, land, sea ocyber in December2019. The declaration is firstly
a recognition of the significance of space technologies; however, NATO does not own any capabilities in
space and declines plans to build its own infrastructures. Nonetheless, the importance of the London
Declaration should not be diminished: firstly, the need of a space policy has been shared at various levels
during the year, from the Defence Ministers and the Military Committee to the ForeigMinisters; secondly
and most importantly, the recognition of space as an operational domain aims to increase opportunities
of cooperation and coordination among the large forum of NATO Member States within a consolidated
framework of sharing information. Yet, the issues of the potential activation of Article 5 because of a
hostile action in space and the management of national space assets during potential space operations
still have to be clarified.

Indian ASAT test and new Defence Space Agency

On 27 March 2019, the Indian Ministry of Foreign Affairs announced thesuccessful execution of an anti
satellite (ASAT) missile test launched from Dr. APJ Abdul Kalam Island launch complex, which destroyed
an Indian satellite in LowEarth Orbit (LEO).

Mission Shakti was conducted by the Defence Research and Development Orgasation (DRDO) and
reportedly was a demonstration of a hit-to-kill ballistic missile interceptor. This ASAT testp announced

Full Report



ESPI Yearbook 2019 Space policies, issues and trends

by the Indian government and detected
cz!uif!'VvV/ T/ ! njmjub
surveillance network p makes India the
4th  nation to demonstrate such
capabilities after the United States,
Russia and China. Beyond their
implications for possibly increased
deployment of weapons in space, ASAT
weapon tests are also heavily
scrutinised due to their contribution to
space debris creation. Inda claimed that
debris created as a result of the test Missile launched in antisatellite test (Credit: DRDO)

would quickly decay and have very

limited consequences for space safety. The impact, which occurred at an altitude of 283 kn3® in fact has

proven to be more problematic than claimed, with many debris fagments having high apogee altitudes

as well as a lifetime well beyond 45 days’®. Prime Minister Narendra Modi hailed this test, which was
dpoevdufel!xjuilepnftujd!ufdiopmphz-!bt!b!npnfou!pg!ob
asaspacepx f s/ ! Xi jmf! sfbggjsnjoh! Joejb!t!dpnnjunfoul! up!
stressed the importance of space for India and for the World, explaining that the defence of space assets

is crucial for India.>®

April 2019 also saw the establishment of J 0 e Pdiehde Space Agency (DSA) a tri-service agency tasked
xjuildpnnboejoh! dwuif!tgbdf!bttfut! pg!uif! Bsaelite! Obwz! b
capabilityl®J and is projected to begin operation in Fall 20192 According to a Ministry of Defence official,

the agency will have a staff of approximately 200 people from the three branches of the armed forces and

also incorporate the previously existing military space agencies, which include the Defence Imagery

Processing and Analysis Centre and the Defence Satellite Control Centf& According to an
announcement made in June 2019 by the Indian Cabinet Committee on Security, the work of the DSA will

be supported through the creation of the Defence Space Research Organization (DSRO). Thisganisation

jt!l ubtl fe! up! dzgspwj ef ! uf di oj d b ondarisatien, teef Defentes Spack t vqqp s
Bhf othbzold ! ui vt -!jo!dpokvoduj po! x jpingamultidimerSidnal agprogchmm! bj e ! J
up!vtjoh! pvufs!tgbdf® gps!tusbufhjd! gvsqgpt ft LY

2dasfrvfoumz! Bt fe! Rvft uj po t-Satelite Mispile test goraliicted on 27uMareh! 2D18.Vjinistty of! Bo u j

External Affairs (March 2019):https://mea.gov.in/press -
releases.itm?dtl/31179/Frequently+Asked+Questions+on+Mission+Shakti+Indias+AntiSatellite+Missile+test+conducted+on+27+

March+2019

X®Nbsdp! Mbohcspfl -1dzxXiz!Joejb!t! BTBU! Uf httpst/iKediplonBtican/2009/05why 4 Ui f ! Ej g mp n
indias-asat-test-was-reckless/

30 dgpeech by Prime Minister on "Mission Shakti", India's AniBatellite Missile test conducted on 27 March, 2019.Ministry of

External Affairs of India (March 2019): https://mea.gov.in/Speeches-
Statements.htm?dtl/31180/Speech_by_Prime_Minister_on_Mission_Shakti_Indias_AntiSatellite_Missile_test_conducted_on_27_M

arch_2019

SSWj wf Il ' Sbhivwbotij-!dEbejflR!apgbubveditfibsei ibnde0obogtzL) ! Ef gf ot f Of xt
https://lwww.defensenews.com/space/2019/06/12/india -to-launch-a-defense-based-space-research-agency/

2Sbkbu! Qboej u-!'"dmBhfodjft!ublf!tibgf!gps!tqfdjbm!pgfsbujpot-!tqgbdf-
https://timesofindia.indiatimes .com/india/india -begins-setting-up-new-tri-service-agencies-to-handle-special-operations-space-
and-cyberspace/articleshow/69346012.cms

BWj wfl ! Sbhivwbotij-!dEbejfl!apgbubveditfbseidgbot odz LY
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35 |bid.

Full Report


https://thediplomat.com/2019/05/why-indias-asat-test-was-reckless/
https://thediplomat.com/2019/05/why-indias-asat-test-was-reckless/

ESPI Yearbook 2019 Space policies, issues and trends

United Nations: adoption of three resolutions related to timditarisation of outer space

The First Committee (Disarmament and International Security) of the United NationsGeneral Assembly
adopted three resolutions related to the militarisation of outer space in November 2019.

Sftpmvujpo! 2; ! d2QOp! gjstu!gmbdfnfou! pg! xfbqgpot!

(A/C.1/74/L.59)

NResolution was approved with 123 in favour, 14 against and 40 abstentions. The resolution
concerns the continuation of work in the Conference on Disarmament on the topic on the basis of

a revised draft treaty proposed by Russia and China in 2008 and the dzq p t t pfaipderjaking
political commitments not to be the first to place weapons in outer t q b dtiel&solution
proposed by a group of countries including Russia, China, Cuba, North Korea and Syria was met

with concern by some delegations, including Germany, as being insufficient to dzs f t doptloee
objectives of maintaining and strengthening u s v whiléJalso including dzb ncj hwajduj f t
t i ps udpmgaaihgtthd issue of anti-satellite capabilities and a clear definition of space
weapons.

Sftpmvujpo! 3; ! dzGvsuifs!lgsbdujdbm!nfbtvsft!gps

(A/C.1/74/L.58/Rev.1)

NResolution was approved with 124 in favour, 41 against and 10 abstentions. The resolution
includes an endorsement of the 2018-2019 work of the Group of Governmental Experts regarding
the dzf mf ndf anunternational legally binding instrument on the prevention of an arms race in
outert g b duid bdlvocates for further work in this regard.

Sftpmvuj po! 4; ! dZz2Us b o tcqgvbj snieojdozh! ! bnof eb! t dvpsof gt ! ejfoo! dpfv u f

(AIC.1/74/L.60)

NResolution was approved with 166 in favour, 2 against and 5 abstentions. Particularly, Member
States are encouraged to dzd p o utg rewel and implement the transparency and confidence-
building measures proposed in the 2013 report of the Group of Governmental Experts on the
jttovf LI

Figure 3: Resolutions adopted by the United Nations General Assembly in November 2019 related to the
militarisation of outer space®:37

Other outstanding developments and events

TheVL! Njojtusz! pg! Efgfodf-!boopvodfe! bl tfsjft! pg!jojuj
RAF Air and Space Power conference in July 201% First and foremost, the former Defence Secretary
Penny Mordaunt announcedthe transformation of the Joint Forces Command into a Strategic Command
) VLTusbuDpn*! boe! hjwjoh! ju! dzb! h dightmhg domdins: Ais bandf, $ea, d! s p mf !

36 dzirst Committee Approves 11 Drafts Covering Control over Conventional Arms, Outer Space Security, as United States

Withdraws Text on Transparency.dJnited Nations (November 2019)https://www.un.org/press/en/2019/gadis3642.doc.htm

Vojufe! Obuj pot! Hf of sbm! Bttfncmz-! Gjstu! Dpnnjuuff-!diGvsuifs! gsbduj
tgbdf LY ) Pd htps/furddc8diglen/A/C.1/74/L.58/Rev.1

38 dzefence Secretary outlines ambitious space programme.JUK Ministry of Defence (July 2019):

https://iwww.gov. uk/government/news/defence -secretary-outlines-ambitious-space-programme/ ! Tf f | bmt p; ! dZSbzui f po! bc
Njojtusz!pg! Efgfodf!lufbnlup!efwfmpqg! of htp:Ninkestorgapthedn!camingwse j mj uj f t LI ! St
releases/news-release-details/raytheon-and-uk-ministry -defence-team-develop-new-uk-space?ID=2404238&c=84193&p=irol

newsAtrticle
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Dzcfs! boé.!Mbrgdvar-f!lLLi f! Njojtusz! boopvodfe! b! U44N! jowf"
demonstrator project, to be supported by a joint UKUS team called Team ARTEMIS. The Defare
Tfdsfubsz! gvsuifs! boopvodfe! uif! VL! cldd®pernajion @lympd f ! dzgj st
Defender: a multinational coalition formed to strengthen deterrence against hostile actors in space and

reduceui f!tgsfbe! pd@efcsjt!jo! pscjuld

In addition to these initiatives, the Ministry of Defence also announced the secondment of an RAF member
of staff to the Virgin Orbit programme*! and the assignment of Airbus with the Oberon project, a study on
ultra-high-resolution SAR satellites??

Kbgbo!t! Njojtusz!pg! Ef gpp!/dEBdqud!lu3 1 2;j Lol iujt U fdzES qgff ©! ui bu!
Unit will be established within the Air Self Defence Force (ASDR)zj o! psef s! up! dpoevdu! qf st j
of situations in outer space, and to ensure superiority in this domain at all stages, from peacetime to

bsnfe! dpou¥lbihaimedtd establigh this space situation monitoring system by FY2022.

3 dZefence Secretary outlines ambitious space programme.JGovernment of the United Kingdom (July 2019)

40 |bid.

41 1bid.

2dzBj scvt ! up! ef wf mpljghef dpmpmppo! gpsf mmpusbt! gps! VL! NPELJ ! Bj scvt! ) Tfc
https://lwww.airbus.com/newsroom/press -releases/en/2019/09/airbus -to-develop-technology-for-ultrahighresolution-satellites-

for-uk-mod.html

43 Ministry of Defense of Japan. Defense of Japan 2019September 2019):

https://iwww.mod.go.jp/e/publ/w_paper/pdf/2019/D0J2019_Full.pdf

Full Report


https://www.airbus.com/newsroom/press-releases/en/2019/09/airbus-to-develop-technology-for-ultrahighresolution-satellites-for-uk-mod.html
https://www.airbus.com/newsroom/press-releases/en/2019/09/airbus-to-develop-technology-for-ultrahighresolution-satellites-for-uk-mod.html
https://www.mod.go.jp/e/publ/w_paper/pdf/2019/DOJ2019_Full.pdf

ESPI Yearbook 2019 Space policies, issues and trends

1.2.4 Space safety and sustainabilityising issuesin space policy agendas

The year 2019 has also been marked by major developments in the field of space safety and sustainability,
confirming the growing importance of this topic in space policy and diplomacy agendas.

Na'!: 5 | daNjighb aRagoft highliyliny 8pac@ debris Bdies

The European Space Agency publishes every year a comprehensive report on the evolution of debris
environment in nearEarth orbits. 44

Evolution in All Orbits
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Figure 4: Evolution of the number of objects in all orbits Source: ESA}®

The report provides a very large set of data and indicators but also puts the evolution of marmade space

debris in perspective with existingspace debris mitigation best practises, particularly when with respect

up! uxp! dzgs puf d upftlelLiwgkarth Prbit(ltkD)sanhdhihe geostationary arc (GEO). The 2019
fejujpo! pg! FTB!'t! Tgbdf! Fowj sponfou®Sfqpsu!sfbdifeluif

0 The number, mass and combined area of space objects keepn rising, leading to thepossibility of
involuntary collisions between operational payloads and space debris.Launch traffic into the LEO
protected region is changing significantly, fuelled by the proliferation of small payloads (below 10kg).

0 Between 30% and 60% of all payload mass reaching endf-life in the LEO protected region does so
in orbits estimated to adhere to space debris mitigation measures.Between 15 and 25% of payloads
reaching end-of-life in non-compliant orbits attempt to comply with space debris mitigation
measures. Between 5% and 15% do so successfully.

0 Around 70% of all rocket body mass reachilg end-of-life do so in orbits that are estimated to adhere
to the space debris mitigation measures on protecting LEOIADC. A significant amount of this is due
to controlled re-entries after launch, a practice which is increasing Between 40 and 70% of rocke
bodies reaching endof-life in non-compliant orbits attempt to comply with the space debris
mitigation measures. Between 30% and 60% do so successfully.

“4ESA/ESOCF T B! t ! 8pace Zrlvimnment Repor{July 2019):
https://lwww.sdo.esoc.esa.int/environment_report/Space_Environment_Report_latest.pdf

4 PL: Payload, PF: Payload Fragmentation Debris PD: Payload Debris PM: Payload Mission Related ObjectRB: Rocket Body, RF.
Rocket Fragmentation Debris, RD: Rocket Debris RM: Rocket Mission Related ObjectUl: Unidentified

GESA/ESOCFTB! t ! Boovbm! Tgbdf(Quik20e) sponfou! Sfqgqpsu
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United Nations adopts Lofiberm Sustainability guidelines

% Y

UN COPUOS sessionGredit: UN Office of Quter Space Affairs)

The adoption of the Guidelines forthe Long-term Sustainability of Outer Space Activities(LTS guidelines)
by the UN COPUOS in June 201%as been a major step from the hternational space community. This is
also the outcome of a long process started by the Scientific and Technical Subcommittee in2010 with
the appointment of a dedicated Working Groupto identify the priorities related to the sustainability of
space activities.*” Nine years later, during its 62¢ session, the UN COPUOSeventually adopted the
preamble and final version of 21 guidelinesexpected to enhance the safety and sustainability of space
operations.*®

Ui f! MUT! Hv | ef mj-wff 2 letf gtj wl jt d orjprojhuz! pg! pvufs!ltgbdf! bdu
the conduct of space activities indefinitely into the future in a manner that realizes the objectives of

equitable access to the benefits of the exploration and use of outer space for peaceful purposes, in order

to meet the needs of the present generations while peserving the outer space environment for future
generations®LJ Ui f ! Hvj e f mj-legally binglisgmwdarecé dn:o p o

0 Policy and regulatory framework for space activities national regulatory frameworks; supervision of
national space activities; best pradices concerning the registration of space objects; and the use of
the radio frequency spectrum;

0 Safety of space operations sharing contact information, accurate orbital data and information on

space objects, space debris and space weather; conjunction asessment performed during all orbital

phases; risks of uncontrolled reentry of space objects;

47 United Nations Committee on the Peaceful Uses of Outer Spacedzeport of the Scientific and Technical Subcommittee on its

fourty-t f wf oui l'tfttjpo-!ifme!jo! W foob!gspn!9lup!2:!1 Gfcsvbsz!3121LJ ) NbDb
https://www.unoosa.org/pdf/reports/ac105/AC1 05 958E.pdf

“Vojufe! Obujpot! Hf of sbm! Bttfncmz/ ! dzSfgpsu! pg! u-isdecdndsessionj(12-21f f ! po! ui f !
Kvof ! 312: * LhttpsWwwwaino8sa.ag/résfodsadoc/data/documents/2019/a/a7420_0_html/\V1906077.pdf

49 United Nations Committee on the Peaceful Uses of Outer SpacedZuidelines for the Longterm Sustainability of Outer Space

Activitiesdz; !

https://www.unoosa.org/res/oosadoc/data/documents/2018/aac_1052018crp/aac_1052018crp_20_0_htmI/AC105_2018 CRP2

OE.pdf
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0 International cooperation, capacity-building and awareness promote and support the implementation
of the guidelines and capacitybuilding at national level, shae of experiences and expertise, raise
public awareness on the societal benefits of space;

0 Scientific and technical research and development promote research to enhance the guidelines and
investigate new measures to manage space debiris, related also to irorbit servicing.

The United Nations General Assembly decided in September 2019 to include the agenda item titled
dZJouf sobuj pobm! dppgfsbujpol!joluif!qgfbdfgvm!vtft!pg!pyv
Committee (Fourth Committee), which presented a draft resolution in November 2019 (A/74/408)%° The
resolution included a paragraph specifically related to the guidelineswhich stated that the General
Assembly welcomes the adoption by theUN COPUOSf the preamble and 21LTS guidelines andnotes
that the UN COPUOSncouraged States and international intergovernmentadrganisations to voluntarily
take measures to ensure that the guidelines were implemented to the greatest extent feasible and
practicable. The document alsoemphasizes that the UN COPUOSserves as the principal forum for
continued institutionalized dialogue on issues related to the implementation and review of the guidelines
The draft resolution on International Cooperation in the Peaceful Uses of Outer Space was adopted by the
General Assembly on 13 December 2019 (A/RES/74/82%*

European External Action Service introduces the 3SOS initiative

Fall 2019 saw the creation d a new
initiative by the European Unionp more
specifically the EEAS. Carine Claeys, oD
Special Envoy for Space and Head of the
EEAS Space Task Force announced the FEEEIES
creation of a new public diplomacy
initiative on 13 September during a panel
discussion at Eup dpot v mu! tis
Satellite Business Week. According to

Dmbfzt - ui f!' #! Thbyg

Sustainability of Outer Space (3SOS}! . . .
public diplomacy initiative will promote Carine Claeys (right) Special Envoy for Space and Head ¢
the Space Task Force for the EEAS (Credit: EEAS)

‘ethical conduct' in space amid concerns
bcpvu! pscj ubm! ef c sitalty edlist thei sfippojrt irgmundustry j spate! agepciesreng think
ubolt!up!cvjme! dzb! dpnnpo! voef ¥inspace, byilding énefipitssidchasp o b ¢ mf !
the Guidelines for the Longterm Sustainability of Outer Space Activities approved byJNCOPUOS in June

20109.

0oVojufe! Obujpot! Hf of sbm! Bttfncmz-! Gpvsui!Dpnnjuuff/!dZoufsobuj pobn
2019): https://undocs.org/pdf?symbol=en/A/74/408

51 United Nations Generan! Bt t f ncmz/ ! Sft pmvuj po! BOSFT085093! d2JJoufsobujpobm!dppqf
(December 2019): https://undocs.org/en/A/IRES/74/82

52 d#0S SOS SOS : EU calls for ethical conduct in space to avoid collision and orbital detir#utopean Exernal Action Service

(September 2019):https://eeas.europa.eu/headquarters/headquarters-Homepage/67538/s0s -sos-sos-eu-calls-ethical-conduct-
space-avoid-collision-and-orbital-debris_id

53 1bid.
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Progress on U.S. national Space Traffic Management policy implementation despite political uncertainties

In June 2018, the White House issued the Space Policy Directiv@ (SPD3), a.k.a National Space Traffic

Management Policy, which defines the principles, goals, roles and responsibilities as well as guidelines to
be followed for the establishment of a new U.S. approach to STMincluding a new sharing of responsibility

between the U.S. Department of Defense (DoD) and Departmentf Commerce (DoC)%*

With regards to the implementation of this policy, 2018 and 2019 have been marked by political
discussions within the U.S. Congress about the office/agency best suited to handle responsibilities and
tasks related to SSA/STM. Two legislative proposals with diverging views were submitted: the America
Space SAFE Management Act (put forward in the House of Representatives and giving a broader authority
to the DoC) and the Space Frontier Act (put forward in the Senate and reinforcing the role of the FAA).
None of these acts have yet been transformed inb legislation. Beyond mandate issues, progress has also
been stalled by budget allocation. To properly fulfil envisioned functions, the DoC requested a budget of
$10 million starting in 2020 for a new Bureau of Space Commerce reporting directly to the Seatary of
Commerce. The Bureau would merge past and new responsibilities of the current Office of Space
Commerce and of the Office of Commercial Remote Sensing Regulatory Affairs. In 2019, this question
had not yet been resolved either.

Despite some administrative and policy blocking points, U.S. departments and agencies already started
to work on the concrete implementation. Some preliminary steps were made to prepare the transfer of
civil-oriented SSA/STM responsibilities and competences from the DoD to tle DoC and to start the
development of an Open Architecture Data Repository ofSSA data. Based on the DoD catalogue, the
repository is planned to become the main instrument to provide civil SSA data and STM services.

Also, during 2019, the DoC as well as dter U.S. agencies for space, namely the Federal Aviation
Administration (FAA) and Federal Communications Commission (FCC), conducted independent public
consultation processes to gather views from industry and experts on future necessary actions related to

best practices, standards, regulation and commercial perspectives. There were three consultations in the
context of SPD-3:

0 GDD!t! Opujdf! pg! Qspgptfe! Svmfnbljoh! po! diNj uj hbuj pc
(released on 19 February 2019): The consltation aimed to prepare the first major overhaul of the
GDD!'t!'tbufmmjufl!lefcsjt!njujhbujpo!svmft!tjodf! 3115/

0 GBB!t!Opujdf!pg! Qspgptfe! Svmf nbflguwshz pMj! diTaitsjf dm!mg forf wej
(released on 14 May 2019): The FAA proposed updatig, streamlining and increasing regulation
flexibility to establish a single set of licensing and safety regulations across several types of
operations and vehicles.

0 EpD!'t! Sfrvftu! gps! Jogpsnbujpo! po! dzDbpnnf sdj prim! Dbqgbc]j
2019): The consultation involved three primary questions on commercial enhanced SSA/STM
capabilities, on orbital debris mitigation best practices, and on appropriate SSA/STMelated
regulations to spur U.S. space commerce.

In parallel, an interagency working group led by NASA worked on the update of U.S. Orbital Debris
Mitigation Standard Practices (ODMSP) which set rules for all U.S. satellite operators, including the
military. Several points of disagreements slowed down the progress of the working goup but the federal
government eventually issued updated guidelines in November 201%. Overall, updates to the ODMSP
were rather limited and the new version does not require a much more stringent approach to debris
mitigation from satellite operators.

5 The White House. d&pace Policy Directive3 National Space Traffic Management Policy. (18 June 2018)
55 U.S. Government Orbital Debris Mitigation Standard Practicéovember 2019)
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Multiple industry-led initiatives

The awareness of space actors regarding the issue of space debris and the risk of collision, which would

result in the loss of active spacecraft and the production of even more debris, is getting more acute.

Industrial stakeholders are particularly sensitive to this topic, given the fact that their financial results can

be strongly impacted in case of an accident. Therefore, given the slow pace of the political initiatives

aiming at setting up regulations, industry has started to propose some standards to limit the risks

associated with space junk. The main event of the year in this domain was the creation of the Space

Safety Coalition (SCC) in September, which gathers 34 companies ranging from manufacturers to launch
providersboe! t buf mmj uf! pqf sbupst-! boe! gspn! cjh! dpngboj ft
(Astroscale,DPscj u-! Spd Il Ui f MDeAmMj uj po! qvemjtifelb!tful! pg!gs
gps!uif! Tvtubjobcjmjuz! pg! msediyits mefbefssThebgsppoattitdsdpplyi j di ! x f
to spacecraft of all sizes and aim at facilitating the implementation of the 21 Long-Term Sustainability

Guidelines approved by the UN COPUOS in June 2019

In addition to the SCC, two other industryled associations also engaged in the publication of principles
for the safety of space operations.

First, the Consortium for Execution of Rendezvous and Servicing Operations (CONFERS), arganisation

focused on RPO and IOS activities and which mainly gathers indusial actors but, also, governmental

poft-! sfmfbtfe! jo! GfFcsvbsz! jut! dzSf dp%H.nTheseepiaeticeEf t j ho! |
intend to make RPO and 10S activities safer; some of them address the issue of debris, especially by

highlighting the needto take measures in order to mitigate their production. This initiative demonstrates

the will of industry, even if limited here to a specific activity, to contribute to make the space environment

cleaner and safer.

Finally, national organisations also share this mindset: for instance, in the United States, the Satellite
Joevtusz! Bttpdjbujpo!)TIB*! jttvfel!jo! Pdupcfs! tfwfshbn
Tbuf mmjuf! JoevtuszLJ!up! xijdi! TJIB! nf nc &irg proposalsniten j uuf e/ !
avoid an overproduction of debris, through means like the selection of spacecraft designs enabling
gbttjwbujpo-!sfhvmbs! npojupsjoh!pg!b!tebdfdsbgu!t!ifhb

In addition to these industry-led initiatives, ective discussions are reportedly taking place in
standardisation bodies such as the ISO and CCSDS.

EU SST Consortium: progress toward a European catalogue of space objects

Important steps forward have also been reported by the European SST Consortium, argup of EU

Member States interested in reinforcing European capabilities and cooperation in the field of Space
Surveillance and Tracking.In 2019, the membership of the Consortium increased to include Poland,

Portugal and Romania (in addition to France, Gemany, ltaly, Spain, United Kingdom) Newagreements

were signed to include Poland (POLSA), Portugal (GPSST), and Romania (ROSA)

%dzFoepst fft LI ! Tqg b bitpst/IpacgshfetyzorgDpagenid=31p p o ; !

SdzBc pvulld ! Tqgbdf htpsh/spacesafetyopgiPpageuid=p o ; !

BdZDPOGFST! Sfdpnnfoefe! Eftjho! boe! Pqgfsbujpobm! Qsbduj dft L) ! Dpotpsuj v
Operations (October 2019)https://www.satelliteconfers.org/wp -content/uploads/2019/10/CONFERS_Operating_Practices.pdf

%9 dZrinciples of Space Safety for the Commercial Satellite IndustrizJ- ! T b u f mmgsaciation) (October 209y ! B
https://lwww.sia.org/space_safety/

0 Pascal Faucher, Regina Peldszus andmélie Gravier.Operational Space Surveillance and Tracking in Eurggeaper for the First

International Omital Debris Conference (December 2019)Abstract available at:
https://www.hou.usra.edu/meetings/orbitaldebris2019/orbital2019paper/pdf/6165.pdf
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Jo!Bgsjm! 312: -1luif!ebub!tibsjoh!qgspdftt!pg!uijt!dpot
Fvspgf bo! Ebetwvgbhf ldibltt b! dpnnpo! gmbugpsn! gps! ebub! ti b
Dpot psbiAceormibgup! ui f! TTU! Dpot psujvn-!dzuijt!ebubchbtf!jt! |
maintenance of a European catalogue of space objects, where measurements will be correlated and

combined in order to determine and refine the orbit of space objects. This Euspean catalogue precursor

is currently in development and represents a fundamental element of European cooperation between

Nf ncfs! Tubuft!jdtuif!bsfb!pg! TTB/ LJ

Other outstanding developments and events

In August 2019, the Chairman of the Indian Space Resaah Organisation p Dr K. Sivanp laid the

foundation stone for the Space Situational Awareness Control Centre. While ISRO already had set up a

Directorate of Space Situational Awareness and Management, the Control Centre was established to

more systematically carry out a variety of activities related to Space Situational Awareness &
Nbobhfnfou!) TTBN*! boeluivt!qgspufdujoh!dioejbo! Tgbdf!b
pckfdut-!ofbs! fbsui! btufspjet! Fdetheomone,fthe CdntrotCpritrd f | x f b u i
Xxjmm!cflcvjmu! xjuiluif!bjn!pg!fobcmjoh!dzsftfbsdi!bduj
npef mmj oh! b oc®Contraruty thebndipnpckitmlbf minimal risk to other satellites, of the debris
fragmentsusbdl fe! boe! qvemjtifelcz!uif!DTqPD!jo! Nbz!312: -1
ui f! pscjubm! bmujuvef! pg! uif! Joufsobuj pob®mwitTthdodf ! Tub
tuspohftu!dpodfousbuj po! dicf pazt finoth&rdalmlofthe brbital altitutles| n ! b mu j
pg!nboz!dpnnfsdjbm!bt!xfmm!bt!tdjfoujgjd!boe! njmjubs:
some of the debris fragments far exceed 45 days and areestimated to rather have orbital lifetimes of

weeks if not years in some cases®.

CNES signed a Declaration of Intent on SSA and STM with the U.S. Department of Commerce @8

October 2019. THs Declaration reflects on the importance of SSAand STM for the safe pursuit of space

commerce and exploration. Whike acknowledging that France and the United States already share many

priorities and objectives regarding both SSA and STV the Declaration shows both countries intent to

further cooperate on these matters, including inter alia through the exchange of sciatific and

technological information, discussions and dialogues, as well as through the formalisation of a

Nf npsboevn! pg! Voefstuboejoh/ ! Opubcmz-"! ui f linlspadembs buj p:
traffic management is neither necessarynore f t j sbecmf ! j ofui f!l tipsu! ufsnlLl

61 |bid.

62 |bid.

63 dzoundation stone of Space Situational Awareness Control Centre by Chairman, ISR/ ! J TSP! ) Bvhvtu! 312: *; |
https://lwww.isro.gov.in/update/03 -aug-2019/foundation -stone-of-space-situational-awareness-control-centre-chairman-isro

64 |bid.

SNbsdp! Mbohcspfl -1dzZXiz! Joejb!t! BTBU! Uf httpst/iKediplonBtican/2000/05why + Ui f ! Ej g mp n
indias-asat-test-was-reckless/
56 |bid.

5 DeclaratonofJ ouf ou! cf uxf foltui f! Efgbsunfou! pg! Dpnnfsdf!pg!uif!Vojufe! Tul
Spatiales of France for Collaboration in Space Situational Awareness and Space Traffic Managem@cttober 2019):
https://lwww.commerce.gov/sites/default/files/2019 -10/DeclarationoflntentDOCCNES.pdf
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1.2.5 Progress oMoonexplorationplansdespite unresolved questions

Progress on the Artemis programme and the Lunar Gateway

2019 has also been marked by various developments and announcements regarding U.S. space
exploration plans. In particular, with regards to the implementation of the 2017 U.S. Space Policy Directive
2! xijdittfuluif! hpbm! up! dzmprbogemmreocot expto@tpmvitt gomrhercialo e ! t vt u
boe! joufsobuj pobm! gqbsuof s @ansiothe Mdonufer longtefnmbezplomatiod dnds f uv s o !
utilisbuj po-!'gpmmpxfelcz!ivnbo!njttj%ot!up! Nbst! boe! puifs

The U.S. plans and objectives were specified along the yeain March 2019, President Trumpdirected
NASA to land the first Americanwoman and the next American man on the lunar South Pole in the next five
years, thus setting the goal for NASA to complete its first crewed mission to the moon by 2024.
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Figure5: Artemis phase 1p Path to the Lunar surface Credit: NASA)

The program to achieve this feat was coined Artemis, and comprises three main programme
components:

0 TheOrionspacecraftBddpsej oh! up! OBTB-! Psj po! j-spacadissionsthabo ! t gbdf
Xjmm! vtifs!jo!b! of x " fNspbs!fp gt!qtfody dgfj!dfbymgmap s! bdaPjsg opld ! x j mm
vehicle that will carry the crew to space, provide emergency abort capability, sustain astronauts
during their missions and provide saferef ousz! gspn! effq!tqbdf!sfuvso! wf mp

0 The Lunar Gatewgy: Formerly known as the Deep Space Gateway (DSG) and then as the Lunar Orbital

Platform-Gateway (LORG), the Lunar Gateway is a structure meant to function as an outpost in a

highly-elliptical lunar orbit, thus enabling ease of access to the Moonandrets o ! up! Fbsui /! Qsj nt

will provide shelter and a place to stock up on supplies for astronauts en route to more distant

BUi f! Xijuf!lpvtf/ ! diQsftjefoujbm! Nf npsboevn! po! Sfj obDegempesbuj oh! Bnf sj
2017): https://www.whitehouse.gov/presidential -actions/presidential-memorandum-reinvigorating-americas-human-space-

exploration-program/

9dzPs | po! PNASA (as} updated: July 2019): https://www.nasa.gov/exploration/systems/orion/about/index.html

0 |bid.
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destinations. It will also offer a place to relay communications and can act as a base for scientific
sftfblsdi/ LI

0 The Space Launt System (SLS):;The SLSisthe heavymj gu! spdl fu! dzeftj hofel gps! e
boe! xj mm!tfoe! Psjpo! ps! puifs!dbshp!up!uif! NppolLJ ! dzp
fofshz!up!tgffelnjttjpot!uispvhi laidishboddldunchedfmomboz! dv s
Kennedy Space Center in Floridd?

The programme will also involve the development of:

0 Lunar Landers Human lunar landing systems designed and developed by American companies, for
which NASA is has sought proposals in 201973
0 Exploration Ground Systems a NASAprogramme aiming to ensure that the Kennedy Space Center
can handle several different kinds of spacecraft and rocketspc pui ! hpwf sonf oubfth! boe! dp
0 Artemis Generation Spacesuis, also called the Exploration Extravhicular Mobility Unit (xEMUY®
The Artemis programme will also involve other public-private partnerships to be established by NASA
such as Gateway Logistics Services (elivery of cargo to the Lunar Gateway) or Commercial Lunar
Payload Services(transportation of small systems to the Moon surface, through end-to-end commercial

payload delivery services contracts). Industry involvement in the Artemis programme isaddressed in
more details in the Industry & Innovation part of this Yearbook

Formalgsation of some international partnerships for the Artemis programme

The United States has repeatedly called upon international partners for their contributions and cooperation

CSA asc NA‘SA
~-CSa o

I Robotics
wr
ESPRIT u.s.
International < , Habitation Multi- Orion Service

\ - Habitation } Module Purpose Module
'l: Module
( | .
NAZA = R .. = I v
b2 A \ ¥ e

Power and Qe * o
5 ) . (3 mm
Propulsion \ & . - ’ - S—
Elomant 2 A . ; . -
—— il | — . &

| Orion
Loglstics o
Resupply Module
= : N

NASA

== A DEEP SPACE HUB FOR SCIENCE AND EXPLORATION COLLABORATION —_
> 14 || Command Module for ,3 Internal and g Internal and External
- 7| Lunar Surface Assets /I\ External Payloads /| ) Robotics

‘ Mixed Fleet - o Human Lunar "/“}\ International
Deliveries Surface Systems ) Crew

Figure 6: Gateway configuration concept and nternational contributions (Credit. NASA)

“ndzHbuf x bz ! xESA (MayR@1p) httpd:iviw.esa.int/ESA_Multimedia/lmages/2019/05/Gateway_with_Orion
2dzTgbdf ! Mbvodi ! Tzt uNABA (last updated: Novehten2p10)x LI/ !
https://lwww.nasa.gov/exploration/systems/sls/overview.html

3 dzast-Track to the Moon: NASA Opens Call for Artemis Lunar LandetsMASA (last updated:April 2020):
https://www.nasa.gov/feature/fast -track-to-the-moon-nasa-opens-call-for-artemis-lunar-landers

“dzFygmpsbuj po! Hs pv oNASA (fast uptlatet: Jafuary 2020)j hftps:A\diwviv.nasa.gov/content/exploration -
ground-systems-overview

s d% Next Generation Spacesuit for the Artemis Generation of Astronauts IAISA (last updated April2020):
https://www.nasa.gov/feature/a -next-generation-spacesuit-for-the-artemis-generation-of-astronauts/
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Already in March 2019, the International Space Station (ISS) Multilateral Coordination Board (MCB)
foepstfe! uif! efwfmpgnfou! pg! uif! Mvobs! Hbufxbz! bt! ui
architecture for human luo b s ! f y q fipreeb MGBpneemlters are the cooperating ISS partner
organisations, which include NASA, ESA,

JAXA, the Canadian Space Agency and

+ ORION Roscosmos.

The spacecraft

The European Space Agency is
contributing to the Orion spacecraft
(Orion  Multi-Purpose Crew Vehicle),
which consists of the Crew Module and
the European Service Modulé’. The
Fvspgfbo! Tfswjdf! Npevmf!
electricity, water, oxygen and nitrogen as
ommun.cabons. well as keeping the spacecraft at the right
power and control. ufngfsbuvsf! boé&! Ipo! dpyvs:
< 1 > November 2018, the European Service
Module arrived in Florida, USA from
Bremen, Germany to complete assembly,

Habirst for fouIr

Provides electroity. propulsion
air and water.

destination and back

maximum power. joining and testing. In November 2019,
the spacecraft was transported to
#SpacelSpius HExploreFarther Spacel 3 i OBTB!t! Qmvn! Cspp ' ' Tubu J P«

testing in a thermal vacuum chamber’®.

The module includes solar arrays, three

different engines, tanks for fuel and

consumables (oxygen, nitrogen and

water), as well as radiators and leat exchangers®®. The Crew Module provides room for four astronauts

and cargo, sits on top of the service module and through its heatshield is abletord ouf s! ui f! Fbsui
atmosphere®’. The main contractor for the European Service Module is Airbus B with other European

companies supplying components. Orion is scheduled to fly in an urcrewed flight to the Moon in 2020,

send astronauts to lunar orbit in 2022 and complete a crewed landing on the Moon in 2024,

Figure 7: Europeancontribution to Orion (Credit: ESA)

In addition to ESA's contributions to the Orion spa&ecraft, potential involvement of ESA includes "the
ESPRIT module to provide communications and refudiing of the Gateway and a science airlock for
deploying science payloads and cubesats'®? European participation in in the Lunar Gatewayendeavour
remains to be formalised as stated in the third resolution of the ESA Ministerial Council of November
2019. Nonetheless,through the European participation in the development of the Orion spacecraft, the

“OBTB-! DTB-! FTB-! Spt dp tNufilatéras @oerdinatom Board Joint St&ementMarch 2019):
https://lwww.nasa.gov/feature/multilateral -coordination-board-joint-statement

TdzP s;j lpWwi f !t g BSA {Ndverhbgr2QUB)hitp://www.esa.int/ESA_Multimedia/Images/2018/11/Orion_The_spacecraft
®dzFv sopd fTf swj df ! Npevmf LY ! FTB; !
https://lwww.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Orion/European_Service_Module

®dzPsj posbgbtdbdsj wf t ESANovember201@)s pp | LI !
https://lwww.esa.int/Science_Exploration/Human_and_Robotic_Exploration/OrioriOrion_spacecraft_arrives_at_Plum_Brook
80dzF v soppd fTf swj df ! Npevmf LYV ! FTB/

SldzUi f ! t g bEBA:kttpsbAgww.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Orion/The_spacecraft
2dzHbuf x bz ! u pESA(Mard 2819)p o LI/ !

https://lwww.esa.i nt/Science_Exploration/Human_and_Robotic_Exploration/Gateway_to_the_Moon
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European Space Agency considers itselfalready an important stakeholder in the Lunar Gateway
endeavourl®

Alongside the celebrations for the Moon landing anniversary, the UK Space Agency and NASA signed a
Joint Statement of Intent for Lunar Research and Exploration to create a working group to coordinateand
optimise the scientific research and future opportunities 8

Building on decadeslong international cooperation, particularly with ISS partners, Canada will contribute
gsjnbsjmz! up! ui f! Mvobs ! Habanhrixrbbotic systampwhitch ihclddbbeorexdb s n 4
generation robotic arm as well as equipment andspecialisf e ! u f pavdrdidg to the Canadian Space
Agency, this highly autonomous system will use artificial intelligence and will be able to:

0 dinbjoubjo-!sfgbjs!boe!jotqfdu!uif! Hbuf xbzlL)k

0 didbgwivsjfujoh! wfijdmftLX

0 dizisf mpdbuf! Hbufxbz! npevmft Lk

0 dz fmg! btuspobvut!evsjoh!tqgbdfxbmltLX

0 dzf obcmf!tdjfodf!cpui!jo!mvobs®pscju!boe!poluifl!tvsg

The Canadarm3forms a particularly crucial part to the success of the Lunar Gateway, as the Gatewawvill

not be continuously crewed p unlike the ISSp and therefore requires the Canadarm3 to perform these

tasks without real-time human intervention®”. To this end, the Canadian Space Agency announced on 19

August that it has awarded two contracts with a combined value of approximately $7 million Canadian

dollars to the Canadian company MacDonald, Dettwiler and Associates (MDA) in preparation of

Canadam3 pui f! gj stu! pg! xijdi! didpwfst! dpodfqu! boe! ufdi op
j ouf s gbd fexploratigrplarde armfXLA), while the other covers similar activities for the smaller

exploration dexterous arm(XDAJ?.

Regarding its contribution to the U.S:led Gateway and Artemis mission, JAXA President Hiroshi

Yamakawa welcomed NASA Administrator James Bridenstine at the JAXA Headquarters in Tokyo on 24

September 2019. During their meeting, they discussed ongoing and future cooperation betweedAXA

and NASA and signed a Joint Statement of Intent on Cooperation, referring to shared goals regarding
KBYB!t!gbsujdjgbujpo!jo!OBTB!t!Bsufnjt!lqgsphsbnnf!boel!
exploration. Furthermore, during a joint pressconference with Prime Minister Abe during President
Usvng!t!wjtjulup!Uplzp!jo!Nbz-!Tuifluxp!fyqgsfttfeluif]
regarding lunar exploration and affirmed their joint commitment for NASA and JAXA to collaboratein

mvobs! fygmpsbujpo! x5.ui!b!wjfx!upxbse! Nbst LJ

8dzSftpmvuj po! po! FTB! gsphsbnnft; !beesfttjoh!luif!dibmmfohft!bifbelLlld)
November 2019. Available athttps://fesamultimedia.esa.int/docs/corporate/Resolution_3_Space19+Final-28Nov-12h30.pdf

84 d2n 50th anniversary of Apollo 11 launch, UK and NASA state intent to work on future MoomissionsLJ ! VL! Tgbdf ! Bhf odz! ) K
2019): https://www.gov.uk/government/news/on -50th-anniversary-of-apollo-11-launch-uk-and-nasa-state-intent-to-work-on-

future-moon-missions

%dz2Dbobeb!t!spmf!jo! Nppo! fygmpsbuj polLJ ! Db ohttg/bwasc-qgbdf ! Bhf odz! ) mbt u!
csa.gc.ca/eng/astronomy/moon -exploration/canada-role.asp

8 |bid.

57 |bid.

8 dwo contracts awarded in preparation for Canadarm3, Canada's contribution to the Lunar GatewayJ/ ! Dbobej bo! Tgbdf ! Bhf ¢
(August 2019): http://www.asc -csa.gc.ca/eng/astronomy/moon -
exploration/news.asp?utm_source=website&utm_medium=news&utm_campaign=moonexploration&utm_content=contracts-
canadarm3&utm_term=home-page#20190819

89 JAXA and NASAJoint Statement on Cooperation in Lunar ExploratiofSeptember 2019):

https://global.jaxa.jp/press/2019/09/20190924a.html

Full Report


https://esamultimedia.esa.int/docs/corporate/Resolution_3_Space19+Final-28Nov-12h30.pdf
https://www.gov.uk/government/news/on-50th-anniversary-of-apollo-11-launch-uk-and-nasa-state-intent-to-work-on-future-moon-missions
https://www.gov.uk/government/news/on-50th-anniversary-of-apollo-11-launch-uk-and-nasa-state-intent-to-work-on-future-moon-missions

ESPI Yearbook 2019 Space policies, issues and trends

Kbgboftf! gspgptbmt! jodmvef! didppqfsbujpo! po! Hbuf xbz-
missions, utilising the Japanese HTVY ! t b df ds b g u! b o e® |h MdrembnuretadtérrhswitAXAj d mf LY
will participate with ESA on the International Habitation Module®* contributing through the development

pg! uif! dZFDMTT! tztufn-! Uifsnbm! dpouspm! t zt-prédssure! gpxf s!
u b 01 Mareover, JAXA will cooperate with NASA on Logistics Reupply®3, which entails contributing to

dzu s b outiliglpwsjupgo! po! ui f ! Hbuf xbz L) ! dzusbotgpsu!\pg”r!tnbmm!q
dzt ibgef! pg! njtt Ppathef plang for luhao expldration include the development of a

Human Pressurized Rover, the study of which is in collaboration with Toyota. This rover would contribute

ui spvhil! dmpoh! sbohf! fydvstjpo!dbgbcjmjuz! gps!ivnbo! m\
remote operate excursion capability during unmanned perp e°kJ

At the International Astronautical Congress in October 2019, the topic of Russian participation in the U.S.

led endeavour to return to the Moon was discussed. During a session attended by representatives from

Europe, India, Canada, Japan and Russid\ASA Administrator Jim Bridenstine advocated strongly for

international cooperation, while Sergey Krikalev, executive director for piloted spaceflight at Roscosmos,
njsspsfeluif!gbwpvsbecmf!tubufnfout! po! j o plansimgbou j pob m!
gbsujdjgbuf!joluif!Hbufxbz-! c% Twomdnthssprooih Audustthe foihtb ! gj o b m
tubufnfou! sfmfbtfe!cz!uif!JTT! NDC! foepstjoh!uifl!l Mvobs
ROSCOSMOS anticipates providingaulti-gvs qpt f ! dsf x! bj smpdl! npevmf! gps! Hb

Remaining questions on the future of the ISS

Despite some progress on the Artemis programme, here arestill a number of unresolved questions to be
addressed, one of which is the way the United States and international partners will bear the cost,
organisation and operation of both the ISS and the Artemis projects.

Since the launch of its first module
in 1998, the ISS project has long
surpassed its originally planned
lifespan in orbit of 15 yearp NASA
alone is spending between $3B
and $4B each year towards the
operation of the station and the
deployment of astronauts. The
pledge of the United States and its
international partners to continue
running the station stands until
2024 but the situation beyond this
date is unknown.

International Space Station (Credit ESA)

9 |bid.

NTdZNv muj mbuf sbm! Dppsej olwpjxphbsleCpb o € leK pvjf anp!gf wf! pfgd w!i f ! Hbuf xbz LJ ! KBY|
https://global.jaxa.jp/press/2019/03/20190312h.html

92 Hiroshi Sasaki,dZKBYB! t ! Mvobs! Fygmpsbuj po! "BIessiomof thejuhited Natiortgg Cdnmmitteewrbtej] po! bu! ui f
Peaceful Uses ofOuter Space (June2019)

BAdZNvmuj mbuf sbm! Dppsejobujpo! Cpbse! Kpjou! Tubufnfou!upxbse!uif!efwfn
9 Sasaki,op. cit.

% Sasaki,op. cit.

% Jeff Foust, d¥pace agencies endorse continued cooperation in lunar exploratioh/ ! Tgbdf Of xt ! ) Pdupcfs! 312: * ;!
https://spacenews.com/space -agencies-endorse-continued-cooperation-in-lunar-exploration/
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The future of the ISS raises many technical, financial and programmatic questionsA way out ervisioned

by the White House concerns a handover of the station to the private industry Former NASA chief

financial officer Jeff DeWit presented a 5year proposal for the continued utilisation of the ISS at a press

conference in June 2019, according to whch the ISS project would be handed off to the private sector.

Ef Xju!tubufeluibu!dwif!dpnnfsdjbmj{bujpo! pg! mpx! Fbsui
ui f!gjstu! xpnbo! boe! of y® Acchrding o thé plansfptesepgn cNASAzahtStd 3 5 LJ
dzdpouj ovf! sftf bsdriblsbuo e !pusfctjuwj!ouhp!!jjoolgnppsxn! j ut! mvobs! fyqgm
on the existing commercial utilisation of the ISS: While the ISS is already successfully used by numerous

commercial partners through the International Space Station U.S. National Laboratory, this plan would
foubjm!uif!dpnnfsdjbm! pgfsbujpo! ps! fwfo!gsjwbuf! pxof
ecosystem in which NASA is one of the many customers purchasing services and capabities at lower

d p t*°uThé possibility of the commercialization of Low Earth Orbit is not a new topic, in fact, a study by

NanoRacks as part of the NASA NEXTstep publiprivate model explored the opportunities for LEO
commercialization, the actions desired from government actors to foster an ecosystem for commercial

stakeholders, and the possible opportunities and constraints.

Through a new policyp the NASA Interim Directive (NID) on Use of International Space Station (ISS) for
Commercial and Marketing Activities!®* p NASA has specified some aspects of the aforementioned
proposal, which include the ability of U.S. Entities to pursue:

0 diINbovgbduvsjoh-! gspevduj po-! usbotgpsubujpo-! ps! nbs
including products intendedford pnnf sdj bm! t bmf ! po! Fbsui LXk!

0 dZJodmvtjpo!pg!gsjwbuf!btuspobvut! po! VTH! ps!l dpnnf sd|j
and associatedonpscj u! bduj wjujft-!jodmvejoh!dpnnfsdjbm! boel

0 dzv/ T/ ! hpwfsonfou! btuspobvut! dpoevdujoh! dppsejobuf
dpnnfsdj bm! boe! nbsl fujoh!bduj wjujftLk!

0 Boe! digvsdibtjoh!sftpvsdft! bwbj mbcmf! gps!vtf!po!uif!
nbsl fujoh®bduj wjujftlLl

NASA further details some of the steps it already plans towards making this transition, including steps

towards the allocation of crew resources and cargo capability, the attachment of a commercial module,

sfevdjoh! divodfsubjouz! gpdisdgmrefpydj! OB TBFbu j! dd Wjvg ailpqnd s

In November 2019, the international partnerorganisations provided their perspectives on the status and

future of the ISS

0 Accordingto ESA ! jut! dZTgbdf ! 5/ 1L tusbufhz! dibjnt! up! usbot
operating the ISS as a governmentrun laboratory to stimulating a vibrant LEO economy and providing
beefe!wbmvf!ltfswjdft!up! FTB! boe¥puifs!jotujuvuj pobm

% Nell Greenfieldboyce dks NASA Aims For The Moon, An Aging Space Station Faces An Uncertain Futlwd ! OQS! ) Kvmz! 312 : * ;|
https://iwww.npr.org/2019/07/07/734474121/as -nasa-aims-for-the-moon-an-aging-space-station-faces-an-uncertain-future

9 d#ASA Opens International Space Station to New Commercial Opportunities, Privatestronauts LASA (last updated: Mach

2020): https://lwww.nasa.gov/press -release/nasa-opens-international-space-station-to-new-commercial -opportunities-private

100 Adrian Mangiuca (NanoRacks).Outpost: An IROrbit Commercial Space Station Habitat Development Enabling CeEffective and
Sustainable U.SPresence in LowEarth Orbit(January 2019): http://nanoracks.com/wp -content/uploads/NanoRacks -LEOCOM
Study-RELEASE.pdf

W0INASA.dZOBTB! Jouf sj n! Ej sittndatiopavSpace Ratidn (1SS)ov Comrngoclrand Marketing ActivitiesLd! ) Kv o f !
2019): https://www.nasa.gov/sites/default/files/atoms/files/nid_8600_121_tagged.pdf

102 datroduction to ISS Commercial Use Polic). MAISA (last updated:August 2019): https://www.nasa.gov/leo -

economy/commercial -use/introduction -to-policy

103 (4 ASA Opensinternational Space Station to New Commercial Opportunities, Private Astronauts MAISA (last updated: Mach

2020): https://www .nasa.gov/press-release/nasa-opens-international-space-station-to-new-commercial -opportunities-private

104 diaternational Space Station Partner Perspectivet MAISA (November 2019):
https://lwww.nasa.gov/mission_pages/station/research/news/b4h -3rd/ev-iss-ip-perspectives
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0 JAXA noted its successful industry collaboration through its Kibo module and states ttb u! dzui f !
sustained use of the ISS and the Japanese Kibo module, to their full extend through 2024 and beyond,
shows significant promise for continued scientific, innovative and economic devleopments.[23°

0 ROSCOSMOSstatdui bu! j u! jt! dzf ob ¢henRusdiah Segnieht orsthedSS (ISSjR®)ad p g
gpdvt! po! uif! foe! vtf st Ll ! xi j dorghnipatod movpeoVide IS82RS f buj o h'!
utilisation services to interested ministries, government departments and private companiet.and
dZzgpdvt j oh!npog'nuioful!epfgwfbeej uj wf! ufdi opmphij ftW%jo! gbsuof

0 The Canadian Space Agency reiterated its commitment as partner of the ISS program until the end

pg! 3135! boe! voefsmjofe! uibu! gps! Dbobeb-! désfuvsot

jodpnnfotvsbcecmf LY ! Bddpsejoh! up! uif! tubufnfou-"! uif!

government on the continued engagement in human exploration after 2024°7

The proposal by NASA naturally brings up many questions, particularly on how to performsuch a
transition bearing in mind the diplomatic, political, technical and programmatic considerations. The
question of U.S. funding for the ISS also remaing currently allocated until the end of 2024, albeit some
efforts in Congress to extend funding until 2030.1%¢ Lastly, the lack of clear directives and plans from its
international partners leads to many remaining questions on the future of the ISS project and human
spaceflight in the near and distant future.

Steady progress of the Chinese Lunar Esatlon Programme

Beyond the Artemis mission, there are ongoing lunar ambitions of countries not participating in the ISS or
taking on a prominent role in the Artemisprogramme thus far p in particular China.

The year 2019 began with a substantial success ér the Chinese Lunar Exploration Programme (CLEP).
Obnf e! Dipbaftdr thé Chinese moon goddess p the programme began in 2004 and set the

objectives of orbiting, landing on and returning samples from the Moon to be achieved through multiple

missions.

Lunar orbiter

O«

Di boh! f 2007 Completed
0 200km altitude in lunar orbit
0 8 scientific payloads
0 dzefufdu! uif! upqgqphsbqgi z! bo
composition and the first microwave detection of the moon,
andnearlunart vsgbdf !t qbdf® f owj spc¢
Di boa! f2010 O Lunarorbiter Completed
0 100km altitude in lunar orbit
0 Backvg! njttjpo! -lpgith Dirdased !sgatial

resolutiont®

105 | bid.

106 | pid.

107 | bid.

108 United States Senate Advancing Human Spceflight Act (introduced in February 2019):https://www.congress.gov/bill/116th -
congress/senate-bill/584/text .

09 Xu, Y.L Zouand L. Qin® wf s wj f x ! p g !EfplojatiorbProgranManaseientific vision for future missionPaper forthe
50™ Lunar and Planetary Science Conference (March 2019https://www.hou.usra.edu/meetings/Ipsc2019/pdf/244 0.pdf

110 | pid.
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Lunar lander and rover

(@]

Di bo®&! f 2013 Completed
0 Achieved soft landing and patrol of Moon
0 Acquisition of data on Imbrium basin
0 Npojupsjoh! pg! Fbsui!t! gmbt
Violet (EUV) camera
0 Npojupsjoh! pg! dicsj hi u! b dbasedv
vmusbwj pmfu!¥f mftdpqgf!) MVU*
Di bo®Tlf 2014 © PrecursormissionforChboh! f! 6! mvobs!t b Completed
0 Di bod!ltfgbdfdsbgu! gf buvsjoh!
0 Dbssjfel!l fyqfsjnfout! dzup! fy
sbejbujpo! fowjsponfoulcfzpo
Di bod! f 2019 0 Lunar lander, rover andelecommunication relay satellite Completed
0 Mboej oh! po! nfacipghenispherg im ¥dn Karman
crater of South Pole-Aitken basint'?
0 Downlink of measurements, images and data through relay
satellite, inter alia on rock formations, structure of lunar
crust, solar activity and underground water content!?
Di boh ! flate O Fourmodules: Planned

2020 - 15t module: will land on Moon and collect samples
- 2" module: will land on Moon, gather samples from first
lander and ascend into orbit, dock with third module
- 3@ module: will bring samples from second module to
orbiting fourth module
- 4" module: will bring samples back to Earth

0 Xjmm!vtf!ljogpsnbuj po-bNhlbmisisoh s
on re-entry design for sample return capsule*

O«

Di b o ! f2023- Mboefs! dzeftjhofel! up! Sf“VSO!PIanned
2024 g L

Diboh! fTBD O Qmboofe!up!tvswfz!tpvui! dpr pgnned
geological composition, locations of water ice, and space

f owj sp%dnf oulLl

Di bo& ! f TBD 0 dzef t | htesftechnalqmies necessary to the construction pjonned
pg! b! mvobs!'™djfodf!cbtfLJ

Table2; ' Qbt u! boe! gvuvsf! Diboh!f!njttjpot

111 |bid.

22Bebn! Nboo-! dzDi job! t! Ditbmp!hdif fl 'IONphalI/n!; T dNg d fthitps:pwiviv. spade.comM31s9z ! 312 : * ; |
chang-e-program.html

WTuf gi f oChhagulgishf-t! 'dDi boh! f! 51 ebub! pof! zfbs! bgultds!" Bglsdfud mbloiegy lo@p plo) Kl
2020): https://space flightnow.com/2020/01/06/china -publishes-change-4-data-one-year-after-first-landing-on-far-side-of-the-

moon/

WEbwj e! S/ ! Xj mmj bnt - ! dzGv uNASA Spdae Jcientet Diath Gbordirmted Archive (Igstpupdatedy December

2019): https://nssdc.gsfc.nasa.gov/planetary/lunar/cnsa_moon_future.html

115 |bid.

116 | bid.

17 1bid.
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Jo! Bvhvtu! 312: ! Dijob!ibt! boopv o d6lenarimisgop,pvigidh aitosutg po! g mb
return samples from the Moon. Through this new cooperation plan, China is offering to carry one payload

pg! 21! 1 h! po!jut! pscjufs! boe! mboefs! sftqfdujwfmz/! Uif
universities, private enterprises and foreign scienty j d! s f t f bs d¥®!Ij March R0a% GNES o t LJ
President JeanYves Le Gall and CNSA VicAdministrator Zhang Jianhua signed a cooperation

agreement on space cooperation between China and France. The agreement signed in the presence of

both Presidents Emmanuel Macron and Xi Jinping pertains notably to the flight of French Experiments on

ui f!'Dijoftf!Diboh!f!l 7!l njttjpo! dzu@!lll3fsu¥so!tbngmft! gspn

Fwfouvbmmz-!uif! Dijob! Obujpobm! Tgbdf ! Benjegignofthebuj po! q
Nppo!t!tpvui!gpmfL}:!bddpsejoh!lup![iboh!LfKjbo-!ifbelp
state news agency Xinhua?®®. The details of this endeavour are to be announced.

Indian Moon plans: Chandraya&rachievements and Chandesan3 ambitions

India has made significant progress in lunar exploration in 2019, most notable is its Chandrayaai2 mission.
Uif!'njttjpo!lxbt!dpngsjtfel!lpg!b!mvobs!pscjufs-!b! mboef
Tpvui! Qpmf ! pbgeubfhNebopd jodsfbtf! mvobs! |l opxmfehf ! dzui ¢
seismography, mineral identification and distribution, surface chemical composition, thermo-physical

di bsbdufsjtujdt! pg! upqg! tpjm! boe! dpnr% ghHejChandragalan@ g! ui f !
orbiter carried the following scientific payloads!?*:

0 Terrain Mapping Camera 2 (TMC 2)

0 Chandrayaan 2 Large Area Soft Xay Spectrometer (CLASS)

0 Solar Xray Monitor (XSM)

0 Orbiter High Resolution Camera (OHRC)

0 Imaging IR Spectrometer(lIRS)

0 Dual Frequency Synthetic Aperture Radar (DFSAR)

0 Chandrayaan 2 Atmospheric Compositional Explorer 2 (CHACE 2)
0 Dual Frequency Radio Science (DFRS) experiment

The Vikram lander carried the following payload$??:

0 Radio Anatomy of Moon Bound Hypersensiti\e ionosphere and Atmosphere (RHAMBA)
0 Diboesb! t! Tv-physica Expbddment{ChaSTE)
0 Instrument for Lunar Seismic Activity (ILSA)

Chandrayaan2 successfully reached lunar orbit in August 2019 and released the lunar lander Vikranp
of which the landing on the lunar surface was longawaited. The lander successfully separated from the
Chandrayaan2 orbiter on 2 September and started its descent, which followed the planned trajectory until
just below 2 km above the lunar surface. Its soft landing on the linar surface was not successful as the
communication to Vikram lander was lost. A few days after loss of contact, the Chandrayaanr? orbiter

118 dzhina opens Chande-6 for international payloads, asteroidsnextd) ! Tgbdf ! Ebj mz! ) Bgsj m! 312: *;
http://www.spacedaily.com/reports/China_opens_Change_6_for_international_payloads_asteroids_next_999.htmi

WShbgj ! Mfu{ufs-!dmDijoblldhmiotf!" Xpptdyjomeph! Qppa!! ¢ Bigfsj m! 312: *; !
https://www.washingtonpost.com/national/health -science/china-plans-to-build-a-moon-base/2019/04/26/d22406f2 -6768-11e9-
alb6-b29b90efa879_story.html

120d72Di boesbzbbo! 3; ! Joej bo! Bn ¢SRQKhttpsdwavlisid.gov.in/EhandrayaenB-missiors b u j pot LJ !
21dzDi boesbzbbo! 3; ! Dp nlSROMtpd://@unpiskofgaviin/cliabdrayaani payloads

122 |bid.
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was able to locate the Vikram lander, however failed to reestablish communication p a circumstance
Xijdi! b!mdzonh wif mdlpnnj uuff! pg! bdbe f?hThd ChandrayadrndofbEeP ! f y qf s u
continues its studies and gathers data.

Bnjetu! of xt! pg!uif! dpogjsnbujpo! pg! ui f !"Yjegoslwar¢ mboef s !
released that the Indian Spae Research Organisation (ISRO) is seeking funding for the Chandrayae®
mission.'®Bddpsejoh!upluif!Ujnft!pg!Joejb-!1JTSP!dzibt!tpvhi
ui f!njttjpo! bt! bo! beejujpo! up! jut IcHaye rate ¢f 8 Dekcernbee h f u LI ) |
2019). Initial plans indicate that Chandrayaard ! x j mm! dpngsj tf! b! mboefs-!b! spwf
gspgvmtjpo! npevmf! up! d b3spkrs Wwere offioely confirindd brDli Jdnoaey2®2@ b b o

by the head of ISRG?. In the meantime, the Union Minister of State for Atomic Energy and Space

Jitendra Singh p stressed that the Chandrayaan2 orbiter functions well and will carry out its designed

mission for the next 7 years.

23d7Di b o e s b zdstipdatast ISROPS://WWW .isro.gov.in/chandrayaan2-latest-updates

24K f g g! GASAtorbiterspdis crash site of Indian lunar landel,) ! Tgbdf Of x t ! ) MBitpst/fspacehewd.cBni/masa* ;
orbiter-spots-crash-site-of-indian-lunar-lander/

25Di f ui bo! lhandrdyasanr4 !diDt ! pggj dj bm-!1Jtsp!tfflt!St! 86! dspsf LY ! Ui f!Ujnft!p
https://timesofindia.indiatimes.com/i ndia/chandrayaan-3-is-official -isro-seeks-rs-75-crore/articleshow/72421303.cms

126K f g g! Gdiaconfirms plins for second lunar lander missionL,d/ ! Tg b df Of x t ! )hitps:/fspatesewd.cBni/iBdia* ;

confirms -plans-for-second-lunar-lander-mission/
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1.2.6 Other outstanding space policy developments

The year 2019 also saw multiple countries pass new space policies and strategies, some general, others
more specialised on topics ranging from the commercial space sector to space security.

New space governance and strategy in Italy

Passed in 2018, Italian Law n. 7/2018 completely reformed the Italian national space governance, creating
a systemic approach by:

0 Conferring to the Prime Minister the key management, political responsibility and policy coordination

of all the Ministries involved in space progranmes;
0 Ftubcmjtijoh! b! of x! j o{Ministarial Conpnidtdenfidr Sppce and lAarasdade dZzJ ou f s
sfmbufe! Qpmj dj ftL))DPNJOU*-!dpngptfe!pg!bcpvu! uxf mw
Governments?’. Compared to the previous governance cented around the primary role of the
Ministry of Education, University and Research, space now is object of attention and interest by more
than half of the Italian government.

The repercussions of this new law were primarily made apparent in 2019, as the year 2018 saw a
transformation in government and also ASI governance. However, in 2019, a general process of
renovation of the national approach to space took place:the government released two strategic
documents and appointed the new President of ASI in April; the Parliament restablished the
Interparliamentary Group for Aerospace Policy in June.

Two strategic documents were adopted by the
DPNJOU; ! ui f! delinds oo Baae L
boe! Bf s gbdlbkIdi ! 312: 1! Db
Tfdvsjuz! Tus b ihBuy!26p THe T
first document identifies the strategic sectors
related to impacts and applications of space
activities, generally emphasising the importance of
space diplomacy; the Guidelines prioritise the
formulation of an industrial policy, an economic
and financial programme to attract capital p also
to support SMEs and startups p considering as :
well the formulation of new regulatory instruments, L I 5
and a development programme for the upstream,

_ Giorgio Saccoccia, President of the Italian Space
midstream and downstream sectors. Agency as of 10 April 2019 (Cedit: ASI)

127 Presidency of the Republicof Italy.dzMf hhf ! 221 hf oobj p! 3129-10/!8; ! Njtvsflqgfs!jmldpp
aerospaziale e disposizioni concernentilorga j { { b{j pof ! f! j m! gvo{j pobnf @anpary@dl&m( Bhf o{j b! t
https:/lwww.gazzettaufficiale.it/eli/id/2018/02/10/18G00025/sg

22Qsj nf ! Nj o] tGoversmentduidalines ah Bpace and aerospacéMarch 2019):

http://p residenza.governo.ittAmministrazioneTrasparente/Organizzazione/ArticolazioneUffici/UfficiDirettaPresidente/UfficiDiretta
_CONTE/COMINT/DEL_20190325_aerospaziBN.pdf

129 Presidency of the Council of Ministers of Italy,National Security Strategy for SpacgJuly 2019):
http://presidenza.governo.ittAmministrazioneTrasparent e/Organizzazione/ArticolazioneUffici/UfficiDirettaPresidente/UfficiDiretta
_CONTE/COMINT/NationalSecurityStrategySpace.pdf
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FrenchGerman reinforce cooperation through Treaty of Aachen and Declaration of Toulouse

The year 2019 started with the signing of the Treaty of Aacherp a Franco-German treaty onCooperation

and Integrationpt j hof e! dz67! zfbst! bgufs! Di bodf mmps! Lposbe! Bef
tjhofel! uif! Fmz t*¥. fThelrsafy braazly dorsist<obasrgnewal of the alliance between the

two countries on matters of security, diplomacy, economic relations and cooperation on the matter of

international challenges. However, the German Federal Ministry of Finance in particular highlighted the

priority projects for the implementation of the treaty in a press release a few days ldéer and notably

included the following statement:dzDp pqf sbuj po! j ol ui fltgbdf!joevtusz-!jo
strategy for more European innovation in the spacendustry; cooperation to increase the competitiveness

of the space industry, @rticularly by means of optimal industrial framework conditions; consolidation of
independent European access to space through investment in research and development, rationalisation in

the industry, and priority for European launchers?!

7017 VERTRAG VON AACHEN
TRAITE D'AIX-LA- CHAPELLE

Signing of the Aachen Treaty (Credit: AFP/Ludovic Marin)

Following these commitments made through the Treaty of Aachen, on 16 October 2019 Germany and
France signed the French-German Declaration of Toulouse, parts of which pertain to the two countries
tvqgpsuj dili'sh IFdzspsp d 0¥t gbdf ! qpmj dz LI

Ui jt! efdmbsbuj po! ijhimjhiut! uifl! dzzusbufhjd! ejnfotjpo
opubcmz-!joluijt!sfhbsel!tvgqgpsut!dwif!Fvspdttey qsfgfs
call on the industry up! jngspwf! Fvspqgf!t! jouf s ob ugffectivdness. dpnqgf uj
Furthermore, theysupport the creation of the new European Commission DirectorateHf o f s b m! dze f wp u f
inter alia, to space, taking into account the civilian character of the EU space $p hs b n*ff t LY
Furthermore, they highlight the importance of the ESA Ministerial Council Space19+ for the consolidation

pg! dZFTB! t ! s p mdpacefoy g mpusf bswjbpug !pfodogrdsut LI j odmvej oh! ui f! JT

BOKbof ! Nd WMhat'pir the-FlarttoGerman Treaty of Aachen®.Ieutsche Welle (January 2019):

https://iwww.dw.com/en/whats -in-the-franco-german-treaty-of-aachen/a-47178247

131 dihe Treaty of Aachen: A new FranceGerman agendd,J) ! Gf ef sbm! Nj ojtusz! pg! Gjobodf ! pg! Hf snboz
https://www.bundesfinanzministerium.de/Content/EN/Standardartikel/Topics/Europe/Articles/2019 -01-24-treaty-aachen.html

132 dzrench-German Declaration of Toulouse (16 October 2019).J/ ! Nj oj t usz! pg! Gpsf j ho! Bggbj st ! pg! Gsbot
https://lw ww.diplomatie.gouv.fr/fen/country -files/germany/events/article/french -german-declaration-of-toulouse-16-oct-19

133 |bid.
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United Kingdom prepares for pe&rexit

For the United Kinglom, 2019 has been a year of major political changes, particularly concerning Brexit

which has repercussions for the space sector. Before the general elections held in December, the trade

association of UK space industries, UKSpace, release@ dz3 131! Nboj gftuplL) sfdpnnfoej
guidelines to secure the role ofthe UK in space in a postBrexit context:'3°

0 Increase contributions to ESAOpuj oh! ui fl of felup!vgipme!lui f!VL!It! tqgt
po! b! hmpcbm!t ub hffedtile lara sustairnallecspabejindusthy ahe locument underlines
the importance of the assurance and stability ESA funding provides. Thus, according to the 2020
Nbojgftup-!'uif!VL! hpwfsonfou!diznvtu!dpnnju!up!jodsfob
in particular spending through ESA.

0 Establish a National Space Programme with identified priorities The 2020 Manifesto advocates for the
UK Government to establish a National Space Programme including £150m-a-year Innovation Fund.
The identified priority areas of this space programme include the commercialization of R&D, as well
bt! 6! tgfdjgjd! tgbdf! tfdups! gqsjpsjuz;! ddt pwfsfjho! hf
d p o of d ugsikent positiak;, hagiigation and timing security solutionLJ< JorbtJassembly, servicing
boelefcsjt!sfnpwbmlLl! boe! dZGppe!tfdvsjuzlL)'!

0 Develop a new navigation satellite systemBd dpsej oh! up! VL! T-Brbxd patidipddion f ! VL! t !

in a new global satellite navigation system must be secured, whether through BA or a sovereign

d b g b c-jnating the A1®1m funding commitment of the 2019 Spending Review in support of Brexit

related activities, amongst others the creation of a UK GNSS, the cost of which is estimated at £5b.

0 Strongly support the Copernicus progranme: Aware of the importance of Earth observation satellite
monitoring for climate change and carbon emission reduction, the 2020 Manifesto advocates for
gjoejoh!b!'tpmvuj po!sfhbsejoh!uif!VL!Itlgbsujdjgbujpo
apostCsfyju!bhsffnfou! xjuiluif!FVIiup!sfnbjo!bt!b!gbsu

0 Empower a new National Space CouncilThe 2020 Manifesto advocates for the new National Space

Council to receive the mandate and funding to implement a comprehensive space stréegy, support

the allocation of public money for space and bridge connections with industry and academia.

Portugal, new space agency for new space ambitions

In 2019, Portugal has made significant progress in terms of space policy and governance. With the
approval of a national space strategy at the beginning of 2018,this year Portugal began a process of
implementation and reinforcement of the space sector through the establishment of a space agency
within a supporting juridical framework.

In this context, Portugal increased its subscriptions to ESA programmes at the Space 19+ Ministerial
Council p co-chaired by the reappointed Minister of Science, Technology and Higher Education, Manuel
Heitor. Moreover, the newly created agency started toestablish connections in the space sector,
balancing its European nature with a wider Atlantic vocation. Indeed, this vocation is exemplified by
different facts: in the Azoresis where the Portugal Space Agencyholds its HQ andorganised the Summit;
where ESAalready hasfacilities and coordinates the AIR Centrewhere the Portugal Space Agency aims
to developthe project of a multipurpose spaceport. Furthermore, the agency revealed during the year the
project to develop a constellation of satellites to observe the Atlantic maritime activities.*®

BdzvLt gbdf ! 3131! Nboj gf t up LIhttps/iwivw.bkspgade pr@ykspace-2020amardfestd/: * ; !
136 Caleb Henry,dZQp s u v h b m! nfocusedtcdnBellatidn dzi ] @ g b d f Of x t ! ) Oppsi/fspacehews.cBn/goriuya) -
mulls-atlantic-focused-constellation/
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The Agéncia Espacial Portuguesap Portugal Space was established in March 2019 by the Council of
Ministers and the Regional Government of the Azores with the primary task to promote and implement
the Portugal Space2030 national strategy, coordinating the efforts to affirm Portugal as a space actor on
the global stage **’

In 2019, together with the rapid setup of the space governance came also the creation of a regulatory
framework with: the approval of a National Spae Act and the Azores Regional Space Act, and the
accession to the UN Registration Convention (already in 2018) and the Liability Convention. Notably, the
National Space Act introduced both a prequalification system for operators and a joint license, to
optimise the process of authorisation with a national space authority, while at the same time the Regional
Space Act creates a regional space authority, in charge of the authorisation process as well, even if limited
to the activities taking place only in the Azores. The Portugal Space 2030338 document identifies four
strategic objectives and three strategic axes for implementation.

el Strategic Objectives

NiZQs pnpuf ! fdpopnjd! hspxui!boeluifl!dsfbujpollpg!tlijn
spacess f mbufel! nbsl fut! ) A* LJ!

NizGpt ufs!uif!hfofsbujpo!pg!tbufmmjuf!ebub! Jispvhi!
sfmbufe!jogsbtusvduvsft!jo!Qpsuvhbm!) A* LXk!
NizDpousjcvuflupltuifl!lefwfmpgnfou! pgluifl!dpvaqusz! boe
sfmbuj pot! boe!joufsobujpobm!tdjfoujgjd!dppqgfsbujp
NjzFot vsfluif!efwfmpgnfou! boe! fwpmvujpo!pg!dif! mfhb
cultural/educational internationalization frameworks capable of boosting the

ef wfmpgnfou! pgluif! Tgbdf!tfdups!jo! QpsuvhimLJ

e Strategic Axes

NByjt!2;!1dCpptujoh!uif!fygmpjubujpbadepg! tgbdf! ebub!
services and applications, promoting new markets and highlyskilled jobs in a diversity
pg! bsf bt Lik!
NByjt!3;!d:Gptufsjoh!luif!efwfmpgnfou-!dpotusvduj po!
systems, infrastructure and space data generation services, with an emphasis on mini,
micro and nano satellites but also opening up new areas of intervention in Portugal for
launcher services, including and extending existing satellite monitoring and tracking
boe! Fbsui!pctfswbujpo!bduj wjujftlLk!
Nyjt!4; ! dzDpoujovjoh!up!cvjmelobujpobm!dbghdjuz!bo
innovation and education and scientific culture, allowing the longterm sustainability of
jogsbtusvduvsft-Iltfswjdft!boeltgbdf!bggmjdbuj potlL

Table 3: Portugal Space strategic objectives and axes (Source: Portugal Space 2030§°

During the year,Portugal Space signed a MoU with the UK Space Agency® a cooperation agreement
with CNES*! and an agreement with ESA*?; in particular, the last one is focused on the development of

137 portugal Space.Portugal Space: Portuguese Space Agency Business and Installation P(farch 2019):
https://lwww.ptspace.pt/wp -content/uploads/2019/03/Portugal -Space-Business-Plan.pdf/ ! Tf f ! bmt p; ! dZQpsuvhbm! Tgbdf
BttfncmzLJ ! Qps uv hb rmtpS/ivinw.gt Spaclit/podugal -8pace-first-generatassembly/

138 Government of Portugal.Portugal Space 2030: A research, innovation and growth strategy for Portugdarch 2018):
https:/iwww.fct.pt/d ocumentos/PortugalSpace2030_EN.pdf

139 |bid.

YWdZNf npsboevn! pg! Voef st ubRorugabSpace(July 20099 lettps@ywvavptspade.ptiniéntorandum -of-
understanding-uk-and-portugal/

¥dzQU! Tgbdf ! boe! DOFT! t j h cPbruigapSpates(dunej2@ld):httpst/Awivwi. ptspaceupt/gt “space-and-cnes-
sign-cooperation-agreement/

“Wdz2t FTB! fygfsujtflup!tvgqgps ESAQuseRk®®)b m! t! mbvodi ! gsphsbnnf LY !
http://www.esa.int/Enabling_Support/Space_Transportation/ESA_expertise_to_support_Portugal_s_launch_programme
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a national priority, the Azores International Satellite Launch Programme (ISR), a spaceport facility in
Santa Maria island in the Azores. Overall, as part of the strategy, Portugal targets to attradi2.5B in ten
years from public and private investments in space related activitied43.

Canada sets new vision and direction with @&pStrategy

In March 2019, the Canadian Minister of Innovation, Science and Economic Developmenp the

Honourable Navdeep Singh Bainsp announced the new Canadian Space Strategy on behalf of the

Canadian government Uj umf e! dzFy gmp s b ujpwj-dol;nbh!j @fou!] pob dfllodpsvbuf
uijtl!tusbufhz!tfut!pvu!b!wjtjpo!uibu!sfdpHfangvabt ! ui f !t
sfmfbtfe! bt! Dbobeb! xbout! up! dzbee! up! jut! mfhbdz! pg! j
technologye f wf mpgnf ou LJ

The Canadian government set out five main activities for its strategy.

0 Canada affirmed its dedication to remaining a spacefaring nation through joining the Lunar Gateway
Njttjpo-!1tqgfdj gjdbmmzdedemtionAl¢nableddesph R dll s dZzopp)] df ymt u
Canadarma3. Participation in the Lunar Gateway will continue to foster scientific opportunities for
Dbobeb-!dppgfsbujwf!gbsuofstijqgt!boe! hvbsbopf f!uif!
all domains of priority for the Canadian government as demonstrated by significant financial
investments in the past.

0 Dbobeb!tful!pvulup!dz otqgjsfluiflofyu!hfofsbujpo!pg!D
of its Junior Astronauts initiative, which entails an array of adivities to encourage young Canadians
to pursue careers in STEM and space.

0 Canadian government acknowledged that space as a strategic national asset underpins various
crucial domains of Canadian life, thus contributing to national security and providing s@io-economic
benefits.

60 Uif! hpwfsonfoul!l xbout! up! dzgptjujpo! Dbobeb!t! dpnnfsdj
boe! dsfbuf! uif! kpct! pg!uif! gvuvsf LI ! Up!luijt! foe-1u
framework to create an up-to-date system conducive to the work of innovative Canadian space
companies. The strategy aims to invigorate and strengthen the Canadian space sectop and firms
of any size p through various investment and accelerator schemes. This was demonstrated in spring
of 2019 when the Canadian Space Agency awarded a total of CA$15 million to 25 companies at
various levels of Technology Readiness Levels (TLR) under the Space Technology and Development
Program.14%

0 Mbtumz-!luif!tusbufhz!tfu! pvu! umbmlising spacébbsbddata eb! t ! mf

up!tvggpsu!tdjfodf!fydfmmfodf#!joopwbujpo!boe! fdpop

143 portugal Space and the Gfice of the Minister for Science, Technology and Higher EducationSpace in Potugal and Europe with

ESA(November 2019): https://www.ptspace.pt/wp -content/uploads/2019/12/Spacel9plus -PT-v29nov2019.pdf

144 Ministry of Innovation, Science and Economic Developmenbf Canada. Exploration, Imagination, Innovatiorpp A New Space

Strategy for Canada(March 2019): https://www.asc -csa.gc.ca/pdf/eng/publications/space -strategy-for-canada.pdf

“WdzDpousjcvuj pot ! BTOPpsBePf! 6! LY o eDfbso!bueijfblo! Tgbdf ! Bhf o dh#tpg:/jvwwwmbasc! vgebufe; ! Pd
csa.gc.ca/eng/funding -programs/programs/stdp/contributions -ao-5.asp

146 Ministry of Innovation, Science and Economic Developmenbf Canada. Exploration, Imagination, Innovatiop A New Space

Strategy for Canada(March 2019)
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China facilitates commercial space launch

For the first time, China has introduced regulations for commercial rocket manufacturing, testing and
launches. Theaim of this policy is to boost the development of the nascent commercial space industry,
which emerged in when private companies were permitted to enter the sector. According to the new
regulation, companies must obtain permission from State Administration of Science, Technology and
Industry for National Defence prior to research and production of commercial rockets and should further
ftubcmjti!didpogjefoujbm!tztufn®!boeltfdsfut!nbobhfnfo

Ui spvhil! uif! hvjefmjoft-"! uif !plivatevifocked nodmpaniés govtake fulf s ! dzf od
advantage of national resources in terms of rich technology research, production equipment and facilities,
boe! mb v o¥.i Accorgling ftat thé CEO of the Chinese commercial rocket company OneSpace
Technology, thereey mbuj pot ! dmbsjgz! dzui f! rvbmjgjdbujpot-! pgf sbl
xijdi!xjmm!cfl!dpoevdjwf!up!uif!t®¥dups!t!ifbmuiz!boe!p

| Nj5DZz &B0é&' 5 506&Ln 5Thé e Acsaddil@ BusBatat Spack Bgercg Di G d 3

The first reform of 2019 in Australia concerned the national space law:The Space Act was already

introduced in June 2018 and approved in August without amendments by the Parliament. Overall, the Act

reforms a legislation dated back to 1998 and aims to accderate the licence approval processp for

instance, concerning multiple launchesp and lower the insurance requirements for launches and returns,

while increasing the noncompliance penalties. Interestingly, the Act requires each application for launch

penj ulup!jodmvef!blefcsjt!njujhbujpo!tusbufhz!cbtfe! pc
describe the measures planned both in the operational and decommissioning phase to assess, minimise

and mitigate the risks associated with debris.'®*® On the mandatory or informative nature of this

requirement, the Explanatory Notes to the Act issued by the competent Ministry in 2019 report that the

dzg ogpsnbuj po! pol!uiflefcsjt!njujhbujpo!tusbufhz!jt! sf
graou! bo! Bvt us b mjllbhe Acbalsmsetithe sfahdamlg andlctiteria for the approval of launch

permit and authorisation in terms of: competency and financial standing of the applicant, insurance
requirements, risk mitigation and national security. It should also be recalled that Australia has ratified all

five space treaties.

Then, the reform of governance focused on the creation of the Australian Space Agency (ASA) in July

2018, a nonstatutory entity within the Ministry of Industry, Science andTechnology p that maintains the

Australian national registry of space objects. The ASA aims to coordinate the national space sector and

promote its role on a global level through international cooperation. The governance is centred around

the Head of the Agency, who reports directly to the Ministry but in a whole-of-government approach that
gsjnbsjmz!dpodfsot ;! uif! dzhpwf s on f% wthebdepadnients in thef o wp mwf o
informal Australian Government Space Coordination Committee (SCC)and also the industrial actors in

the Space Industry Leaders Forum.

Wi boh! | pChihagqdlgoutfulds for commercial space sectolJ/ ! Hmpcbm! Uj nft! ) Kvofl! 312:*;!
http://www.globaltimes.cn/content/1153918.shtml

148 |bid.

149 |bid.

150 Minister for Industry, Science and Technologyof Australia. dZpace (Launches and Returns) (General) Rules 2019/ ! Gf e f s b m!
Register of Legislation (August 2019):https://www.legislation.gov.au/Details/F2019L.01118

151 Minister for Industry, Science and Technologyp g ! B v t $pach (haumches atid Returns) (General) Rules 2019 Explanatory
TubufnfoulY ! Gfefsbm!Sfhjtufs!pg! Mfhjtmbujpo!)Bvhvtu! 312: *,;
https://lwww.legislation.gov.au/Details/F2019L01118/Explanatory%20Statement/Text

152 Australian Government.Australian Space Agency ChartefOctober 2018): https://www.industry.gov.au/sites/default/files/2018 -
10/australian-space-agency-charter.pdf?acsf_files_redirect
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The main goals of the Agency have been outlined for the first time in April 2019 in the Civil Space Strategy
2019-2028.1%3 The strategy identifies seven priority areas on which to focusefforts and investments:

0 Positioning, Navigation and Timing

0 Earth Observation

0 Telecommunication services

0 SSA and space debris monitoring

0 Research & Development

0 Robotics and automation technologies
0 Access to space

The primary purpose of the Strategy is to generate by 2030 a total amount of A$12B in the space sector
and create additional 20.000 jobs. As for now, only the PNT and EO areas areperative, part of the
implementation process provided through the Space Infastructure Fund initiative and developed mostly
in the Digital Earth Australia (DEA) and the National Positioning Infrastructure Capability (NPIC)
programmes. Overall, the space budget in Australia amounts to approx. AS630NW* ($438M at an average
exchange rate), considering also: a fund A$325M managed by the Geoscience Australia Agency for the
development of satellite infrastructure, and a A$150M investment in the partnership with NASA for the
Moon to Mars initiative.

United Arab Emiratespace strategy ad investment plan

During an eventful year for space, marked inter alia by the flight of the first person from the UAE to the

space and the International Space Station, the UAE made progress in space legislation and regulation.

The UAE National Space Law ame into effect in December 2019, providing the regulatory framework for

UAE spacerelated activities, including that of commercial actors and commercial space tourism flight

operators.’>> Furthermore, the UAE Space Agency announced a National Space Investnt Plan, that

according to the government are significant pillarsin enhancingu i f ! dpvousz!t! pwf sbmm! bqgo
through comprehensive objectives and initiatives. Both the Strategy and the Investment Plan build on a

previous Space Policy strategicdocument released in 20166 and on an advancing legal framework

composed of law and regulations.*>’

153 Australian Government.Advancing Space: Australian Civil Space Strategy 202928 (April 2019):
https://publications.industry.gov.au/publications/advancing -space-australian-civil-space-strategy-2019-2028.pdf

154 United Nations Committee ontheQf bdf gvm! Vt ft ! pg! Pvuf s! Tgbdf -!dzZoufsobujpobm! dppaqf
activities of Member StatespBvt usbmj b-! Qi j mjgqgjoft!boe! Txju{fsmboeld ) Opwfncfs! 317
https://www.unoosa.org/oosa/en/oosadoc/data/documents/2019/aac.105/aac.1051211add.1_0.html

BBThsxbu! Obtjs-!dzVBF(t! obuj p.orbeNatiompl{Februam®020):dpnf t ! joup! f ggfdu
https://lwww.thenational.ae/uae/science/uae -s-national-space-law-comes-into-effect-1.983817

156 UAE Space AgencyNational Space Policyof the United Arab EmirateSeptember 2016):
https://space.gov.ae/Documents/PublicationPDFFiles/UAE_National_Space_Policy_English.pdf

B7dzZVBF! dbcj of u! bqqs pnategy 2080bJi | ¥ 8 Betntiisd/Unecabinét.ae/en/details/news/uae -cabinet-
approves-national-space-strategy-2030
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1.3 Majorspace programme developmenits2019

1.3.1 Navigation programmes

Galileo and EGNOS

Galleop pof ! pg! ui f! FV! t! g mbdadhedjimpbrigns milestohas nnf 2019 amidst
continuous development. On 11 February, four Galileo satellitep GSAT0219, GSAT0220, GSAT0221, and
GSATO0222 p entered into service after having been launched in July 2018% increasing the Galileo
constellation to 22 operational satellites.!°

After completing the deployment of the necessary infrastructure, the Galileo Return Link Service

dzvoef sxfou!bluipspvhi!Tztufn!boe! Tfswj d¥f Sembprgvideb uj po! u
free-of-charge aid to people in distressby @ bcmj oh! ui fn! up! dzsfdfj wf! bvupnbuj
ui fjs!'tjhobm!ibt!cffol!sfdfjwfell!uijtt2620.swj df! xbt! efd

Galileo users experienced a temporary interruption of service for multiple days as of Julyi3" due to an

dzf rvjgnfou! nbmgvoduj po! jo!uif! Hbmj mfp! hspvoel! jogsbtu
gsfejdujpot-!boe!xijdi!bsf! vt f &UiTheincidepttedtyanntercuptibn! o b wj h b
of the Galileo initial navigation and timingservices for six daysp with the exception of the Galileo Search

and Rescue (SAR) service. After recovery work performed by GSA experts, industry, ESA and the European
Commission, function was restored on July 18". The GSA realled that Galileoisstillio ! ui f ! dZ oj uj b mLJ
boe! podf! jo! uif! dgvmmz! pgfsbujpobm! qibtfL}-"! uif! tztuf
navigation systems.®2 Just a few weeks after this event on 10 September, the GSA celebrated two

important milestones p Galileo reacting 1 billion smartphone users*®®boe! ui f ! HTB! t ' P*6ui ! boo
: . In In In
In operation In testing . : .
commissioning | maintenance decommissioning
Satellites 22 2 0 0 0

Table 4: Status of Galileo satellite constellation (Source: GSA}%®

The year 2019 also saw progresson the EGNOS program. Most importantly, the EUTELSAT 5 West B

tbuf mmjuf! xbt! mbvodi fel gspn! Lb{blitubo! po!:! Bdupcf s!
payload of the European Geostationary Navigation Overlay SystenfEGNOS), the satellite will support
EGNOSVD ui fl of yu! hfof sbujpo! p¥!'ui f! FHOPT! gsphsbnnf LJ

158 dzatest batch of Galileo satellites enters servicdJ/ | FeanGPSS Agency (February 2019):
https://lwww.gsa.europa.eu/newsroom/news/latest -batch-galileo-satellites-enters-service

159 Information on the Galileo constellation. Available athttps://www.gsc -europa.eu/system-service-status/constellation -
information

160 dzalileo Return Link Service declared at European Spa ConferenceL Eutopean GNSS AgencyJanuary 2020):
https://lwww.gsa.europa.eu/newsroom/news/galileo -return-link-service-declared-european-space-conference

161 dzalileo Initial Services have now been restored#utopean GNSS AgencyJuly 2019):
https://lwww.gsa.europa.eu/newsroom/news/galileo -initial-services-have-now-been-restored

162 |bid. https://lwww.gsa.europa.eu/newsroom/news/galileo -initial-services-have-now-been-restored

8dzTgbdf ; ' FV(t!tbuf mmjuf!obwjhbujpo!tztufn!Hbmjmfp!sfbdift!2!cjmmj
https://ec.europa.eu/commission/presscorner/detail/en/ip_19_5529

164 d3SA celebrates 15 yearb Futopean GNSS AgencySeptember 2019):https://www.gsa.europa.eu/newsroom/news/gsa -
celebrates-15-years

165 Information on the Galileo constellation. Available athttps://www.gsc -europa.eu/system-service-status/constellation -
information

166 ZUTELSAT 5 West B successfully launched with EGNOS payloa@utopean GNSS AgencyOctober 2019):
https://lwww.gsa .europa.eu/newsroom/news/eutelsat -5-west-b-successfully-launched-egnos-payload
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FHOPTWA4A! xj mm! cfl!lvtfelgps!bvhnfoubujpo!pg!cpui! dZHQT! b
additional satellite-based augmentation system (SBAS) servicecapabilities through a new SBAS channel
on L5"167

GPS

2019 saw the second launch of a GPS lIl (third generation) satellite on 22 August® This generation of

GPS satellteshasa 15z f bs! eft j ho! mjgftqgbo! boe! xj mm! gqs pamd ef ! dzf o
jouf BFsyiugpdhi ! dZ nkglsmpmwjf el ! bodht§ bAccording utp Ldckh#ed Martin, the
nbovgbduvsfs-tltuijt!hfofsbujpo!t!dzofx! M2D!dj wjm!tjhobn
a compatible signal with other international global navigation satellite systems, like Galileo, improving
dpoofdujwjuz!gps!djwjmjbo!vtfstLV!Mpdliffe! Nbsujo!t!d
the GPS Il Follow on (GPSIIIF) satelliteg!.

: . In In In
In operation In testing . : .
commissioning maintenance decommissioning
31 0 0 2 1

Satellites

Table 5: Status of GPS satellite constellation
Glonass

On 27 May, the Soyuz.1lb successfully launched the GlonassM navigation satellite from Plesetsk

cosmodrome into orbit, according to the Russian Defence Ministry’? as well as another in December
2019.173 As of March 2020, the Glonass constellation consists of 29 satellitesp of which 24 are currently

operational, three in maintenance, one acts as a spareand one is in its flight test phasel’ The newly

launched satellites belong to the GlonassM series of satellites, which was first launched in 2003 and is
the modernised version of the Glonass satellite. The GlonassVl satellites have a designated lifespanof 7

years (although many Glonass satellites currently in operation have outlasted their designated
lifespan).t’®

Russia has further expanded on its cooperation with China by ratifying a cooperation agreement on the
vtflpg!dsSvttjb!t! HMPWBtTOTU fbronej! WDfi |j colbwjtH BCU jjEg! t zt uf nt ! gp-
was signed in 2018 during a meeting between the heads of governments of both countries.’® According

up! Sptdptnpt-!tuifl!ldppqfsbujpo!bhsffnfoul! dzd seffabomf t ! ui f !
in developing and manufacturing civil navigation equipment using GLONASS and BeiDou systems as well

as developing RussaChinese standards on implementing navigation technologies using both systems

including standards on controlling and managing transport flows crossing the Russo-Di j of t f ! cpsef s LY

167 | bid.

BTND! Qv c mj Hirst B@llbsptsllite-sucassfully launchedl .o Angeles Air Force BasgDecember 2018):
https://iwww.losangeles.af.mil/News/Article -Display/Article/1720821/first -gps-iii-satellite-successfully-launched/

169 Presentation of the GPS constellation space segmentAvailable at:https://www.gps.gov/systems/gps/space/

WAZHQT! JJJ! mbvodi ! tvddftt LY hips/svivldckhe ediartis.com/en -us/Breducts/gps.htrdll 2 @ * ; !
171 |bid.

172 dgoyuz-2.1b booster with GlonassM satellite blasts off from PlesetskLJ ! UB T T ! ) INtpsZ/tas3.dod/sctencé/1060161
WTuf gi f oRubsialdds new sditellite to Glonass navigation fleetd/ ! T g b ddwgDegeimkbien2010):
https://spaceflightnow.com/2019/12/11/russia -adds-new-satellite-to-glonass-navigation-fleet/

174 Glonass constellation status. Awilable at: https://glonass -iac.ru/en/GLONASS/

175 dzlonass-M p a chapter in the history of satellite navigation,d/ ' J TT! Sf t i f uhitg:/Awbw).id6v mz ! 3126 * ; !
reshetnev.com/media/news/news -300715

176 dRussia ratifies agreement with China on cooperation in GLONASS and BeiDouusagd/ ! Spt dpt npt ! ) Kvmz! 312: * ;!
http://fen.roscosmos.ru/20834/
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In operation In testing
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Table 6: Status of Glonass satellite constellation*’”
BeiDou

In April 2019, Chinaachieved the launch of its newest version of a satellite of the BeiDou Navigation

Satellite System (BDS) with the launch of a BDS satellite by a Long March3B rocket from Xichang

Satellite Launch Centre located in the Sichuan Province. This satellite ige first BDS-3 satellite in inclined

hf ptzodi spopvt! Fbsui ! pscj u!-3satalitesiixintemnediatepcisculdr arlpitand! 2 9! pui
pof!jo!hfptzodi s'ffloihessanembrghyoifitigis$ram Chihd/and Arab countries as well

as experts and industry stakeholders attended the second ChinaArab States BDS Cooperation Forum in
Uvojtjb/ ! Uijt! zfbs! Cdopemton, AgplgaiionandfSérvicelz ptd vV pge! po! j odsf
CET!bggmj dbujpo!joluif! Nj erntyférselevat codp#rabian egreprgegtstsfee ! ui f ! p
signed on the BDS as well™®.

In operation In testing
commissioning maintenance decomm|55|on|ng

Satellites

Table 7: Status of BeiDou satellite constellationt8® 181

177 Glonass constellation status. Available athttps://glonass -iac.ru/en/GLONASS/

178 ditewly-launched BeiDou satellite enters orbit Xirthua (April 2019): http://www.xinhuanet.com/english/2019 -
04/26/c_138013253.htm

179 d&hy BeiDou Navigation Satellite System Centre in Tunisia is the gateway for China/Arab space cooperatitdpace in Africa
(April 2019): https://africanews.space/why -beidou-navigation-satellite-system-centre-in-tunisia-is-the-gateway-for-china-arab-
space-cooperation/

180 Beidou constellation status. Available athttps://www.glonass -iac.ru/en/BEIDOU/index.php

181 Xiaohong Zhang, Mingkui Wu, Wanke Liu&atlzJ oj uj bm! bt t f t t nf o u -3 reWwgenefatioDrRANg@BAT TO Cf j Ep v
t j h o Jounmalldf Geodesy vol. 91, issue 1 (April 2017):

https://www.researchgate.net/publication/316055961_ Initial_assessment_of_the_ COMPASSBeiDotB_new-
generation_navigation_signals
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1.3.2 Earth Observation angtlecommunication programmes

Copernicus programs steadily increase user base and successfully launch new products and services

The Copernicus programme relies on a fleet of EO satellites named Sentinels. Currently Sentinel 1¥8,
2A-2B, 3A3B and Sentinel 5P have been deployed in orbit. On Marc20™ 2019, Sentinel 3 mission reached
full operational capacity with its second Ocean monitoring satellite, Sentinel 3B. Sentinel 4, 5, 6 are
planned to be launched early 2020.The fleet of Capernicus satellites display a variety of capabilities and
address various applications, from land monitoring to sea level rise study. Copernicusservices
progressed, expanded and reached interesting milestones in 201982

0 The Copernicus Atmosphere Monitoring Service (CAMS)gs pwj ef e! wbmvbcmf! dibddvstk
information on global wildfires, their development and the transportation of the pollution they
gspevdfLJ!jo!lgbsujdvmbs!uif!Bvtusbmjbo-!Bsdujd! boe!
202 : - ! mfbejoh!up!dij ngspwfe!gbsujdvmbuf!nbuufs!qgsfejd

0 As for the Copernicus Climate Change Service (C3S)it celebrated unprecedented use of its Climate

Ebub! Tupsbhf!)DET*! xjui'!dwtfst!gsphteBRutdptvpodfjfjutl

pdf mfcsbujoh!uif!bdijfwfnfou!pg!ibwjoh!dzusvmz! cfdpn

through launching the reanalysis dataset ERA 5 in January 2019, allowing insight into meteorological

conditions dating back to 1979, adding the ERAS_and high resolution land component to the dataset

in July 2019.
0 The Copernicus Marine Environment MonitoringService (CMEMS)released multiple new and updated
products in 2019, including a catalogue that for the first time in historyj od mvef t ! dzxj oe - ! x b wf

dvssfou! boe! cj phf ¥diofed jbdob nv!guebbsujflb cunpf 't DNFNT! ! Pdf bo! Np
CMEMS further published reports and publications, such as the 3 edition of the Ocean State Report

in June 2019. According to CMEMS,ut ! ebub! dixbt! bmt p! vt f eledeltiFC68! sf gf sf
Special Report on the Ocean and Cryosphere (SROCC), continuing to position the service as a high

level source of maritime monitoring information.

0 Aside from many updates to existing products, the Copernicus Land Monitoring Service (CLMS)
released new products, such as the European Ground Motion Service (EGMS), High Resolution
Wf hfubuj po! Qi fopmphz!boe! Qspevduj wjuz-!1jhi!Sftpmvu
Global Land Cover prodet p ui f! Ezobnj d! Mboe! Dpwfs! gspevduld ! Ui|j
sftpmvuj po!Ezobnjd! mboe!dpwfs!nbqgt! dz odnmheGLMSGH ! usbot |
gvsuifs!sfmfbtfeluif!Hmpcbm! Np8bfbbhkmetylulils jbuweiz!dd iefb:
aim of increasing user uptake by allowing their users to create their own products.

0 The Copernicus Emergency Management Service (CEMSJontributed to the response to the various
wildfire crises in 2019 and also improved its Risk and Recovery Mapping module, which provides en
efnboe! hf ptqbuj bm!jogpsnbuj po!boel!ditvggpsut! fnfshfo
tothe immediates f t gpot f ! qi bt f LY ' Bu! ui fl gjstu!kpjou!nffujoh
Service users in May 2019%*t ub | f i pmef st ! pg! ui f ! dzej ondefirapé sharedd pnnv o j
their experience using the service, as well as their requirements for its futuré wp mv uj p o LJ

0 Lastly, the Copernicus Security Services (CSSpontinued to serve its users in the area of border

surveillance (EBCGA/Frontex), maritime surveillance (EMSA) antb support external action (SatCen)

with the continued provision of its services,launching new services and increasing its user base.

182 @ABSERVER: A Idoback at 2019 before looking forward to 2020L 3 opernicus (January2020):
https://iwww.copernicus.eu/en/news/news/observer -look-back-2019-looking-forward-2020

183dz0f x ! dbubmphv xbwf mfl pdff bloxjdoeessf ou! bo eCoperngus {ApritiZ0I9n j db m! wbsj bcmf t LY !
https://marine.copernicus.eu/ocean -wind-wave-current-biogeochemical-variables/

184 dzvolution of the Copernicus Emergency Management Service based on user requirementsEU Joint Research Centre (May

2019): https://ec.europa.euljrc/en/science -update/copernicus-emergency-management-service-evolution

Full Report
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Space Climate Observatory, space in support of the Paris Agreement

International developments in 2019 related to Earth Observation notably include the Space Climate
Observatory (SCO). Originallyconceptualised by the signatories of the Paris Agreement in 2017, the

French-led SCO held its first international meeting on 1 February 2019 in Paris, in attendance of
representatives from 25 space agencies as well as four international organisations. Themeeting served

up! dztgfdjgz!jut! pckfdujwft! boe! up!ejtdvtt!jut! kpjou!
marked by several cooperation agreements signed between French delegations and the African Unidfp,

Senegal®®, South Africal®’, Kenya® and Ethiopia'®®, and Australia®® some of which covered the

opportunities of cooperation through the Space Climate Observatory.

A significant show of support for the SCO was exhibited by the international community on the siddines

of the Paris Air Showon 17 June3 12 : ! xj ui ! ui f! tjhojoh! pg!b! kpjou! efdn
bhfodjft! boe! jouf s o' uSjgpamies includett Kiro dlphdbetigap orded)d Austria,

Azerbaijan, Brazil, China, Ethiopia, France, Germany, Greece, India, Israel, Italy,itbePortugal, Romania,

Sweden, Thailand, Ukraine, United Arab Emirates, United Kingdom, UNDP, UNOOSA

At the 70" International Astronautical Congress (IAC) in Washington D.C. on 223 October 2019, the first
International Steering Committee of the SpaceClimate Observatory convened.

France kickstarts new E@rogrammeand furthers international cooperation

On the sidelines of the Paris Air Show in June 2019, a trilateral agreement was signed between CNES,

the China National Space Administration (CNSA) andeumetsat regarding CFOSatp dzb ! G sChioad f
gsphsbnnflup!tuvez!uif!joufsbdujpot!cfuxffo! xjoet! boe
is used in marine weather forecasting and climate sciencé®. The trilateral agreement pertains to
Fvnfutbb! bbdzvejtusjcvujpo!pg! DGPTbu! ebublLJ

In March 2019, France further kickstarted the CO3D Earth Observation Programme, which comprises the
dsfbujpo! pg! b! dzdpot uf mmbuj po! pg! pqguj dbm! %] Ghist buf mmj
constellation is aimee ! u p ! dZq smpetrg ireagerytfor production of digital surface models (DSMs) of

boz! gqpjou! po! uif! hmpcf! xjui! bo! fmfwbujpo! bddvsbdz! pg
military purposes?®.

185dzGs b o dufi!'fbloBeg!ls j dbo! Voj po! Dpnnjttjpo!lup!dppqgf sbuf ! $afica(ydrachf - ! f evdbuj
2019): http://gmes4africa.blogspot.com/2019/03/france -and-african-union-commission -to.html

186 dzG s bSemefjal space cooperation, CNES and Sénh b m! t ! Nj oj tusz! gps! |l jhifs! Fevdbujpo-!Sftf
b hs f f nONBSu(lanhubry2019): https://press e.cnes.fr/en/france -senegalspace-cooperation-cnes-and-senegals-ministry -
higher-education-research-and-innovation

187 ZANSA and CNES Sign a Memorandum of Understanding (MolUy/ ! Tpvui ! Bgsj dbo! Obuj pobm! Tgbdf ! Bhf o
https://www.sansa.org.za/2019/03/01/sansa -and-cnes-sign-a-memorandum-of-understanding-mou/

BWdzTubuf ! wjtjut!pg! Qsftjefou! Fn pBbBrancefand!Aficadt s pg! vug! & pONED(dch ] pokl Lf ozb
2019): https://presse.cnes.fr/en/state -visits-president-emmanuel-macron-ethiopia-and-kenya-france-and-africa-step-space-

cooperation

189 |bid. https://presse.cnes.frlen/state -visits-president-emmanuel-macron-ethiopia-and-kenya-france-and-africa-step-space-

cooperation

19 dzG s bAustrélia space cooperationpd mj nbuf -! j oopwbuj po! boe! fygmpsbuj poCNEDPOFT! tj hot |

(February2019): https://presse.cnes.fr/en/france -australia-space-cooperation-climate-innovation-and-exploration-cnes-signs-

three-partnership

191 &CO: a global commitmentp Franceld) ! Tgbdf ! Dmj nbuf ! Pctf swbupsz!)Kvof! 312:*;!
https://lwww.spaceclimateobservatory.org/sco -a-global-commitment/?lang=en

192.dzD O F The 2019!International Paris Air Showp Dppqf sbuj po! | f z! up ICNES(Juner@l®f t t ! pg! DOFTLY !
https://presse.cnes.fr/en/cnes -2019-international-paris-air-show-cooperation-key-success-cnes

198 d7G s UsCMES gives geaheadu p! DP4 E! Fbsui ! Pct fswbuj po! gsphsbnnf LY ! Tgbdf Xbudi ! Hr
https://spacewatch.global/2019/03/frances -cnes-gives-go-ahead-to-co3d-earth-observation-programme/

194 1bid.
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Italy strengthens EO segment: international coopératand national capabilities

After the 2018 agreement with CONAE on SIASGE (ltaliaArgentinian Satellite System for Emergency
Management), ASI further expanded cooperation on EO through substantiated agreement with the Israeli
Space Agency (ISA) on thegint hyperspectral satellite SHALOM?® (Spaceborne Hyperspectral Applicative
Land and Ocean Mission); in March Italy launched PRISMA® (Hyperspectral Precursor and Application
Mission), a fully-Italian-developed project, and then in December the first satelte of the Second
Generation of CosmoSkyMed®” (CSG), the EO national flagship dualise programme with strong
participation by the Ministry of Defence. The CSGL presents enhanced interoperability with other systems
and geometric resolution and is currently the fifth satellite of the programme in orbit since the first launch
in 2007. CSG is developed by Thales Alenia Space Italia and Telespazio and will be followed by a second
satellite, expected to be launched on a Vega C rocket before 2022. Overall, Italyrfber consolidated its
expertise and vocation toward Earth Observation, strategically important because of its several
applications, celebrating the new ESA EO mission FORUM with broad Italian contributiod® as well as
the 10-year anniversary of the establishment of eGeos, the ASITelespazio Joint Company specialist in
EO application services!'®

Progress and Investment).S. environmental satellites

In May the first data of ICESat2 was released, after the lainch of the satellite in 2018. Equipped with a

laser altimeter, the satellite has been equipped with several innovations compared to the first ICESat
launched in 2003, especially in terms of variety of measurements and data collection capability in the

polar regions. Other major developments concern the National Oceanic and Atmospheric Administration,
that in 2020 will celebrate its 50" anniversary; the Congress provided $745M for the development of three

Polar Weather Satellites and $304M for Geostationay Operational Environmental Satellite (GOES)
programme?°° - rejecting the overall cuts proposed to the weather and climate programmes; moreover,

the nomination of Barry Myers as NOAA administrator has been eventually withdrawn and the U.S. Air
Force has taken-over the decommissioned GOES13 satellite.?%!

Canada launches new RADARSAT misaimthpushes forward with industry partnerships in Earth Observation

Canada achieved a significant milestone in 2019 with the launch of the RADARSAT Constellation Mission
(RQV) p the new Canadian generation of Earth Observation satellites. This mission builds on the
RADARSAT Programme, which has encompassed the Earth Observation satellites RADARSAT 1 (retired
in 2013) and RADARSAT 2 (launched in 2007, mission ongoingy?> The RADARSAT Constellation is
comprised of three satellites of 1.400 kg each and were placed in SSO oi2 June on a Falcon 9

19 Michellae f mmb! Nbhhftb-!dzpo! TI BMPN! Jubmj b!f! Jtsbfmf!sbggps{bop! mb! dp1
https://www.airpressonline.it/39848/3984 8/

WdzTbuf mmjuf!jgfstgfuusbmf-1!jo! hsH&S (Marph2q20):htfps/mnveasiit/scienzeo-dellaf d p! b! wj dj
terra/prisma/

1¥7dzJ o !  primg satéllite Cosmo-T|1 z Nf e! ej ! Tf dp o A% (Deténbér20b9Y: httpsofmil/adi.it/2019/12/in -
orbita-il-primo-satellite-cosmo-skymed-di-seconda-generazione/

198 d¥ new satellite to understand how Earth is losing its cooLEZSA (Sptember 2019):

https://lwww.esa.int/Applica tions/Observing_the_Earth/A_new_satellite_to_understand_how_Earth_is_losing_its_cool

19dz221!' booj!lejlttvddfttj!of mm!Pttfswb{jpof! ef mhbP Utlésmdo!(Detemimzet gvuvsp! o
2019): https://www.telespazio.com/it/news -and-stories-detail/-/detail/121219 -10-years-of-success-in-earth-observation-and-a-
future-in-the-space-economy-and-ai-for-e-geos

200 (7Y 20 Appropriations Bills: National Oceanic and Atmospheric Administratiohd/ ! Bnf sj dbo! Jot uj uvuf ! pg! Qi zt | d
https://lwww.aip.org/fyi/2019/fy20 -appropriations-bills-national-oceanic-and-atmospheric-administration

201K f g g! GIPAAtweathér datellite transferred to U.S. AirForde)/ ! Tgbdf Of xt ! ) Tf qufncfs! 312: *;
https://spacenews.com/noaa -weather-satellite-transferred-to-u-s-air-force/

202 dzS B E B S3TLBAdadian Space Agency (last updated: December 2017http://asc -

csa.gc.ca/eng/satellites/radarsat2/default.asp
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launcher?®®, Their mission is to enhance and enable maritime surveillance, disaster management and
ecosystem monitoring?®* and their data will primarily serve the Government of Canada, however a portion
of the RCM image products created from the data will be publicly available to norgovernment users.?%®

Jo! bl gvsuifsltufqg!up! bnfmjpsbuf! Dbobeb! t! Redtwbbqgbcj mj
contracts toward its contribution to the Solar wind Magnetosphere lonosphere Link Explorer (SMILE)

mission p a collaborative mission with the European Space Agency and the Chinese Academy of Sciences

(CAS) focused on space weather phenomena. For tts mission, Honeywell and the University of Calgary

were awarded contracts worth CA$11M and CA$1.5M respectively. The former will design the Ultr¥/iolet

Imager (UVI) and the University of Calgary the UVI Science Operations and Data Cenellowing for the

observation of auroras over the northern hemisphere.

Moreover, the Canadian Space Agency signed a Memorandum of Intent with ESA and the Canadian EO

company GHGSat. Based on a shared concern for the climate crisis and the need for improved
understandingpg! di fnj dbm! boe! qi ztjdbm! bunptqifsjd!qgspdfttft
pg! gsffl ebub! gspn! uif! HI HTbu! dp o%%arfdrhe bupgom af glabg ! ui f ! t c
efforts and initiatives monitoring greenhouse gases.

Along the lines of the third tenet of the space strategy, Canada has demonstrated a focus on space for

security through the award of two contracts to Raytheon Canada Limited and the University of Toronto
Jotujuvuf! gps! Bf sptgbdf! Tuvejft!df Nagidnal Défe@enfohtheu! Mbc ! ¢
development of microsatellites and radar technology to improve surveillance capabilities, particularly for

Dbobeb! 8" Opsui

UNj550& éddGNdLns adn/& aGanznusd'5 NKn znbGDm 5ndsads L

In January 2019,the head of Roscosmos, Dmitry Rogozin, announced the creation of a constellation of
sfnpufl!tfotjoh!tbufmmjuft!dbmmfeluif! Tpwfsfjho(t! Fzf!
Observation constellation is expected to include at least 15 satdites, including six CanopusVs, which are

capable of highly accurate remote sensing through a multit g f dusbm! dbnf sb/ ! Ui f! mbu
developed by the Russian Scientific Research Institute of Electromechanics and Surrey Satellite

Uf di op mp hlzusé bbtlo GRS xarnd GLONASS to navigate in S3®. Dmitri Rogozin qualified this

constellation as important for Russian digital economy, agriculture and cybersecurity. Moreover, the

constellation is expected to aid civilian agencies in meeting their monitorng needs, such as the Ministry

pg! Fnfshfodz! Tjuvbujpot-! xxiptf! sftgpotf! dbgbcj mjujft
satellite network.2%°

Sptdptnpt!boopvodfe!jo! Tfqufncfs!312:1uibuluif!dHpwfs
regulatioo! up! dsf buf! boe! nbjoubjo! ui f! Fb%%The new redulatipru f ! t f ot

208dzXi bu!jt!uif! SDN@LY ! Dbobejbo! TgbdfhttpB/lastodz! ) mbtu! vgebufe; ! Efdf ncf
csa.gc.ca/eng/satellites/radarsat/what -is-rcm.asp

204 | bid.

205 drequently Asked Questions- RADARSAT Constellation Mission (RCM)J/ ! Ddn@®baeejAgency (last updated: December

2019): http://asc -csa.gc.ca/eng/satellites/radarsat/faq.asp

206 7 T Bé-week 2019 opens with a flourishLESA (September 2019):

http://www.esa.int/Applications/Observing_the_Earth/ESA_s -week_2019_opens_with_a_flouris

207 dZovernment of Canada announces contract awards for research and development in support of Arctic surveillanced/ !

Department of National Defence of Canada (February 2019)https://www.canada.ca/en/department -national-

defence/news/2019/02/government -of-canada-announces-contract-awards-for-research-and-development-in-support-of-arctic-

surveillance.html

208dzSvttj b! bTopowfvsofdjfhtol! t ! Fzf ! sfnpuf!tfotjoh!dpotuf mmbujpolL)J ! Tgbdf Xbud
https://spacewatch.global/2019/01/russia -announces-sovereigns-eye-remote-sensing-constellation/

209 | pid.

20 f hvmbuj wf! epdvnfout! po! FbsuilJt!Sptnpputfnptlof Tfodhufelhatbch3 T2t hofe
http://fen.roscosmos.ru/20917/
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ftubcmjtift!dzwif!dpoufout! boe! xbzt! pg!ebub!usbotnjtt)]
up! ui f ! é%b Mdeoven theLdatabase creation and maint@mance as well as the cooperation with
other countries (e.g. data sharing, interaction with other databases) is regulated.

China expands on fleet of EO satellites with multiple launches

In 2019, China has put considerable efforts toward expanding on its #et of Gaofen satellites belonging

to the China HightResolution Earth Observation System (CHEOS). Gaofeh and Gaofen6 (launched in

2018) were put into service in March 2019. China also launched Gaofen 7 and Gaofen 10® the latter

being supposed replacement for the Gaofen 10 satellite that failed to reach orbit upon its launch in 2016.
Npsfpwfs-! Hbpgfo! 23! xbt! mbvodi fe! jo! Opwfncfs! 312: /!
satellite fleet is a civilian-operated programme comprisingoquj dbm! boe! sbebsfi nbhjoh!tc

Further strides were made in Chinese Earth Observation through the launch ain additional five satellites

belonging to the commercial remote sensing constellation Zhuhail in September 2019. This

constellation p produced by the Harbin Institute of Technology and operated by the Zhuai Orbital

Aerospace Science and Technologyp f odpngbt t f t !-naid Satellitgs,disciuding video,
hyperspectral and highresolution optical satellites, as well as radar and infrared sat m mf*uUThe niedv

satellites comprise 4 hyperspectral satellites and one video satellites and according to the operator will
dpousjcvuf!up!uif! dbobmztjt! pg! wifhfubujpo-! xbufs! boe
dj uj ft L} ! x pooperating with goyeinmeht @rgities and other private actors?*.

China seeks international partners in meteorology, remote sensing and disaster prevention

In the realm of meteorology, remote sensing and disaster prevention, China has pushed forward with

international cooperation. On the sidelines of the 18" World Meteorological Congress in June 2019, the

Di job! Nfufpspmphjdbm! Benjojtusbujpo! )DNB*! dzj hof e!
agreements with meteorological departments of Mozambique and Pnbo! sftgf duj wf mzLJ bt
dZdpotvmufe! po!leffqgfojoh!dppgfsbujpold xjui!nféddpspmphj
Both agreements focused on natural and meteorological disaster monitoring and risk mitigation.

In a similar fashion, China hassigned a cooperative agreement titled Agreement between the China
Meteorological Administration and the Ministry of Emergency Situation of the Kyrgyz Republic on
Cooperation in Fengyun Meteorological Satellite Servicem the side-lines of President XiJigj oh! t ! wj t j u!
Lzshz{tubo/! Bddpsejoh! up! uif! Dijob! Nfufpspmphj dbm! Be
chapter for the bilateral meteorological cooperationlJ! Ui f! bhsffnfoul! dzbjnt! up! g
meteorological scientific cooperation to new heights, elevate FY satellites application level, improve
ejtbtufs! gsfqgbsfeofttLd bt! xf mm! b-beinglnf gepplejfrenf thettwogqgqpsu! g
countries and the sociof dpopnj d! e faf mpgnf ouLJ

211 |bid.

22Tuf gi f oChhandusches hedzGaofen Eartimaging satelliteLd) ! Tgbdf gmj hi u! Opx! ) Pdupcfs! 312: *;
https://spaceflightnow.com/2019/10/06/china  -launches-new-gaofen-earth-imaging-satellite/

23 AnnamarieOz j sbhez-! dzDi j ob! Mbvodi ft Via Sagflite (®ptémbér 206%):j oh! Tbuf mmj uf t LI !
https://lwww.satellitetoday.com/imagery -and-sensing/2019/09/20/china -launches-5-remote-sensing-satellites/

214 |bid.

215 China Meteorological News Pressd2i j ob! Nf uf pspmphj dbm! Benjojtusbujpo!gspnpuft! dzCfm
with several countriesLILhina Meteorological Administration (June 2019):
http://www.cma.gov.cn/en2014/news/News/201906/t20190614_527259.html

216 China Meteorological News Press,dzhina and Kyrgyzstan signs cooperative agreement in FY satellite services to prade

support for scientific cooperation and disaster preparednessL&hina Meteorological Administration (June 2019):
http://www.cma.gov.cn/en2014/news/News/201906/t20190614_527257.html
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DLR collaborates on innovation in optidehnsmission methods

Po! 4! Bgsjm! 312: -1 EMS! boel! uif! Vojwfstjuz! pg! Tuvuuhbsu
vtjoh! mbtfs! d%.nThe Optitdd Spapeo tnfidred Downlink System (OSIRIS) laser
communication terminal developed by DLR hascompleted its first transmission tests. The purpose of

this experiment is to progress in optical transmission methods capable of sending large amounts of data

at higher rates. The OSIRIS is compact and at 1.3 kg relatively light and thus able to be depleg on board

ui f!tp! dbmmf epgdibAntzn borhnh! Mbbqwifpngm! u f ! ef wf mpgfe! cz! ui f! Voj
sfdfjwfelvtjoh! dEMS!t!pqujdbm! hspvoe!tubujpo!jo!Pcfsaq
that has been ongoing sincethesinnf s! pg! 3129LJ ! Up! gvsuifs!jngspwf!uif
Dpnnvojdbujpot!boe! Obwj hbuj po!jo!Pcfsqgbggfoipgfol! dzt
bsf!gbsujdvmbsmz!tvjufe! up! &Fethedtransmipsiomtesis edaltdiggsthen ! t n b mm
reception of data are planned for the future.

Italy kickstarts development of ITAGovSatCom

With an agreement between ASI, Thales Alenia Space and Telespazio in July, Italy launched the
development of ITAL-GovSatCom?!® the innovative telecommunications system mirror programme of

the European GovSatCom. In September, the newly formed government approved a decree to provide
U211N!pg!beejujpobm!gvoet!up! fygboeluif!qgppm!2Pg!joevt

UK announes development of new generation of defertommunication satellites SKYNET 6

Related to the developments fostered by the Ministry of Defence is also the announcement to develop a
of x! hfof sbujpo! pg!efgfodf! dpnnvoj dinaeihelaunhch bfthé firstnj uf t ! dzT
satellite SKYNETF1A.2?* Furthermore, Airbus won a fiveyear contract with the Ministry of Defence for
bggspyjnbufmz! U36N! up! nbobhf! uif! d2Dpnnboe-! Dpouspm-
Tvswfjmmbodf-!boe! Sfdpoobjttbodf! ) D5JTS8etwolkdbgbcj mjuz!

Canadian government invests in connectivity in remote regions of country through investment in Telesat

In line with its strategy towards providing socio-economic benefits to its citizens through space, the

Canadian government is taking steps toaddress the needs of citizens living in the vast rural and remote

areas of Canadap particularly in the North. The Canadian government made an important step towards

honouring its commitment to connect remote citizens of Canada by announcing an investment of
DB%96N!jo!uif! Dbobejbo!tbufmmjuf!dpngboz! Ufmftbu! up!d
earth-pscj u! ) MFP* I t b u??®mhispguebnedtwas furthiermomiplenmemtenl by a Memorandum

of Understanding with Telesat to provide broadband Internet capacity covering the entirety of Canada

through the planned satellite constellation in LEO in return for a commitment of up to CA$600M from the

Dbobej bo! hpwfsonfou! pwfs! uif! gjstu! 21! zfbst! pg! dpo
contribution agreement).??4

217 d3LR and the University of Stuttgart test the transmission of Earthobservation data using laser communicationsLIDLR (April

2019): https://www.dIr.de/content/en/articles/news/2019/02/20190403_osiris  -transmission-of-earth-observation-
data.html;jsessionid=251379655FBB5A4FD470C181DC5CC661.delivemeplicationl

218 |bid.

29dzUi bmf t ! Bmf oj b! Tgbdf ! boe! Uf mf tfdBhjf pldejLé ! diUp dund bt d B!md 0 ! Twyhjf B 9 'KV an
20d7Tgbdf ! Fdpopnz; !'211!njmjpoj'!lej!fvsp!jol! gbwpstMikstryofjEcgnbniicuuj ! ej ! sj d:
Development of Italy (September 2019)https://www.mise.gov.it/index.php/it/per -i-media/notizie/2040249 -space-economy-100-
milioni-di-euro-in-favore-di-progetti-di-ricerca-e-sviluppo-presentati-dalle-imprese

221 dzefence Secretary announces boost for multibillion-pound SKYNET 6 programmé.J/ ! VL! Nj oj t usz! pg! Ef gf odf ! bo
Command (September 2019)

22dzBj scvt ! up! svo! VL! NP E !Airbusroly2819Dhtps Avéviv.aiftbus.acombhdwsroom/press -

releases/en/2019/07/airbus -to-run-uk-mods-land-c4isr-test-centre.html

223 dMinister Bains announces major investment in the future of connectivity for Canadians living in rural and remote

communitiesLy ! Nj olpnbvat®rg Sciergeeé andEconomic Development of Canada (July 2019)

224 |bid.
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1.3.3 Scierce andexplorationprogrammes

ESA announcement of HERA mistgpart of NASA cooperation on Asteroid impact deflection

At the ESA Ministerial Council 2019, ESA announced the approval of the Hera missié® as part of its new

Space Safety Programme p which will be part of a joint NASAESA endeavour called Asteroid Impact

Ef gmf duj po! Bttfttnfou! )BJIJEB*/ ! Uijt!njttjpo!t!dgvsagptH f
double Didymos asteroids between Earth and Mars through & impact by one spacecraft. Then a second

spacecraft will survey the crash site and gather the maximum possible data on the effect of this

dpmmp% Xipjord ! ui f! jngbdu! uftu! dvssfoumz! tdi fevmfe! gps!
spacecraft (Double A uf spje! Jngbdu! Uftu*-1 FTB! t !-lpfsaveying¢fthe j po! x| r
crash site and additionally deploy CubeSats for closer inspection of the site??’

BepiColombo poised to start journey to Mercury

In April, the European Space Agency announcethat the ESAJAXA BepiColombo mission, launched in

Pdupcfs! 3129! po! bo! Bsjbof! 6! spdl fu! gspn! Gs-Eastldi ! Hv ] b
commissioning phase and is now ready for the operations that WI|| take place during the cruise and,

fwfouvbmmz—'gps'jut'tdjf%gul : 20 T bu! Nf ¢
After confirmation of the correct functioning of
CfqgjDpmpncp!t! tgbdfdsbgu-'!
instruments, the mission enters into its operational phase.
The mission comprises two orbiters p j / f /| FTB!
Qmbof ubsz! Pscjufs! ) NQP* !
Magnetospheric Orbiter (MMO)p which will be brought to
Nf sdvsz! cz! FTB!t! Nfsdvsz! U
perform orbit insertions.

s Jfoujgj

BepiColombo is scheduled to arrive at Mercury towards the
end of 2025229,

Airbus progresses in production of JUICE satellite

In July 2019, Airbus DS announced that the first

dpotusvdujpo! qgibtf! pg! FTB!
completed and is now ready for further construction and ‘ A o) i
eventual final integration at various Airbus sites in Europe.
FTB!'t! KVJDF! )YKvqgjufs! Jdz!

dZl owf tuj hbuf! ui f! gpufouj bm!
Callisto and Ganymede to harbour habitable environnents

tvdi! bt! tvct vZ.gthd JUICR dnisdion tisL .
scheduled to commence its 7-year journey of more than 600 JuUICE propulsion system integration (Credit
million kilometres to Jupiter in 2022. Airbus and Arianegroup)

225 dzSA ministers commit to biggest ever budget. ZSA (November 2019):
http://www.esa.int/About_Us/Corporate_news/ESA_ministers_commit_to_biggest_ever_budget

226 dzurope and US teaming up for asteroid éflectionLZESA (September 2019):

https://lwww.esa.int/Safety Security/Hera/Europe_and_US_teaming_up_for_asteroid_deflection

227 |bid.

228 (gepiColombo isready for its long cruiseLESA (April 2019):
http://www.esa.int/Science_Exploration/Space_Science/BepiColombo/BepiColombo_is_ready fo its_long_cruise

229 | bid.

207K VI DF! t ubsut ! j uAirbus @ulyel9):hifps:/fmew.aitbus com/nelvstoom/press -releases/en/2019/07/juice -
starts-its-journey-on-earth.html
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EA50&Ln ngULUBEGz {IPGPSAG & K@hE®BE DN " ?

ESA announced in July 2019 that the Characterising Explanet Satellite ((HEOPS passed its final review
cfgpsfl!cfjoh!lusbotqgpsufelup! Fvspgf!t! Tgbdfgpsu!jo! Gsf
occurred on 18Ef df ncf s/ ! Bddpsejoh! up! FTB-! uif!lnjttjpo! xj mm!
planets in the Earthto-Of quvof ! tj {f! sbohf L>! qgqspwjejoh! jogpsnbujp
combined with the known information on their mass can give insights into their density. This, in turn

dzgspwj eft! wjubm!dmvft! bc piwndcatipgdor éxahpla igitp prgdamingndy!rdckye ! t us v d
ps!hbttz-!ps!qgfsibqgqt!i®Bscpvst!tjhojgjdbou! pdfbotlL]

Postponement of ExoMars mission announced

On 12 March 2020, ESA and Roscosmos decided to postpone the ExoMars mission to the launch window

between August and October 2022,in order to complete the necessary tests and considering possible

interruptions caused by the health situation in Europe?®? After launch, the landing on Mars will be now

expected to occur between April and July 2023. The decision follows delays on the parachute tests and

an announced review of the entire mission schedule. Already in 2016, ESA and Roscosmos had to agree

on postponing the launch date of 2018 to 2020. The first part of the ExoMars programme, the Trace Gas
Pscjufs-!I xbt! mbvodife!jo!3127!boe! dZjt!bmsfbez! cpui! e
sfmbzjoh! ebub! gspn! OBTB! tHiDw!smipd g fuzlWJNbsd ! xsiptw!f ¢ rhiboef! el!
ebub! gspn!uif! FypNbst! 3131! 3BFdrthg ExaMarg mission, theuBuropeanj wf t | b u
Space Agency and Roscosmos aim to launch the Mars rover named after the British scientist Rosalind

Franklin to Mars on a Russian ProtorrM launch vehicle. As of August 2019, the rover is equipped with all

necessary scientific instruments (including cameras, a drill and an onboard laboratory) and after

undergoing further testing will be integrated with the lander gatform Kazachok as well as the descent

module and carrier module?®* Primary task of the rover will be to conduct several scientific operations in

search for life.2%

NASA and ESA progress on Mars Sample Return Mission

In 2019, ESA also revealed morénformation on the Mars Sample Return campaign currently planned in

cooperation with NASA. ESA DG Worner stated that the decision on ExoMars should not affect the
tdifevmf! pg!uif! Nbst! Tbngmf! Sfuvso! njttjpolrciksdpsej of
from Earth and one from Mars, two Martian rovers and an autonomous rendezvous and docking in Mars

obitppwf s! 61! nj mmj po! I n! bx*¥The grsip o returs pamples fradngviars thag m LJ

originate from the so called Jezero crater. Asthe s buf s! dzpodf ! i f me! b! mbl f! boel!
gsftfswfe! sjwfs!efmubLJ-!uif!tbngmft! xjmm! fyqgboe! ivnb
history?®”. The campaign is scheduled for the timeframe 20203 1 4 1! boe! f oubj mt ! ui sf f ! mb
Mars2020nj t t jpo! bjnt!tup!fygmpsf!luif!Sfel!Qmbofu!t!tvsgbdf

2t dzheops passes final review before shipment to launch sitd ESIA (July 219):
https://lwww.esa.int/Science_Exploration/Space_Science/Cheops/Cheops_passes_final_review_before_shipment_to_launch_site
232 dzxoMars to take off for the Red Planet in 2022 ZSA (March 2020):
http://www.esa.int/Newsroom/Press_Releases/ExoMars_to_take_off_for_the_Red_Planet_in_2022

2dzFy pNbst! spwfs! sf be zUFEPHBExpldration [AsgusR®l1)ditps:/lexploratiproeba.int/web/mars/ -/61528-
exomars-rover-ready-for-environment-testing

234 d&ll instruments onboard Rosalind Franklin rovet ESA (August 2019):
http://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Exploration/ExdMars/All_instruments_onboard_Rosalin
d_Franklin_rover

Z5dZFTB!' t ! Nbst! s p8fps bimh tole bESHSBabriliany 2019/ !
http://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Exploration/ExoMars/ESA_s_Mars_rover ds_a_name_
Rosalind_FranklinT f f ! bAfhinsorymeerdz onboard Rosalind Franklin rovet ESIA (August 2019)

236 dMars on Earthp what next?LESA (May 2019):
https://lwww.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Exploration/Mars_on_Earth_what_next

237 |bid.
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gmbdfe! joltqfdjgjd!bsfbt!gps! mbufs! sfusjfwbm/! Uif!tf

Lander mission to land a platform near the Mars 2020sitd.J) gs pn! xi j di ! bo! FTB! spwfs! ) T

will retrieve the samples. Returning to the landing platform, the samples will be loaded onto the Mars

Ascent Vehicle which willliftp gg! boe! sf oef { wpvt! xjui! FTB!/'t! Fbsui ! Sfuv
spacecraft will return the samples to Earth. As mentioned in the third resolution of the Ministerial Council

2019, the Mars Sample Return campaign awaitsformalis ation with NASA 238

Europe and China cooperation on SMILE mission

China will cooperate with Eurgpe on a mission called the Solar wind Magnetosphere Link Explorer

(SMILE). This project was given the green light in March 2019 and builds on successful cooperation

between ESA and China on the Double Star/ Tan Ce mission (2063008). While the latter wasa mission

catalysed by China, the SMILE mission is a joint ES&hina project. The project aims to launch a 2200 kg
spacecraftviaEuropeanVegaD! ps ! Bsj bof ! 73! spdl fu!jo!3134! boe!dztvectf
f mmj guj db m! p sBcdjdup!shesj povho! eu! pR bFsTuBi - LU/dEf wf s z! 62! i palmdst ! TNJ MF !
one third of the distance to the Moonphj wj oh! j u! b! gspmpohfe! wjfx!pg! Fbsui!
which it will return closer to Earth and enable the download of its cdlected data.?® The mission will last

for three years and use four instruments which will be provided from China, Europe and Canada.

Italy signs several cooperation agreements

Italy reinforced cooperation with China and the United States in the field of spae science and exploration.

During the visit of Xi Jinping in Rome in March, ASI and CNSA signed a MoU to continue the cooperation

on the China SeismoElectromagnetic Satellite (CSES) programmeé®° Italy already participated in the

CSES1 2! gspkf dudpxvjLki!ludzMj!nibj hi ! Fof shz! Qbsujdmf! Ef uf dups
satellite launched in 2018 that also studies the electromagnetic variations in the ionosphere?** With this

new MoU, Italy will develop a second HEPD and the Electric Field Detector (EF&9 well.

After a long negotiation, ASI also signed in October a Joint Statement for Cooperation in Space
Exploration with NASA?#? Italy became the first European country to sign a bilateral agreement with NASA
related to the participation in Artemis and theLunar Gateway programmes.

Italy also signed a new agreement with Virgin Galactié*® following the framework agreement signed in
2018 between ASI, Italian companies and the U.Shased company to explore the feasibility of suborbital
research flights from the Taranto-Grottaglie Spaceport, in the Apulia regiorf** for which Italy started to
develop a regulatory framework for the suborbital activities. Italy plans to fly three Italian researchers and
a set of payloads from the Air Force and the National ResearciCentre (CNR) to conduct experiments in
microgravity on a SpaceShipTwo flight expected for 2020. With this new agreement the Italian Air Force
became the first governmental actor to sign a human flight commercial contract.

28dzSf t p mv u jppogranpned: d&drésding the challenges ahead! ) Sf t p adopted bydSAtMinisterial Council or28
November 2019. Available at https://fesamultimedia.esa.int/docs/corporate/Resolution_3_Space19+Final-28Nov-12h30.pdf

29dzF T B! h jaheadtfor SMILEN j t t | p o ! x ESASdiebce (Marbhl2D19):https:/sci.esa.int/web/smile/ -/61191-esa-
gives-go-ahead-for-smile-mission-with-china

20dzDpouj ovb! mb! d pDmnobbc! ptsvbj{!]tpbouff!nimj bun ABH(Masch 20/L9):tetds b asi.ifi2810/03172¥T F T LY/ !
2#1dZNj t tgSESpDpousj cvup! Ju AShitthsdpwwNsi.itiscienpev-della-terra/missione -cses-contributo -italiano-

limadou/

242 dzB s is:fActordo NASAB T JAGI(October 2019)https://www.asi.it/2019/10/artemis -accordo-nasa-asi/

243 Ufficio Pubblica Informazione- ! dzZTqgb{j p; ! Bddpsep! usb! bf spobvujdb!njmjubsf!f! Wjshj
Ministry of Defence of Italy (October 2019):ttp://www.aeronautica.difesa.it/‘comunicazione/notizie/Pagine/accordo -virgin-

galactic.aspx

24K f gg! @ipgin space todipanies sign new agreements with Italy.J/ ! T g b d f Of x t https:Kspacenéws.cod/9irgin -!
space-companies-sign-new-agreements-with-italy/
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Hayabuse? performs successful toucldown and starts return to Earth

An important milestone for Japanese space
exploration occurred in February 2019 when the
asteroid explorer Hayabusa?2 touched down on the
asteroid Ryugu to collect samples, a mission that
started in 2014, when Hayabusa2 was launched.
On 15 April, the Institute of Space and Astronautical
Science (ISAS) confirmed that the second part of
the mission was successful. It entailed the

separation of a Small Carry-on Impactor from

Hayabusa, which impacted Ryugu and created a
crater?*®, On 11 June, Hayabusa?2 touched down a
second time and collected the soil samples after
the creation of the crater?*®, Hayabusa2 is lllustration of Hayabusa2 (Credit: Akihiro Ikeshita)

scheduled to return to Earth in 2020 and this

missj po! bjntltup!dzf mvdjebuf!luif!psjhjo!boe!fwpmoudj po! pg!
i bwf! mfelup! f#Hfshfodf! pg! mjgf LJ

Japan signs cooperation agreements on Martian Moon exploration and Hayabusa 2

Further international cooperation was fostered in
the domain of the exploration of Mars. JAXA has
signed cooperation agreements with both CNES
and DLR regarding the studyphase activities of the
Martian Moons eXploration (MMX) mission. The
mission dpotjtut! pg! uif! pctfswbu
moons (Phobos and Deimos) and the collection of
surface material samples from one of the moons
aswell astheirreturntoEarthpx j ui ' dzbj nt tup! dm
the origin of the Martian moons and the process of
evolution for Mars region and to improve
ufdiopmphjft! sfrvjsfe® gps! gv
EMS!t! dpousjcvujpo! jodmveft!
rover, which is equipped on MMX in cooperation
with CNES, as well as the provision of experiment
opportunities using the Drop Tower in Bemen,
Hf snboz/! DOFT! xj mm! gspwjef! u
spectrometer (MacrOmega) and the knowledge
boe! fyqfsujtf!pg!uif! Gmjhiu! Ezobnjdt L) bt Thdssoondbt ! ui f !
agreement between JAXA and CNES pertained to the Hayabw® missionp dzu p! xi j di ! DOFT! j t ! |

Artist concept of MMX (Credit: JAXA/NASA)

245 dguccessful Operation of Asteroid Explorer Hayabusa2's SCU/ | KB Y B! J ot u pdAstronadtiqaldstienag GAprii 2010):
http://www.isas.jaxa.jp/en/topics/002146.html

246 dguccess of the Second Touchdown of Asteroid Explorer "Hayabusa 2/ ! KBYB! Jot uj uvuf! pg! Tgbdf! boe! Btu
(July 2019): http://www.isas.jaxa.jp/en/topics/002 203.html

247 Hiroshi Sasaki,dZKBYB! t | Mvobs! Fygmpsbuj po! "BSEssionof thejUhitedNatiores Codmmitteewrbthe] po! bu! ui f
Peaceful Uses of Outer Space (June2019)

248 dIAXA and DLR Make and Sign Implementing Arrangement on Martian Moons eXptation (MMX)LY ! K B Y B loflSpaceuapdu v u f
Astronautical Science (June 2019):http://www.isas.jaxa.jp/en/topics/002187.html

249 diAXA and CNES Sign Implementing Arrangement on Martian Moons eXploration (MMX) and Hayabusé2/ ! KBYB! Jot uj uvuf ! p
Space and Astrorautical Science (June 2019):http://www.isas.jaxa.jp/en/topics/002188.html
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dpousjcvujoh! xjuil!uif! NBTDPU! mboef slL) xijdi! fobcmfell
Ryugu. The new agreement specifically covers the analysis of the samples which will be returned to Earth
in 2020.2%°,

In terms of space science, Japan was able to furtherdeepen its cooperation with the European Space
Agency through signing a cooperation agreement on the XRay Imaging and Spectroscopy Mission:
XRISM. Hiroshi Yamakawa (President of JAXA) and JohamDietrich Womer (Director General of ESA)
tjhofeluif! bhsffnfoul!ljo!Ebsntubeu-! Hf snboz! po! 25! Kvo
efwfmpgnfou! pg! pof! pg! YSITN!t! npshig]j mgpdubpof jifos wWshbkn
Fvspqgf bo!t dj ftowniptheprjéctgenersliyy . @he prdjected launch of the XRISM is FY2021.

China reveals details on Mars explorer

Dijob!t!tgbdf!fygmpsbujpo!bncjujpot!bmtp!fyufoelup! Nb
Mars explorer was unveiled. Accoding to Chief Scientist of Space Science and Deep Space Exploration

at the Chinese Space Technology Academy, the launch will occur in 2028% p an important launch
Xjoepx!bt!ltuif!dipscjut! pg! Nbst! boe! Fbsui ! bshdaddmpt ft u'!
lasts about p o f ! n pB° Whe laldch vehicle will be the heawlift Long March 5. The mission is an

ambitious endeavour as it sets out to orbit, land on anddezp! f ybnj of ! ui f! Sfe! Qmbof u!
landscape, geological and magnetic characteristics,which could provide clues to the origin and evolution

pg! Nbst! boe! uf!tpmbs!tztufnll]

German scientists present promising experiment results on production of food in space and life support for ISS

A scientific mission to benefit future Mars and Moon missions presented its first results in August 2019:

the EDEN ISS project. Paul Zabel, DLR researcher and member of the crew at the Alfred Wegener
Jotujuvuf!t! Of vnbzfs! JJ! Boubsdujd! sftfbsdi!tubujpo-!
production of food in inhospitable conditions, such as future space missions on the Moon or Mars. Over

nine and a half months,the team succeeded in growing 268 kg of food in an area of 12.5 Mwhile only

reaching half of the projected power consumption for greenhouses in space. Eden ISS scientists have

drafted a design concept for a space greenhouse to be launched using a Falcon 9 rocket and thisesearch

project on how to cultivate locally grown food in space will continue?®.

A further experimental technology project was developed for use on the ISS by the University of Stuttgart

boe! nbovgbduvsfelcz!Bjscvt!poluifl!lcfibmg!pg! EMS!Ijt! ui
partofthe COf yusbdufelcz!uif! +#MTS! ! Mj gf !'xfgengagdbhemassSwhidd ! po! c p |
could help to save valuable resources during future longu f s n! nj t t j p & Thjs s pagitutartyb d f LJ
pertinent for potential missions to Moon and Mars.

20d7G s bJapduf space cooperation,§ hobuvsf ! pg!uxp!bhsffnfout! po! NONESJufeRel®p sbuj po! bo
https://presse.cnes.fr/en/france -japan-space-cooperation-signature-two-agreements-mars-exploration-and-asteroid-ryugu

251 dkgreement with European Space Agency (ESA) for cooperation on the-Ray Imaging and Spectroscopy Mission: XRISNAJ/ !

JAXA (June 2019):https://global.jaxa.jp/projects/sas/x -ray_imaging_and_spectroscopy_mission_xrism/topics.html#topics14766

252 | eonard David,dbhis is the 1st Photo of China's Mars Explorer Launchingin2020)/ ! Tgbdf / dpn! ) Pdupcfs! 312: *;
https://lwww.space.com/china -moon-lander-rover-first-picture.html

XIMj ! Zbo- ! dzDi j ob (t! Nbs ECNSEuhf 2619)uhptd:/mbwecns.cn/ngws/2039103-08/d#tall -

ifzkvtrv5568863.shtml

254 eonard David,dbhis is the 1st Photo of China's Mars Explorer Launchingin2020)/ ! Tgbdf / dpn! ) Pdupcfs! 312: *;
https://lwww.space.com/china -moon-lander-rover-first-picture.html

255 dZDEN ISS project presents results of a new greghouse concept for future space missionsLIDLR (August2019):
https://iwww.dIr.de/content/en/articles /news/2019/03/20190823_project -eden-iss-presents-results.html?nn=bad75799-8317-
4d4c-958d-3120224bclea

256 (Zhotobioreactor: oxygen and a source of nutrition for astronautd.JAirbus (April2019):

https://lwww.airbus.com/newsroom/press -releases/en/2019/04/photobioreactor -oxygen-and-a-source-of-nutrition-for-

astronauts.html
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Robotic astronaut assistant CIM@\launches to ISS

In August 2019, the robotic astronaut assistant called Crew Interactive Mobile Companion (CIMON)

returned from its 14-month long deployment on the ISS?7 Developed and built in Germany and equipped

with Artificial Intelligence (Al), it served as a technolog demonstration for cooperation between humans
boe!joufmmjhfou! nbdijoft/!Bddpsejoh!up!uif! DINPO! Qs pk
gjstu!njttjpo! bmmpxfelup!dizmbz!uiflgpvoebujpo!gps!ivnb
inui fjstlubtlt!boe! qfsibqgt-!jo!ui fPQns Decesnber2019,CIMONI| f ! pwf s
2 was launched to the ISS and will likelyremain for up to three years. The successor to the CIMONL

prototype is built to have more sensitive microphone equipment as well as more advanced Al
capabilities.?®

DLR progresses with radiation protection technology

FTB! boopvodfe! jo! 322: 1" uibu! ju! xjmm! efgmpz! uxp! fevni
btuspobvut! dpvme! cf! fydgPonOBTRBbDt | BY g mp slipdhip wngreviedg pojt bl
flight to the vicinity of the Moon. Developed by DLR, the MatroshkaAstroRad Radiation Experiment (MARE)
dpotjtut! pg! uxp! ev n ngqiivialennhpbasti€s'thatgnimi thé \diyingtdensity of bones,
sogu!ujttvf!boe!mvoht LY !Jo!gbsujdvmbs!uif!fggfdu!pg!hb
bsflup!cf!nfbtvsfel!poluijt!Ffujttvyfl!ljoluif!lbsfbt!uibu
uterus, the stomach and the bone marow. One of the dummies will wear a radiation protection vest for

scientific comparison 6%,

Tiangong?2 space station deorbits and renters atmosphere

On July 19", the Tiangong2 space station deorbited and reentered the atmosphere after completing its

mittjpo! xijdi!tubsufe! xjui!jut! mbvodi!jo!Tfquf2ncfs! 31
tfswfelup!nbtufs!boe!wfsjgz!uiflufdiopmphjft!sfrvjsfe
(CSS) in the early 202082

India announces the staof series of ambitious space science programnEsDns é DU550Gd5 |

Bddpsejoh!up! JTSP! Dibjsnbo!Es/!L!Tjwbo-!b!spbenbqg!gps
ibt! cffolgsfgbsfe! boe! jodmveft!uif!tuve-titgdp@htmiPgnf ol
these missions, only two have been outlined so famp the X-ray Polarimeter Satellite (XPoSat) and Aditya

L1 missions (other than the Chandrayaar3 - ! xi j di ! jt! bmsfbez!jo!pgfsbujpo*/
and angle of polarization of bright X-ray sources in the energy range 54 1 LJ- ! x i f s-Elbnmllstlg j uz b

the solar corona?%4. The four remaining missions are undefined and will presumably be announced with

ui fl of x!spbenbqg! po!Joejbl!lt!djwjmltgbdf!gsphsbnnf/

257 d2IMON back on Earth after 14 monthsonthe IS8 ! EMS! ) Bvhvt u! 312: * ;|
https:/iwww.dIr.de/content/en/articles/news/2019/03/201  90828_cimon-back-on-earth-after-14-months.html

258 |bid.

259 d2IMON-2 is on its way to the ISS.IDLR (December 20D):

https://iwww.dIr.de/content/en/a rticles/news/2019/04/20191205_cimon2 -on-its-way-to-the-iss.html

260 (Zhotobioreactor: oxygen and a source of nutrition for astronautd.JAirbus (April2019)

261 (Radiation for dummiesLd) ! FTB! ) Kbovbsz! 312: *;
https://lwww.esa.int/Science_Exploration/Human_and_Robotic_Exploration/Orion/Radiation_for_dummies

®2Boesf x! Rppbdb! t tRgpdreldbpeertters over South Pacifitd) ! Tgbdf Of xt ! ) Kvmz! 312: *;
https://spacenews.com/chinas -tiangong-2-space-lab-reenters-over-south-pacific/

263 gV KhrishnaD i b j u BSRQ fland talzonduct seven mega missions over next 10garsL)/ ! Ui f ! Of x! Joej bo! Fygsf tt!
https://www.newindianexpress.com/nation/2019/may/18/isro  -plans-to-conduct-seven-mega-missions-over-next-10-years-
1978338.html

264 |bid.
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2 INDUSTR&INNOVATION

2.1 2019 ina nutshell

2019 has beena consolidation year for various space industry trends observed in the sector for the past
few years, paving the way for a new decade that will certainlyalso see profound changes in the structure
of the global space industry.

Mega-constellations, Microlaunchers or InOrbit Servicing areequallyimportant trends for the sector that
have seen key achievements, as well as significant setbacks during the year.With the launch of 120
Starlink satellites and the first 6 satellites of OnéVeb constellation (whose future is now difficult to
predict), mega-constellations are closer to becoming a reality and to becoming confronted to the actual
viability of their business model. Constellation projects alone, countedfor a third of commercial satcom
launchesin 2019. Major progress can also be reported on the development of microlaunchers and irorbit
servicing solutions, with a few leaders emerging with major technical and commercial successes.In this
field, Rocket Lab (Electron rocket) and Northrop Grumman (MEVL servicing spacecraft) certainly marked
the year but many other outstanding developments, including in Europe, took place in 2019, shaping the
progress of both trends.

In the space transportation industry, 2019 has also been marked by major milestones for important
industrial programmes. In Europe, nextgeneration launchers Ariane 6 and VegeC successfully passed
their respective Critical Design Review and are now on the last step before their maiden fligtexpected
to take place in 2020. Their backlog also filled up with a variety of payloads both governmental and
commercial including for non-European customers. Other transportation programmes across the World
also made important steps: the United States & increasingly close to recover its Human spaceflight
capacity and several American, Russian, Chinese or Japanese rockets, in particular in the supleavy
segment (e.g. SLS, Yenisei, Long March 5, H3), will soon enter the market after important steps foexd
in 2019.

The satellite industry also faces turmoil in traditional segments such as the GEO satcom market which
experienced a slowdown since 2016, with a stark decrease irsatellite orders and a reduction of the
associated launch activity. Telecommunication and media sectors experienced a rapid evolution across
all market parameters and this transformation has profoundly impacted satcom operators that are
currently facing uncertainties which may affect their businesses. This wait-and-see attitude can in turn
negatively affect satellite manufacturers; this would lead to business reorganisations but also drive
promising developments in the fields of reconfigurable payloads, small platforms and shared payloads

Finally, industry involvement in renewed Moon abitions, in particular for the Artemis programme,

became much clearer both for space transportation and system developments. Major contracts were

signed for various components of the programme including the Lunar Gateway, Orion spacecraftand

Space Launch System but also for logistical services, Human landing system and commercial lunar
payload services. These announcements are triggering a great momentum for the industry in the space
exploration domain with interesting developments for the future.

This is only the tip of the iceberg and the space industry saw many other noteworthy advances in 2019
that will certainly shape new trends for the future. Some examples are themultiple projects involving the
use of Artificial Intelligence or the emergenceof new commercial solutions for the Internet of Things or
Space Situational Awareness.
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2.2 Spacetransportationindustry highlights and trendsn 2019

2.2.1 Progress of nexigeneration European launcher programmes

Ariane 6 (manufactured by ArianeGroup) and Vegd&C (manufactured by Avio) are the nextgeneration
European launchers, whose first flight is planned for 2020.

2012: Launch of 2016: Finalisation of 2019: Critical design Q3 2020: VegeC
the first studly for the basic design of reviews of Ariane 6 planned maiden
Ariane 6 Ariane 6 and VegaC flight
() () () () () () ()
2014: ESA Ministerial 2017: Firstlaunch July 2020: Ariane 6
decision to develop contract signed planned maiden
Ariane 6 and VegeC for VegaC flight

Figure 8: Major Ariane 6 and VegaC milestones

ArianeGroup and ESA planned fourteen
missions for Ariane 6 during the transition

period with Ariane 5 (20202023), including

seven governmental missions. However, only
three launches had been booked early 2019not

enough to start the full-scale production of

Ariane 6255 An arrangement was found with

ESA in April 2019and ArianeGroup ot the

guaranteed equivalent thatexpenseswould be

covered if orders do not materialize in a

reasonable time 256 The serial production of the

first fourteen Ariane 6 eventually began without

any further delays. The same agreement also
covers eight missions for the transition period

between Vega and VegaC, expected to last
from 2020 to 2023. Later in the year, as part of
the restructuring of the future European institutional commitments, ESA, Arianespace, ArianeGroup and
Avio signed several protocols on the exploitation phase of the two future launchers. These protocols
govern the longlasting exploitation of Ariane 6 and VegaC, by sharing the technical and industrial
responsibilities in several domains, such as compliance with requirements, maintenance, launch
authorisation, etc.

Signature of protocols between ESA, Arianespace,
ArianeGroup (CreditESA)

At the end of 2019, a number of payloads from various public and private customers had already been
secured for the two launchers. The first flight of Vega-C in 2020 will carry a science satellite from the
Italian Space Agencyand the French CO3D and Pléiades Neo constellations are expected to be launched
on this rocket. Overall, around six to severaunch contracts were already signedfor Vega-C atthe end of
2019. Regarding Ariane 6, OneWeb signed a contract in 2019 to launch 30 of its satellites on the maiden
flight of Ariane 62 (2020 update: consequences of OneWeb bankruptcy still unknowipand ESA chosean

%5Db mf c ! Arfamespace $ayk full Ariane 6 production held up by missing gogrnment contractsL) ! Tgbdf Of xt ! ) Kbovbsz!
2019): https://spacenews.com/arianespace -says-full-ariane-6-production-held-up-by-missing-government-contracts/

%6Db mf ¢! Arfame&roup statfing Ariane 6 production after new ESA agreemet) ! Tgbdf Of xt ! ) Bgsj m! 312: * ;|
https://spacenews.com/arianegroup -starting-ariane-6-production-after-new-esa-agreement/
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Ariane 64 to launch the future JUICE mission.?%” In addition, by modifying the contract that it had for an
Ariane 5, ViaSat became the first commercial customer to commit to launch on an Ariane 64. Finally, early
2020, ESA preordered four more launches of Ariane 62 on behalf of the European Commns®n, in order
to launch Galileo satellites?%®

A non-exhaustive list of the launches planned for the two future European launchers is provided below:

Inaugural launch of

Ariane 6 30 OneWebsats OneWeb LEO Ariane 62, status
unknown
2020 LARES 2 AS| LEO Inaugural launch of
- VegaC
VesaC  seo AS| LEO  Or2021
PléiadesNeo 1 & 2 Airbus DS SSO
ViaSat 3 ViaSat Geo ' '"stcommercial
launch for Ariane 64
Ariane 6 CSO 3 French DGA SSO
Hotbird 13F &13G Eutelsat GEO
2021 Galileo 25 & 26 European Commission MEO
CERES 1,2,3 French DGA SSO
VegaC THEOS2 HR GISTDA (Thailand) SSO
KOMPSAT7 KARI (South Korea) SSO Or 2022
Galileo 27 & 28 European Commission MEO
Galileo 29 & 30 European Commission MEO
Ariane 6
Euclid ESA Escape Or onboard Soyuz
2022 JUICE ESA Escape Or onboard Ariane 5
NAOS OHB (for Luxembourg DoD) LEO Or onboard Vega
VegaC PléiadesNeo 3 & 4 Airbus DS SSO
Space Rider ESA LEO
2025 VegaC e.Deorbit ESA LEO

Table 8: Ariane 6 and VegaC announced payloads

267 The JUICE mission could also be launchedon pbse! bo! Bsj bof! 6! jg!ju!jt! off Arfaredpace! nf f u! j ut
reveals manifest, notes launch market variety.J/ ! Tgbd f Of x t ! ) Thitps:lspacendws.co/arianespace -wsbw-2019/

268 ZSA and the European Commission preorder four more Ariane 6 launchds)/ ! Bsj bof t gbdf ! ) Nbsdi ! 3131~* ;!
https://lwww.ar ianespace.com/press-release/european-commission -preorder-ariane-6/
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From a technical standpoint, the two launcher programmes reached several milestones in 2019. Various
successful tests on the engines of the two launchers have been performed, in particular:

0 The P210C,a solid rocket booster made of carbon composite and built in one piece, and which will
constitute the strap-on boosters of Ariane 6 and the first stage of VegaC, managed to pass a static
fire test in January. During the test, the engine met expectations and no anomaly occurred®®

0 The Vulcain 2.1, the liquidfuelled engine of the first stage of Ariane 6, passed its final qualification
test in July, after 15 months of test. The engine was fired 655 seconds (almost 11 minutes), thus
reaching a total test duration of almost four hours.27°

These successes open theway for combined testing, which will use a representative full main stage, in
order to qualify the full Ariane 6 core stage for flight?”* Moreover, providing that the motor that will propel
the upper stage, Vincifinished its qualification campaign in October 2018, all engines of Ariane 6 are now
on track for the first launch of the rocket in 2020.

Both Ariane 6 (in September) and VegeC (in February) passed their respective Critical Design Review,
meaning that the design and means used to produce the roclets have been validated. Integration of the

various components of the launchers is already underway; and a new factory to proceed with the
integration of Ariane 6 upper stages was inaugurated in October in Bremen.

Ariane 6 will also allow to demonstrate Euopean innovation. For instance, the new product line of RUAG,
thermal insulation for launchers, will be used on the rocket. In addition, ESA and ArianeGroup are already
thinking about potential ameliorations: for instance, the two entities signed a contract for the development

of the prototype of a highly-optimised black upper stage (PHOEBUS). This upper stage will be built of
carbon composite materials for several of its elements in order to reduce the cost and weight of the
rocket. Up to two supplementary tons of payload could be launched, with a potential application to Ariane
6 planned for 2025272

Psphsftt! po! Fv s p g fwhstalsaachieved throughthe selgdtidn sfthe start-up MyCTO by
ArianeWorks (an acceleration platform launched by CNESad ArianeGroup in February 2019) to build the
prototype of one of the recovery concepts under study for the development of THEMIS, a lovzost
reusable first-stage demonstrator.?’3 In addition, ArianeGroup with the support of ESA, CNES and DLR,
finalised the Definition Review of the Prometheus engine demonstrator, which aims at developing a very
low-cost and potentially reusable engine for European launcherg’

269 2120C solid rocket motor tested for use on VegaCLESA January 2019):
https://lwww.esa.int/Enabling_Support/Space_Transportation/P120C_solid_rocket_motor_tested for_use_on_Veg&

20dzBsj bof ! 7! Wvmdbj o! f ohj of ; !Atiane®Gidp (Jtlyg2018)https:/wwmy.agiane.droup/ep/nevsiafianel 4 o h LY/
6-vulcain-engine-successful-qualification-testing/

s j bof! 7!t dpsf! fohjof !LdpArSFpedmoer 2019): vb mj gj dbuj po! uft ut
http://lwww.esa.int/Enabling_Support/Space_Transportation/Ariane_6_s_core_engine_completes_qualification_tests

272 dzontracts signed for prototype of a highly-optimised black upper stageL¥SA (may 2019):
http://www.esa.int/Enabling_Support/Space_Transportation/Contracts_signed_for_prototype_of_a_highly

optimised_black_upper_stage

273 dgrianeWorks selects MyCTO to prototype stagerecovery concept for ThemisL,J/ ! DOFT! ) Nbz! 312: * ;!
https://presse.cnes.fr/sites/default/files/drupal/201905/default/cp074 -2019 - arianeworks_va.pdf

4dz2Qs pnfui fvt; !efnpotusbups! pg! gvuv saeGroup (Fgboudry 219t t f e! j ut ! ef gj oj uj po
https://www.ariane.group/en/news/prometheus -demonstrator-of-future-engine-passed-its-definition-review/
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2.2.2 Microlaunchersfrenzycontinues tangible progresdy leading firms

The launch market has quidkly evolved in recent years and the number of small satellites (under 500 kg)

launched every year has skyrocketed since 2012. Even though these light spacecraft still represent a very

small share of the total mass launched (small satellites represented 802% of all payloads launched in
312:!"cvu! pomz! 22/ 3&! pg! uif! nbtt! gqgvu! jo! pscju*-"!1tfwf
specifically designed to address this potential new market.

Number of satellites launched (2010-2019) Total mass launched (2019)
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Figure 9: Key statistics on small and large spacecraft launched

A study by Carlos G. Niederstrasser, master systems engineer at Northrop Grumman, at the International
Astronautical Congress in October 2019 suggested thatmore than 100 microlaunchers projects (defined
in the study as able to launch satellites under 1000 kg) were under development in 20197° The author
also estimated that around $2 billion have been spent globally in the development of such small launch
vehicles in recent years. The papepoints out that the high number of actors creates a fierce competition
which has already led to businesscasualties.?’® A recent example is the company Vector Launch, which
was forced to suspend its operations and ultimately declared bankruptcy in 2019 because of financial
difficulties, even though it was engaged in programmes of U.S. governmental organisationssuch as
DARPA.

Today, the most advanced microlauncher business is Rocket Lab. The private AmericatNew Zealand
company performed its tenth launch in 2019 and set a new record of altitude for its Electron launcher
(around 1000 km). The company also committed to increase the production rate of its rockets. To reach
this objective, it invested in a new manufacturing robot able to produce an upper stage in 12 hours instead
of more than 400 hours and announced that it intends to recover and reuse the first stag of these rockets
(data were already gathered during two 2019 launches). Rocket Lab also unveiled a satellite platform,
Photon, allowing its customers to focus exclusively on payload development. Photon can carry 170 kg to
LEO but the company also announed its wish to use the spacecraft in order to provide, in the future,
services for smaller payloads (around 30 kg) in lunar orbit. Finally, Rocket Lab started the construction of
a second launch pad in its New Zealand launch complex and inaugurated its seond launch site, located

275 Carlos Niederstrasser,A 2019 Update On The Impending Small Launch Vehicle BophAC 2019.Abstract available at:

https://iafastro.dir ectory/iac/paper/id/52324/abstract -pdf/IAC-19,B4,5,1,x52324. brief.pdf?20194-05.15:28:21
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in the United States. The first launch from the American soil is expected to take place in the second quarter
of 2020, with a U.S. Air Force experimental satellite.
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Figure 10: Worldwide small launch veheles (<1000 kg) (adapted from: Carlos G. Niederstrasser "A 2019
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In Europe, OHB announced that it is designing a small launch vehicle (threstage liquid propulsion), able

to carry 200 kg to LEO; the compay expects a first launch for 2021277 The rocket will be seltfunded by

OHB, without government support. Targets of this initiative are satellite operators seeking a flexible and
customized launch solution satisfying their specific needs (e.g. a more preci® launch schedule or a more

accurate orbital insertion).2”® Other companies in Europeare actively developing microlaunchers

0 Orbex unveiled for the first time its Prime rocket in February 2019; the launcher will transport the
x ps me! t ! printedrehgine; mahiEactured in a single piece without joins and using biepropane,
an eco-friendly propellant. New headquarters and technical facilities were also built and inaugurated
in Scotland ?”® The company announced that Surrey Satellite Technology Ltd. willly an experimental
payload on the maiden launch of the Prime rocket in 2021. Finally, Orbex signed a Cooperation
Agreement with Innovative Space Logistics for launch manifest cooperation, payload integration and
other technical services as well as the pocurement by ISL of orbital space launches from Orbex®

0 In 2019, PLD Space, a company supported by the Future Launchers Preparatory Programme (FLPP)

of ESA, unveiled its Propulsion facilities at the Teruel Airport and successfully completed a drop test

of a demonstrator of the first stage of MIURA 5, its future orbital reusable launcher8! After a failure

in May 2019, PLD Space achieved in February 2020 a fulluration rocket engine test for its MIURA 1

27D b mf ¢ ! Edropean spdcefiortboom could benefitindustryLd) ! Tgbdf Of xt ! ) Opwf ncfs! 312: * ;!
https://spacenews.com/european -spaceport-boom-could-benefit-industry/

Db mf c ! DiiBodefends!selffunded launcher effortLd/ ' Tqgb df Of xt ! ) Otps/fspacenesvs.cBni/chb Hefehds-
self-funded-launcher-effort/

WdzPscfy! vowfjmt! Qsj nf ! spdl fu! budry019)!htyps:/tbiber space/hewsiorbéxdynveits-prime-LJ/ | Pscf y !
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280 darbex and Innovative Space Logistics Sign European Space Launch AgementLd/ ! Pscf y! ) Bvhvtu! 312: * ;|
https://orbex.space/news/orbex -and-innovative-space-logistics-sign-european-space-launch-agreement

281 dguccessful drop test of the demonstrator of the first stage of MIURAS.J ! QME! Tgbdf ! ) Bgsj m! 312: * ;!
http://pldspace.com/new/2019/04/11/successfu |-drop-test-of-the-demonstrator -of-the-first-stage-of-miura-5/

Full Report


https://spacenews.com/european-spaceport-boom-could-benefit-industry/
https://spacenews.com/ohb-defends-self-funded-launcher-effort/
https://spacenews.com/ohb-defends-self-funded-launcher-effort/
https://orbex.space/news/orbex-unveils-prime-rocket-at-new-facility-in-scotland
https://orbex.space/news/orbex-unveils-prime-rocket-at-new-facility-in-scotland
https://orbex.space/news/orbex-and-innovative-space-logistics-sign-european-space-launch-agreement
http://pldspace.com/new/2019/04/11/successful-drop-test-of-the-demonstrator-of-the-first-stage-of-miura-5/

ESPI Yearbook 2019 Space policies, issues and trends

mission, a suborbital rocket. Finally, it signed an ageement with Hispasat to define the technical
features of satellites and analysing compatibility to launch services on board the MIURA 5 launchef®?

0 In June 2019, the British company Skyrora opened a new manufacturing facility in Scotland. One

month later, atest-gj sj oh! xbt!voefsubl folgps!uif! dMFPLJ ! uifl!gs
for the operational rocket of the company. In November, the assembly and pressure testing of the

suborbital vehicle Skylark L, a suborbital vehicle that is the secondargest in the Skyrora family, took

place .28 In January 2020, the company successfully tested an 3DBprinted engine powered through

recycled plastic waste.

FTB!jt!bduj wimz!tvggpsujoh! Fvspgfbo!gspkfdut! bt! gbsu!
(FLPP). The Agencyorganised a workshop where five companies presented the results of studiesfunded

by the programme, which will be used to select the technologies that the Agency will furtheisupport with

the GMQQ! gsphsbnnf ;! dZQME! Tebastd dn gssMiutaflaonehere DeinbstamdOwbexd
gsftfoufe! Bl]OM-!b!ltfswjdf!gspn!luif!B{psft!jtmboet!vt]
derived from their Vega workhorse and the upcoming VegaC. MT Aerospace presented the results of a

trade of analysis including different concepts and launch locations. ArianeGroup presented Q@TP a

#Rvjdl ! Addftt! Up! Tgbdf#! fdptztufn! jodmvejoh! b! njdsprt
gspgvmtjpo!'?ufdi opmphzlLY

China is also very proactive in the microhunchers sector, in particular for the development of private and
semi-private solutions. In one year, four Chinese microlaunchers tave been launched with mixed results:

0 LandSpace launched its Zhuquel in October 2018, but faled to

put the payload in orbit; in November 2019, the company
performed a successful full system test on the engine to be used
on Zhuque-2 (a rocket with more capacity, able to lift four tons to

200 km and two tons to a 500 km SSO orbit)

0 OneSpace failedto launch its OSM1 in March 2019;

0 In July 2019, iSpace launched its Hyperbolal rocket, and
became the first Chinese private company to perform a
successful orbital launch;

0 A month later, in August 2019, China Rocket (a spioff of the

CASC) also managedto put payloads in orbit with its Jielong-1
rocket.

These companies are quite advanced and already plan to launch next
generations of their rockets in the years to come (e.g. Hyperbola,
which is designed to have a higher lift capacity and to be reusabli In
addition, several others Chinese firms are also entering the market,
even if they have still not tried to launch. Galactic Energy proceeded ~ Hyperbola-1 (Credit: CNS)

with a hot-fire test of the second and third stages of Ceresl, its first launch vehicle (whose first flight is
planned for 2020); the first and second stages of the rocket also passed a separation test, an achievement
that was completed as well by the rocket of SMotor, another company. In parallel, Space Trek performed
a test flight of a suborbital rocket, Tansuo-1, from the Jiuquan Satellite Launch Centre in northwest China

3pdi fm! Kf xfuu-1!1dzl jtgbtbu! up! | f mqg! Wb mjL¥iHSafelliteMa&chZ0gd):df ! Bt ! b! Mbvodi !
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in December?® |t also received an undisclosed amount of money from two funding groups, in part to
support the development of the Xingtu-1 orbital launcher?® Finally, Beijing Deep Blue Aerospee
Technology carried out tests of the thrust chambers of its Nebula1 and Nebula2, respectively a light and
medium launcher.?®”

The microlauncher frenzy, which contributes to making access to space more accessible also led several

countries to reflect on the installation of a spaceport on their territory. For instance, in Europe, several
gspkfdut! bsf!voefs!dpotjefsbujpo;!jo!Qpsuvhbm!t! B{psf
set up a spaceport and equip it with a launch vehicle while work withESA is underway to make this
spaceport a landing zone for the Space Ridef®j o! Dpsoxbmm! ) gps! Wj shjo! Pscju!t!
Shetlands; in Italy; Sweden (Kiruna); Germany; and Norway.

Finally, the rise of small satellites and microlaunchersled more traditional launch operators to offer new
services in order to face this competition. SpaceX unveiled the SmallSat Rideshare Programme in August
2019, which aims at reducing prices and increasing flight opportunities for this kind of satellite. Snall
satellites (up to 200 kg) will get a dedicated launch at regular and fixed dates and will therefore not be
linked to a primary spacecraft and suffer from the constraints that it creates, especially in terms of
schedule. The price would start at $1 millon per launch; a first contract with Kepler Communications was
announced in December, for 400 kg of payload capacity’®® Similarly, Arianespace unveiled a new service
dedicated to launch small satellites to geostationary orbit, on a rideshare launch. The lanch will follow a
planned schedule without depending on a lead customer. The first mission, G€l, is planned for 2022,
onboard an Ariane 64 flight?°°

285 dzommercial suborbital carrier rocket launched inChinalLJ/ ! Yj oi v b ! ) E htgh:fwwuw kirthuaBef.cem/english/2019 -
12/25/c_138657406.htm

2B o e s f x! Kgwchirtese!lcattmercial rocket firms move toward maiden launched.J/ ! TNgwsd@ctober 2019):

https://spacenews.com/new -chinese-commercial-rocket-firms-move-toward-maiden-launches/

27Bo e s f x ! Kipnesk tomredzial launch companies are preparing secondgeneration rocketsL,) ! Tqgbdf Of xt ! ) Pdupcf s!
https://spacenews.com/chinese -commercial-launch-companies-are-preparing-second-generation-rockets/

28Db mf c ! Pdrtegal mull$ Atiantic-focused constellationLd) ! Tgbdf Of xt ! ) Otps/fspacehess.cBri/poriugal -!
mulls-atlantic-focused-constellation/

B9dZTnbmmt bu! Sjeftibsf! Qsphsbn! NSpaceXihttps://wiNy.epacexgamisindisat! Mp x ! Bt ! %2 NLJ !
s bof tdgHPdI Intj't t j po! xj mm! gspwjef!tnbmm!tbufm) B6tbrfugbdfe) BHut g
2019): https://www.arianespace.com/press -release/arianespaces-go-1-mission-will-provide-small-satellites-with -a-direct-flight-to-
geostationary-orbit/

Full Report m


http://www.xinhuanet.com/english/2019-12/25/c_138657406.htm
http://www.xinhuanet.com/english/2019-12/25/c_138657406.htm
https://spacenews.com/new-chinese-commercial-rocket-firms-move-toward-maiden-launches/
https://spacenews.com/chinese-commercial-launch-companies-are-preparing-second-generation-rockets/
https://spacenews.com/portugal-mulls-atlantic-focused-constellation/
https://spacenews.com/portugal-mulls-atlantic-focused-constellation/
https://www.spacex.com/smallsat
https://www.arianespace.com/press-release/arianespaces-go-1-mission-will-provide-small-satellites-with-a-direct-flight-to-geostationary-orbit/
https://www.arianespace.com/press-release/arianespaces-go-1-mission-will-provide-small-satellites-with-a-direct-flight-to-geostationary-orbit/

ESPI Yearbook 2019 Space policies, issues and trends

2.2.3 Super-heavy launchers andegp space transpomtinder the spotlight

On the other side of the spectrum, sugr-heavy launchers are also under the spotlight, in particular as
result of the renewed interest of public and private actors for deep space transport to the Moon and
beyond.

United States committed to SLS despite new delays

The Space Launch System (SLS)which has been developed by Boeing since 2011 for NASA deep space
plans and which has encountered serious delays and cost overruns, was still at the heart of discussions
in 2019. The issue became even more salient with the White House ambitioning to send stronauts back
to the Moon in 2024.

Officials at NASA announced that the first launch, already delayed and expected to take place in June
2020, would probably be still postponed by six to twelve months. Early 2020, a new schedule was once
again mentioned: the second half of 2021. These delays kept discussions about alternatives to the SLS
going, in particular with regards to the first launch of the Orion spacecraft. Jim Bridenstine, NASA
Administrator, raised the idea of using a commercial rocket for this hunch in order to meet the proposed
schedule of the Artemis programme. However, due to the political and industrial stakes of the SLS
programme, which has already cost several billions of dollars (app. $1415B to date), Mr. Bridenstine
quickly changed his mind and voiced its full commitment to the use of an SLS. NASAeven started
negotiations with Boeing to extend the contract beyond the Artemis | and Il missions. Under this new
contract, the manufacturer would produce up to ten core stages of SLS to suppot future Artemis
missions; in addition, the proposition includes the construction of up to eight Exploration Upper Stages, a
second stage which aims at sending payloads to the Moon, Mars and deep space. Key aspects of the
document still have to be worked in 2020 (e.g. the level of funding by NASA), but the objective of NASA is
to secure a core stage in time for Artemis Il in 2024 (comeback of astronauts to the Moon) as well as to
save money on production costs by relying on lessons drawn from the design, évelopment, test and
evaluation phase of the launchef®! and by benefitting of economies of scale.

Despite difficulties and delays, the development of the E=EF
rocket has made steady progress: the flight software s
which will be used in the core stage during its first

mbvodi! xbt! efwfmpgfe! boe
sfdpsel) uftujoh-!"evsjoh!

simulated launches according to different

scenarios.?®? The tank for liquid hydrogen was also ;6
testedaoe!efdmbsfe!dztbgf!gps%- , - o
oxygen was prepared for testing. More crucially, the | “ Iy > o
core stage of the rocket that will be used for the l‘ * | \ . J/

Artemis | mission was completed, and the four Aerojet sLs . ' Credit: NASA/Jude Guid
Rocketdyne RS25 engines attached to it. Becaus of core stage (Credit ude Guidry)

fyjtujoh!efmbzt!joluiflgsphsbnnf-1!OBTB! uipvhiulbcpvu!

2020. The test consists of firing the core stage of the rocket and its four main engines for eight minutes
to validate that all systems are working as they should. Renouncing the test would have enabled NASA to
save several months up in order to launch the first SLS before the end of 2020. However, it was finally
decided to maintain it, as a matter of safety.
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NASA seeking commercial providers @islunar transportation services

In parallel of the development of the SLS, NASA is exploring options to deliverargo and other payloads
to the Lunar Gatewayand to the lunar surface. To this end, two programmes have been created: the
Gateway Logistics Seavices, to send cargo to the Lunar Gateway(update 2020: first contract has been
granted to SpaceX); and the Commercial Lunar Payload Services, enabling private companies to develop
landers able to bring payloads to the Moon. These two programmesare addressed in the Policy &
Programme section of this Yearbook.

SpaceX presents its Starship spacecraft

SpaceX is also developing its own supetheavy rocket to
lead missions to the Moon and, ultimately, to Mars. In
September 2019, Elon Musk made a presentation of
TgbdfY!t! joufsgmbofubsz! usbotqgp!
Starship. The presentation was made in front of the first
prototype of the spacecraft, Starship Mk 1, while another
model, Mk 2, was under production in Florida. Famg
criticisms from NASA Administrator, who underlined that
SpaceX was still suffering major delays in delivering the
commercial manned capsule Crew Dragon, Musk
explained that the funds dedicated to Starship represent
only 5% of the resources of SpaceX.

x
fr

i . o S Starship will measure 50 meters, and is expected to lift at
SpaceX Starship (Credit: SpaceX) P P

least 100 tons to orbit. It should be launched by a big
cpptufs-1Tvgfs!lIfbwz-!xijdi!xpvme!dpngmfnfoul uifl!dpngq
should be reusable and, put together, wold measure 118 meters (higher than the 110.6 meters of Saturn
V and similar to the expected 117 meters of the most powerful version of the SLS). Starship will be
powered by six Raptor engines, the new engine under development by SpaceX;-ambit refuelling is
planned. The spacecraft is made of stainless steel, which allows to resist very high temperatures and
reduces the requirements for the heat shield. Moreover, stainless steel is much less expensive than
carbon fiber (around 2% of its cost), a material vihich had been explored for Starship. SpaceX expects to
be able to land Starship on the Moon in 2022.

The Starhopper, a spacecraft used as a limited prototype for Starship, successfully passed several tests:
first, a static fire test; and, then, two flighttests at an altitude of 20 meters and 150 meters. The first firing
of the Raptor flight engine was successfully completed. Moreover, a pressurization test of the Mk 1
prototype took place in November, but led to the blowup of the top of the spacecraft. According to
SpaceX, the anomaly did not create any substantial damage and will not slow down development plans.
Work on Mk 2, the second spacecraft, had also been paused to focus on Mk 3, the version which was
expected to undertake the first flight?°® Yet, two other tests early 2020 led to the destruction of the
prototypes used for them, until a successful one in April 2020. Finally, Starship was selected as a potential
provider for NASA under the Commercial Lunar Payloads Services contract, meaning #t SpaceX is now
able to bid for the delivery of payloads to the lunar surface with its Starship and Super Heavy spacecratft.

Manrated Ariane 6 to support Moon plans?

At the 70™ International Astronautical Congress in October 2019, Stéphane Israel, CEO éfrianespace,
announced that his company was planning a rideshare mission to the Moon in 2023. The mission would
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use Ariane 6 to deliver 8500 kg into a lunar transfer orbit, for public or private customers. Israel also

revealed that Arianespace is in favou of a European crewed spaceflight programme. Therefore, the
dpngboz! xjmm! mpccz! gps! uif! bepqujpo! pg! tvdi! b! gsphs
Ministerial Council, in order to send European astronauts in orbit with a European launchef*

Long Marh 5 returns to flight

At the end of 2019, China accomplished a successful returrto-flight of the Long March-5 rocket, the
Chinese superheavy launcher. The rocket was used to launch a demonstration satellite to geostationary
orbit, while it had not flown since 2017, when a previous Long March5 suffered technical problems
leading to the failure of the mission. The rocket is able to lift 25 tons in LEO, 14 tons in GEO and 8.2 tons
in translunar injection?®®> The December launch an important step for China, asLong March-5 is a key
element for the ambitious Chinese space programme. Indeed, it is expected to be used to build the future
large modular space station of the country (to be operational from 2022), and to contribute to its deep
space missions. For instance, the rocket will launch the first Chinese probe to Mars in 2020 as well as
Di b o-f & dample return mission to the Moon, that same year®®

Russia introduces its new heavy and extraavy carriers

Information on a new Russian superheavy launcher, theYenisei, was delivered. Russia's Scientific and
Technical Council approved the conceptual design of the rocket. Each part of the launcher will be an
independent flight element, and they will form, together, a technological "building kit". The rocket shodl

be able to deliver more than 70 tons of cargo in LEO, and its first flight is expected to take place in 2028.
Russia intends to use the new rocket for missions to the Moon, including the landing of Russian
dptnpobvut! po! ui f! tvs gdaliitd. pcgording td Roscbsmas; thetYénizdd wilvbe b m
able to delivera27upo! gbz mpbe ! up PUThd laumtip paod of thé rpcket yillbe located in
Vostochny spaceport, with preparatory work planned to start in 20222%

Moreover, Roscosmos plans © use a new version of its Angara rocket, the AngargA5P, to put Oryol,
Svttjb!t! ofyu! nboofe! tgbdfdsbgu-!joup! pscju/!l Uif! ef:
2019:>° yet, the actual development of the vehicle is only at its initial stage due tolie work needed to

ensure its djreater redundancy potential, reliability and safety?3° compared to Angara-A5. Moreover, it will

be less expensive than the upcoming Soyuz thanks to serial production. The AngaraA5P will be ready

by 2024, while the expendable version of the Oryol spacecraft will firstift off in 2023. A reusable model

will be sent in orbit in 2024 and its crewed modification in 20253 According to the head of Roscosmos,

the Omsk-based Polyot production enterprise will build ten Angara rockets per year (eight heawweight

and two light-weight rockets a year) starting from 2024302
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http://www.interfax.com/newsinf.asp?y=2019&m=10&d=3&pg=7&id=929688
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2.2.4 Other outstanding developments ihe space transportation industry

ISS servicing: the United States close to recovering its Human spaceflight capabilities

U.S. ompanies pursued their effort as part of the Commercial Crew Development (CCDev) programme
started in 2010 to develop spacecraft capable of sending astronauts to the ISS and recover U.S.
independent capabilities in this domain, lost with the retirement of the Space ShuttleThe two companies
selected by NASA to achieve this goal, Boeing and gaceX, have both proceeded with tests of their
capsules.

SpaceX reached an important milestone in March, when its Crew Dragon capsule launched, docked to the
ISS and returned safely to Earth without any difficulty. A launch abort test was then planned foduly, in
order to start operation of the spacecraft as soon as possible. However, during a test of the SuperDraco
thrusters in April, a failure led to the explosion of the same capsule that had performed the successful
mission of March. This failure was due to a leaky valve in the abort propulsion system. Another tentative
took place in November and was successful3®® In parallel, work on parachutes were conducted after one
of them failed during a test in April3** and SpaceX announced in November and Decembethat it had
completed thirteen successful tests of the Mark 3 parachutes as well as ten multiparachute tests; Elon
Musk lauded the Mark 3 as the best parachutes ever buil®

The other company, Boeing, continued to develop the CSL00 Starliner capsule. Tehnical progress was
made during the year: in May, the entire propulsion system was successfully tested on the ground,
simulating in-space maneuvers and abort situations3° In November, an actual pad abort test took place,
which was considered a success byBoeing despite the failure of one parachute to be deployed?” finally,
an Orbital Flight Test (uncrewed test) was undertaken in December, but did not run according to the plan.
Due toa timing problem, the capsule consumed too much fuel, preventing itfrom reaching orbit and from
docking to the ISS. The mission was therefore reduced to two days instead of the eight initially planned.
Despite this setback, the team completed as many mission objectives as possible (e.g. test of the docking
mechanism, of the stellar navigation cameras, etc.)and the Starliner safely deorbited, re-entered and
landed on Earth3% Yet, an inquiry revealed later that the spacecraft suffered another major software issue
during the reentry, which was corrected during the flight.

In light of this progress, SpaceX plas to launch crewed tests from May 2020 while Boeing, supported by
NASA, decided to perform a second unmanned test of its CSTL00 Starliner (update 2020: additional
delays are likely to occur)

Space tourismtowardthe final step?

In addition to the devebpment of manned spaceflight on behalf of public agencies, private actors are also
entering the domain of space tourism. Despite interest by Roscosmos (which signed a partnership with

S8Nbsjf! Mf xjt-1dZTgbdf Y! Dpnqgmf uLiNASADNoVembelE281®)h po! Tubuj d! Gj sf ! Uf t ut
https://blogs.nasa.gov/icommercialcrew/2019/11/13/spacex -completes-crew-dragon-static-fire-tests/

MK f gg! Gmrew Dragen!paachutes failed in recenttestd) ! Tgbdf Of x t hitps:Nspacendns.Gom/trew! -dragon-
parachutes-failed-in-recent-test/

5K f gg! GmaveX trumpetk progress on commercial crew parachute testingJ/ ! Tqgbdf Of xt ! ) Opwf ncfs! 312: *; !
https://spacenews.com/spacex -trumpets-progress-on-commercial -crew-parachute-testing/

zpfjoh!t! Tubsmjofs! dpngqgmf ulfdt g @Maypwep18)fhttps/fhbeeingmietiaroom.com/R04S -05+24-t uj o h
Boeings-Starliner-completes-service-module-hot-fire-testing
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https://spac eflightnow.com/2019/11/07/boeing -identifies-cause-of-chute-malfunction -continues-preps-for-first-starliner-launch/

Tufqgi foCPmbeh -t dTubsmj of s!dbgtvmf! mboet! WY U fTy'brdjf tgtmjj dh lud fOp e ! {) VEF \d tf !
2019): https://spaceflightnow.com/2019/12/22/boeings -starliner-capsule-safely-lands-after-missing-rendezvous-with-space-

station/. Forthf ! gvmm! mj t u! pg! bdi j f \ASA BaeipgtCompfete Sugcedsftil Handing éf Starliner Flight Taskst/ !

NASA (December 2019)https://www.nasa.gov/press -release/nasa-boeing-complete-successful-landing-of-starliner-flight-test
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the U.S. company Space Adventures to launch two tourists to the ISS in@1) and the Russian company
Kosmokurs,3% the company which displayed the most progress in 2019 is Virgin Galactic. From mid
2020, the firm, founded by Richard Branson, expects to launch private individuals in suborbital flights for
a ticket costing around $250 000.

The company progressed on the development
and testing programme of its spaceship (the VSS
Unity). A test flight with a crew member of the
company was successfully conducted in
February,with the winged craft carrying people to
the edge of space while reaching three times the
speed of sound3© In parallel, work on the
——— construction of a second spaceship has been
L—n_ S e underway. Given its progress, Virgin Galactic
Virgin Galactic's VSS Unity (Credit: Virgin Galactic) attracted the interest of other actors. The
company signed an agreement with the Italian
Air Force to fly several research payloads and three people on one of its spaceflightg!* It also received
an investment of $20 million from Boeing, which started a mutually beneficial partnership betwesn the
two companies, as it would enable Boeing to gain a foothold in the potential future market of highspeed
point-to-point transportation on Earth 312

The most significant transformation for Virgin Galactic stems from its merger with the special-purpose
acquisition company Social Capital Hedosophia (SCH). Through this merger, Virgin Galactic was provided
with $450 million in capital and rose to an estimated value of $1.5 billion. Due to this operation, the
company could make its entry on the stock market,and listed to the New York Stock Exchange in October.
It became the first publicly traded company with human spaceflight as its core activity.

However, the perspectives presented by Virgin Galactic raise the skepticism of several analysts, as its
expectations for the space tourism market seem fairly overestimated3*®* Moreover,ui f ! dpngboz!t ! nb
competitor, Blue Origin, also marked progress this year. Its reusable suborbital vehicle, the New Shepard,

which launches vertically like a rocket and not like a plae from under a carrier aircraft, passed its 10"

test in January (with 8 payloads), its 11" test in May (with 38 research payloads§** and a 12" flight in

December (the first time a New Shepard flew six times). Until now, all flights have yet been unmanned,

contrary to those of Virgin Galactic (two crewed tests in December 2018 and February 2019).

309 dqRussia Customising Soyuz Spaceship for Tourist Tripgp RoscosmosL) ! Tgvuoj | ! Of xt ! )Pdupcfs! 312: *; !
https://sputniknews.com/science/201910231077123665 -russia-customising-soyuz-spaceship-for-tourist-trips/

S9N p s h b o Vilgih Galadticp wf t ! up! Of x! Nf yjdp-!foufsjoh! #iL{nfVITtBU sUfpuechiz!!!) uNpbxzh s3el!Z
https://eu.usatoday.com/ story/money/2019/05/12/virgin -galactic-moves-new-mexico-another-step-commercial -

flight/1183547001/

SUKf g g ! Wipgin Galactic wfly Italian Air Force research missiohd/ ! Tqgbdf Of xt ! ) Pdupcfs! 312: *; |
https://spacenews.com/virgin -galactic-to-fly-italian-air-force-research-mission/

S2Cf ui b o ! Boeibgugoinvest!$2E@m in Virgin GalactitJ) ! Gj obodj bm! Uj nft!)Pdupcfs! 312:*; !
https://iwww.ft.com/content/3695a158 -e9d8-11e9-85f4-d00e5018f061

SBEpvh! Nf$jtdiflsse!ldCsbotpo!t! Wjshjo! Hobmbduj d! HpLl/t!!H QovschntjpdnjXdj!uB s!dF y)uPsdbunpt
2019): http://www.parabolicarc.com/2019/10/27/richard -bransons-virgin-galactic-goes-public-with-extravagant-promises-to-

keep/

314 Loren Grush,dlue Origh successfully launches and lands its New Shepard rocket during 11th test flightd) ! Ui f ! Wf shf ! ) Nbz!
2019): https://www.theverge.com/2019/5 /2/18525850/blue -origin-new-shepard-rocket-test-flight-nasa-how-to-watch
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A future revival of the ailaunch market?

WhileNpsui spg! Hsvnnbo!t! Qf hbtvt! YM-!xijdi!ibt!lcffoluifl!p
performed its last planned launch, another company, Virgin Orbit, made steps towards the
implementation of an operational service.

The company made technical progress on Launcher One, the rocket that it isbeing developedto be
launched under the wing of a modified Boeing 747 aircraft. A successful full duration, full scale, and full
thrust test firing of the main stage was completed in May 2019.3> A few months later, a successful drop
test took place: the rocket was filled with water and antifreeze to simulate its weight when filled with fuel,
and dropped to the ground. This test allowed the company to ensure that the rocket and the aircraftould
separate without difficulties, and to analyse the rocket! ffall through the air3' In regards to these
advancements, other entities from various fields decided to collaborate with Virgin Orbit. The UK Royal
Air Force (RAF) expressed interest in the responsive launch capaliiies provided by the company and
partnered with it, while the UK Space Agency and the Cornwall Council provided financial help to establish
a spaceport in the Cornwall Newquay Airport, from which Virgin Orbit could launch.

Another company, Stratolaunch Sytems
Corporation, underwent more difficulties in
2019. While its carrier aircraft flew for the first
and single time in April 2019 for an initial test
gmj hiu-! gjobodj bm! ejg
owner to sell it to a private equity firm, Cerberus
Capital Management3” A change of activity

withdrawing from the launch sector (at least
temporarily) and focusing on supporting
technology development, especially in the
domain of hypersonic systems, through an air
launch platform which will enable to collect data.3*®

Stratolaunch (Credit: Robert Sullivan)

Other major developments in the space transportation industry Enchcherprogrammes across the World
United States

The development of new rockets in the United States takes place in a context marked by the second phase
pgl!uif!Vv/ T/ ! Bjs! Gpsdf!t! Mbvodi ! Tfswjdf! Qspdvsfnfoul! q
companies to propose new launchers that will be avalable from the start of the 2020s. Contenders and

their proposed rockets are Blue Origin (New Glenn), ULA (Vulcan Centaur), and Northrop Grumman

(OmegA). In addition, SpaceX is running the competition with alreadyleveloped launchers (Falcon 9 and

Falcon Heavy). The specific framework of the Launch Service Procurement facilitated the development

of these new launchers. In October 2018, the three aforementioned companies received contracts from

the Air Force to help them develop their rockets and related laoch pads: ULA obtained $967 million,

Northrop Grumman received $792 million, and Blue Origin was awarded $500 million. The two winners of

S5dZNbj ol tubhf!ipugjsf; ! pvs! cj h hips:/vitgindrbit.com/mairu-stige-hotfire-dui-bighedt4est-j u'! ) Nbz ! 31
yet/

Sd72Wj shjo! Pscju!t!fqgjd! es phtpsurfvmwwitglh.comyichand -lordnsds/yirgingotbitstepicrdmop-t&st 2 : * ; !

S"Nbsl !l bssjt-!dzZFydmvtjwf;!Cvzfs!pg! Qbvm! Bmmfo!t! Tusbupmbvodi!tqgbd:
https://www.geekwire.com/2019/exclusive -buyer-paul-allens-stratolaunch-space-venture-secretive-trump-ally/
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mystery-new-owner/
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the competition will be announced in 2020, with a distribution of 60%/40% of the several dozens of
defence satellites launches planned for the period 20222027.

Major evolutions for the New Glennwere more related to the industrial set-up than to technological
development of the rocket itself. Blue Origin continued works undertaken on the launch complex and
related facilities that it leases at Cape Canaveral (LE6). Similarly, it has started to install a factory to
refurbish the first stage of its rocket directly on the launch complex3*° In addition, the company began
the construction of a factory in Huntsville to manufacture the BE4 engines, which will power the first
tubhf! pg! uif! Of x! Hmf oo-! cvu! bmt p! VMB! t! Wvymdbo/ ! Cmvf |
agreement with NASA to use the 4670 test stand at the Marshall Space Flight Center in order to test its
BE-3U (wo of them will be used for the second stage of the New Glenn) and BE! engines3° The BE4
was also tested at full power in August, in Texas. Finally, the New Glenn attracted new customers: in
January, Telesat, which expects to send a megeconstellation in LEO, signed a contract with Blue Origin
to launch an undisclosed number of satellites on this rocket®?! In addition, this vehicle could be used to
launch the Power and Propulsion Element of the Lunar Gateway, as this element will be developed by
Maxar, inpartnership with Blue Origin and Drapef??

United Launch Alliance (ULA) is developing the Vulcan rocket, which will replace all Delta launchers and
the Atlas V. Vulcan will use BE4 engines developed by Blue Origin as well as solid rocket boosters
developed by Northrop Grumman for its own rocket, OmegA. It also already flies specific technology on
current Atlas and Delta vehicles, so that the hardware has flight heritage before the first launch of
Vulcan 2% The liquid propellant tank and thrust structure was certified in 2019, and the Critical Design
Sfwjfx!pgluif!spdlfulxbt!dpngmfufe!jo! Nbz/!Uijt!njmft
qualification. Finally, ULA gained its first two customers contracts for the rocket. The first is Astrobotic,
which will launch its commercial lunar lander, Peregrine, in 2021, on the first certification flight of Vulcan.
The second customer is Sierra Nevada Corporation, whose first Dream Chaser, used to resupply the ISS
through the CRS2, will be launched on thesecond certification flight of the rocket. Sierra Nevada even
expanded the agreement and decided to launch all of its six CR® missions with the Vulcan rocket 324

Finally, OmegA, which is developed by Northrop Grumman, will consist of two soliduelled boosters and

a liquid-fuelled third stage; an Aerojet Rocketdyne RLO engine will be used for the upper stage (as for
Wvmdbo*/ ! PnfhB!t! ibsexbsf! boe! bwjpojdt! bmt3Thdpnf! gsry
rocket is expected to deliver 5250 to 7800 kg toGEQ. The first mission is planned for 2021 and full

df sujgjdbujpo! gps! 3133! )b!tdifevmf! dpngbsbcmf! up! Wvn
should fly in 2024. A static test fire of the first stage of OmegA was undertaken in May 2019. The test

lasted 122 seconds and was considered a success despite an anomaly with the nozzle. Indeed, it allowed
up!wfsjgzluifl!lgfsgpsnbodf!pg!luif!npups!t!lcbmmjtujdt-!
Yet, a second test which was planned for2019 was postponed to 2020 in order to investigate the anomaly

in greater detail. Moreover, in order to fulfill the requirements of the U.S. Air Force, which asks contenders

9 janB u | j oBlup @rigih aintinuing work on New Glenn launch complex, support facilities) ! OBTB! Tgbdf gmj hi u! ) Tf qu
2019): https://www.nasaspaceflight.com/2019/09/blue -origin-work-new-glenn-launch-facilities/
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https://iwww.nasaspaceflight.com/2019/04/blue -historic-test-stand-engine-testing/
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%22 Doug Messif sMakadZ eams with Blue Origin, Draper on Lunar Gateway Power & Propulsion Eleméd®¥ ! Qb s bcpmj d! Bsd! ) Nb:
2019): http://www.parab olicarc.com/2019/05/23/maxar -teams-blue-origin-draper-lunar-gateway-power-propulsion-element/
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24Di sj t ! Cdrgo Bream-Chadir solidifies ULA deal by securing six Vulcan Centaur flightsSNASA Spaceflight (August 2019):
https://iwww.nasaspaceflight.com/2019/08/cargo -dream-chaser-solidifies-ula-deal-vulcan/
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to be able to launch from both East and West Coasts, Northrop Grumman is building new facility on the
Eastern Range. Finally, OmegA also received its first commercial contract: Saturn Satellite Networks will
fly one or two of its NationSat small geostationary satellites on the first certification flight of the rocket in
2021.

Russia

In Russia, progress on new launchers waslso underway in 2019, in addition to the Yenisei and Angara
A5P. Indeed, Russia is developing a new version of Soyuz: Soy#z The sales director of GK Launch
Services, a subsidiary of Glavkosmos operating Soyu2 commercial launches from Russian spaceports,
announced that flight tests for the new Soyuz5 rocket will not start before 2023 and commercial launches
will not occur before 2026. A critical design review is planned for 2021. The Soyub is a medium-class
rocket, capable in its current design of placing 17.3 tons into LEO and five tons into GTO. It will be launched
from both Baikonour and Vostochny 326

China

In China, the Long March8 rocket, maiden flight of which is planned for 2020, successfully passed a tes
for its second stage engine. The Long March8 relies on proved technology as its first stage is similar to
the one of the Long March-7 and its second stage is the same as the third stage of the Long March3A.
With this rocket, China Aerospace Science andlechnology Corporation (CASC) wants to use module
design and to create a launcher which can be prepared in short time, in order to make it competitive on
the commercial market. The objective is to carry out between 10 and 20 launches per yeat?’ Finally, Long
March-8 will be the first Chinese reusable launcher, with vertical landing capabilitieg?®

Japan

In October 2019, during the IAC, a representative of Mitsubishi Heavy Industries presented the plans of
the company for the future. MHI is preparing the next generation of its rockets, the H3, for a maiden launch

in 2020. The H3 will launch the HTV¥X, a nev Japanese cargo vessel, to the ISS, from 2021. Moreover,

MHI is also considering the development of two upgraded variants in order to support the Lunar Gateway

from 2025. The most powerful version of these variants would be in development by 2030.
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India

In February 2019, the public company New Space India Limited (NSIL) was created, under the
administrative control of the Department of Space. One of its missions is to develop the Small Satellite
Launch Vehicle (SSLV) in partnership with the private sector. SSLV is a new Indian launcher designed to
send 500 kg to LEO and 300 kg to SSO. lts first demonstration flight is expected for 2020The first
commercial launch was already purchased by Spaceflight from NSIL in August 2019, but the customer
was not disclosed.3?°

29Bmb o ! GSpazefiht getslfirstcracl ! bu! Joej b! t !pdbfoxe!! yvVMW!! svpgd hi¥ uk!Hp mé Xped ! ) Byhot u! 31
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2.3 Satellite industry highlights and trends in 2019

2.3.1 Industry involvement inrMoon plangaking shape

The year 2019 was marked by a strong revival of the interest in Moon missions by major space powers.
The subsequent efforts are mostly undertaken under the scope of public programmes. In the United
States, the Trump administration decided to advance the dadline to send an astronaut to the Moon by
2024 (instead of 2028, the date previously planned by NASA), and called its new programme Artemis. This
decision sparked reactions from old and new partners of the United States,including Russia, Japan,
Europe bu also Australia, which expresseda wish to collaborate.
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Figure 12: Lunar Gateway elements (likely to evolve)

Industry involvement irthe Lunar Gateway

The U.S. decision also accelerated progress regarding the Lunar Gateway, thepace station that would
orbit the Moon and facilitate trips to and back from the celestial body. Three announcements have already
been made for this project:

0 Maxar received a fixedprice contract of $375 million in May 2019 to develop the Power and
Propulsion Element (PPE), which will provide power, manoeuvring, attitude control, communications
systems and initial docking capabilities. It will be based on the 13006class platform of Maxar and use
solar electric propulsion means. Maxar will be joined by BlueOrigin and Draper for the design, building
and operation of the system 33° The PPE will be propelled by an Advanced Electric Propulsion System
(AEPS), a thrusterdeveloped by NASA and Aerojet Rocketdyne, of which a successful demonstration

Odbybs! Tfmfdufe!up! Cvj me-! Gmz! @GJd tNb!yForsf! nUff adu logpgrnp®B T B !!t) INWvzd BsL!2H bry f! x
http://investor.maxar.com/investor -news/press-release-details/2019/Maxar -Selectedto-Build-Fly-First-Element-of-NASAsLunar-
Gateway/default.aspx
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at full power took place in November33! Finally, Maxar subcontracted the manufactuiing of solar
arrays to Deployable Space System$? and the design and manufacture of Solar Power Modules to
SolAero Technologies®*® Maxar will fully own and operate the PPE during its flight demonstration
period; after one year, NASA will have the option to acquire the spacecrafé*

0 Northrop Grumman Innovation Systems (NGIS) will be responsible for the construction of the
Habitation and Logistics Outpost (HALO). The contract was not open to competition; NASA awarded
it to Northrop Grumman because the Agency thought that it was the only company able to build a
minimal module in the requested timeframe. Intended to be used by the first Aremis crewed mission
to the Moon in 2024, the module will have to be completed and delivered by mi€2023. Yet, an open
competition would have created delays and risks that the module would not be ready on time.
However, it is to be noted that a contract ha not been signed yet: it will be done once NGIS submits
a concrete proposal to NASA, the price of which is considered fair and reasonable. The design
proposed by NGIS is still not clear but will be based on the Cygnus spacecraft used to supply the
ISS3% However, the company was given limited authority to start working on urgent HALGrelated
requirements.

0 Canada awarded two contracts to MDAfor the development of the Canadarm-3, which will provide

extra-vehicular robotics services to the Gateway3*® Thus, MDAwill develop concept and technology

gps! spcpujd!joufsgbdft! pgl!uifl!uxp!nbjo!dpngpofout! |
boe! uif! dXf ygmpsbuj po! efyufspvt! bsnlLd ) YEB*/! Kpjoum
million.3%7

In August 2019, NASAalso issued a call for proposals regarding the Gateway Logistics Services
programme, which aims at providing cargo transportation services to the Lunar Gateway (at least 3400
kg of pressurised cargo and 1000 kg of unpressurised cargo). The vehicles wouldlock for missions up
to one year, with possibility to extend this period. The full budget for contracts under the programme is
$7 billion. In March 2020, it was announced that SpaceX won the first contract in the framework of the
Gateway Logistics Servicesprogramme. The company is expected to use a new spacecraft, the Dragon
XL, launched onboard a Falcon Heavy rocket3®

The formalisation of the participation of ESA in the Lunar Gateway that occurred at Spacel9+ will have
consequences for the European industy, which will be involved in the development of the European
module, ESPRIT (European System ProvidingRefuelling, Infrastructure and Telecommunications) and
possibly other elements.

Blggdwb odf e! Fmf dusjd! Qspgvmtj po! Uisvtufs! Gps! Qbt Bf spkKb wf Spd!l Bdiejzfowf t
(November 2019): https://www.rocket.com/article/advanced -electric-propulsion-thruster-nasa%E2%80%99gateway-achieves-
full-power-demonstration

2Ef cshb! Xfsofs-!diNbybs!tfmfdut! Efgmpzbcmf! Tgbdf! Tzt uf nerdtldp!! cvj me! t |
SpaceNews (October 2019)https://spacenews.com/maxar -dss-rosa-ppe/

3¥Boobnbsjf! Ozjsbez-!diNbybs! Tfmfdut! TpmBf s p! plissSat€lpexAugust B0AR:! Qs pqv mt |
https://lwww.satellitetoday.com/launch/2019/08/20/maxar -selects-solaero-for-power-and-propulsion-element-of-nasa-gateway/

334 d¥ASA Awards Artemis Contract for Lunar Gateway Power, Propulsion)/ ! OB T B! ) htpsz//in@nvindsa.goy/press -
release/nasa-awards-artemis-contract-for-lunar-gateway-power-propulsion

35Kf gg! GASATaps Nodhrop Grumman to Build Lunar Gateway Habitation Module/ ' Tgbdf / dpn! ) Kvmz! 312: * ;!
https://lwww.space.com/nasa -taps-northrop-grumman-lunar-gateway-habitat.html

336 MDA Selected to Build Robotic Interfaces for Canadarm3 on NASAed GatewayL,J/ ! NEB! ) Bvhvtu! 312: * ;|

https://mdacorp oration.com/corporate/news -archive

337 diwo contracts awarded in preparation for Canadarm3, Canada's contribution to the Lunar GatewalyJ) ! Dbobej bo! Tgbdf ! Bhf
(August 2019): http://www.asc -csa.gc.ca/eng/astronomy/moon -
exploration/news.asp?utm_source=website&utm_medium=news&utm_campaign=moonexploration&utm_content=contracts-
canadarm3&utm_term=home-page#20190819

BKf gg! GmaveX winsNABA commercial cargo contract for lunar GatewayJ/ ! Tgbdf Of xt ! ) Nbsdi ! 3131*; !
https://spacenews.com/spacex -wins-nasa-commercial-cargo-contract-for-lunar-gateway/
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Industry involvement in the Orion spacecraft

The push for a quick return to the Moon also led to
advancement regarding the Orion spacecraft,
developed by Lockheed Martin to send astronauts to
deep space.The launch abort system of the capsule
was successfully tested in flight, reinforcing the
safety for astronauts®*® and the Altitude Control
Motor of the launch abort system successfully
passed its second qualification test.3%° In addition,
the capsule which will be used for the Artemis |
mission was completed and unveiled in July byU.S.
VP Mike Pence,during commemorations of the 50

Orion spacecraft (Credt: NASA) boojwfstbsz!pg!Bgpmmp! 22! 1t! Npp
will be requiredbut development is well on track.

In 2019, NASA awarded acontract to Lockheed Martin for twelve Orion spacecraft. The initial order for

the first three Orion is worth $2.7 billion (for missions Artemis Il through V) while three more should be

bought in 2022 (for Artemis VI through VIII) for $1.9 billion. Ordering the spacecraft in groups of three

allows NASA to benefit from production efficiencies and cost savings that become available in the supply

chain over time. Six additional spacecraft will be orderedby 2030 under a fixedprice contract, whose

value will depend on the costs of the six previos systems. Finally, in order to reduce costs over the long

term, reusability is considered by NASAsome elements of Orion used for the first Artemis missions could

be reused for later ones For example internal computers and electronics, as well as crewseats and
txjudi!gbofmt-!gspn! ui f! Bs ufsmojldbe deflowmgn ArtemipddndthePsj po! t
entire Artemis 11l crew module should be reused on Artemis VI3

Industry involvement in the Human landing system

Another important component of the Artemis programme is the lander that will enable astronauts to reach
and leave the Moon. NASA organised the Human Landing System competition in September in order to
select two companies to design and build this lander: one company would fly its system in the Artemis 11l
mission (2024), while the second would be used for Artemis IV (2025). NASA will then transition into a
lunar lander services contract similar to those existing for commercial cargo and crew services for the
International Space Station34? Several companies have expressed their interest, for instance Boeing
which proposed a lander launchable on its SLS and minimising the number of mission critical events
required 34 Blue Origin, which had unveiled its own lander design, called Blue Moon, in M&3#, announced
inOaupcfs! uibu!ju! xbt!dsfbujoh! b! dZobujpobm! ufbnL) xj ui!!
Northrop Grumman and Draper) to compete. At the core of the proposal is the Blue Moon and its descent
module, both developed by Blue Origin, but its partners Wlitake charge of other important parts of the

339 dguccessful Orion Test Brings NASA Closer to Moon, Mars Missioris)/ | OB T B! ) Hhitpsoifawwahadsa.gov/press -
release/successful-orion-test-brings-nasa-closer-to-moon-mars-missions

0t mftupof!efnpotusbuft! npups! t!Ilsf mPpsyimjpug! ipvfmob dlo)dBV bt tus!lpdb2:uH
https://news.northropgrumman.com/news/releases/northrop -grumman-successfully-completes-qualification-motor -test-for-
nasas-orion-launch-abort-system-attitude -control-motor

341 RASA Commits to Longterm Artemis Missions with Orion Production ContractL,d) ! OBTB! ) Tf quf ncf s! 312 : * ;|
https://lwww.nasa.gov/press -release/nasa-commits -to-long-term-artemis-missions-with-orion-production-contract

342 dzast-Track to the Moon: NASA Opens Call for Artemis Lunar Landets) ! OBTB! ) Tf quf ncfs! 312: * ;!
https://lwww.nasa.gov/feature/fast -track-to-the-moon-nasa-opens-call-for-artemis-lunar-landers
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mission: Northrop Grumman will build the transfer element which will move the lander from the Lunar
Gateway to an optimal altitude; Draper will provide the flight software for navigation; and Lockheed Martin
will build the ascent module, to allow astronauts to leave the Moon3*® Similarly, it was revealed in January
2020 that Dynetics, Sierra Nevada Corporation and other companies associated to take part in the
competition.34% In April 2020, NASA awarded 1émonth study contracts, allowing to deeply design the
landers, to three companies: Blue Origin ($579 million); Dynetics ($253 million) and SpaceX ($135 million),
which had also made a proposal for the competition but had not announced it officially*”

Industry invdvement in payload delivery to the Moon

In parallel, NASA launched in 2018 a commercial programme to deliver payloads to the Moon: the
Commercial Lunar Payload Services programme. It selected 14 companies (nine in November 2018 and
five in November 2019) that are entitled to bid for missions proposed by the agency. In May 2019, NASA
awarded two task orders: one to Astrobotic ($79.5 million), which will launch its Peregrine lander in 2021;
and one to Intuitive Machines ($77 million). Another company, OrbitBgond, also won a contract but
eventually abandoned it because of internal issues. Finally, a first version of the task order to deliver the
lander of the Volatiles Investigating Polar Exploration Rover (VIPER), which will investigate the presence
of water on the Moon, was also transmitted to the companies. The selection of the winner of this contract
should occur in 2020. Finally, NASA announced that it was also interested in developing in partnership
with industry the rover that will be used by astronauts3+®

In addition to the public programmes previously described, the Moon is also a source of interest for start
ups willing to develop space technologies. Yet, 2019 was not a positive year forsome of these
endeavours:

0 The Beresheet lander, developed by thestaeli company SpacelL (a former contender of the Lunar X

Prize), managed to reach lunar orbit but suffered a hard landing because of difficulties with the engine

and loss of communication with the spacecraft. Beresheet was declared lost in April. If succesful,

ui f! mboefs! xpvme!ibwf!cffoluif!gjstu!qgsjwbuf!tztufn
0 PTScientists, another former participant in the Lunar X Prize, agreed with ArianeGroup for a far
reaching cooperation on lunar missions and received support from ESAHowever, the company
announced in July its insolvency. It was then bought by Zeitfracht Group and rebranded Planetary
Transportation Systems. However, it still plans to launch its lunar lander and rover in a few yearg?®

Despite these setbacks, the excitenent of private start-ups for the Moon is poised to continue in years to
come. The company SpaceBit announced that it will launch the first UK lunar rover in 2021; it will be the
smallest rover ever produced and will be equipped with legs instead of wheelsgnabling it to explore lunar
caves.®*! Similarly, Dymon will launch the first Japanese lunar rover that same year. Both rovers will ride
on the first launch of the Peregrine lander, developed by the U.S. company Astrobotic (also a former Lunar
X Prize compditor), and which will be the first lunar lander launched from the American soil since
Apollo.3%?

Mf bi ! Dsbof-!diCmvf! Psjhjo!bttfncmft!tqbdwScienis (Ottaber 201%:sf bn! uf bn! up!
https://lwww.newscientist.com/article/2220765 -blue-origin-assembles-space-industry-dream-team-to-build-moon-lander/
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The status of industry involvement in Moon plans is provided in the table below:

Programme Description Main current contractors

0 Power and Propulsion Element:
Maxar

Lunar Gateway Construction of a permanent
station orbiting the Moon

0 Habitation and Logistics
Outpost: Northrop Grumman
0 Canadarm-3 (studies): MDA
Space Launch System Superheavy rocket for crewed ~ O  Boeing
lunar flights
Orion Transportation capsule for 6  Lockheed Martin
astronauts to, and from, the 0 Airbus DS (European Service
Lunar Gateway and the Moon Module)
Gateway Logistics Delivery of cargo to the Lunar 6  SpaceX
Services Gateway
0 diObuj pobm! Uf bnlL

Human Landing System Landers carrying astronauts to

the Moon surface Northrop Grumman, Lockheed

Martin, Draper

0 Other team: Dynetics, Sierra
Nevada Corporation, Thales
Alenia Space, Astroboticsand

others
0 SpaceX
Commercial Lunar Transportation of small systems O  Astrobotics
Payload Services to the Moon surface, through 0 Intuitive Machines

end-to-end commercial payload
delivery services contracts

Table 9: Major programmes related to NASA's Moon endeavours
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2.3.2 Turmoil in GEO satcom markets

GEO satcom, a major commercial space market fagimgertainties

Since 2016, the GEO satellite communications (satcom) marketslowed down, with a stark decrease in
GEO satcom orders and a reduction of the mass of this kind of satellites launched over the gst few years,
to the benefit of LEO/MEO constellations.

Number of GEO satcom contractssigned per Evolution of the mass (in tons) of satcom
year (2010-2019) launched per orbit (20102019)
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Figure 13: Statistics on commercial telecommunications satellites (2010-2019)

Telecommunication and media sectors experienced a rapid evolution across all market parametersThis
transformation has profoundly impacted the traditional GEO satcom operators thatare currently facing
uncertainties affecting, in turn, new GEO satom orders. This wait-and-see attitude in turn negatively
affects satellite manufacturers, leading to business reorganisations.

In 2019, the former leader on the market, Maxar, sold its Candian subsidiary MDA and almost closed its
U.S. subsidiary Space Systems LoralMaxar finally decided to keep ownership of the company (under the
new name of Maxar Space Solutions) butplans to reduce its reliance on commercial markets by seeking
government contracts and developing smaller satellites. Similarly, Thales Group announced its intent to
restructure its space activities because of the global slowdown in GEO satellitecommercial orders
according to Pascal Bouchiat, ThalesChief Financial Officer.®*® As a consequence, Thales Alenia Space
planned to reduce its workforce by 500 employees, who should be deployed to othebusiness lines of
Thales Group. Finally, Airbus DS started discussions with employees to engage a restructuration because
of negative results caused by low order intakesmarked by three consecutive years of falling orders in the
space segment,3* 3% Jower performance in a competitive Space environment and efforts to support
sales campaigns.®® Difficulties also stem from other Airbus DS busiress lines such asthe military plane
A400M. In 2020, the company announced that it will lay off 2300 people.

33D b mf c ! THalessGroup!tadiestructure space business as order gap drives losses)/ | Tgbdf Of xt ! ) Tf quf ncfs! 312:
https://spacenews.com/thales -group-to-restructure-space-business-as-order-gap-drives-losses/

3% Guillaume Faury, Airbus CEO, during thannual press conference of Airbus (February 2020)Available at:
https://lwww.youtube.com/watch?v=HMabagzn9lQ&feature=youtu.be

%5Cf ok bnj AitblstowRéstructdie Defense, Space Unitd/ ! Ui f ! Xbmm! Tusffu! Kpvsobm!)Efdfncfs! 31
https://lwww.wsj.com/articles/airbus -to-restructure-defense-space-unit-11576612768

356 dxirbus reports FulkYear (FY) 2019 results, delivers on guidanceJAirbus (February 2020):

https://iwww.airbus.com/investors/financial -results-and-annual-reports.html
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Some analysts foreseea rebound of the GEO satcom marketin the coming years. Indeed, & shown in
the left figure above, the number of GEO satcomcontracts has been slowly increasing in 2017 and 2018
although still far from the level of order prior to 2016. Manufacturers are more confident for 2020,
anticipating that the number of orders will be stable or slightly increase compared to 201937

Majordecisions for space at the World Radiocommunication Conference 2019

The GEO satcom market takes place in an international environment strongly marked by the issue of

frequency sharing. In this context, a significant development wasui f ! pvudpnf ! \Wald ui f! JU
Radiocommunication Conference (WRG19), which took place in Sharm elSheikh, Egypt, in November

2019. This quadrennial conference aims at updating and adjusting the global coordination of radio

spectrum utilisation.

The WRGC19 occurred in a context of growing competition for space solutions with terrestrial services.
Thus, its agenda extensively addressed the anticipated rollout of 5G mobile networks and, in this sense,
allocated more than 17 GHz of new spectrum for cellular 5G. These new spectrum kocations have not
come at the cost of drastic reduction of spectrum rights that are essential to commercial satellite
operators. Satcom providers, as a matter of fact, collectively praised the WR€.9 outcomes.

More specifically, major WRG19 decisions related to GEO satcom include:

0 Protections for vital bands for the satellite industry, additional spectrum for satellite services and new
orbital slots for broadcasting: WRG19 produced encouraging outcomes for the satellite community
with respect to protection of spectrum rights in bands essential for the satellite industry, namely in
3.8 - 4.2 GHz portion of the Gband®*® and in 28 GHz band®® In these bands, no new rights of
considerations of future allocations were put forward to the IMT or HAPS. A deision was also made
to protect GSO systems from interference produced by norRGSO FSS systems in several bands of the
Ka and Q/V frequencies®® Additionally, new 51.452.4 GHz band was identified for fixed satellite
services. WRG19 also opened up new orbitl slots for broadcasting satellites and provided
developing countries with the opportunity to regain access to spectrum orbit resources thanks to a
priority mechanism especially set for them 361

0 New spectrum for the operation of Earth Stations in Motion (E3M): As technological advances have

made ESIM (connectivity, such as internet, orboard planes, ships or trains) more readily available

boe! npsf! gsbdujdbm! )gpttjcmz! b! wjbcmf! nbsl fu! gps! t
regulatory and technical conditions under which the frequency bands 17.7-19.7 GHz and 27.%29.5

HI { ! dbo! cf! vtfe!cz! FTIN! dpnnvojdbujoh! xjui! hfptubu
service (FSS)362

Other WRGC19 decisions related to megaconstellations or space safety & sustinability are addressed in
the respective chapters of this Yearbook.

7Db mf ¢ ! Géostatianary sdiellite orders bouncingbackJ/ ! Tgbdf Of xt! ) Gf csvbsz! 3131*; !
https://spacenews.com/geostationary -satellite-orders-bouncing-back/

358 This frequency range is used for the satellite distribution of broadcast channels to Europe, the Americg, Asia, and Africa

359 C-Band spectrum allocations were not in the agenda for WREL9, but since WRCs traditionally set the agenda for the next WRC
4 years later, there was pressure from the IMT community to open up more of the Gband allocated to satellite services for mobile
5G (IMT).

360 |t means the following frequencies: 37.5p39.5 GHz, 39.942.5 GHz, 47.»50.2 GHz and 50.451.4 GHz

¥Svupjoh! DEbbht! btzBibModf ! boe! Babehfation gvailglergt: bttps!/MiwLitwift/ent| LY/ -D/Regional-
Presence/Europe/Documents/Events/2019/Accessible%20Europe/09_Ruoting%20Chang_ITU
%20R%20glance%20and%20Accessibility%20matters%20for%20Europen%20accessibiliyty%20.pdf

362 dkey outcomes of the World Radiocommunication Conference 2019LJTUNews Magazine (2019):
https://lwww.itu.int/en/itunews/Documents/2019/2019 -06/2019_ITUNews06-en.pdf
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Traditionally, WRCs set the agenda for thdor the following WRCfour years later. In this context, WRCG19
delegates put several spacerelated a items on the agenda of the next WRG23, especially on: the
communication between ESIM and GSO and NGSO satellite networks; on the possibility to make more
spectrum available for fixed and mobile satellite services to enable broadband and 5G applications; or on
the study of other emerging issues,i.e. intersatellite links or suborbital vehicles®*® WRG19 also initiated
the research on a potential use of Kuband (specifically between 10.7 GHz and 11.7 GHz) for fixed wireless
broadband IMT. This bandwidth is currently used for Directto-Home reception around the world. While it
will not be up for official discussion until at least 2027, it suggests continuation of competition between
space and terrestrial means of communication at spectrum allocation forums. 364

Development of ew solutionsreconfigurabé payloads, small GEO satcom and shared satellites

To withstand the difficult context that they are facing, satellite manufacturers are actively developing new
technologies to provide new, more flexible, solutions to satcom operators

Reconfigurable payloads

Firstly, a large share of satellites ordered in 2019, whatever their dimensions, were equipped with digital
reconfigurable payloads. Thus, instead of being limited to preset coverage areas, power levels and beam

sizes, operators now have theposg cj mj uz! up! bebqu! npsf! fbtjmz!up! dvtup
lifetime of their spacecraft.36°

If needed, a satellite can be repurposed to another region or to provide another kind of service in another
frequency. These possibilities greatly improve he flexibility of satcom operators.

Small GEO satellites

Tfdpoemz-! 312:! dpogjsnfel uif! sjtf! pg! uif! dz nbmm! HFP
alternatives to GEO satcom operators. Due to their smaller size and mass, these satellites can ontgrget

a smaller areabut they arealso less expensive and are often equipped with digital payloads, thus offering

greater flexibility. All major manufacturers unveiled this kind of products in 2019.

Boeing proposed the 702X family3%¢ which can be used both in GEOand MEO and is based on the O3b
mPower constellation that the company developed for SES*®’ The MEO version is therefore already being
produced while the GEO one, which weighs around 1900 kg, should be operationdly 2022. The
spacecraft is equipped with a digital payload so that the customer can change the mission of the satellite
and re-purpose its capacity. For instance, several governments are interestedy the option to split the
satellite capacity between governmental and commercial users.

Onepg! Cpfjoh! t! cj hhthig matket s AicoeisDS,uvhish!ubveilgdahe OneSat series, a
smaller satellite fully reconfigurable in orbit (adjustment of the coverage area, capacity and frequency§®®
Airbus already received a contract for this system as Inmarsat ordered three of them to start its seventh

Ui pnbt! Xfcfs!boe! Sfol!l !l Xpfsgf m- -elzBd devisiodslat WRSZ :slw/j If kd pdyfl Xbkdis!! H rbpd bnm
(November 2019): https://spacewatch.global/2019/12/a -quick-overview-of-major-satellite-related-decisions-at-wrc-19/

34K f g g s fThel Corjsequencesddf WREL: Initial Observationd Vid Satellite (December 2019):

https://lwww.satellitetoday.com/government -military/2019/12/05/the -consequences-of-wrc-19-initial-observations/

3¥Db mf ¢! Tddo sugineds,deprogrammable satellites now the requirement for manufacturersLd/ ! Tgbdf Of xt ! ) Tf quf ncf
2019): https://spacenews.com/to -do-business-reprogrammable-satellites-now-the-requirement-for-
manufacturers/?fbclid=IwAROvBsZu6kRzEr94FJXKufvsxxRh8G TzcLWNACLIGWfjYv1QAM_JelwDCs

366 ditew Boeing 702X Satellites Offer Unique MultMission Flexibilitytd/ ' Cpf j oh! ) Tf quf ncf s! 312: * ;|
https://boeing.mediaroom.com/2019 -09-09-New-Boeing-702X-Satellites-Offer-Unique-Multi-Mission-

Flexibility#assets_20295_1B0499-117

% Thoesb! Fsxjo-! dz€Cpfjoh! nbsl fujoh! jut! tnb m8paceiNEwd!(Octbberf2018) uf ! up! j
https://spacenews.com/boeing -marketing-its-small-geo-satellite-to-national-governments/

¥8dzGmf y j ¢ mf ! Qb httpsphventaitldis!cdr/spaceitelecommun ications-satellites/flexible -payloads.html
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generation constellation.3%° A serial production method will be used so that, after the first three satellites
are manufactured, the others are produced more quickly. The ultimate goal of Inmarsat is@ get an order
to-launch timeframe of 18 months. The operator chose this spacecraft as it provides it with a satellite
which is reprogrammable and has a greater capacity than all Global Xpress satellites that it currently holds
in orbit.37

Thales Alenia Spa&e and Maxar are also active on the small GEO satcom segment TAS proposed a
product nbnf e! Tgbdf! Jotqj sf! )t ubeejcg !l Sgrsd!p dinip@nh to bebau j P Q bJd § |
reprogrammable satellite*"* and which will be a low-cost solution due to its serial production; indeed, the
company expects to build six satellites a year. Both OneSat and Inspire can be launched by groups of
three on the same rocket, thus reducing the cost of the launch. Inspire will weigharound 2000 kg and
offer a throughput of 100-200 gigabits per second. Its digital payload enables greater flexibility, which also
appeatrs in the spacecratft itself, as it can be used by both GEO and MEO operators. The satellite can only
operate in Ku- and Kaband, but can nevertheless carry paylads designed for other frequencies. As
previously noted, part of the restructuration strategy of Maxar is to turn to the market of smaller satellites.
This strategy has already met some successwith a contract signed in July with Ovzonfor a satellite based

on the middle-class Legion bus. The production started the same month372

: : . GEOShare
Satellite . Airbus Defence  Thales Alenia
o Boeing Maxar (Lockheed
Characteristics & Space Space .
Martin)
Based on
Name 702X OneSat Inspire ) MondoCondo
Legion bus
. 1900 kg
Weigh - 2 k 1 k 2 k
eight e ) 000 kg 500 kg 000 kg
Reprogrammable Yes Yes Yes - -
Orbit MEQ/'GEO GEO MEQ'GEO GEO GEO

Table 10: Small GEO satellites by main manufacturers

Besides majorcompanies, other firms started to be active in the sectorof small GEO satellites. At the end
of 2018, the China Great Wall Industry Corporation unveiled the APSTAR SMALL GEO Communication
Satellites System, based on the Dong Fang Hongt full-electric SMALL GEO platform, with the objective
of embarking small-size payloads and being compatible with medium launchers. In 2019, Astranis, a U.S.
company, picked up SpaceX to launch its first satellite, called MicroGEO (around 350 kg) in 2023° The
satellite will be used for a contract that Astranis has with Pacific Dagport to provide Alaskans with

369 d&irbus wins three satellite deal from Inmarsat for revolutionary spacecraft ) ! Bj scvt ! ) Nbz! 312: * ;!
https://lwww.airbus.com/newsroom/press -releases/en/2019/05/airbus -wins-three-satellite-deal-from-inmarsat-for-revolutionary-

spacecraft.html

9D b mf ¢! InfmarsatzletailsdzX expansion, OneSat satellite ordeds)/ ac&Ngws (July 2019):

https://spacenews.com/inmarsat -details-gx-expansion-onesat-satellite-orders/

871 dihales Alenia Space Releases Fully Digital Satellite To Addred=ast Moving Market Needd.J- ! Ui bmf t ! Hspvg! ) Tf quf ncf
https://iwww.thalesgroup.com/en/worldwide/space/press -release/thales-alenia-space-releasesfully-digital-satellite-address-fast

372 daxar Begins Production on Legionclass Satellite for OvzorL,/ ! Nby bs! Uf di opmphj ft! ) Kvmz! 312:*;!
http://investor.maxar.com/investor -news/press-release-details/2019/Maxar -Begins-Production-on-Legion-class-Satellite-for-

Ovzon/default.aspx

373 Alex Knapp,diaternet Startup Astranis Selests SpaceX To Launch Its First Commercial Satellitt/ ! Gpscf t ! ) Bvhvtu! 312: *
https:/iwww.f orbes.com/sites/alexknapp/2019/08/26/internet -startup-astranis-selects-spacex-to-launch-its-first-commercial -
satellite/#43c739aa1399
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Internet. This kind of satellite offers operators the possibility of having highlytailored capacity over a very

specific area. Another company, Saturn Satellite Networks, has been working on the NationSat satellite,

anothert nb mm! HFP! t buf mmj uf-!tjodf! 3128/ ! Uifldpngboz! xjm
mjgfujnflup! bldvtupnfs! ps! gspwjef!gvmm! pxofstijqg-1!ef
entire system design was completed while the Critical Deign Review started in December. In July, the

company selected Seakr to build digital radiefrequency processors for NationSat37#

Shared satellites

Finally, another solution proposed by prime manufacturers to mitigate the reduction of GEO satcom

orders is to offer satellites that can be shared among operators. This is the case of GEOshare, a subsidiary

of Lockheed Martin, which unveiled the Mondo Condo satellite in October 2019°Ui f ! dpngboz!t !t buf
could be exploited by up to five operators on the samebus, in order to reduce the price of the gigabit per

second for each customer. It especially targets the African and AsianPacific markets, as the operators

of these regions do not always have the financial capacity to buy their own satellites. The proposkof

GEOShare does not impact the weight of the spacecraft, as the bus used for Mondo Condo also weighs

around 2000 kg.

874 Mark Holmes, dzhoi Explains NovaWurks Acquisition, Talks LEO FututeVid Satellite (November 2019):
https://lwww.satellitetoday.com/innovation/2019/11/27/choi  -explains-novawurks-acquisition-talks-leo-future/

Db mf ¢! GEGslm=say dz+ Npoep! Dpoep! !t buf mmj uf! esbxdzZo!'hT g boduff Gff xt tu!! \gBdounp ogfssp!t 3
https://spacenews.com/geoshare -says-mondo-condo-satellite-drawing-interest-from-prospective-tenants/

Full Report


https://www.satellitetoday.com/innovation/2019/11/27/choi-explains-novawurks-acquisition-talks-leo-future/
https://spacenews.com/geoshare-says-mondo-condo-satellite-drawing-interest-from-prospective-tenants/

ESPI Yearbook 2019 Space policies, issues and trends

2.3.3 LEGsatcomconstellations steady progress and growing concerns

Important milestones for LEO satcom constellations in 2019

Recentyears have been marked by the rise of sed b mmf e-l pZof abmmbuj polL) gspkfdut! b
satellite communication services, usually broadband connectivity, through large constellations of

hundreds or even thousands of small LEO satellites. These amlious projects often rely on a vertically

integrated business model where the activity of the company spans along the whole value chain, from

the manufacturing of the satellite to the provision of services to endusers. Megaconstellation projects

have been in the pipeline for several years already, passing some important milestones including fund

raising, contractual arrangements, industrial setup, fillings for spectrum allocation, tests and
demonstration.

Current/Planned

CEU oSl ENifod Ml # Of satellites  Satellite mass (kg) Altitude Project status
projects

Amazon Kuiper 3,236 unspecified 590-630 km Development
Boeing \+band 2,956 unspecified 1,200 km Suspended
Globalstar 2 24 700 kg 1,410 km In operation
Hongyan 320 unspecified 1,100 km Demonstration
Hongyun 156 250 kg 1,000 km Demonstration
Iridium-NEXT 72 860 kg 780 km In operation
Kepler 140 3U CubeSats 575 km Development
LeoSat 108 1.000 kg 1,432 km iEZfaet?:de
OneWeb 648 147 kg 1,200 km Deployment
SpaceX Starlink 4(:_1;75222)) 260 kg 3:01£g1a‘22ds IS(;:S) Deployment
Swarm 150 0.25U CubeSats 300-550 km Demonstration
Telesat LEO 117 unspecified 1,000 km Development
Theia 120 unspecified 800 km Development

Table 11: Selection of current and planned large LEO satcom constellation projects$ource: ESPI
compilation)

Full Report m
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2019 has again been marked by important developments for LEO satcom constellationgselection):

0 Iridium was awarded a $738.5 million contract by the U.SDepartment of Defence. This sevenyear,
fixed-price contract will allow the U.S. Air Force Space Command (now the U.S. Space Force)
vomjnjufel!bddftt!lup!tbufmmjuf!tfswjdf!gspn!uif!dpngq

8 Txbsn! Uf di op mp RjmilionlinsSkries Af (led by Gra&t MVentures and Sky Dayton, with the
participation of Social Capital, 4DX Ventures and NJF Capital) for the building of a lowost satellite
network. More significantly, SpaceX and OneWeb raised more than $1 billion each dm private
investors®’® in order to continue the development of their businesses.

0 SpaceX requested the authorisation to get radio spectrum rights for 30 000 additional satellites
(leading eventually to a constellation of 42 000 satellites), to be launched imn orbit between 328 km
and 580 km, and another one to reduce the altitude of its satellites

0 Amazon announced that it would launch a constellation of approximately 3000 satellites, named

Project Kuiper, for communication purposesand started paperwork to get appropriate authorisations

by the Federal Communications Commission in July 2019.

0 Kepler Communications commissioned a 465 m? facility at its Toronto headquarters. It announced
in January 2020 that it will build its satellites in-house, using this fadlity.

0 Telesat postponed the selection of the manufacturer of its constellation to 2020.

0 Rumours arose about the potential interest of Apple in developing a constellation. The project remains

vague but Tim Cook is said to have defined it as a priority. Acording to Bloomberg, the company set
up a secret team to work on satellite technology, maybe in order to establish a direct internet
connection with its devices or to link them together, without the need to use wireless networks.

0 Iridium and OneWeb, two mgor actors, signed a Memorandum of Understanding in order to provide
a combined service offering 3" This is the first time that LEO operators agree to deliver services inL
and Ku-band. The arrangement remains limited, is not exclusive and does not involvenoney, but it is
a step towards the provision of complementary attributes.”®

0 Some companies suffered setbacks:

3 LeoSat,faced financial difficulties which led the company to reduce the size of its constellation
(from 108 to 84 satellites), as well as themass of its satellites (with the aim to be able to launch
a full orbital plane with only one rocket), in order to reduce the overall cost. However, despite
these efforts, the company suspended its operations in November2019 due to a lack of
investment from its main funders, Hispasat and Sky Perfect JSSAT"®

3 OneWeb announced in March 2020 that it was filing for bankruptcy and laying off all its
workforce. Because of the economic situation and the COVIBL9 crisis, the main backer of the
company, Softbank, decded to stop financing it. 2019 had been a full year for OneWeb: the joint
venture between OneWeb and Airbus DS, OneWeb Satellites, had opened a factory in Florida in
2019 with an objective of producing two satellites per day and OneWeb had announced its
intention to launch 30 satellites per month with the aim to provide partial service in 2020 and
global coverage in 2021. OneWeb bankruptcy, a major event, is addressed in more details later.

S6Nj di bf m!Fimpfoftu{v-t!ldzt ! Tgbdf Y! sbjtft! pwfs! %2! cj mmj plad!'uD@ED!z)fMsZ!'bt! | o
2019): https://lwww.cnbc.com/2019/05/24/spacex -raised-over-1-billion-this-year-as-starlink-and-starship-ramp-up.html. See also:

daneWeb Secures $1.25 Billion in New Funding After Successful Launttd/ ! P b (Mar¢h 2019):

https://www.oneweb.world/media -center/oneweb-secures-1-25-billion-in-new-funding-after-successful-launch

877 diidium and OneWeb to Collaborate on a Global Satellite Services Offering/ ! Jsj ejvn! ) Tf qufncfs! 312:*;!
http://investor.iridium.com/2019 -09-17-Iridium-and-OneWebto-Collaborate-on-a-Global-Satellite-Services-Offering

8Di s j t ! Hflridiunbirke 7yeat dizal with military, Memorandum of Understanding with OneWehd) | OBTB! Tgbdf gmj hi u!
(September 2019):https://www.nasaspaceflight.com/2019/09/iridium -deal-military-oneweb/

879 Mark Holmes, déark Rigolle Details Painful Demise of LeoSat DreamYid Satellite (November 2019):
https://lwww.satellitetoday.com/business/2019/11/13/mark -rigolle-details-painful-demise-of-leosat-dream/
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Besides these important milestones, 2019was initially going to be a turning point for LEO satcom mega

constellations efforts as the two most advanced players of the sector, OneWeb and SpaceX, kickedff

the deployment of their respective projects. OneWeb put its first six satellites in orbit in February 2019

while SpaceXlaunched as much as 120 Starlink satellites in May and November 2019, onboard the
dpngboz! t InGéaratd, fridium:finalized the deployment of its secondgeneration constellation of

75 satellites in February (66 operational and nine spare satellgs in orbit, as well as six spares on the

ground). The deployment took almost ten years and cost the company around $3 billion. Iridium asserted

ui bu! ju!xj mm!opx!cfdpnf!b!dzdbti!hfofsbupsL) uibolt!up!
of Things and hosted payloads3°

As aresult, LEO satcoms accounted for one third of the commercial satcom launch activity in 2019.

Evolution of the total mass (in tons) of commercial Share of LEO constellations in the total
satcom per category (2010-2019) commercial satcom mass (in tons) in 2019
150
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Table 12: Statistics on commercial LEO satcom constellations

Concerns over the impact of LEO constellations

The launch and operation of these megaconstellations raise concerns over the impact they may have in
some domains such as space safety and sustainability, astronomy or interferences.

The unprecedented number of satellitesto be launched raises new challenges for safe operations in
space. For instance, and although the compm@ny recalled at various occasions its commitment to a
sustainable space environment and its intention to be an exemplary actor in this domain, SpaceX lost
control of three Starlink satellites, only a few weeks after their launch. In September, a risk of dlision
between a Starlink satellite and Aeolus, an ESA scientific satellite launched in 201&|so raised some
concerns regarding the suitability of current best practices in the management of collision avoidancein
an environment populated by thousands of satellites Even if ESA managed to perform an avoidance
maneuver in order to prevent any damage®! communication with SpaceX proved difficult because of

380 dridium Declares Victory; $3 Bllion Satellite Constellation Upgrade CompletéJ/ ! Jsj ejvn! ) Gf csvbsz! 312: *; !
http://investor.iridium.com/2019 -02-06-Iridium-Declares-Victory-3-Billion-Satellite-Constellation-Upgrade-Complete

381 dZSA spacecraft dodges large constellation) ! FTB! ) Tf quf ncfs! 312: * ;!

http://www.esa.int/Safety Security/ESA_spacecraft_dodges_large_constellation
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technical problems with the operator.3? Originally planned b be made up of 12 000 satellites, SpaceX
filed new papers with the International Telecommunications Union (through the U.S. Federal
Communications Commission) in order to get the authorisation to deploy 30 000 additional spacecraft.
This move triggered apetition from its direct competitors OneWeb and Kepler Communications, and from
the operator SES, highlighting thedifficulty to deal with the high risk of collision it would create 38
Similarly, papers filed by Amazon, which announced in 2019 its plans tgput 3000 satellites in LEO to
create the Kuiper constellation, showed that, if 5% of the Kuiper satellites lose their capacity to perform
collision avoidance maneuvers, there is a 6% chance that one of those satellites eventually collides with
a piece of space debris measuring 10 cm or larger. Despite assertions by Amazon that it wants the
probability of control failure to be well below 5%, these high scores created concern from many actorss
LEO constellations are therefore an important driver of the risilg international debate about adapted
Space Traffic Management frameworks.

In addition to collision risks, the SpaceX
constellation also raised major concerns from

astronomers about its impact on observations.

After the first launch, it indeed appeared that
Starlink satellites have a high albedo, i.e they
reflect the sunlight to a significant extent, thus

preventing the observation of dimmer objects in

distant areas of the universe3® The company

announced that it will address the problem by
testing a specific product on a few satellites to be

launched to reduce their albedo.

Moreover, the multiplication of satellites creates
issues with regard to spectrum allocations, with ~ Starlink impact on observations (Victoria Girgis /

anincreasing risk of frequencies overlap between Lowell Observatory)

different users. The petition by Kepler and others against the request made by SpaceX to substantially

increase the number of its spacecraft also underlines the major risk of interference that would stem from

such a development3® The actual emergence of megaconstellations pushed public actors, like the ITU,

to clarify their position. The final agreement of the WRG2 : ! t f ut ! pvu! up! dzz usj | f! b! ckt
prevention of radiofrequency spectrum warehousing, the proper functioning of coordination
nfdibojtnt-!boe! uif! pgfsbujpobm! sfrvjsfnfoc¥iMdesf mbuf e
specifically, the regulatory regimep commencing on 1 January 2021 p requires mega-constellations to

dze f g mp z ! 2 Icénsteflagidn withih fwe Years after the end of the current regulatory period for
csjohjoh!joup!vtf-161&!xjuijol!gjwfl!zfbs¥THebbjeetitedpngmf u
is to avoid that some frequencies are blocked for years without anyactual service being offered.

Kpobui bo! P!SpaseX®dyhA 'Bug Prevdnted Its Starlink Satellite Avoiding A Collision With A European Satellite !

Forbes (September 2019):https://www.forbes.com/sites/jonathanocallaghan/2019/09/03/spacex -says-a-bug-preventedits-
starlink-satellite-avoiding-europes-aeolus-satellite-in-orbit/#726709077ff5

Nbsd! Cpvdi fs-!diifgmfs! Dpnnvojdbujpot!boe! Puif 4l OHTGBRAD R ) Pidmmledjsp
2019): http://spaceq.ca/kepler -communications -and-other-ngso-constellation-operators-oppose-spacex-plans/

384 Mark Harris, dgmazon Reports Collision Rik for Mega-Constellation of Kuiper Internet SatellitesJ/ ! JFFF! Tgf dusvn! ) Pdupc
2019): https://sp ectrum.ieee.org/tech-talk/aerospace/satellites/amazon -reports-collision-risk-for-its-megaconstellation-of-kuiper-

internet-satellites

385 AlexandraWitze,dzq b d f Y! mbvodi ! i j himjhiut! uisfbu!L¥p'Obtuwsspd p nOzp!'wf snpcrf!sH n3fi2b d g
https://www.nature.com/articles/d41586 -019-03446-y

¥Nbsd! Cpvdi fs-1!dzfgmfs! Dpnnvojdbujpot! boe! Puif ¥ OHTP! Dpotuf mmbu1 p
387 dZU Members agree to new milestones for ron-geostationary satellite deploymentt,d/ ! JUV! ) Opwf ncf s! 312: * ;!
https://news.itu.int/itu -members-agree-to-new-milestones-for-non-geostationary-satellite-deployment/

¥Ui pnbt! Xfcfs!boe! Sfol! ! Xpf sgf m- lrelziet devigiodslat WREZ :s lw/j 'f kd lpdyf! Xkbkdis/! H ropud b,
(November 2019): https://spacewatch.global/2019/12/a -quick-overview-of-major-satellite-related-decisions-at-wrc-19/
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2020 update: OneWeb bankruptcy

On 27 March 2020, OneWeb officially filed for bankruptcy under the Chapter 11 of the United States
Bankruptcy Code.

In the official press release, the company and the CEO Adrian Steckel stated #h this situation is a
dpotfrvfodf! pg! uif! diggjobodjbm! jngbdu! boe! nslL¥ u! uvs
Previously, on 19 March, Bloomberg reported rumours that OneWeb was considering bankruptcy and

court protection to reorganise its debts and its overall corporate financial situation. Eventually, the
efdjtjpo! xbt! ubl fol bgufs! Pof Xfc! gbjmfelup!tfdvsf! bee
investor, agreed to the financial restructuring. Founded in 2012 by Greg Wyler, the Londepased
dpngboz! sbjtfe! gspn! 3126! bggspy/! U4C! jo! gvoejoh! spv
TpguCbol!jowftufe! 03/6C!joluif!ldpngboz/!Puifs!jowftup
Group. The news came just after the company launched its gcond batch of 34 satellites on 21 March.

The constellation operated by OneWeb now counts with 74 satellites but is unable to offer communication

services. The company planned to launch additional satellites with a high frequency to reach 300 satellites

and start a regional service by the end of 2020; subsequently, it expected to start providing a global service

in 2021 with 588 satellites in orbit. Over the years, OneWeb secured more than twenty launch services

contracts with Arianespace, 20 on Soyuz rockés plus the Ariane 6 maiden flight. Before officially
communicating bankruptcy, OneWeb already announced reductions in its 50&staff workforce and delays

in the scheduled launches, citing as main reason the virus SARE0V-2 outbreak and the consequent

pandemic crisis. Analyses on the context leading to the bankruptcy have been diverse: according to Bryce

Space and Technology, SoftBank decided to focus on its highespriority investments p thus excluding

OneWebp xi j mf ! Nbuu! Eft di - ! Jsj ejtthaeimgatieix& ¢ investopsrfon fetarnsf e ! b ¢

that on large constellation are far from being immediate. Finally, in case OneWeb might not find buyers

for its assets, the entity responsible for the 74 spacecraft in orbit is the UK government.

The bankruptcy of such prominent actor of the New Space and megaconstellations trend raises
guestions about the future of the trends observed over the last years,especially in the context of the
outbreak of the COVID19 crisis.
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2.3.4 In-orbit servicing, the next bignarket?

In-Orbit Servicing (I0S) encompasses a broad range of new solutions for satellite operators based on
Rendezvous and Proximity Operations (RPOs) techniques. 10S is a lormpntemplated and potentially
disruptive capability, that was envisioned in thefirst place for military applications. Today 10S aims to
address a large portfolio of different applications p such as refuelling, life-extension, inspection, active
debris removal, or even disruption for military missions.

Although IOS raises a variety dissues (regarding law and regulation, technology and standardsation,
safety and sustainability, security and defence), it offers new interesting prospects for the space sector
at large with a potentially disruptive impact on the space industrial value dain.

Life extension services

I0S developments made a big step forward recently with the launch of the Mission Extension Vehicle
(MEV-1) which marked a concrete progress in both technological and business areas of servicing
operations. Developed by SpacelLgistics LLC, a subsidiary of Northrop Grumman since the acquisition
of Orbital ATK in 2018, the MEVL is based on a servicing vehicle designed to provide lifextension for up
to 15 years. In 2016, Intelsat signed a contract with Orbital ATK for the firscommercial IOS mission: the
MEV-1 contract provides for a 5-year life-extension service of the Intelsat 901 (1901), in operation in GEO
since 2001, for a price estimated around $70M. The MEVL was launched in October 2019 from Baikonur
on a Proton-M rocket and started the RPO phase with 4901 in February 2020 in a graveyard orbit at 300
kilometres above GEO, in order to avoid accidents with other GEO satellites. On 25 February, the MEV
completed RPO phase, autonomously approaching, capturing and dockingo the I- 1 2! t I mj r vj e! bqgp
engine, a device present on the vast majority of GEO satellites.

MEV-1 docking sequence with Intelsat 901 (credit: Northrop Grumman)

After docking, the MEVA is expected to relocate the satellite to a new orbit slot, icompliance with orbital
sfhvmbuj pot-!boe! qgf sgpsn! b tyéablifedzdepsior, addirig@d%ndthejcudrent ! t ub d |
1-901 lifetime. At the end of the mission, the MEV1 could either extend the service or proceed with the

disposal of the satellite to the graveyard orbit, consequently becoming available for new clients. Intelsat

already signed a contract for MEV:2 to provide similar servicing to its F10-02 satcom, in operation since

2004. Northrop Grumman is reportedly developing the MEW2 spacecraft with additional capacity to carry

payloads and deploy small satellites. The company is also developing other IOS systems such as the

Mission Robotic Vehicle and the Mission Extension Pods, to offer new solutions and a better lifextension

service. If successful, the demonstration of the flexible and likely replicable MEVL mission will illustrate

some of the potential impacts of I0OS at industrial and economic level.
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In July 2019, the company was awarded feasibility study contracts by the SpaceEnterprise Consortium,
a U.S. Air Force organisation, to assess the servicing of four satellites used for national security
activities.38°

Besides MEV1 launch, 2019 was marked by other major developments in the IOS domain.

Maxar completed the Critical Designh Review of the satellite bus which will be used for Restord., a mission

planned by NASA since 2016 and which aims atefuellingu i f ! V/ T/ ! Hf pmphj dbm! Tvswf z!t
in LEO3%? Maxar announced that the project is on track and will be sent to NA%\ in 2020 for integration
pgl!uifl!gbzmpbe-!xjui!b!mbvodi !gmboofel!lgps!3133/! Ui fl!n
and techniquet LJ! vt fe! gps!tfswjdjoh-!jo!boujdjgbujpo!pg! gvuv:e
to the development of a new servicing industry.

Maxar, on the other hand,withdrew from another IOS project, organised by DARPA and called Robotic
Servicing of Geosynchronous Satellites (RSGS). RSG&8ms to provide four types of IOSmissions: high-
resolution inspection; anomaly correction; cooperative relocation; and upgrade installation. DARPA aims
at servicing more than 30 customers over the lifetime of the mission3°* The withdrawal from Maxar was
mainly due to financial difficulties faced by Space Systems Loral (how Maxar Space Solutions), which
was supposed to build the bus for the mission, integrate it in the launcher, operate the spacecraft, and
support part of the costs of these activities. Maxar decided to redirect its resources towards other
programmes (in particular, the Earth observation satellites WorldView_egion) in order to ensure optimal
returns3?Ef t gj uf ! ui jt! bcboepo-!gbzmpbe! gbdl bhf t*3gnd pcpuj d!
DARPA still intends to launch its mission in 2022.In 2020, DARPA announcedhat it was selecting
Northrop Grumman to replace Maxar in the RSGS programme, due to its experience with the MEY.
Spacelogistics could be joined in several years by new competitors, as systems developed in both RSGS
and Restore-L frameworks will be transferred to commercial actors after a determined period of time 3%*

Active Debris Removal

A specific field falling in the I0S domain is Active Debris Removal (ADR) which encompasses a variety of
technical solutions and approaches to deorbit target objects inspace.

Europe made a great step in thisdomain: at the Spacel9+ Ministerial Council, ESAncluded ADRas a
strategic goal, managing to gain support for it under the Clean Space initiative. The Agency adopted a
service-oriented approach, also to encouragethe development of IOS solutions at large and demonstrate
the feasibility of commercial 10S missions. ESA eventuallyawarded a space debris removal services
contract in December 2019to the Swiss start-up ClearSpacewith the objective to deorbit a 100kg Vega
Secondary Payload (Vespa) upper stage in LEO. The staup will be in charge of leading a consortium to
design and build a spacecraft equipped with four robotic arms3®®

Ui f sftb! IDARPAINfTalks Withdfew Robot Sat Servicing Compahy)/ ! Csf bl j oh! Ef gf ot f! ) Pdupcfs! 31:
https://breakingdefense.com/2019/10/darpa -in-talks-with-new-robot-sat-servicing-company/

0dzNbybs! boe! OBTB! Tvddf tt gvmmz! Bp@ndrhit Selviting Sgagedraft BIBf wj f x ! gps! Sftups
Innovative spacecraft on track to make history as firstf wf s! up! sf gvf m! t buf mmjuf!jo! Mpx! Fbsui ! Psc]j
http://ssimda.com/html/pressreleases/2019 -04-08-Maxar-and-NASASuccessfully-Complete-Design-Review-for-Restore-L-On-
Orbit-Servicing-Spacecraft-Bus.php

391 Mark Holmes, d3atellite Servicing Becomes an Actual Market. Wid Satellite (March 2019):

http://interactive.satellitetoday.com/via/march -2019/satellite -servicing-becomes-an-actual-market/

392 ddaxar Technologies' SSL Terminates its Participation in DARPA's Robotic Servicing of Geosynchronous Satellites Progradi !

Maxar Technologies (January 2019):http://investor.maxar.com/investor -news/press-release-details/2019/Maxar -Technologies-
SSL-Terminates-its-Participation-in-DARPAsRobotic-Servicing-of-Geosynchronous-Satellites-Program/default.aspx

Ui f sft b! IDARPAINfTalks Withdfew Robot Sat Servicing Compahy)/ ! Csf bl j oh! Ef gf ot f ! ) P
¥ 0Obui bo! DARBAwants a'ratibtic satellite mechanic lauched by 20222)/ ' D5J TS/ of u! ) Pdupcf s!
https://iwww.c4isrnet.com/battlefield -tech/space/2019/10/03/darpa -wants-a-robotic-satellite-mechanic-launched-by-2022/. See
bmt p; ! S fGthudpg fi f hittpsMwwdEsE.dgov/sites/default/files/atoms/files/restore_|_factsheet_092717.pdf

¥ Db mf ¢! Bwiss startup!CliEarSpace wins ESA contract to deorbit Vega rocket debris)/ ! Tgbdf Of xt ! ) Ef df ncf s! 312
https://spacenews.com/swiss -startup-clearspace-wins-esa-contract-to-deorbit-vega-rocket-debris/
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ESA is not the only Europearorganisation
supporting developments in this field. In
February 2019, one of the EWfunded
Sfnpwf Efcsjt! njtt)]
used lidar and camera visionbased
navigation to target an object and capture
it with a harpoon. Other ADR techniques
were also displayed in 2019 in Europe.
Surrey Satellite Technology Ltd
successfully deployed an innovative
dzt qbdf ! t bj mLJ -1 dabdm
measuring 6.7 m?. The sail was aboardthe  RemoveDebris net capture (CreditSurrey Space Centri
TechDemoSatl, a satellite launched in

2014 at an altitude of 635 km in LEO. Its intended to increase the small amount of atmospheric drag
which continues to affect satellites up to orbit heights of 1000 km or more. It therefore reduces the time
necessary for the spacecraft to be deorbited. This mission marked the second time that the sail was
successfully tested to de-orbit a satellite, the first test having taken place on Carbonitel in November
2018.%% A sail was also deployed at the end of the RemoveDebris mission, as part of the experiments that
took place.

Outside Europe, the sart-up Astroscale,announced ademonstration mission for 2020 called ELSAd. The
Japanese company, which opened a U.S. office in 2019, works on a spacecraft equipped with a magnet
to attract debris and move it to a lower altitude. ELSAd will consist of two spacecraft, a Servicer, weighing
180 kg and a Client, weighing 20 kg, possessing a docking plate and acting as the dummy debris, launched
stacked together. The Servicer will repeatedly release and dock the Client in a series of technical
demonstrations, proving the capability to approach and dock with space debris®®” The test will
demonstrate the first semi-autonomous capture of a non-responsive, tumbling target, as well as the first
identification of a target that stands outside of the field of view of the navigation sensors of the Servicer®
Jo! beejujpo-!Btusptdbmf! xpo! b!dpousbdu! gsi¥withkthef Xfc!j o
aim of developing a future large constellation end-of-life service. A similar contract was awarded by
OneWeb to the Italian company DOrbit.*%° In addition, OneWeb and OneWeb Satellites partnered with
Altius Space Machines and Astroscale by committing to implement an advancel grappling technology
on all of their spacecraft.4%*

3% dZamera captures innovative drag sail deploymentinspacé)) ! Dsbogj f me! Voj wf st juz!)Nbz!312: *; !
https://lwww.cranfield.ac.uk/press/news -2019/camera-captures-innovative-drag-sail-deployment-in-space

¥'Dj bsbo! NdHsbui - ! dZTigfbldif fl kksyw!l p d V(Ld gjj ©jnd bd! 'udij ft 't Fypopd futpt! 'd)mT fbpu fvrmgd ft b3
https://lwww.express.co.uk/news/sci ence/1184411/space -junk-warning-debris-satellites-astroscale-nasa-space-latest-news-

update

398 dFSTL Ships Target Satellite to Tokyo for Astroscale's ELSA MissionLJ/ ! TNoweMber 2019): https://www.sstl.co.uk/media -

hub/latest -news/2019/sstl -ships-target-satellite-to-tokyo-for-astroscal

39 Epv h! Nf Astroschls Advadézes Environmentally Sustainable Use of Space through ESA / OneWeb SunriggojectLJ/ !

Parabolic Arc (July 2019):http://www.parabolicarc.com/2019/07/15/astroscale -advances-environmentally-sustainable-use-of-
space-through-esa-oneweb-sunrise-project/

WdzJub-mgtt WUETf mfdufe! Cz! Pof Xfc! Gps! Bduj wf! Efcsjt!Sfnpwbm!Jo! FTB! Qs
https://spacewatch.global/2019/11/italys -d-orbit-selected-by-oneweb-for-active-debris-removal-in-esa-project-sunrise-

framework/

401 daneWeb and OneWeb Satellites bolster commitment to Responsible Space with advanced grappling technology from Altius

Space MachinedJ/ ! Po f Xf c ! ) Ef hitpsihewwoneweb.@arld/metlia -center/oneweb-and-oneweb-satellites-bolster-

commitment -to-responsible-space-with-advanced-grappling-technology-from -altius-space-machines

Full Report


https://www.cranfield.ac.uk/press/news-2019/camera-captures-innovative-drag-sail-deployment-in-space
https://www.express.co.uk/news/science/1184411/space-junk-warning-debris-satellites-astroscale-nasa-space-latest-news-update
https://www.express.co.uk/news/science/1184411/space-junk-warning-debris-satellites-astroscale-nasa-space-latest-news-update
https://www.sstl.co.uk/media-hub/latest-news/2019/sstl-ships-target-satellite-to-tokyo-for-astroscal
https://www.sstl.co.uk/media-hub/latest-news/2019/sstl-ships-target-satellite-to-tokyo-for-astroscal
http://www.parabolicarc.com/2019/07/15/astroscale-advances-environmentally-sustainable-use-of-space-through-esa-oneweb-sunrise-project/
http://www.parabolicarc.com/2019/07/15/astroscale-advances-environmentally-sustainable-use-of-space-through-esa-oneweb-sunrise-project/
https://spacewatch.global/2019/11/italys-d-orbit-selected-by-oneweb-for-active-debris-removal-in-esa-project-sunrise-framework/
https://spacewatch.global/2019/11/italys-d-orbit-selected-by-oneweb-for-active-debris-removal-in-esa-project-sunrise-framework/
https://www.oneweb.world/media-center/oneweb-and-oneweb-satellites-bolster-commitment-to-responsible-space-with-advanced-grappling-technology-from-altius-space-machines
https://www.oneweb.world/media-center/oneweb-and-oneweb-satellites-bolster-commitment-to-responsible-space-with-advanced-grappling-technology-from-altius-space-machines

ESPI Yearbook 2019 Space policies, issues and trends

2.3.5 Other outstanding developments in the satellite industry

Great promises of Artificial Intelligence for space systems

Artificial intelligence is seen as a promising technology for the space sector, especially for the Earth
observation domain. Indeed, this capability would enable tdfaster process the great amount of data that
is being collected every day by remote sensingsatellites, a quantity which is expected to dramatically
increase given the number of satellites planned to be launched in the upcoming years. In 2019, several
developments took place (selection):

0 PhiSat, the first European satellite demonstrating how onlard artificial intelligence can improve
Earth Observation missions will be launched early 2020. The project, supported by ESA, wilhvolve a
CubeSatwith a hyperspectral camera collecting a large number of images of the Earth, some of which
will not be suitable for use because of cloud cover. To avoid downlinking these unusable images back
to Earth,PhiSat! onboard Al chip will filter them out so that only useful data are returned.

0 ESAalso launched OPSSAT in December 2019 a nanosatellite which isthex psme! t ! gj st u! ps
software laboratory, available to test in actual space conditions, novel methods for mission

operation. The satellite harnesses more flight computing power than any previous ESA spacecraft.

Artificial intelligence and autonomous planning, fault detection and recognition are some of the

experiments that will be conducted. Teams exploiting the CubeSat have direct access to ithy Internet.

0 PlanetlaunchedanAlc bt f e! gmbugpsn-!dbmmfe! dZOQmbof u! Bobmzuj dt'!
automatic analysis of satellite imagery. The product uses machine learning and cloud conputing and
jtlbecmflup! efufdu! spbe-!Tcvjmejoh! boe! wfttfmt! pwfs!
Users can exploit these feeds on top of other Planet products. Planet also worked on a Change
Detection feed, to help customers focus their reources on where change has recently occurred.

0 Lockheed Martin announced that it is developing a satellite imagery recognition system using open

source deep learning libraries to quickly identify and classify objects or targets in large areas across

the world. This technology could help saving the time of image analysts by avoiding the need to

manually categorise and label items within an image.

Development of commercial solutions f8pace Situational Awareness

The vitality of the LEO satcom sector described &
above has snowball effects on other markets, £
like commercial space surveillance. Indeed, B

this activity will gain traction as more and more f.,
(small) satellites are launched into orbit,

creating the need to track them in order to

avoid collision. For instance, LeolLabs, a
company specialised in space surveillance and
which has set agoal to provide data on mega

constellations, announced the opening of its
third radar station in New Zealand in October LeoLabs' Kiwi Space RadarCredit: LeoLabs)
and its intention to double the number of these

stations in the next few years in order to

provide global coverage??

This is only one commercial project among many others taking place in the United States and Europe.

w2yi fsftb!ljudifot-! dMfpMbct!! Of x! Sbebs! Usbdlt!Ujoz! Tgbdf! Efcsjt LY
https://breakingdefense.com/2019/10/leolabs -new-radar-tracks-tiny-space-debris/
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Thelnternet of Thingsgrowing market for satcom?

According to Quilty Analytics, the satellite industry could capture 2% of the Internet of Things (I0T) market
in the future, compared to less than 1% currently. To reach this goal, some barriers have to be overcome,
pertaining to terminals, spectrum issuesand the design of business strategies.

The IoT market is promising and some space companies, including traditional GEO satcom operators,
have made some moves towards this market in 2019 (selection):

0 Eutelsat unveiled its Eutelsat LEO for Objects (ELO) catellation project, which will offer a global

Internet of Things coverage to enable objects to transmit data regardlessof their location. 25
nanosatellites and hosted payloads are expected to be launched in 202€022. The first four will be

built by Loft Pscj ubm! boe! Dmzef! Tgbdf! boe! fbdi!tbu®mmjuf!t
Moreover, Eutelsat also announced that it will offer a new connectivity service dedicated to 10T

devices. Called Eutelsat 10T First, it will use the operator's geostationarysatellite fleet and will

complement the future ELO. The two services are complementary: while the geostationary Eutelsat

JpU! Gj stu! tfswjdf! xj mmtbang thdt heedndnsolef hundrgdyg of eneghbitst f u t LI |
worth of data over the internet, the LEO constellation will use ISM frequencies to connect smaller

devices. l0T First has already been activated over the Americas, Europe, the Middle East and Northern

Africa at the end of October#%4

0 EchoStar has ordered two Sbhand satellites from Tyvak Nano-Satellite Systems, in order to start a
constellation for 0T purposes. To this end, the company will use the spectrum rights that it gained
by acquiring the start-up Helios Wire. The launch of the two satellites is also meant to secure these
rights, which provide Shand spectrum for a global coverage. Once that regulatory process will be
complete | by launching at least one of the Sband Tyvak satellites, operating it for 90 days and filing
the requisite paperwork| EchoStar will decide on a longerterm strategy.

0 The Swiss nanosatellite manufacturer Astrocast, which targets the loT market, announced in January
that it will be launching 3 new pilots of its new LEO Nanosatellite Network, dedicated to remote areas
for marine, industrial and water purification devices. The Lausannebased company further
announced it will be launching ten of its nanosatellites in 2023 with the launch vehicle of Orbex. The
second nanosatellite of the constellation was successfully launched at the beginning of April.

Development of @w gopulsiontechnologiesfor deep space travel

In parallel to the growing popularity of electric thrusters for small satellites (with start-ups like Morpheus
Space®®® or Orbion Space Technology®), a lot of demonstrations on alternative propulsion means wee
carried outin 2019. Greener propellant was thus developed and tested in the United States and China. But
these new technologies can also be more innovative. For instance, the LightSal mission, a Cubesat
designed by the Planetary Society and whichdeployed a sail to use photons emitted by the Sun to raise
its orbit,*%” was launched in June 2019. A prototype of a wafer scale spacecraft was developed by
students of the University of California in Santa Barbara and sent into the stratosphere with a ballon. The

“WCBoobnbsj f Euelsjt Rdvemls ELD @onstellation for the loT MarkétVid Satellite (September 2019):
https://lwww.satellitetoday.com/launch/2019/09/24/eutelsat  -reveals-elo-constellation-for-the-iot-market/

“W“Boobnbsj f Eueisigt kabinehes IdTdZonnectivity ServiceYid Satellite (October 2019):
https://lwww.satellitetoday.com/mobility/2019/10/28/eutelsat  -launches-iot-connectivity-service/

WSEf csb! Xfsofs-!diNpsqifvt! Tgbdf! gmbot! gvuvsf!fmfdusjd!gspgvmtjpo! u
https://spacenews.com/morpheus -space-plans-future-electric-propulsion-tests/

WKjn! Wpoptl j-tdzNffulUif! Nblfst!Pg! Tnbmm! Qmbtnb! Spdl fut! Ui bu! Xj mm!
2019): https://www.forbes.com/sites/jimvinoski/2019/11/14/meet  -the-makers-of-small-plasma-rockets-that-will-propel-the-
coming-space-revolution/#472f21f8fbd4

WKbt po! Ebwjt-!dzMj hiuTbhjm!3ttfulup! mbvodi!ofyu!npoui! bcpbse! TgbdfY
https://www.planetary.org/blogs/jason -davis/lightsail -2-set-to-launch.html
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https://www.forbes.com/sites/jimvinoski/2019/11/14/meet-the-makers-of-small-plasma-rockets-that-will-propel-the-coming-space-revolution/#472f21f8fbd4
https://www.planetary.org/blogs/jason-davis/lightsail-2-set-to-launch.html
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project aimed at building an ultralightweight (gram scale) silicon wafer with embedded electronics,
capable of being shot into space while relaying data back to Earth. Laser propulsion will give an impués
to the spacecraft and, possibly, make itreach 20% of the speed of light. Ultimately, this technology would
considerably reduce the amount of time required for interstellar travels*°®

On the commercial side, the startup Momentus successfully demonstrated its water plasma propulsion
technology. Acd ps ej oh! up! j-oubtttesig Ras dedimnstratédgoo the first time that microwave
electrothermal plasma technology has the potential to achieve high specific impulse using water
gspgf mmboulk!if!dpotjefst! ui bwelusedfdrinarbitanissiopsmhérgodl j t ! nbuv
of the company is to use these propellants for its future Vigoride and Vigoride Extended, two shuttles that
will move small satellites between orbits.*%° The first Vigoride will be launched on a SpaceX dedicated
rideshare mission. Finally, the French startup ThrustMe, which develops a firstof-its-kind cold gas
thruster fuelled by solid iodine, launched and tested its system for a few dozens of minutes on a Chinese
CubeSat operated by Spacety. The full process from thedevelopment of the product to the gathering of
data took approximately one year#!® ThrustMe is also working on an electric propulsion system for small
satellites, of which the cold gas thruster is a subsystem.

WCTpojb! Gf soboef {-!d2Gj stu! Gmj hiut! Fyqgqfsjnfoubm!dpt nptayglimg t u! Qi j mj q'!
+ x b g f sUCsSangaBarkala (May 2019)https://www.news.ucsb.edu/2019/019460/first -flights

WEf csb! Xfsofs-!dINpnfouvt!sfgpsut!tvddftt!jo!uftujoh!xbufs!gmbtnb!
https://s pacenews.com/momentus -el-camino-real-results/

WEfcsb! Xfsofs-!d2Ui svtuNf-!Tgbdfuz!sfgpsu!jojujbm!tvddftt! pg!dpme!
https://spacenews.com/spacety -thrustme-cold-gas-test/
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2.4 Selected company profiles in 2019

This section provides an overview of outstanding developments including corporate developments,
announcements, achievements, contracts and partnershipsfor the following companies:

Launch service providers Page
Antrix Corporation 98

Arianespace 98

Blue Origin 99

ILS 99

Rocket Lab 100
SpaceX 100
ULA 101
Space systems manufacturers and integrators Page
Airbus Defence & Space 102
ArianeGroup 102
Boeing 103
Lockheed Martin 103
Maxar 104
Mitsubishi Electric 104
Mitsubishi Heavy Industries 105
Northrop Grumman 105
OHB 106
RUAG 106
Telespazio 107
Thales Alenia Space 107

Satellite operators

AsiaSat

EchoStar

Eutelsat

Globalstar

Hispasat

Inmarsat

Intelsat

Iridium

Measat

OneWeb

Planet

Russian Satellites Communications Company
SES

SkyPerfect JSAT Corporation
Spire

Telenor

Telesat

Viasat

Full Report

108
108
109
109
110
110
111
111
112
112
113
113
114
114
115
115
116
116
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2.4.1 Launch service providers

4 )

1Y [ </

Country Major announcements and achievements
- . x Announced that it will commercialise NavIC, the Indian Global Navigation
& India Satellite System. Antrix identifies suitable device manufacturers on the one side
and comprehensive integrators of NaviCbhased systems on the other.
Core activity x Contributed to the development the Small Satellite Launch Vehicle, planned for
launch in 2020
Upstream Major contracts
- x Signed a bandwidth service agreement with Thaicom for a two-year period
Employees

@ 10 p 50

7 arlanespPace

arlanecroup Major announcements and achievements

x Presentation of a new service to launch small satellites to GEO through a
rideshare launch dedicated to this kind of spacecraft. The first mission, GO-1, is
planned for 2022 and will be able to carry up to 4500 kg of payload.

x Announced that it is planning a rideshare mission to the Moon in 2023 (with an

Ariane 6 launcher to deliver 8500 kg to a lunar transfer orbit) and that it will push
for a European manned programme at F T BMinisterial Council in 2022

Coumry x After 13 successful launches, first failure of Vegawhile carrying the FalconEyel
satellite, due to a problem with the second stage
‘ ' France x Launches in 2019: 4 Ariane 5; 3 Soyuz; 2 Vega
Major contracts
i x A contract with OneWebwas signed to launch 30 satellites on the first Ariane 62
Core activity mission in 2020
Upstream - x A contract was signed with ESA to launch the JUpiter ICy moon Explorer
o Launch Provider (JUICE)aboard an Ariane 64 or an Ariane 5.

x Ovzon changed the launch provider of its satellite Ovzon3:it left Tg b d f
Employees Falcon HeavyforBs j b o f tAgamelsf ! t
x Contract for the launch of SEOSatIngenio, an optical Earth observation satellite
&.ﬁ 200 p 500 from Spain
” x Two contracts with ESAto launch spacecraft studying the environment in 2022:
for the launch of Earth Explorer Biomass onboard Vega; and of EarthCARE
onboard Soyuz

x Receiveda contract from Measat to launch MEASAT-3D

\ J
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BL IGIN

Country

% United States
Core activity

‘Iﬂ Upstream - Manufacturer
Employees

*&i 1000 p 5000

~N

Corporate developments

x Construction of a $200 million rocket plant in Alabama to produce BE-4 engines

x Opened a new office close to Los Angeles to work on propulsion systems
design and development

Major announcements and achievements

x Unveiledthe Blue Moon lunar lander

x  Officially competed for the U.S. Air Force National Security Space Launch Phase
2 Launch Service Procurement, by offering the New Glennrocket

x First hot-fire test of the BE-7 engine, planned to be used on the Blue Moon
lander

Major contracts

x Contract from Telesat to launch an undisclosed number of satellites for the
upcoming Telesat LEOconstellation

x As part of OB T BTipping Point programme, Blue Origin was awarded a $10
million contract in order to develop a ground demonstration of hydrogen and
oxygen liquefaction and storage, representing rocket and spacecraft propellant
that could be produced on the Moon, thanks to the ice present there

x Was selected for O B T Bdormnmercial Lunar Payload Services programme. Blue
Origin will compete for future bids with its Blue Moon lander.

Partnerships

x Teamed up with Northrop Grumman, Lockheed Martin and Draper for a lunar
lander. Blue Origin will provide the lander and the descent stage.

x Receivedthree Space Act Agreement from NASA,which allows it to work with
NASA centres and tap into their expertise in a range of technologies, especially
to developits lander

J

ILs

Country
% United States
Core activity
ﬂ Upstream -
> Launch Provider
Employees

‘iéi‘ 10 p 50

\

Corporate developments

x Was absorbed by Glavkosmos, the Roscosmos subsidiary in charge of selling
Soyuz launches. ILS has become the North American marketing unit for
Glavkosmos.

x  Kirk Pysher left the position of President
Major announcements and achievements

% First launch of two commercial spacecraft on a single Proton (Eutelsat5 West B
and MEV-1)

x Only one mission this year
x Launches in 2019: 1 Proton rocket

Full Report
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r

——SD%EDEKE'FLHED

Country
% United States

Core activity

Upstream p Manufacturer
W) and Launch Provider

Employees

'iéi‘ 200 p 500

~N

Corporate developments

x Completion of the second launch site of the company, in the United States
(Wallops Island). With this launch complex, Rocket Lab aims at providing
responsive launch, especially for American customers.

x Investment in a new manufacturing robot to produce first stages in 12 hours
instead of 400 hours

x Started the construction of a second launch pad at is Launch Complex 1 in New
Zealand

Major announcements and achievements

x Performed its 10™ launch and broke its height record during its ninth launch

x Announced its will to recover and reuse the first stage of its Electron rocket, in
order to increasethe d p n q b tunthtrate (and not to reduce launch prices)

x Unveiledthe Photon small satellite platform. The spacecraft will be used for LEO
but also to transport payload (around 30 kg) to lunar orbit

x Flew a fully Autonomous Flight Termination System (AFTS)for the first time on
an Electron launch vehicle. It is an important step to increase launch frequency
and responsiveness, while continuing to ensure safety. All future Electron
missions will fly with the AFTS.

x Launches in 2019: 6 Electron rockets

Major contracts

x Rocket Lab is one of the eight companies selected by the U.S. Air Force to
provide launch services in the Orbital Services Program-4. It will thus be able to
bid for contracts worth a total of $986 million over nine years.

Partnerships

x Partnership with KSAT to provide ground stations as an additional service to
customers of Electron launches and Photon spacecraft. The objective of Rocket
Lab is to deliver a complete solutions for small satellites operators: launch,
satellites, and ground services.

J

\

spPaACEX

Country
% United States
Core activity

J

Employees

Upstream p Manufacturer
and Launch Provider

‘i&ﬁ 1000 p 5000

Corporate developments \
x Raised $1 billion through two funding rounds
x  Announced it will lay off around 10% of its workforce

Major announcements and achievements

x Launched its first 120 Starlink satellites and filed papers for 30 000 additional
satellites (on top of the already agreed 12 000). The company now possesses
the largest telecommunications system in space. 24 Starlink launches are
planned for 2020.

x Docking of Crew Dragon Demo-1, which would send astronauts to the ISSin the
future, and loss of the same capsule one month later in a ground test. This latter
test was finally passed in November with another capsule.

x Presentation of Starship Mk 1, the first prototype of this deep space spacecraft.

x Announcement of a new rideshare service for small satellites, the Smallsat
Rideshare Program. The price of a launch would be as low as $1 million.

x First commercial launch of the Falcon Heavy,with the Arabsat-6A satellite

x Launches in 2019: 11 Falcon 9; 2 Falcon Heavy

Major contracts

x Was awarded a contract by SESfor the launch of the first seven O3b mPower
satellites in 2021

x As part of OB T BTipping Point programme, SpaceXwas awarded a $3 million
agreement to work on a coupler prototype for large-scale in-orbit refueling

x Was selected for OB T BCommercial Lunar Payload Services programme.
SpaceXwill compete for future bids with its Starship and Super Heavy systems.

x Contract with Intuitive Machines to launch a lander to the Moon

x Receiveda contract of $297 million from the U.S. Air Force for three missions to
be launched in 2021-2022 (AFSPG44, NROL:85, and NROL:87)

Partnerships

x Receiveda Space Act Agreement from NASA,which allows it to work with NASA
centres and tap into their expertise in a range of technologies. The focus of this
work will be on technology for landing large vehicles on the Moon, and in-space
propellant transfer

Full Report
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(" )

™
U L M Major announcements and achievements

x Last launch of the Delta 4 Medium rocket, which achieved a 100% success rate
over its career

x Completion of the Critical Design Review of Vulcan Centaur,the next generation
rocket of ULA

x Launches in 2019: 3 DeltalV; 2 Atlas V

Country Major contracts
x Receiveda contract from Sierra Nevada for six Dream Chaser launches to the
@ United States ISSaboard the upcoming Vulcan rocket

x Selectedby Astrobotic for the launch of its Peregrinelunar lander in 2021, with a
Vulcan launcher

x Was awarded a contract by NASA ($148.3 million) to launch the Lucy mission in
2021, which will study Trojan asteroids, located close to Jupiter

x Receiveda $441.76 million contract from the U.S. Air Force for three missions
to be launched in 2021-2022 (SBIRSGEQS5, SBIRSGEQO6 and Silent Barker)

Employees x The U.S. Air Force Space and Missile Systems Center (SMC) awarded several

contracts to ULA a contract of $1.18 billion to cover the launch operations

Core activity

Upstream p Manufacturer
») and Launch Provider

&.ﬁ costs of five National Reconnaissance Office missions (NROL-44, NROL-82,
” 1000 p 5000 NROL:91, NROL:68 and NROL:70); a contract of $98.5 million for the completion

of three Atlas V missions in 2020; the SMC also awarded contract modification
worth $149 million for a Delta 4 Heavy launch of the NROmission NROL-68, and
another one worth 156.7 million for the launch of NROL:70.
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2.4.2 Space systems manufacturers and integrators

r

f

@ AIRBUS

DEFENCE & SPACE

Country

‘ . France

Core activity

‘:I Upstream - Manufacturer

Employees

'iéﬁ > 10 000

Corporate developments \

x Appointment of Jean-Marc Nasr as Executive Vice President Space Systems

x Started discussions with employees to implement a restructuration of the unit

x Opening of a satellite integration and space technology centre on Bj s ¢
Friedrichshafen site, for around (45 million

Major announcements and achievements

x Unveiling of a new GEOsatellite series (OneSaj), fully reconfigurable in orbit

x  Announced that it will sell capacity on SyracuselV with Telespazio

x Live demonstration of the SpaceDataHighway

x Completed the construction of Copernicus Sentinet6A and of the CHEOPS
satellite

x Presentation of ELSA+, a versatile reception antenna used for Fv uf mt
Quantum satellite and allowing the spacecraft to adapt to the evolving business
cases of customers

Major contracts

x Won the contract of the two SpainSAT NG for Hisdesat (with Thales Alenia
Space). Airbus DS will build the platform, based on the Eurostar Neo, as well as
the X-band payload

x Won a contract from Inmarsat for three satellites; they will be based on the new
OneSatplatform

x Contract from Measat to build the MEASAT-3d
x Contract from CNESto build an Earth observation constellation (CO8D)

x Five-year contract with the UK Ministry of Defence (approximately £22 million)
to manage test and reference services to support the delivery and assured
release of C4ISR capability for operations around the globe

Partnerships

x Memorandum of Understanding with the Hellenic Space Agency on Earth
observation, space exploration and future growth opportunities

x Partnerships with ESAand UNOOSAon the Bartolomeo platform of the ISS

x Memorandum of Understanding with Firefly Aerospace, which is interested in
launching the Arrow platform of Airbus

~N

g

arianeGroup

Country

‘ . France
Core activity

"Iﬂ Upstream - Manufacturer
Employees

@ 5000 p 10 000

\

Corporate developments

x Inauguration of a new facility for the integration of Ariane 6 upper stages in
Bremen

Major announcements and achievements

x Completion of the Critical Design Review of Ariane 6

x Start of the full-scale production of Ariane 6 (beyond the first rocket) thanks to
an agreement with ESA guaranteeing coverage if governmental orders do not
materialise in due time

x Finalisation of the Definition Review of the Prometheus engine,a future reusable
and low-cost rocket engine

Major contracts

x Contract from ESAto develop,with MT Aerospace, PHOEBUSthe prototype of
an upper stage made of carbon composite, a potential future amelioration of
Ariane 6

x Selected by Airbus Defence & Space, prime contractor for the two new Eutelsat
HOTBIRDsatellites, to supply 10 Antenna reflectors

Partnerships

x  Memorandum of Understanding signed with CNESto launch ArianeWorks, an
acceleration platform dedicated to the preparation of future launchers

x Partnership with Shetland Space Centre: ArianeGroup will define a concept of
operations and assess the range of missions for the SSCspaceport project in
the frame of a three-month study

Full Report
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-

@aaflzva

Country

% United States
Core activity

‘:Iﬂ Upstream - Manufacturer
Employees

@ > 10 000

r

Corporate developments \

x Change of CEQ Dennis Muilenburg resigned and was replaced by David
Calhoun, who is also President of the company

x Relocation of the Space and Launch division HQ from Arlington, Virginia to
Titusville,on G mp s Bpade Cdast

x  Investment of $20 million in Virgin Galactic

Major announcements and achievements

x Several successful tests of the CST-100 Starliner capsule (e.g. passing of the
Environmental Qualification Testing, test of the parachutes, of the propulsion
system, pad abort test considered a success) and completion of the Orbital
Flight Test, which suffered timing problems and did not manage to dock to the
ISS

x Completion of the core stage of the first SLSrocket

x Unveiling of a new small GEOsatellite family (702X)

x Proposal for a lunar lander sent to NASA,which reduces the number of mission
critical events

x New duration record for the X37-B, a reusable robotic spacecraft managed by
the U.S. Air Force

Major contracts

x Opening of negotiations with NASA on a contract for up to ten Space Launch
System core stages and up to eight Exploration Upper Stages to support the
third through the twelfth Artemis missions (key aspects have still to be
discussed)

x Was awarded a $605 million contract for the production of the Air Force's 11th
Wideband Global Satellite (WGS11) Communication Space Vehicle

x Contract from ViaSatfor the manufacturing of the platform of the third ViaSat3
satellite; the satellite will be reprogrammable and ViaSat builds itself the
payloads. Boeing had already won the contracts of the first two ViaSat3.

Partnerships

x Statement of Strategic Intent with the Australian Space Agency to support
investments in R&D,innovation, STEMeducation and government programmes )

\

LOCKHEED MARTIN

Country

% United States
Core activity

"Iﬂ Upstream - Manufacturer
Employees

‘i&ﬁ > 10 000

~N

Corporate developments
x Appointment of Timothy Cabhill to lead Lockheed Martin International

x Appointment of former NASA Acting Administrator Robert Lightfoot as Vice
President, Strategy and Business Development Lightfoot will lead strategic
planning, advanced technology concepts, and new business strategy for the
corporation's Space business area

x Strategic investment of Lockheed Martin Ventures in ABL Space Systems
Company, which develops the RS1 launch vehicle

Major announcements and achievements

x Progress on the Orion spacecraft (e.g. launch abort system passed) and
unveiling of the first capsule

x Presentation of the Mondo Condo satellite, a small GEOsatellite which can be
exploited by up to five customers, by the subsidiary GEOshare

x Started to offer a new product, the global automated target recognition system.
Based on Al, this system helps analysts to more easily identify objects in
satellite imagery

Major contracts

x Was awarded by NASAa contract for six Orion capsules ($2.7 billion for the first
three, $1.9 billion for the next three) and potentially six more later in the future

x Received a $3.3 billion contract from the U.S. Air Force for the operations,
sustainment and enhancement activities of classified systems

Partnerships

x Teamed up with Blue Origin, Northrop Grumman and Draper for a lunar lander
(while it had presented it own concept before). Lockheed Martin will provide the
ascent module.

x Memoranda of Understanding with three Indian start-ups: Terero Mobility,
Sastra Robotics and NoPo Nanotechnologies

J
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4 )

Corporate developments
% Appointment of a new CEOand President: Daniel Jablonsky
x The operations of DigitalGlobe, SSLand Radiant Solutions (three subsidiaries of

Maxar) were unified under the Maxar brand
|
M A x A R % Sold MDA, its Canadian subsidiary, to a consortium of firms for $765 million
x Measures to reduce its debt (property sale, private offering of senior notesA)

Major announcements and achievements

x  Announced that the WorldView Legion constellation will be made up of six
satellites and will get images from a single location more than 15 times a day

x Exitfrom RSGSthe DARPAsatellite servicing programme, but completion of the
critical design review of Restore-L, an in-orbit servicing mission for NASA

x  Failure of the WorldView-4 satellite, launched in November 2016

x End of the collaboration with Thales Alenia Space in the bid to manufacture the
Telesat constellation; both companies are now competing on their own

Major contracts

x Won the contract ($375 million) to manufacture the Power and Propulsion

Element of the Lunar Gateway
"I Upstream - Manufacturer x Contract from Intelsat for a GEOcommunications satellite, Intelsat-40e
x Receiveda contract to host the O B T BTIEMPOenvironmental hosted payload

Employees on Intelsat-40e. Maxar will provide satellite integration, launch and data
transmission services.

o

&.‘ 5000 p 10 000 x Multiple contracts (total value: $95 million) from the U.S. Air Force, Special

(7)) p Operations Command and the National Geospatiakntelligence Agency for
imagery and analytics

Partnerships

x Teaming agreement with Dynetics to collaborate on the design, building and
operations of the Power and Propulsion Element. The company is also
partnering with Draperand Blue Origin on the PPE

Country
% United States

Core activity

% Signature of a Joint Statement of Strategic Intent and Cooperation with the
Australian Space Agency )

~N

r

\

MITSUBISHI
ELECTRIC

Corporate developments

x Creation of a Space and Sensing Systems division at the headquarters of the
company in the United States. The new division will sell, among others, satellite

Country on-board equipment including solar array panels, lithium-ion batteries, and
Radio Frequency (RF)equipment.
® Japan Major announcements and achievements
x Selected by JAXA to build the Innovative Satellite Technology Demonstration-2,
Core activity a 100 kg-satellite which will pave the way to the use of a standardised platform

for future constellations

x Ft ! 2,bbyilmby Mitsubishi Electric, entered into service for customers in
Middle East and North Africa

Major contracts

x Contract for a terminal Doppler lidar system by ROMATSA,the national air
traffic and aviation meteorology service provider in Romania

‘I Upstream - Manufacturer
Employees

@ > 10 000

\_ J
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4 )

O miTsusisHi

HEAVY INDUSTRIES

Country
Major announcements and achievements
. Japan x Was forced to postpone a mission to the ISS because of a fire on the platform
carrying a H-2B rocket. The launch took place two weeks after the planned date.
Core activity x The company prepares the first flight of the H3 launcher in 2020 and reflects on
more powerful variants to support the Lunar Gateway from 2025.
Upstream p Manufacturer x Launches in 2019: 1 H-2B rocket
») and Launch Provider

Employees

@ > 10 000

Corporate developments
x Establishment of a new operating structure with four operating sectors

NOR THROP (including Space Systems).
GRUMMAN Major announcements and achievements

x Launch of the first-ever commercial in-orbit servicing spacecraft, the Mission
— Extension Vehicle-1. The spacecraft will extend the life of the satellite Intelsat-
901 for five years.

x Progress on the OmegA rocket, which competes for the National Security Space
Launch Phase 2 Launch Service Procurement

x Successful test of a dZzm bmy focapladity on its Cygnus spacecraft: up to 20% of

Country the cargo could be loaded only 24 hours before launch
x Completed, with NASA team, the mechanical assembly of the James Webb
2  United States Space Telescope
— Major contracts
Core activity x Was selected by NASA to build (and launch) the Habitation and Logistics

Outpost (HALO)module of the Lunar Gateway

x Contract with Space Norway for the Arctic Satellite Broadband Mission system
(two HEOsatellites). Northrop Grumman will design, manufacture and integrate
the spacecraft, and provide critical ground infrastructure. The satellites will be

‘Iﬂ Upstream - Manufacturer

Employees equipped with payload for Inmarsat, the Norwegian Ministry of Defence and the
U.S. Air Force.
&.ﬁ > 10 000 x Received its first contract for OmegA, to launch one or two Saturn Satellite
(") Of u x pMationSat satellites on the first certification flight of the rocket

x Was awarded a flight demonstration contract by Made in Space for the
Archinaut mission, which aims at building large structures directly in space
through additive manufacturing

Partnerships

x Teamed up with Blue Origin, Lockheed Martin and Draper for a lunar lander.
Northrop Grumman will provide the transfer element.

\_ J
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=

Country

. Germany
Core activity

‘:Iﬂ Upstream - Manufacturer
Employees

@ 1000 p 5000

~N

Corporate developments

x Acquisition of Teleconsult Austria, a company specialised in the use of data
from satellite-based systems

Major announcements and achievements

x Announced plans to develop small launchers (200 kg in LEO)from 2021, which
would launch from Europeanspaceports. Development of the rocket will be self-
funded by OHB

x Launch and entry in operation of EDRSC,the second SmallGEOsatellite of OHB,
part of Bj s cd#padeDataHighwayLJThe spacecraft uses innovative laser
technology to strongly reduce the time needed for Earth observation satellites
to deliverinformation to the ground.

x Made progress on both the platform and the optical payload of the Meteosat
Third Generation weather satellite

Major contracts

x Contract from ESAto design, develop and test the prototype of a 3D printer
suitable for the 1SS, OHB leads a consortium involving three other companies;
the project is called IMPERIAL

Partnerships

x Letter of Intent with Airbus Defence & Space Netherlands

x Teaming agreement with Israel Aerospace Industries to offer to ESA the
commercial delivery of payloads to the lunar surface

\_

N\

Together
ahead. RUAG

Country

@ Switzerland
Core activity

‘Iﬂ Upstream - Manufacturer
Employees

’iéi‘ 1000 p 5000

Corporate developments
x Expansion of facilities for thermal insulation in Austria

Major announcements and achievements

x Unveiled a new product line: Thermal Insulation for launchers (while the
company is already leader in thermal insulation for satellites). This technology
will be implemented on Ariane 6

x Developeda unique satellite dispenser which was used on Db o b eRadatsat
launch

x Successful development and test of a separation and jettison system for
payload fairings. The new system will avoid excessive shocks to the payload
and is scalable, thus enabling its adoption by various categories of launchers.

Major contracts

x Contract from Firefly Aerospace to provide payload adapters (i.e. separation
systems) for its small launch vehicles. This is a long-term purchase agreement
which starts with an order for six launches.

x Contract from Mitsubishi Heavy Industries to develop the payload fairing and
payload supporting structures for the H3 launcher

Partnerships

x Agreement between Kubos and RUAG to provide dzs f -toe anzohdputer
systems to constellation developers, RUAG provides the satellite computing
hardware
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.

Vo TELESPRAZIO

W™  aLEONARDO and THALES company

Country

‘ ' Italy

Core activity

"Iﬂ Upstream

Employees

‘iéﬁ 1000 p 5000

Major announcements and achievements \

x Success of a campaign of experimental flights with several remotely piloted
aircraft systems (RPAS) Full Flight View (F2V), a project entirely funded by the
companies of the industrial team led by Telespazio, has been conceived for
public utility purposes, in particular to test new safety procedures for drone
operation and to develop innovative applicative products and services aimed at
territorial control for the city of Turin, with state-of-the-art utilisation and
accuracy modes.

x Start of a new Launch and Early Orbit Phase control room at the Fucino Space
Center. It manages, among others, these activities for COSMGSkyMed Second
Generation

Major contracts

x Contract with ASI (as part of the Space Alliance) to develop Ital-GovSatCom the
Italian contribution to EUGOVSATCOMprogramme

x Contract from ESAto develop, maintain, and manage operations for the PRISM
(Copernicus Contributing Missions access Support Functions and Platform)
system.

x Contract with Petrobras to use COSMOSkyMed satellite data

x E-GEOS,a company set up by Telespazio and the Italian Space Agency, signed
two contracts with the Joint Research Center of the European Commission and
with the EuropeanUnion (EU)Satellite Center. The contracts are worth a total of
(B7 million.

Partnerships

x Partnership with Airbus to sell excess military satellite communications
capacities on the future French Syracuse IV spacecraft. It will lead to the
creaton of Gs b o dledding private operator of military satellite
telecommunications. The contracts provided to third parties will last 10 years.

x Memorandum of Understanding with Cloud Constellation Corporation for a joint
go-to-market strategy in Europe and South America and to evaluate potential
requirements and scenarios of cooperation in the domain of SpaceBelt
constellation ground segment operations. For Telespazio, it enables to go
beyond SATCOMand towards integrated services. J

-

—
ThalesAlenia

A Thales / Finmeccanica Corfipany Space

Country

‘ i France
Core activity

"Iﬂ Upstream - Manufacturer
Employees

@ 5000 p 10 000

Corporate developments )\
x Expectedreduction of the headcount by about 500 people

x Inauguration of the LeoStella factory, a joint-venture between Thales Alenia
Space and Spaceflight Industries which will produce the BlackSky constellation
(Earth observation)

x Extension of a facility in Spain for the integration of large satellite payloads and
instruments (e.g. SpainSATNG will be integrated there)

Major announcements and achievements

x Unveiling of a new reprogrammable GEOsatellite series (Inspire)

x End of the collaboration with Maxar in the bid to manufacture the Telesat
constellation; both companies are now competing on their own

x Announced that it is in the concept development phase for a future in-orbit
servicer, especially focused on active debris removal. To start the business, the
condition is to get a government customer.

x Started to use 3D printing into serial production to make components for
telecom satellites built onthed p n q b aexv!Spacebus Neo platform.
Major contracts

x Won the contract for Eutelsat-10B, which will be based on the Spacebus NEO
platform (Ku-band HTS payloads, plus C- and Ku-band widebeam capacity)

x Part of the winning team for the contract of the two SpainSATNG for Hisdesat.
Thales Alenia Space will build the UHF and military Ka-band payloads.

x Contract from NileSatto build a new GEOsatellite, NileSat-301

x Contract with ESA) T8 million), on behalf of the European Commission, to
upgrade F v s p §&NOSsatellite navigation system.

x Contract with ASI (as part of the Space Alliance) to develop Ital-GovSatCom the
Italian contribution to EUGOVSATCONprogramme

Partnerships

x Statement of strategic intent and cooperation with the Australian Space Agency
to mutually identify key areas of investment, as well as potential research,
development, and commercial opportunities

x Memorandum of Understanding with the Hellenic Space Agency for space)

cooperation, especially on Earth observation
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2.4.3 Satellite operators

é )

ASIASAT

Country
Corporate developments
@ Hong Kong x The two main shareholders (CITIC Group and The Carlyle Group) decided to
delist AsiaSat from the Hong Kong Stock Exchange AsiaSat thus became
o private.
Core activity Major contracts
ﬂ Downstream - % Selected by WarnerMedia as strategic partner for HD channels distribution in
) Satellite Operations Asia Pacific

Employees

'iéi‘ 50 p 200

g J
4 N
Corporate developments

x Sold (through a spin-off and its subsequent merger) its broadcast satellite
services business (nine satellites and the employees) to Dish Networks for $800

— ] ..- . L million, reshaping EchoStar as a company whose primary focus is on internet
connectivity.
& x Acquisition of Helios Wire, a start-up that wanted to launch a constellation for
Internet of Things purposes. EchoStar obtained the S-band spectrum rights that
the company had requested to the International Telecommunications Union.
Major announcements and achievements

x EchoStar contributed to arrange a $199 million loan for the operator Globalstar
x Orderedtwo S-band smallsats from Tyvak to secure the spectrum rights it got

Coumry by acquiring Helios Wire and start a constellation for Internet of Things
ﬁ ) purposes
== United States x Hughes Network Systems (a subsidiary of EchoStar) partnered with Facebook
) to provide wifi hotspot service in Colombia
Core activity x Creation of a second joint venture between Hughes Network Systems and
Yahsat, focused on broadband in Brazil
Iﬂ Downstream - x Hughes Network Systems secured a license to provide inflight connectivity in
2 Satellite Operations India
Major contracts
Employees

x Xplornet, a Canadian service provider, signed a contract worth more than $250
million spread out over 15 years to use capacity on Hughes Network Tz t u f

@ 1000 p 5000 upcoming Jupiter-3 satellite and for terminals and services

x Hughes Network Systems has been awarded an $11.8 million R&D contract by
the U.S. Army, to enhance network management, automated control, and
system interoperability among SATCOMSsystems for military communications

Partnerships

x Agreement with RigNet to promote and distribute EchoStar Mobile Internet
Protocol-based Mobile Satellite Services (MSS) for voice and datato Sj h Of
European customer base

\_ J
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(" )

Corporate developments

x Announcement of the LEAR2 plan: 100 employees will be laid off, the wages will
be frozen, and hiring stopped. The objective is to save (20-25 million by 2025.

fj e U t e l S a t Major announcements and achievements

x Launch of a new connectivity service dedicated to 10T devices (Eutelsat 10T First
service), which uses its GEOfleet and Ku-band. The hardware for the service
would cost around $200 and data subscriptions a few euros per month. The
company also announced that it was planning to launch a LEO constellation
(called ELO)which is meant to be complementary to this service.

x Eutelsat 5 West B, a satellite launched in October 2019, suffered a solar array
issue

Country

x Eutelsat left the C-band Alliance, a consortium of companies (SES, Telesat,
Intelsat and, previously, Eutelsat) defending their interests in the process to
‘ . France allocate C-band frequencies in the United States

x Postponed from end 2019 to the second half of 2020 the launch of Eutelsat

Core activity Quantum, a software -defined, reprogrammable satellite which is able to change
the size, shape and power of its beams
ﬂ Downstream - Major contracts
) Satellite Operations x Ordered Eutelsat-10B to Thales Alenia Space. More than one third of the
t b uf moapadity istalready leased. For instance, Gogo, an in-flight wifi
Employees provider, and Panasonic Avionics, are already customers.

&ﬁ x Selected by NASAto participate in its Next Space Technologies for Exploration
é 500 p 1000 Partnerships-2 (NextSTER2) within OB T B Space Relay Partnership and
Services Study, which aims at improving O B T Bshace-based communications

architecture, especially for future exploration missions

x Obtainedits first customer for Eutelsat Cirrus (Mondo Globo) as well as the first
contract for this product with an African operator (Orao Telecom Congo)

Partnerships

x Sigfox signed a strategic partnership with Eutelsat to use the future ELO
constellation in order to provide Internet of Things services

~N

r

~

Corporate developments
x Borrowed $199 million through a loan arranged by Thermo (its controlling
shareholder) and Echostar

Major announcements and achievements

x Developed with Echo Ridge a stand-alone Positioning, Navigation, and Timing
Country (PNT) capability to backup and/or complement GPS in case of GPS
unavailability or unreliability. The system is based on new Augmented

@ . Positioning System (APS) technology that uses ordinary signals from
— United States communications satellites to produce accurate position and timing information
in compatible user devices. The companies have also signed an agreement to
Core activity collaborate, share data, and jointly pursue market opportunities related to this
technology. They will undertake an assessment of the commercial and
Downstream - government market requirements and use cases.
% ﬂ Satellite Operations x Bought a license ($700 000) from one of its suppliers for a solar-powered asset
tracking device. With this license, Globalstar gets intellectual property,
Employees production equipment and other assets.
x Received Mobile Satellite Services (MSS) and terrestrial authorisations for S-
&.ﬁ 50 p 200 band spectrum in South Africa, Mozambique, Gabon,and Rwanda
e Partnerships

x Partnership with Nokia to provide communications solutions in Africa

Full Report 109



ESPI Yearbook 2019 Space policies, issues and trends

hlspasal:"

Country

A, .
& Spain
—
Core activity
ﬂ Downstream -
") Satellite Operations
Employees

'iéi‘ 50 p 200

~N

Corporate developments

x Change of shareholdingz the company Red Eléctrica Corporacién purchased
89.68% of Hispasat for U949 million (by buying the shares of Abertis)

Major announcements and achievements

x Decidedto stop funding LeoSat, a start-up aiming at establishing a constellation
of severaldozens of satellites in LEOfor telecommunications purposes

Major contracts

x Satlink chose Hispasat to provide high-capacity connectivity to ships

Partnerships

x Strategic partnership with Ovzonto provide a high-capacity portable broadband
solution. There will be technical collaboration as well as joint go-to-market
initiatives in Europe and Latin America. The combined offer includes the
terminal and connectivity in a single service with a monthly fee.

x  Partnership with Facebookto offer satellite-based wifi hotspots in Brazil in order
to reach underserved areas. In Colombia, Hispasat has already installed
terminals with Bansat.

x Hispasat and Mexican telecommunications company Wibo will offer broadband
satellite and Internet Protocol phone services for the next three years to extend
connectivity in Mexico. The satellite used will be Amazonas 5

x Agreement with GetSat to offer Satellite on the Move services (useful, e.g., for
emergency and security services) in Latin America, Europe and North Africa

x Agreement with the Hispatec Group to promote the use of new technologies in
the agricultural sector in Europe,the Americas, and North Africa

J

N\

inmarsat

Country
i‘::f; United Kingdom
Core activity
Iﬂ Down_stream -
») Satellite Operations
Employees

’iéi‘ 1000 p 5000

~

Corporate developments

x Inmarsat delisted from the stock exchange and became private. It was sold for
$3.3 billion to a consortium, Connect Bidco, made of UK-based Apax Partners,
U.S.-based Warburg Pincus and two Canadian pension funds.

Major announcements and achievements

x Ordered three reconfigurable satellites to Airbus (Inmarsat.7), based on the
OneSatplatform, allowing it to adapt to the evolution of demand

x Launch of Inmarsat GX-5 satellite, which has more capacity than the first four
Global Xpress satellites already in orbit combined

x Announced that it will put payloads on two satellites bought by Space Norway,
in order to extend its Ka-band connectivity service in high latitude regions

x Got the authorization to provide Ka- and L-band services to aviation and
maritime customers in India (through its local partner BSNL)

x Launch of a new service for crew, Crew Xpress,which includes a managed Wi-Fi
solution ¥ Gmf p ut gapleased antenna, a business use data package,
automated billing and a usage revenue recovery scheme to incentivise ship
managers to invest in crew connectivity

Major contracts

x Inmarsat was awarded a competitive single-award blanket purchase agreement
by the U.S. Department of Defence, for an amount of $246 million

x Contract with ESAto trigger the Phase 2 of the Iris air traffic modernisation
programme. During the Phase 2, flight trials will be conducted to assess Iris in a
real operational environment.

Partnerships

x Partnership with Microsoft on the Azure cloud network, especially for the
transfer of data related to Industrial Internet of Things activity

x Long-term agreement with Orbit Communications System to offer end-users a
new modular, multi-role aviation terminal, optimized for use over J onb s t
Global Xpress (GX)network.
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4 Corporate developments )\
x Appointment of David Tolley as Executive Vice president and CFO
x  Appointment of two new members to the Board of Directors: General(ret.) Ellen
M. Pawlikowski and Jacqueline D. Reses
e x Joined GSMA, the organisation representing mobile operators worldwide, to
I N T E L S AT further strengthen the integration of satellite and terrestrial technologies and
advance 5G deployment
Major announcements and achievements
x Presentation of a new product: Mobile Reach Manage, which enables Mobile
Network Operators (MNOs) to quickly and cost effectively deploy their network
infrastructure into areas once considered unreachable. With this product, MNOs
c do not need to invest in space or ground infrastructure.
Ountry x Presentation of a new service: FlexGround which enables ground troops at
g—f tactical level to remain connected. The t f s wjhidH data rates and open
_—_— United States architecture allow ground forces to use a wide array of ultra-portable antennas.
) x Unexpected loss of the Intelsat-29e satellite because of a fuel leak. The
Core activity spacecraft was uninsured for problems happening in orbit.
x Sued OneWeb and SoftBank for breach of contract, fraud and conspiracy to
ﬂ Downstream - steal information
2 Satellite Operations Major contracts
| x Selected by Lintasarta to support the deployment and expansionof J o e p o f t§
Emp oyees broadband and wireless communications infrastructure. The agreement will last
& ﬁ five years.
é 1000 p 5000 Partnerships
x Loaned $50 million to, and established a commercial partnership with, BlackSky
to jointly develop data and imagery products
x Partnership with Microsoft to connect remote customers to the Azure cloud
network
x Renewal and expansion of the partnership with Marlink to deliver additional
throughput to ships
x Agreementwith Stratosat Datacom (based in South Africa) to deliver high-speed
\ broadband services to sites across Central Africa j

~N

N

Corporate developments
x  Closing of a $1.45 billion, seven-year term loan with BPI France which was used

e o °
®
I rl d I u l I I to finance Iridium-NEXT,the new constellation of the company

x  Appointment of Suzi McBride as Chief Operations Officer
Major announcements and achievements

x Completion and start of the operations of the Iridium-NEXT constellation, a $3
billion investment for the company. The constellation is made up of 66
operational satellites, nine spares in orbit and six spares on the ground.

Country x Launch of a new product for commercial customers: the Iridium broadband
service. Iridium Certus is a platform designed for the development of specialty
global broadband service applications, offering on-the-move internet and voice
access.

% United States

x Commercial service activation of a new southern hemisphere ground station,

Core activity located in Punta Arenas, Chile. This is the first southern hemisphere site of
Iridium, allowing network redundancy for the constellation.
Iﬂ Downstream - Major contracts
<, Satellite Operatlons x Sevenyear agreement with the U.S. government for unlimited use of J s j e j

constellation. The contract is worth $738.5 million and will ensure continuity for
voice, data, broadcast and other services to the Department of Defense and
associated users.

'iéﬁ 500 p 1000 Partnerships

x Announcement of collaboration with OneWeb to provide a combined global
satellite services offering. The L-band of Iridium will combine with the Ku-band
of OneWeh An early focus areawill probably be the maritime market. This is the
first cross-bandwidth service collaboration between two LEO constellation
operators.

\ J

Employees
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4 )

measat

Major announcements and achievements

x The company announced its wish to provide high-throughput services and to
support a government programme in Malaysia focused on connecting the

Country d p v o udffiné tcitizens; the operator wants to complement terrestrial
E components of the plan
— Malaysia x Broadcasts now Himalaya TV High Definition over Nepal and Asia-Pacific
o Major contracts
Core aC“V'ty x Measat selected Airbus Defence & Space to build MEASAT3d, which will
replace two satellites, MEASAT-3 and -3a. It will carry different types of payload
ﬂ Down_stream T (C-, Ku-, Ka- and L-band). One hosted payload, built by MDA, will support the
) Satellite Operations Korea Augmentation Satellite System. The satellite will be launched by
Arianespace. In addition, the company signed a customer to use the entire Ku-
Employees band payload on MEASAT-3d forthe t b u f rifetima.f ! t

x Renewalof a contract with the BBCto use the Neasat-3 satellite

'iéi‘ 50 p 200

J

Corporate developments \

x Opening of the OneWeb Satellites (joint venture between OneWeband Airbus)
production facility in Florida, which will manufacture the satellites of Po f Xf ¢
constellation

N\ (

x OneWebSatellites joined the Satellite Industry Association

OneWeb x  OneWeb announced that it will create 150 jobs by expanding its Global

Operations Centre in London

Major announcements and achievements
x Launch and successful operation of its first six satellites, which allowed the
company to confirm its spectrum rights in Ku-band
x OneWeb and OneWeb Satellites committed to implement an advanced
Countr technology grappling fixture, developed by Altius Space Machines,onP o f X f ¢
Yy I o . :
satellites in order to facilitate their safe and reliable capture to prevent the

AP ) ) creation of space debris
'QIF‘ United ngdom x  Sought the approval of the Federal Communications Commission for up to 1.5
million ground terminals that customers would use to receive and transmit
Core activity satellite data
x Postponed the start of itst b u f mMmuorjthly flatinthes to 2020
ﬂ Downstream - x OneWebwas sued by Intelsat for breach of contract, fraud and conspiracy to
") Satellite Operations steal sensitive information. It was also sued by Virgin Orbit for having cancelled
all but four of 39 launches it had purchased without paying a termination fee.
Employees Major contracts

x Announced its first customer contracts with Talia for regions in Africa and

@ 200 p 500 Middle East and with Intermatica for businesses in Europe

x Awarded a contract to Astroscale for an active debris removal mission under
ESAOneWebSunrise Project. In the frame of this Project, the UK Space Agency,
through ESA provided $23.3 million to OneWeh

Partnerships
x Announcement of collaboration with Iridium to provide a combined global
satellite services offering. The L-band of Iridium will combine with the Ku-band

of OneWeh This is the first cross-bandwidth service collaboration between two
k LEOconstellation operators.
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anet.

Country
% United States

Core activity

Employees

'iéi‘ 200 p 500

ﬂ Downstream -
W) Satellite Operations/Product

~N

Major announcements and achievements

x Announcement that Planet will provide a better resolution for its SkySat
constellation (from 72 to 50 cm) and update its Dove constellation to gather
imagery in eight spectral bands

x Launch of dzQ mbAmdlytics Gf f edn lAkbased platform aiming at making
possible the automatic analysis of satellite imagery

x ESAannounced that Planetis adzU i PastyeMission underf wb mv b uj p o L

x Creation of the California Forest Observatory with Salo Sciences and Vibrant
Planet to provide an updated view of wildfire risk

Major contracts

x Planet Federal, a subsidiary, got a contract from the U.S. National
Reconnaissance Office to obtain an unclassified, multiyear subscription for
daily, large-area, three- to five-meter resolution commercial imagery

x Extension of the contract with the U.S. National Geospatiatintelligence Agency

x Was awarded a $6.7 million contract by NASA for climate research, in order to
assess the usefulness of Planet data to researchers

\_

N\

Country

' Russia

Core activity

ﬂ Downstream -
») Satellite Operations
Employees

’iéi‘ 500 p 1000

Major announcements and achievements

x Joined the pilot project of Maritime Unmanned Navigation (MUNIN). In this
project, the company intends to provide communications services on mobile
platforms using the maritime Very Small Aperture Terminal (VSAT)technology.

x Completed the installation and commissioning of five central stations
Partnerships

x Signature of an Agreement of Intention with Thaicom to collaborate on the joint
development of a service offering for maritime satellite broadband connectivity

x Cooperation agreement with the Belarusian manufacturing enterprise dzQ s f
Electromechanics G b d u p Bilinte¥satl Batellite operator). The cooperation
agreement provides for exchanges of requisite technical information and
consultations of experts on the joint use of the existing RSCC satellite
constellation capacity. Also discussed were new satellites, created as part of
the program to expand the Russian orbital constellation of communications and
broadcasting spacecraft.

o

x Cooperation agreement with Azercosmos to jointly create and provide satellite
communications and broadcasting networks and services in the Caspian
Region, but the partnership also aims at Europe,the Middle East and Africa
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é )

SES*

your satellite company

Corporate developments

x Appointment of Ruy Pinto as Chief Technology Officer and of John Baughn at
the new position of Chief Services Officer

Major announcements and achievements

x Demonstrated interoperability between its MEO and GEOsatellites by switching
between them to provide connectivity to a flight between Florida and Nicaragua

x Completion of the first generation of the O3b constellation. These satellites are
located in MEO,at approximately 8000 km of the Earth

x The critical design review of the O3b mPower satellites, the next generation of

Country the O3b system, was successfully completed
Major contracts
— Luxembou rg x Receiveda managed connectivity services contract from the EuropeanMaritime

Safety Agency, especially to provide connectivity to the RPASservices provided
by EMSAto EUMember States and agencies.

x Agreement between SES and the Luxembourg Government to renew for 20
years the concession allowing SES to operate satellites flying under
Luxembourg jurisdiction. The agreement starts in January 2022, and SES will
give Ul million per yearfrom 2025. Moreover, it will give up to U7 million per year
from 2022 into a fund to support and strengthen the Luxembourg space sector.

x Agreement with Teleglobal to bring broadband access and mobile connectivity
services to rural communities in Indonesia, in the frame of the universal service
obligation project of the Indonesian government. Teleglobal will contract
capacity on SES12.

Partnerships

x Partnership with Microsoft on the Azure cloud network to offer more data more
quickly to its customers. SES will provide global reach and fiber-like high-
performance to Azure customers via its complete portfolio of satellites.

Core activity

ﬂ Downstream -
») Satellite Operations
Employees

’ﬁ‘ 1000 p 5000

r

J
)

\

Corporate developments
SKYPerfeCt _JSAT x  Appointment of a new CEQ Eiichi Yonekura
Cor poration Major announcements and achievements
x Decidedto stop funding LeoSat, a start-up aiming at establishing a constellation
of severaldozens of satellites in LEOfor telecommunications purposes
x JAXA agreed to transfer SDS4 to JSAT,; this is a 50-kilogram demonstration
satellite carrying an automatic identification system payload for ship tracking. It
will be the first LEOsatellite of the operator.
Country x Launch of its second high-throughput satellite, JCSAT-18, whose platform is
shared (but not the payload) with the start-up Kacific
® Japan Major contracts

x Won a contract from LEOremote sensing company Axelspace to link the start-
v q !satellites with its ground stations. This is the first win with Norwegian

Core activity

d Downstream -
2 Satellite Operations
Employees

@ 500 p 1000

partner KSATfollowing a strategic alliance between the companies in 2016.
Partnerships

x Cooperation agreement with Airbus for the design preparation of the European
Data Relay Satellite (EDRS)D node. It will be positioned over Asia-Pacific in
2025. JSAT will co-finance the design and development studies of the payload
and system, and will commercialise the SpaceDataHighwayservice in Japan.

x Business partnership agreement with Pasco Corp. to add two Japanese ground
stations to the Earth Observation business of JSAT and to offer services to LEO
Earth observation and SATCOMcompanies. Two other domains are involved in
the partnership: space data utilisation and market expansion.

x Partnership with Elefante Groupto study how stratospheric airships can provide
high-capacity links without the signal lag inherent with geostationary satellite
broadband

J
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A Spire

Country
% United States

Core activity

Employees

'iéi‘ 50 p 200

ﬂ Downstream -
W) Satellite Operations/Product

Corporate developments \
x Opening of an office in Washington D.C.

x Hiring of Paul Damphousse to lead the national security business development
x Launch of Spire Maritime as a separate business unit

Major announcements and achievements

x Launched its 100th Lemur satellite

x Unveiling of two new products: Spire Forecast and an AirSafe application
programming interface

x Launch of two satellites with an innovative GPSreflection technology, enabling
to use GPSsignals to improve knowledge of F b s wsurface conditions

x Launch, in partnership with ESA, of two tiny supercomputer nanosatellites,
which will receive and process data directly in orbit and will then be able to
choose high-quality data and to transfer them to Earth, therefore reducing the
amount of time required to download them

x ESAannounced that Spireis adzU i PastyeMission underf wb mv buj po LJ

x Spire Global Luxembourg will launch its open source Data Lake. It will provide,
free of charge, AIS,ADSB, radio occultation and Total Electron Content data, to
all start-ups, research institutes, and public agencies in Luxembourg. The data
will be used for research and non-commercial product development activities.

Major contracts

x Signed a deal with KeyW Holding Corp., a defence contractor, to host
intelligence, surveillance and reconnaissance payloadson T q j sdndteflation

Partnerships

x Collaboration agreement with Kleos Space, creating the Safety at Sea
Collaboration. The companies will develop maritime safety tools focused on
detecting dze bwfl t t.fThereLdill be a combination of T qj saltbntatic
identification system (ship-tracking data) with radio-frequency reconnaissance
data from Kleos Space. Another partnership was set with Iceye for the same
objective of tracking dark vessels.

x Partnership with Concirrus, an insurance analytics company, to share data and
develop new products, especially in the realm of maritime insurance )

N\

telenor

Country

A
;i; Norway

Core activity

ﬂ Downstream -
») Satellite Operations
Employees

’i&ﬁ > 10 000

~

Corporate developments

x Telenor bought 94.36% of the shares of DNA, a Finnish telecommunications
company

x Appointment of Lars Erik Lunge as CEOof Telenor Maritime
Major announcements and achievements

x Creation, with Nordic Entertainment Group, of a new company which combines
satellite-pay TV and broadband-TV. This will create a Nordic TV distribution
business in the Directto-Home (DTH)segment.

x Opening of Td b o e oldrgegt BG pilot in the Norwegian municipality of
Elverum and of the northernmost 5G pilot in Svalbard
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-

Major announcements and achievements \

x The Telesat LEO Phase 1 satellite carried out the x p s nfiest 3G connection
over a LEO satellite. Tests included video chatting, web browsing, and video
.' ’ streaming in 4K and 8K ultra-HD. Other tests took place on the Phase 1 during

( the year.

- r 8 ' 8 s a t x Telesat said Loon (a subsidiary of Alphabet) has agreed to deliver a network
operating system design that Telesat can use to support its LEOconstellation.
Under the agreement, Loon will adapt its software-defined (SDN) platform
designto enable U f mf tLBQcdnstellation to help consistently deliver a fiber-
like broadband experience on a global basis to both fixed and mobile terminals.
Mp p ®&DNplatform will be specifically customised for U f mf tudeu ! t

x Delayed the selection of the manufacturer of its LEO constellation to Q1 2020

r

Country (the constellation should be operational in 2022) but all contenders have made
progress on the design of the system.
""’ Canada Major contracts
x Signature of a trial partner as first customer of its LEO constellation:
Core activity OmniAccess, a maritime connectivity provider signed a dzn b k mpudtiyear
d p o u Sdv broatdBand service. OmniAccess got certain limited exclusivity to
ﬂ Downstream - serve the superyacht market.
®) Satellite Operations % Signed a contract with Blue Origin to launch several of its future LEO satellites
on the New Glenn (undisclosed number of launches and satellites)
Employees x Announcement that Telesat will be one of the first customers of Relativity
& ﬁ Space (Terran 1 launcher)
é 200 p 500 Partnerships

x Memorandum of Understanding between the Canadiangovernment and Telesat
as part of an effort to provide better broadband internet access to rural and
remote communities. The partnership is expected to generate CA$1.2 billion for
Telesat over 10 years (it includes CA$600 million from the government).
Additionally, the Government of Canadawill contribute CA$85 million to Telesat
through the Hp wf s o nStratagit innovation Fund (SIF). Telesat, as part of
the agreement, will support approximately 500 jobs in Canada, and invest
CA$215 million in R&Dover the next five years. )

N\

~

Corporate developments
x Opening of two sovereign Maintenance, Test, and Integration Facilities in

V ° w Australia in order to support defence actors

I a Sa tm x Opening of two offices in Brazil

Major announcements and achievements

x Postponement of the launch of the first ViaSat3 to 2021 (instead of June 2019)
because of issues with a component supplier.

x Started to work on the early development of ViaSat-4 series

Country x Upgraded the OB U PUltta High Frequency (UHF) satellite communications

(SATCOM)control stations to comply with the new Integrated Waveform (IW)
baseline

% United States Major contracts

. x Was awarded a $10 million contract by the Air Force Research Laboratory
Core activity Space Vehicles directorate to test whether a Link 16 terminal on a small satellite
could serve as a communications network relay. Viasat selected Blue Canyon
ﬂ Downstream - Technologies (BCT) to design and manufacture a Cubesat for this test in low
> Satellite Operations Earth orbit. It will be equipped with Wj b T ltink 16tterminal.

x Contract with Telebras to commercialise broadband services on Telebras!

Employees SGDC(Geostationary Satellite for Defense and Strategic Communications) Ka-
&ﬁ band satellite in order to provide internet service across all of Brazil
é 5000 p 10 000 Partnerships
x Partnership with Microsoft to connect remote customers to the Azure cloud
network

x Strategic partnership with China Satcom to provide in-flight connectivity
services to aircraft in China

x Collaboration with Facebook to establish wifi hotspots in Mexico

\_ J
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3 ECONOM& BUSINESS

3.1 dobalspace economy

3.1.1 Overview and main indicators

The value of the global space economy is estimated every year by The Space Foundation, an American
non-profit organisation advocating for the sector, and by the Satellite Industry Association (SIA), the trade
association of the American satellite industry.

According to these two sources, the global space economy was worth between $360 billion (SIA/Brycéj*
and $414.8 billion (Space Foundation}'? in 2018.

SIA/Bryce Space Foundation

$229.2b
(55%)

$85.9b
(21%)

$126.6b $80.7b
(35%) (22%)

$6.8b
(2%)
Global Space Economy

Global Space Economy $27.5b

$360 billion (8%) $414.8 billion
$125.2b $92.9b
(35%) (22%)
@ Government Space Budgets @ Commercial Satellites and Launches
B Ground Stations and Equipment B Space Products and Services

Figure 14: Global space economyestimations by SIA/Bryce (left) and Space Foundation (right)
These two estimations can be broken down into four major segments:

0 Government space budgets correspond to the economic activity directly related to government
spending. It covers in particular public space programmes and other activities of governmental space
organisations (i.e. space agencies, development agencies, military organisations and bodies, etc.).

0 Commercial satellites and launches correspond to the economic activity of satellite manufacturers
and launch service providers outside public markets (i.e. commercial space). It covers in particular
the provision of private satellites and commercial launch services to private operators.

0 Ground stations and equipment, correspond to the economic activity related to the ground segment
of space infrastructures including in particular stations, teleports, networks and user equipment.

0 Space products and services correspond to the economic activity of companies selling space

enabled products and senices such as Directto-Home services or satellite imagery products. This

part of the space economy is usually referred to as downstream and is the most complex to delineate.

411 Satellite Industry Association,2019 State of the Satellite Industry Repoifprepared byBryce Space and Technology. Summary
available at:https://sia.org/news -resources/state -of-the-satellite-industry-report/
412 Space Foundation,The Space Report 2019Q2 and Q3).
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The following table provides a more detailed overview of global space economy esthations by SIA/Bryce
and the Space Foundation, for each segment:

SIA/Bryce Space Foundation

Global Space

Economy

$360 billion

$414.8 billion

t U.S. budget: $50.1b U.S. budget: $48.3b
Govemmen $80.7b $85.98
Space Budgets Non-U.S. budget: $30.6b Non-U.S.budget: $37.6b
Commercial Satellites: $19.5b Satellites: $5.3b
Satellites and $27.5b Launches: $6.2b $6.8B Launches: $1.5b
CEUTIEES Human Spaceflight: $1.8b Human Spaceflight: $0
: GNSS! $93.3b GNSS! $62.4b
Ground .Statlons $125.2b $92.5B
and Equipment Others? $31.9b Others?2 $30.1b
Television: $94.2b Television: $96.3b
Communications:® $24.4b Communications:® $25b
P .
Space r.oducts $126.5b Remote Sensing: $2.1b $229.2B Remote Sensing: $5.8b
and Services
Satellite Radio: $5.8b Satellite Radio: $5.8b
PNT# $0 (not included) PNT?# $98.7b
Others - = $0.5B Insurance premiums

1 Includes GNSS chipsets and navigation devices

2 includes network stations and user equipment such as satellite TV dishes or satellite mobile phones
3includes Fixed SatelliteServices (FSS), Mobile Satellite Services (MSS) and Broadband services

4 Positioning, Navigation and Timing services, enabled by GNSS and augmentation systems

Table 13: Detailed comparison of space economy estimations by SIA/Bryce ad The Space Foundation

Although both organisations attempt to provide an estimation of the global space economy based on
government space budgets and spacerelated company revenues, there are significant discrepancies
between the two assessments originating from different methodological approaches.

Estimations of government space budgets by SIA andthe Space Foundation are relatively similar, with a
variation of $5.2 billion, originating mainly from a different estimation of non-U.S. space budgets. While
the Space Foundation estimates a slightly lower U.S. budget than SIA, the Space Foundation also provides
a much higher estimation of non-U.S. budgets.

More substantial differences start occurring with the estimation of the value of commercial satellites and
launches. Adopting different methodological approaches, the Space Foundation estimates the value of
this segment about four times lower than SIA. While both estimations seem to rely on a valuation of
commercial satellites launched during the year to provide a proxy for industry revenues, this valuation
differs significantly. The same seems to occur for commercial launches. Furthermore, the Space
Foundation inputs zero revenues for human spaceflights whereas SIA estimates this part of the space
economy to be worth almost $2 billion.
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As for the ground stations and equipment segment, SIA estimates the value of GNSS chipsets and
navigation devices almost $30 billion higher than the Space Foundation. The estimations of other ground
stations and equipment revenues converge between $30.1 to $31.9 billion.

Finally, the main difference takes root in the calculation of the value of space products and services. Here,

the two assessments have a fundamental difference in scope. While SIA and the Space Foundation

converge on their valuation of satellite television, communications and radio services, their assessment

of remote sensing revenues diverge substantially. It is, however, the inclusion of valuadded PNT services

by the Space Foundation that leads to a lopsided emation of the total value of this downstream

segment. As a result, the Space Foundation considers $98.7 billion additional revenues part of the space

economy perimeter. It is unclear whether a share of these revenues is actually accounted for by SIA ité
hspvoe! tubujpot! boe! frvjgnfou! tfhnfou-! xijdi! dpvme!
estimation. Terminology used seems to indicate that it is not the case.

Both SIA andthe Space Foundation reported a significant growth of the global spaceesconomy in 2018 with
a 3.4% and 8.1% growth with comparison to 2017 respectively.
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Figure 15: Global space economy evolution Source: SIA, Space Foundation, ESPI)

While the Space Foundation and SIA estimated the global space economy between $314.7 and $319
billion in 2013, a very close figure (1.3% difference), their estimations deviated over time, in particular in
2017 and 2018. As a result, the global space econorg Compound Annual Growth Rate (CAGR) of the
Space Foundation over the period 20132018 is 5.7% while SIA considers a much less steep growth, with
a CAGR around 24%. A number of factors may explain this situation, including changes in methodologies
or in scope as well as different approaches to the way macroeconomic variations are considered (e.g.
inflation, currency exchange rates). The valuation of the space products and services segment by the
Space Foundation however stands out as the principal factorexplaining this discrepancy. The valuation
of this segment by the Space Foundationincreased from $126 billion in 2015 to $229 billion in 2018 as a
result of the inclusion of value-adding PNT services to the perimeter of analysis. As a result, the value of
this segment almost doubled in the span of three years.
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Rising reservations about available space economy indicators

Efforts to estimate the size of the global space economy are rather limited. Today, only a few
organizations provide regular economic assessments: SIA and the Space Foundation on an annual
basis and the OECD every other year

With the rising importance of sound economic indicators for decision-making, available estimates
have recently become the target of criticism by various stakeholdersand experts.

In a recent article*, SpaceNews reported the intention othe Bureau of Economic Analysis an agency
of the U.S. Department of Commerce to developits own estimate of the size of the space industry
on the basis of the consolidation of various available economic accounts in a Space Economy
Satellite Account to measure the size of the space industry in the United Stateg*

This decision seems to follow criticism by some experts of the conclusiveness of available space
economy indicators. The article reports, for example, that an analyst from the Science and
Technology Policy Institute (STPI) argued that studies done so far are likely to be overestimating the
size of the industry. This overestimating may come from double-counting as well as including
revenues not actually related to the space economy.

Current economic indicators have led some firms such as Morgan Stanley to forecast that the global
space economy could be worth a trillion dollars by 2040. The growth rate that such economic
development suggests, in the order of 11% per year, also seem very confident, in particular as they
depend on the successful development of markets that have yet to materialize such as space
tourism, suborbital point-to-point travel or even satellite internet poviders.

It would be an understatement to say that providing a robust and comprehensive valuation of the
economic activity related to space exploration and utilisation is a complex exercise. It requires
extensive access to information and data (sometimes proprietary), a sound methodology to
consolidate economic accounts and avoid double-counting, clear definitions to delineate industry and
market perimeters (in particular in the downstream part of the value chain), among other things. This
task becomes evenmore complex when performing it annually. Ensuring consistency along the years
requires to consider macro-economic phenomenon such as inflation and exchange rate fluctuations
to provide estimations in constant currency.

The provision of a more robust estimation of the size of the U.S. space industry will not solve the
issue of the assessment of the global space economy but will certainly contribute to improving
tubl fi pmefst! ! bgqgqsfdjbujpo!pg! fdpopnjd!ezobnj

This raises the question of European efforts in this domain. Today European stakeholders and
decision-makers rely extensively on U.Sbased economic assessments and no European institution
has taken up the issue yet. With the rising need to rely on solid economic information fospace policy

developments in a number of domains such as stimulation of private investment, support to business
development and competitiveness or maximisation of socio-economic benefits of public space

programmes, supporting the elaboration of Europeanbased indicators, both to estimate the size of

the European space industry and global space economy, should become a priority.

*Jeff Foust, dZommerce Department to develop new estimate of the size of the space economy.BSpaceNews (January 2020):
https://spacenews.com/commerce -department-to-develop-new-estimate-of-the-size-of-the-space-economy/

**Tina Highfill, Patrick Georgi and Dominique Dubia, d¥easuring the Value of the U.S. Space EcononmyButvey of Current
Business vol. 99, n°12 (DecembeR019): https://apps.bea.gov/sch/2019/12 -december/1219-commercial-space.htm
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3.1.2 Commercial satellites and launches

According to SIA, the global commercial satellite and launch industry recorded its best yeam 2018 with

a total economic activity worth $27.5 billion while the Space Foundation estimated the same activity in
the order of $6.7 billion. Although the two organisations seem to follow a comparable methodological

approach, major discrepancies in the perimeter of analysisand in determining what is commercial, and

what is not, are leading to very different estimations.

SIA/Bryce Space Foundation
$1.5b

$1.8b
" g

$6.2b
(23%)

Commercial Satellites
and Launches

$27.5 billion

Commercial Satellites
and Launches

$6.8 billion

$5.3b
(78%)

$19.5b
(71%)

B Commercial Satellite Manufacturing @ Commercial Launches
B Commercial Human Spaceflight

Figure 16: Commercial satellite and launch industry revenues Source: SIA, Space Foundation)

In 2018, the Space Foundation estimated that the commercial satellitemanufacturing economy was

worth $5.3 billion and the commercial launch sector $1.5 billion. With a drastically different perspective,
SIA estimated that the commercial manufacturing was worth $19.5 billion and the commercial launch
sector $6.2 billion in 2018. Furthermore, SIA integrated revenues related to commercial human
spaceflight which corresponds to an additional value of $1.6 billion in 2018.
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Figure 17: Commercial satellite and launch industry revenue evolution $ource: SIA, Space Foundation)
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Commercial launches

To estimate the global economic activity related to commercial launches, both SIA andthe Space
Foundation rely on a valuation of the share of all launches operated during the year that they qualify as
dzd pnnf bdpldmfmLY

In 2018, ESPI recorded a total of 114 attempted launches, including 112 successful launches and two
failures. The Space Foundation and SIA recorded the same number of launches butwith different
definitonspg! dzd pnnf sdj bm! mbvodi ftL>! mfbejoh!up!wfsz!ejggfs

0 The Space Foundationconsidersui bu! 35! pvu! pg! 225! mbvodi ft! xfsf! dzdp
of the total value of these launches at $1.5billion.

0 SIA on the other hand, considersthat94 ! pvu! pg! 225! mbvodi ft! xfsf! diddpnnf s
of total value of these launches at $6.2billion.

Ui f! ejggfsfodf! dpnft! gspn! ui fLUTeJfBgjtofjfuntplod pp!ge fdgdjponfn!f ded
mbvodi ftLIl@bt!uiptf!j owpintudingforgbvergnjemtd payoads, whila thebSpace d u |
Foundation seems to focus on launches of commercial payloads, excluding the launch of governmental

payloads, even if they gave way to a transaction between a public agency and launch service providéor

example.
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Figure 18: Commercial launchrevenuesevolution (Source: SIA, Space Foundation)

Commercial satellite manufacturing

According to SIA, the commercial spacecraft manufacturing industry was worth $19.5billion in 2018. This
represents a growth of 26% compared to 2017 when the sector was estimated to be worth $15.%illion.
On the other hand, the $ace Foundation estimated the commercial spacecraft manufacturing industry
to be worth $5.3 billion in 2018 which represents almost a 25% decrease compared to the $6.8billion
revenues recordedin 2017.
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Here again, SIA andthe Tqbdf ! Gpvoebujpo!t! ftujnbujpot! pg! uif! hm
dpnnfsdjbm!tbuf mmjuf!nbovgbduvsjohttbhfuff mmj pu!fsfLahanbpoo!db !f
the year, with different definitions of what isconsideredb ! dzd pnnf sdj bm! t buf mmj uf LJ

In 2018, ESPI recorded a total o#477 spacecraft put in orbit, including 208 commercial spacecraft (i.e.
spacecraft which is primarily intended to serve a commercial market and to make profit). SIA estimated
that 314 of satellites launched were commercial. Of these 314 dmost 40% were used for remote sensing
and 22% fortelecommunication . The Space Foundation considered that only 167 of thespacecraft put in
orbit in 2018 were commercial satellites, corresponding to 36% of the465 spacecraft recorded by the
Space Foundation. The Space Foundation estimates that commercial spacecraft manufacturing

accounts for only 11.7% of the overall spacecrdt manufacturing economic activity.

These major discrepancies eventually lead to a $14.4 billion gap between the two estimations.
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Figure 19: Commercial satellite manufacturing revenues evolution Source: SIA, Space Foundation)

Full Report 123



ESPI Yearbook 2019 Space policies, issues and trends

3.1.3 Goundstations andequipment

The economic activity related to ground stations and equipment stood between $92.5 and $125.2 billion
in 2018 according to the Space Foundation and SIA (respectively).

Limited details are available about this segment of the spae economy but the difference between the
two estimations seems to be mainly explained by the respective assessments of the GNSS chipsets
market. In 2018, SIA estimated the sector of GNSS chipsets to be worth $93.3billion, almost $30 billion
more than the $62.4 billion estimated by the Space Foundation on the basis of the GNSS market report
published by the European GNSS agency.

Both SIA and the $ace Foundation showed that the sector of ground stations and equipment grew in
2018 compared to 2017. According to SIA, the global ground stations and equipment sector accounted
for a total of $125.2 billion in 2018 which is a $5.4 billion or 5% increase comparedd 2017. The Space
Foundation on the other hand estimated the ground stations and equipment sector to be worth $92.5
billion which represents a $6.7 billion or a 6% increase compared to 2017.
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Figure 20: Ground stations and equipment evolution (Source: SIA, Space Foundation)

Beyond GNSS chipsets, the sector also includes sales ofiser equipment such as safphones, terminals,
and dishes as well as stations and networks comprising the ground segment of the spaceinfrastructures.
Limited details are available for these revenuesestimated to stand between $30.1 and $31.9 billion
according to the Space Foundation and SIA respectively. SIA estimates that these revenues can be split
between broadband equipment with a total of $18.1 billion (4%) and Network equipment with $13.1
billion (11%).
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3.1.4 Spaceproducts andservices

The segment of space products and services, commonly referred to as the downstream sector,
comprises the sales of a variety of spacebased products and services to endusers including
governments, businesses and individuals. Categories of space products and services include:

0 Television: TV broadcast and Directto-Home services

0 Communications: Services ranging from texting and telephonyto broadband internet.

0 Remote Sensing Wide variety of solutions enabled by optical and radar satellite imagery, from sales
of raw data to turnkey analytics services.

0 Satellite Radia Radio services via satellites, usually for personal vehicles (mainly XM Sirius revenues).

0 PNT valueadded services: Wide variety ofsolutions enabled by GNSS signals(not included by the SIA

in their assessment).

The Space Foundation estimated that the revenues for the sector of commercial space products and
services to be $229.2 billion in 2018 while SIA estimatedhe same segment to be worth $126.5 billion.
The main difference is related to the inclusion of PNT valueadded services by the Space Foundation. This
economic activity describes the large downstream market exploiting GNSS signals to create products
and services ranging from personal navigation to shipping management.Corresponding to a $98.7 billion
revenue, this category accounts, alone, for 43% of the total estimation by the Space Foundation. While
this is a domain where the satellite constellations are dominated by governments (GNSS), there is no
direct revenues linked to the operation.

SIA/Bryce Space Foundation

(2%9 (43%)

$96.3b
(42%)

$5.8b
$24.4b (5%)

(19%)

Space Products

& Services Space Products

o & Services
$126.5 billion $229.2 billion
$3.4b

(1%

)

$94.2b 'l

$5.8b
(74%9 (3%) (11%)

B Television @Communications B Remote Sensing M@ Satellite Radio * PNT Value-Added Services

Figure 21: Commercial space products and services revenues$ource: SIA, Space Foundation)

The Space Foundation and SIA converge on the ssessment of the value of other segments. Directto-
home television accounts for between $94.2 and $96.3 billion. These revenues have been steady with a
slight augmentation in 2018 due to the large audience that tuned in for the 2018 Football World Cup.
Satellite communications, radio and remote sensing services accounted together for a total ranging
between $32.3 and $34.2 billion in 2018.
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Figure 22: Commercial space products and services evolution $ource: SIA, Space Foundatin, ESPI)

The Space Foundation saw an 8.4% increase compared to 2017 while SIA estimated that revenues
decreased by 1.7%.

When looking at~igure 22, we can see that theestimates for the market size comparison between 2014
and 2017 were practically the same for both SIA and the $ace Foundation. However, in 2017 the $ace
Foundation began evaluating the revenues for commercial space activities much higher than SIA. This
valuation originated in the addition of PNT. The total revenue estimate by the Sace Foundation for this
sector jumped by almost $85 billion in a single year.
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3.1.5 Insurance sector

Space activities entail risky operationsand the insurance sector provides space actors with solutions to
help mitigate financial setbacks that can arise as a result of technical failures or delays. Insurers usually
compete on coverage terms, capacity and most often on premium prices. Typically packaged together in
most insurance products, there is a distinction between property insurance (first party) and liability
insurance (third party). Property insurance insures against the failure of a satellite during launch or
operation and will typically cover the cost of the satellite, exaliding any future revenue losses. The liability
insurance of a satellite insures against damage caused to a thirdparty by the launch or satellite operator.
In-orbit liability insurance is generally required only by a small number of countries; the vast majority of
commercial satellite ventures carry property insurance,and it is typically their third-largest expenditure
after launch and manufacturing.4*®

In 2018, approximately 50insurers insured assets in the space market.The space insurance market is
characterized by a strong European presence: In 2018European players represented over 68% of the
global insurance capacity for the launch sector and over 67% fo in-orbit activities.*'* France and the UK
were standouts, as they combined to make up 50% of the world space market. In this competitive
ecosystem, just two players exceeded $100 million in insurance capacity for launches in 2018. These
were Munich RE andthe Dubaibased Elseco. Elesco was also the only insurer exposed over the $100
million threshold for in-orbit activities.*®

In line with previous years, over 60% obrbital launches were insured in 2018 half of which were in-
orbit commercial GEOsatellites. GEO satom are very often the most expensive private satellites to
produce, assemble and launch so customers are more risk-adverse thanwith other types of satellites. In
comparison, only 5% of LEO satellites are covered by a type of insurangeroduct.

The data science company Seradata estimatedthat the total insurance premiums paid in 2018 for the
space sector reached $458 million*” According to the Space Foundation, the premiums paid in 2018
were the lowest seen in almost two decades*® This marked a 34.8% decrease compared to the
premiums paid in 2017 ($704m)**° However, insurance claims increased from $452 million in 2017 to a
reported maximum of $605 million“?° in 2018, which represents an increase of over 30% depending on
the source. The tabk below illustrates the major insurance claims in 2018 and begins to look at 2019
satellite failure.

As reported in the table hereafter, the main insurance claimsin 2018 were issued for the failures of
WorldView-4 worth $183 million, Angolsat-1 worth $121 million, Al Yah 3 worth $115 million, Soyuz MS
10 worth $71million and finally Turksat-4b with a claim of approximately $40m.

WBTujntpo! Df ousf ! boeluif! Tfdvsf! Xpsme! Gpvoebujpo! ) TXG*WmdJot vsbodf! |
2018): https://www.stimson.org/wp -content/files/file -attachments/2018_stimson_swf_insurance_event_report.pdf

414 Aon International Space BrokersdzBndSB Space Insurance Fundamentals, PatpJ ouspevduj po! up! Tgbdf ! Sjtl !N
Presentation at the Institut aéronautique et spatial (2019), p. 89 https://www.inst -aero-spatial.org/wp -content/uploads/2018 -
Space-Insurance-Training-IAS-PART-1.pdf

415 |bid., p. 90

416 Space Foundation,The Space Report 2019Q3, p. 4). Available athttps://www.thespacereport.org/register/the -space-report-
2019-4-quarterly-reports-pdf-download/
“7Db mf c ! Bi§ cdasns, retodtlow rates: Restaping the space insurancegamd.J) ! Tgbdf Of xt ! ) Tf quf ncfs! 312: *;

https://spacenews.com/big -claims-record-low-rates-reshaping-the-space-insurance-game/
418 |bid.

419 |bid.

420 Space Foundation,The Space Report 2019Q3, p.4).
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WorldView-4 $183 million In-orbit failure
Angosat-1 $121 million In-orbit failure
Al Yah 3 $115 million Partial launch failure
Soyuz MS10 $71 million Launch failure
Turksat-4b $25 to $60 million Partial launch failure
Falcon Eyel $415 million Launch failure
ChinaSat18 $250 million Post-launch anomaly

Table 14: Major insurance claims in the space sector 201820194

Over the last 20 years, insurance claims have exceeded premiums only 5 times. This happened in 2000,
2001, 2007, 2013, and 201822 However, and perhaps most importantly, the gap between insurance
claims and premiums in 2018 was the highest recorded since 2000. The year 2000 should not be used as
a benchmark however, as it saw the historical failure of 5 satellites: Mitsubishi M5, Zenit-3SL, ICO F1,
QuickBird1 and Geonets 07.

In the first half of 2019, a decrease in overall premium insurance priceswas recorded. This is primarily

due to the high competition between insurers in this sector*?® The price of premiums was however

exacerbbuf e! cz! uxp! vogpsuvobuf! fwfout :4claim ($183\nhiljolbless Uf di o pn
incurred in 2018 and paid in January 2019) and the failure of Vegdaunch on 10 July 2019 leading to the

loss of both launcher and payload#?*

In such a competitive environment, and with such low margin and high risks, the space insurance market
is reportedly at a critical juncture. On July 3% 2019, the Swiss insurance company Swiss Re announced
that it would be leaving the market due to poor financial result and ursustainable premium rates. This
announcement sent shockwaves throughout the industry as Swiss Re represented 5% of the space
insurance market and is one of the largest insurance companies in the world.

While remaining marginal regarding to the overall sizeof the sector, this exit of Swiss Re should not be
overlooked as it might represent a potential longerterm risk for the industry. The question should be
asked whether a lack of competition in the space insurance sector may make way for prohibitively high
prices for space insurance. As such, reflexion should be made into the possibilities and limits of the
insurance market in the space sector.

Finally, this negative trend reported above may represent another risk for the development of commercial
of space tourism. In the case of tourism, insurance will play a fundamental role to ensurethet f dups ! t !
development and may be the only way to assure commercial activity.

21D b mf c ! Bi§ cdasns, retodtlow rates: Reshaping the space insurancegaméJ/ ! Tgbdf Of xt ! ) Tf quf ncfs! 312: *
422 Space Foundation,The Space Report 2019Q3, p.4).

2K f g g! Gpavetingurahcdzates increasing as insurers review their place inthe markéty ! Tgbdf Of xt ! ) Tf quf ncf s! 31
424 Mike Wb mVega!Rdgket Launch Failure in July Caused by Faulty Motor, Investigators Fild/ ! Tgbdf / dpn! ) Tf quf ncf s! 3.
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3.2 Institutional spacebudgets

3.2.1 Global overviewand evolution

As of 2018, a total of 88 countries have invested in space programmes. Amongst these 88 countries, 14
have launch capacities and8 of those have a space agency with a budget of over $illion per year USA,
Russia, China, India, France, Japaand Italy. 2018 saw the emergence of 5 new space agencies with the
development of national programmes in Luxembourg, Portugal, Greece, Australia and Zimbabwe. Té
increasing number of spacefaring nations demonstrates the willingness of governments to invest in
space capabilities and leveragerelated strategic and socio-economic benefits.

The total institutional spending in space programmes in 2018, including that of intergovernmental
organisations, is reported to stand between $70.8 billion (Euroconsult) and $85.9 blilon (Space
Foundation). While global institutional budgets have been relatively steady over the past few years
recent forecast by Euroconsult suggests that global institutional spending could increase by almost 20%
in the next five yearsas a result of renewed ambitions in space exploration and human spaceflight
programmes (Artemis, Lunar Gateway)and other trends.*?

Ju! jt! jngpsubou! up! opuf! uibu! jotujuvujpobm! cvehfut! c
investment in the space sector and cannot be directly compared. The influence of currency exchange
rates and purchase power differences should not be overlooked.
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Figure 23: Global institutional space budget evolution (Source: SIA, Space Foundation, Euroconsult)

Available assessments show an irregular increase in government spending over the past 4 yearswith a
CAGR between 1.3% and 3.2%.

There are alsolarge variations in the national estimates of governmental budgets. We can notice that the
Space Foundation estimates the U.S. budget for 2018 to be worth a total of $48 billion while Euroconsult
estimates it to be worth $41 billion. BryceSpace and Technologyeven goes as far as to estimate the US.

425 dzuroconsult predicts 10-year growth cycle for government space programs.J/ ! Fv s p d p o t vhtp/myvKeuratpnsuk 4 2 : * ; !
ec.com/25_July_2019
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governmental budget to be worth $50.1 billion. This difference between Euroconsult,Bryce and Space

Foundation can partially be explained by the exclusion of US agencies such as the NRO and the US Air

Force,which are included within Bryce and the $ace Foundation numbers. Furthermore, the combination
pg!uiflsftu!pgl!uif!xpsme!t!jotujuvujpobm!lcvehfut! wbsj
total of approximately $12.2 billion while Euroconsult workswith a lower estimate of $3.8billion. The main

difference of estimate originates from the fact that the Space Foundation includes within their

assessment non-US military spending as well as civil spending such as EUMETSAT and ESA. Euroconsult

includes those expenditures with national budgets and as such final estimations can be caused by
methodological differences in sourcing numbers.

- ]
]

Bryce Total
]
—— $82.5b
- ]
]

Space Foundation - Total
3 $85.9b
!!!’!ﬁ *non-U.S. military space budgets are isolated ’
]

]

Euroconsult = Total
] $70.8b
—

o

15 30 45

m USA mEurope =China ®mRussia mJapan m=India = Others £ Non-U.S. military budgets

Figure 24: Institutional space budgets in 2018 (Source: SIA, Space Foundation, Euroconsult)

It is also interesting to look at the difference between military and civil budgets. In 2018, the United States
allocated $24.5b (52% of their total space budget) to military activities managed by the Department of
Defense (DoD) and other American military bodies. This is an increase compared to 2017 where the
military budget spending was $20.7b and the civil spending was $227h. In other words, theU.S. military
budget increased less than the U.S.civil budget (8% increase vs.15%).

The rest of the world does not operate on such aprecise delineation of civil and military budgets. In 2018,
the Space Foundation estimates that the military budget of all other spacefaring nations was around
$9.6b, corresponding to 25% ofthe overall space budget outside of the United States.This is in large
contrast to U.S. space military investments where more than half of the total US space budget went
towards the DoD.
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Figure 25: Civil vsMilitary spending in the U.S. and Rest of the World (Source: Space Foundation)

The hierarchy of major space powers has not changed significantlyover the years at least in terms of
budget. In 2018, the Lhited States continued to represent the largest contributor to space programmes
worldwide. Euroconsult estimates that the U.S. government budget went from $36 billion in 2016 to $41
billion in 2018. This is a 14% increase in two years. The Space Foundation on the other hand points out
that the US 2018 budget grew by 9% compared to 2016. It went from $44.%illion in 2017 to $48.5 billion
in 2018. This represents 58% of global institutional spending While it may appear to be a lot, it is a
decrease from the 75% of global institutional spending thatthe United Statesrepresented in the early
2000s. While the decrease of its share in global institutional spending is caused by other nations
beginning to invest in space, the US. budget has still been steadily growing. This is caused by the
expansion of its science, technology human spaceflight and defence programs. With the development of
the U.S. Space Force and the Artemisprogramme, this U.S.budget is likely to keep on increasing over the
next decade.

The second largest budget is Europe. Theconsolidated European budget was estimated by Euroconsult
to be worth 16% of the total global government expenditure in 2018 The European budget is addessed
in more details later in this report.
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3.2.2 Space budget per country

Russia $4.17 B
China $5.83 B Japan $3.06 B

India $1.49 B

Others $3.98 B
France $3.16 B

Germany $2.15 B

Italy $1.13 B
UK $894 M
Spain $399 M
Other countries
$1.42 B
European Union
$2.12 B

Europe $11.3 B

USA$41.00 B

Figure 26: Institutional space budget per country in 2018(Source: Euroconsult)

Tjnjmbs!up! 3127-!Dijob!t! cvehf ubiliprid?2016 fo!6 bilion & 2018nhb s hf t u -
tipxjoh!b!tjhojgjdbou!hspxui!sbuf!pg!29&/!Dijob!tvtub
The deployment of multiple simultaneous constellations with the Yaogen and Gaofen Earth observation

systems as well as Beidou satellites allowed the country to keep up with the increase of expenditure

coming from the US. This pace is expected tocontinue for the next decade. It is however important to

mention that information regarding Chinese space budgetsare not based on official figures and purely

tgf dvmbuj wflevflup!Dijob!t!gpmjdz! pg! p.dhedFestmatest hbsej o
the government expenditure onthe basis of Chinese GDP. As such, true numbers can vary from the ones

produced by Euroconsult or the Sace Foundation. In this case, the $ace Foundation estimated the

Chinese government space expenditure to have been worth $4.3illion in 2016 compared to the $8.5

billion in 2018. This represents a 50% increase in two years. Thereforayith a variability of 32% between

Euroconsult and the SF, all estimates should be taken with caution.

Russia is one of the nations where Euroconsult estimates a higher government expenditure than the

Space Foundation. With $4.2 billion in expenditureEup d pot v mu ! t ! f bilion higher thanjthe ! %2 / 4
Space Fp v 0 e b u$2p) which shows an astounding 30% difference in estimates. Furthermore, with

an increase of expenditure of $1billion since 2016, Euroconsult assesses that the Russian federation ha
jodsfbtfeljult!tqgfoej oh! c zpackFoungatiom bn3te &thej handuwhile stit f bst / | |
presenting a lower estimate compared to Euroconsult, shows a 45% increase in two years, going from

$1.6 billion in 2016 to $2.9billion in 2018. Forecasts show that while a short decline may be seen in 2019

and 2020, according to the Russian space strategy the country is planning to increase its
telecommunication capacity and spending by replenishing its Earth observation systems and optimizing
jult!mbvodi!gmffu/! Gjobmmz-! HMPOBTT! jogsbtusvduvsf!nb

Japan follows as the fifth country with the highest expense in government space expenditure. It is
approximately the same budget JAXA allocated for 2016. However, while estimating the Japanese budget
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to be worth approximatively $3 billion in 2016, the Space Foundationestimated it to be only worth $1.7
billion in 2018. This marks a 43% decrease in two yars, diverging drastically from Euroconsult. In the
short to medium term, Japan has announced the expansion of its existing programmes on Navigation
(QZSS) and the development of the next generation of HTS ET3 satellite, which helps anticipate a future
modest budget growth (2% per year).

Finally, India is the last nation that sper over a billion dollars on its annual government space budget.
Furthermore, India is one of the rare countries where all consulting firms appear to agree of the
government space budget expenditure. In 2016, both Euroconsult and the Bace Foundation estimated
the government spending to be worth $1.1billion. In 2018, Euroconsult estimates the institutional budget
to be worth $1.5 billion while the SF is at $1.6billion. This shows an average increase of 25% over the past
two years.
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Figure 27: Spacebudget as %of GDP in 2018 Gource: Euroconsult, World Bank, ESPI)

Bo!joufsftujoh!xbz!up!nfbtvsf!b!dpvous zhédpdcélmydgetsu! j o! e
data into perspective compared to Gross Domestic Product (GDP). A few numbers here stand out

specifically. Russia isnow first in terms of space budget as percentage of GDP. This is surprisingas

historically the United States was consistently first in space budget as percentage of GDP. It should be

mentioned however, that using SIA or $ace Foundation numbers rather than Euroconsult results in the

US being first rather than second. Interestingly France is third behind Russiarad the US. This shows
Gsbodf!lt!dpnnjunfoul!up! gptjujpoluifntfmwft! bt! b! mfbe
2018 was the second year in a row in which France was the first biggest donor to ESA over Germany.

Finally, while China would be expeted to rank higher, the size of its GDP compared to its commitment to

space investment makes it rank last in terms of space budget as percentage of GDP.
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Figure 28: Space budget per capita in 2018 Source: Euroconsult, World BankESPI)

An additional perspective to visualize space investments is to calculate the government space budget per
capita. Here, the United States holds the undisputed first position with an expenditure of $125 perU.S.
inhabitant. France once again holds aposition of choice totaling investments of $48 per inhabitant in
2018. France is followed by Russia, Germany, Japan and Italyhich have similar expenditures per capita.
China and India are evidently last due to their extremely large populations. Some smhtountries, even
though not counted among the world space powers, are worth mentioning for their space spending in
proportion of population. The standout country is Luxembourg. With 600 000 inhabitants in 2018 and a
total space government budget of $78m, the expenditure per capita reaches 130$ making it the country
that spends the most per inhabitant, higher than the US. Furthermore, the UAE invested $39.5 per
inhabitant in 2018, theoretically placing itself before Russia in Figure 15. Switzerland with $220er capita
in 2018 would surpass Italy, China and India. Countries like Belgium ($21), Israel ($17) and Sweden ($12.5)
also have an expenditure per capita worth mentioning.

Full Report 134



ESPI Yearbook 2019 Space policies, issues and trends

3.2.3 European space budgets

Consolidated European space budget

Space budgets inEurope are intertwined with a variety of budget transfers (delegations, contributions)
between different national, intergovernmental and supranational actors. Overall, and after consolidation,
ui f! Fvspqfbo!tgbdf!cvehfu! xbt! bspvoe! U21/ 3! cjmmjpo!jo

This includes two main sources of public funding:

0 National space budgets are the primary source of public funding in Europe In 2018, the total space

cvehful! pg! Fvspqgqf bo!dpvousjft!)FTB! boe! FV!I! Nfncfs! Tub

This budget includes:

3z Contrj cvuj pot!up! FTBlcvehfu!gps! U4/ :9!cjmmjpo

3 Dpousjcvujpot!up! FYNFUTBU! cvehfu! gps!U6:5! nj mmjpo

3 Budget remaining with national bodies for the management of national space programmes and

other space projects outside ESA and EUMETSAT

0 The European Union spacebudget is the second source of public funding in Europe. This budget is

financed through Member States contributions to the budget of the Union but managed as a

supranational budget complementing national budgets. In 2018, the EU space budget representedra

beejujpobm! gvecmjd! jowftunfou! pg! U2/ 9! cj mmjpol
Jo!3129-tuiflcvehfu!pg!uif!Fvspgfbo! Tgbdf!Bhfodz! xbt!
billion) andthej ngmf nf oubuj po! pg!jotujuvujpobm!gsphsbBInft! gps!
million).

Consolidated European Space Budget 2018

) 4 o N\
EuropeanSpace Budget SpaceBudget Distribution

U 2 1Hilldn

Budget remaining with national bodies

U5-111!'nj mmjp Budget managed by national bodies
U5-111!nj mmj po

National Space Budgets

VERACCHRGEIIL | National contributions to EUMETSAT budget - EUMETSAT budget
U702 million*

U6: 5! nj mmj po
FVNFUTBU!fup! FTB! ! 0332

National contributions to ESAbudget

U4-:91!'nj mmjpp

~ ESA budget
U6-711!nj mmjpo+
EU budget delegatedo ESA
EU Space Budget U2-426!nj mmjpp
Uu28:6!njm o ]
Budget remaining with the EU N Budgetimplemented by the EC and EU agencies
U5911ni mmi po | 0480 million
- Y bR e Y

+! FVNFUTBU! cvehful]j odmveft!U2191!n
** ESAbudget includes U 9 illion from other sources

Figure 29: Consolidated European space budget 2018 multiple sources, ESPI consolidation)
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National space budgets

European countries delegate more than half of their national space budget to ESA (and EUMETSAT to a
lesser extent) and therefore contribute primarily to European space programmes. For some countries, a
vast majority of the national space budget is implemented through ESA and EUMETSAT. The table below
shows the estimated national space budget (civil and nilitary) for ESA Member States in 2018.

National space budget 2018 ESA contribution | National activities

] , . 1
— Austria uzs5/ ! us58/ ! uz2s8s/
I I Belgium U31:/ U314/ 071/ 2
h Czech Republic U6 1/ U437/ U287/
=- Denmark U4/ 42/ U9/ 4
- Estonia 203/ U3/ 7 unknown
F Finland U5: /: U2: /! U3: /
“ France U3-78¢ U: 72/ U2-827
- Germany U2-93¢ U: 31/ U: 14/
E Greece U297/ U217/ U9/ 3
= Hungary U211/ : 071/ 3 U5/ 1
“ Ireland 032/ U281/ ! Ua/ 9
" Italy U: 66/ U581/ U596/
= Luxembourg U85/ - 037/ U59/
= Netherlands U232/ U: 21/ U441/ :
E|= Norway U217/ 075/ ! U527/
; Poland us 7/ - Uas5/" U527/

Portugal 034/ : U297/ : U6/ 6
“ Romania U663/ " U537/ U211/
BB Slovenia U221/ 03/ 8 09/ 4
:§§ Spain U449/ U315/ U244/
:_- Sweden U218/ Us3/ ! Uae6/ .
Switzerland U282/ U25: / U327/
S United Kingdom uge69/ U445/ Uus534/

Table 15: National space budgetsof European countries Source: Euroconsult, ESA, ESPI)
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European Space Agency

The ESAbudgetf y qf sj fodfe! b! dpotjefsbcmf! j obs2Hiliofin291®9pn! U6/ 7
The biggest ESA budget allocation wasfor Earth Observation programmes (24.3% of totathe ESA budget

2019), although it decreasedg s pn! U2- 56 7! njpmmj2p el jlo n3 mng po! j o! 312: 1! gs
2018. The highest increase in budget allocationoccurred in Space Transportation, which increased from

01,111 million (19.8% of the 2018 total budget) to U2 - 3 9 8 | n2019 (2R, Proof thedbidged, it also

represents the second largest budget allocation. Expenditure on Telecom & Integrated Application has

also faced a significant boost, from U275 million in 2018 to U389 million of 2019.

Earth Observation

Space Transportation

Navigation

Human Spaceflight, Micro and Exploration
Scientific Programme

Telecom & Integrated Application

Basic Activities — — 2018
Associated with General Budget m 2019
Technology Support =
Prodex =

Space Situational Awarness
European Cooperating States Agreements

UO''N U!'611! N!'2111!'N 2611
Figure 30: ESA programmatic budget allocationin 2018 and 2019 (Source: ESA)

National contributions to the ESA budget saw some meaningful changes in 2018. The total ESA budget
saw a slight increase due to Member States contributiors increasing from (8.98 to (4.18 billion in 2019.

France
Germany
ltaly

United Kingdom
Spain
Belgium
Switzerland
Netherlands
Sweden
Norway
Austria
Romania
Poland
Czech Republic
Denmark
Luxembourg
Ireland
Finland
Portugal
Canada
Greece
Hungary
Estonia
Slovenia

U1!N U311! NJ511! NOJ711! NJ911! N2-11102n8 31

2018
m 2019

Figure31: Member Statesd pousj cvuj pot lin2@8 t6 208! (Sodrce\ESA) f u !
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Ui f! mfbejoh!dpousjcvups!jt! Gsbodf-!dpousjcvujoh!U2285
is Germany with a slight increase totalling(927 million in 2019. Italy holds the third phce as highest ESA

contributor even though it decreased its contribution by 11% from 2018 to 2019 In a context largely

marked by the Brexit, the UK increased its funding to ESA reachingJ370 million in 2019 compared to

(B35 million in 2018. The figure above highlights these variations as it compares the Member States

budget allocation to ESA from 2018 to 2019.

Other significant contributors with a budget of over U100 million for the current year to ESA are Spain,
Belgium and Switzerland. All countries prowding similar budgets to 2018.

The figure below provides an overview of the total allocation for the development of space programmes
by ESA Member state highlighting the amount devoted to national initiative and the contribution to ESA.
It is possible to note that only a few countries keep more than 50% of their total national space budget
under national management. Overall ESA implements half of European national space budgets.

m National m ESA

Austria
Belgium
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland

Italy
Luxembourg
Netherlands
Norway
Poland
Portugal
Romania
Slovenia
Spain
Sweden
Switzerland
United Kingdom

0% 20% 40% 60% 80% 100%

Figure 32: Member States Budget Allocation Comparison(Source: ESA, ESPI)
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EUMETSAT

EUMETSAT is an intergovernmentalorganisation supplying climate and weather satellite data to
European Member States national meteorological services since 1986.

EUMETSAT activitiesare primarily funded through Member States contributions,which represented 85%
of its total revenue in 2018 compared to 83% in 2017. More specifically, Member States contributions
were raised by 2.6%.Theywentfs pn! U68: / 5! nj mmj pnilibrjiro2018.1 28! up! U6: 5/ 8!

Member States contributions are calculated on the basis of their Gross National Income (GNI).
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Figure 33: Member states EUMETSAT contributions comparison for 2018/2019Source: ESA, ESPI)
Germany remainedbyfarui f ! mbshftu! dpousj cvupsh]%incteds@fomthd ! nj mmj g
U213/ 9'tgjvomjfgd jjo! 3128/ ! Fwfo! uipvhiljut!dpousjcvujpol!]j
2018, France lost the second placeto the United Kingdom which heavily expanded its contribution
), 33/ 2&*! ' up!sfbdi!U97!njmmjpo!jo! 3129/ ! Uifl!lgpvsuil! dpc
foepxnfou! pg!bcpvu! U71/:!'njmmjpol!
Beyond Member States contributions, other sources of revenues for EUMETSAT originated fro products
tbmft! boe! gbsuofstijqt!upubmmjoh! 073/ :!njmmjpo!pg!jut
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Following the increase in Member States participation and sales, the 2018 EUMETSAT revenue increased
by 12.9% from 2018 to 2019.

In terms of programmatic allocation, as Figure 34 shows, in 2018, the largest part of the budget was

allocated to the EPSSG. EPSTH! j t ! Fvspqgf ! t! t zt udinhpoldrgystensdeveloped im h! up! ui
cooperation with U.S. NOAA anadcomprised of 2 satellites, Metop-SGA and B*?® This programme received

U415/ 4! nj mmgpresenting @2.18IoRtéal EUMETSAT expenditure, marking a 21.2% increase

compared to 2017 distributions.

In 2018,around U2 75! nj mmj po! xfsf! fbsnbsl fe! gps! Nfufptbu! Ui]j s
EUMETSAT Polar System, theorganisbuj po! t! ui jse! mbshftu! fygfoejuvsf!
sfdfjwfel 51/ 4&! npsf ! ui bo fsigoificahtlbadget glldéaians orithe yearmenp o * / | P u i
up! Dpgfsojdvt! )U565!dmo enmjHf @ slb Nf pd pt) DL-BTE!) WA hmPOp o *
million) 427

Jason-2
Sentinel-3
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Meteosat Transition Programme m 2018

Jason-CS g
Meteosat Second Generation g
General Budget s
Copernicus  pm
EUMETSAT Polar System p—
Meteosat Third Generation . —  ————
S Sy ]

U1/1!'N 0211/ 1! NU311/ 1! N0UO411/ 1! N
Figure 34: EUMETSAT programmatic allocations for 2017/2018/2019(Source: ESA, ESPI)

426 EUMETSATAnNnnual Report 2018p. 48. Available at:
https://www.eumetsat.int/website/home/AboutUs/Publications/AnnualReport/index.html
427 |bid.

Full Report 140


https://www.eumetsat.int/website/home/AboutUs/Publications/AnnualReport/index.html

ESPI Yearbook 2019 Space policies, issues and trends

European Union

The European Unionconducts various space activities that are implemented and managed by different
executive bodies and agencies including in particular the European Commission, the GSA (proposed to
become the European UnionAgency for the Space Programme- EUSPA) and the European Space Agency.

Jo!3129-!1uif! Fvspqgfbo! Vojpo! tqgbdf! cvehMajorBUuspapee! cf ux f
activities and cost items include:

0 Galileoand EGNOSh s f | F v s p gand SBASpOgrammes providing improved positioning and
timing information.

0 Copernicusis the European Union Earth Observation flagship programme

0 Horizon 2020 is the EU Research and Innovation programmefor the period 2014-2020 and includes
b!dpngpof ou!hipip&nalilfarid énflustitial Technologies T q b d f LY/

0 GSAbudget to manage various space programmes and activities of the European Union.

0 Other space activities implemented by the European Commission,the European External Action

Service,the EU Satellite Center,the EU Joint Research Centreand other European bodies
Galileoand EGNOS

The European GNSS constellation Galilecurrently has all planned 24 satellites in orbit. The European
Commission Navigation and Positioning flagship programme entered itsoperational phase on the 15" of
Efdfncfs! 3127-!gpmmpxjoh!uif! Fvspqf bo*andisrepottedly po! t ! Ef
on track to enter its full operational capacity by 2020. In 20B, theEuropean Commission dedicated about
U7 41! n| GalitgoJhe teatipg for the Galileo infrastructure is ongoing. OnJuly the 11% 2019, Galileo
signal suffered from downturn due to technical issues.*?° The service was restored after a 6day blackout
on July 17".4% Following this technical error, an important milestone was achieved on 10 September
2019: Galileo officially reached 1 billion smartphone users*3* Moreover, Galileo is now supported by all
European produced car models and is expected to be used by 95% of all European smartphone users.

Russia and Non-EU 28
(Non-EU28 Europe) .~
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Figure 35: Global GNSS market$ource: GSA)

428dzHb mj mf p !EbrgpEan Campmiasfort (Récember 2016):

https://ec.europa.eu/commission/presscorner/detail/en/IP_16_4366

290 bl ' Epggnbo-!dzFvspqgf (t! HQT! Tztufn! Upubmmz! Epxo! Bgufs! Nbkps! Ufdi o
430 AFP,dZurope's Galileo GPS system back after sixlay outaged#rdnce24 (July 2019): https://www.france24.com/en/20190718 -
europes-galileo-gps-system-back-after-six-day-outage

431 dgpace: EU's satellite navigation system Galileo reaches 1 billion smartphone usetsEutopean Commission (September 2019):
https://ec.europa.eu/commission/presscorner/detail/en/IP_19 5529
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EGNOSSs used to improve the performance of GNSS, such as GPS and Galileo in the future. EGNOS relies

on 3 payloads hosted on GEO satellites and provides safety of life navigation services to a@ation, maritime

and land-based users. The EGNOS programme made several major steps towards Version 3 and the

objective to cover whole European Civil Aviation Conference (ECAC) region by 2020. The year 2019 was

marked by the launch of Eutelsat 5 West B carying an EGNOS payload in October 2019. ESSP, the
organisation in charge of EGNOS operations, reported 646 EGNOS based operational approaches in 338

airports in 2019.1n 2018, theFvs pqf bo! Voj po! ef ej dbufel.bcpvu! U291! nj mm

Copernicus

The Copernicus programme relies ona fleet of EO satellites named Sentinels. Currently Sentinel 1-AB,

2A-2B, 3A3B and Sentinel 5Phave been deployed in orbit The fleet of Copernicus satellites display a

variety of capabilities and address various applicatins, from land monitoring to sea level rise study. As

such, the Copernicus programme develops a global, continuous and autonomous high accuracy

observation of Earth systems offering European countries scientific precision and independence in

questions related to the global environment.In 2018,theFv s pgqf bo! Voj po! efejdbufel! bcp
Copernicus.

On 20 March 2019,the Sentinel 3 mission has reached full operational capacity with its second Ocean
monitoring satellite, Sentinel 3B. To complete the sgctrum of the remote sensing constellation, Sentinel
4,5, 6 are planned to be launched early 2020.

The Copernicus Market Report®? issued by the European Commission provides an estimation of cost and
benefits of the Copernicus programme on the European ecommy. The overall cost of the programme

over the period 20082020 could be finalized at about U8.2 billion. Over the same time span the turnover
of both manufacturers and service providers together would account for U11.5 billion. Over a much
shorter time period, from 2018 to 2020, the benefits generated by the Copernicus programme for
intermediate and end user would range from(4.7 to (9.8 billion#33 Only for the year 2018, the benefits of
the Programme have been estimated to range between (125 million to U150 million, with an expected

CAGR of 15% by 2020.

@ Cumulated economic impacts
€

2008 2018 2019 2020

Overall I t t t ¥ >

investment in i i
the programme i EUR 8.2 BILLION ;
N

Figure 36: Overview of Copernicus programme costs and benefits $ource: PwC/European Commission)

432 pwC (for the European Commission).Copernicus Market Reporp February 2019.Available at
https://lwww.copernicus.eu/sites/default/files/2019 -02/PwC_Copernicus_Market_Report_2019_PDF_version.pdf
433 |bid.
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3.3 Private investment and entrepreneurship

3.3.1 dobal overview of private investment in the space sector

Three main sourcesqgs pwj ef ! gvemjd! jogpsnbuj po! po! hmpattdiyn! t qbdf !
report,*** Seraphim Capital tSpace Index**® and Bryce! tannual StartUp Space report.**® These
assessments are based on different methodologies and perimeters but provide comparable estimations.

Volume of investment

2018 proved to be a record year in terms of private space investmenwith between $3 billion and $3.2
billion invested into space companies, but 2019 broke this record again with estimations standing
between $4.1 billion (Seraphim Capital) and as high as $5.8 billion (Space Angels). This is an enormous
increase, as the total private space investment almost doubled between 2018 and 2019. Seraphim Capital
and Bryce report more conservative growth rates of 20% and 62% respectively. While this shows a large
variability in estimates, there is an overarching trend throughout the world of an increase of investments

made towards the private space sector. With the massive increase recorded in 2019, he compound
annual growth rate of space investment between 2015 and 2019reached around 20%.
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Figure 37: Private investment in the space sector2015-2019 (Source: Bryce, Seraphim, Space Angels)

There is, however, a great concentration of the volume of investment inonly a few very large deals
involving high-profile companies. The circumstance was even more obvious in 2019 with close to 70% of
the total investment going towards just four companies: SpaceX, Blue Origin, OneWeb and Virgin Galactic.
Together, these companies saw a total investment of $3.9b out of the global total investment of $5.7b.
While other small newcomers have been able to attrat significant amounts of investment such as
Relativity Space (US rocket maker) and Qianxun Spatial Intelligence (Chinese GNSS) with almost $140m

“4Bwbj mbcmf! po! Tq bhitgsyMBvwspacedngels.gomic t j u f ; !
“SBwbj mbecmf! po! Tf s b qghttpsderdghimgapital.coluk/! x f ct j uf ; !
4% Availableco ! Cszdf ! Tgbdf ! boe! Utfpst/ibrgcptech.com/teportsx f ct j uf ; !
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each, the figure hereafter shows the disproportion between thesedzc j h! gpvs L) boe! ui f! sftu
space ecosystem when it comes to investment.

SpaceX
$962.0 M (17%)
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Blue Origin
$1,000.0 M (17%)
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Virgin Galactic

$682.0 M (12%) OneWeb

$1,250.0 M (22%)

Figure 38: Investment per company in 2019 (Source Bryce, ESPI)

Nonetheless, with over 135 firms invested in and with the attraction of $5.7b of financing over the year,
2019 still proved to be fruitful in the private space sector.In total, over 200 private space companies have
reported significant private investment deals since 2000 and out of these 200+ companies 24 have been
acquired for a total value estimated to be close to $4billion. However, with the private space landscape
shifting rapidly, most of these investments have occurred since 2015 with yearly investments surpassing
$2 billion ever since.

Types of investment

In 2018, a total of 187 investors financed 82 space start-up companies with almost 90 deals recorded. In
2019, this total was even higher with a total of 135 investments madeand the total investment increasing
in averageby 37% compared to the previous yearThe maintypes of investors include (Bryce categories).

0 Venture Capital Firms,investor groups that focus on early stage/seed investment which have a higher
risk/reward component.

0 Angel Investors,whom represent an individual or a network of high networth individuals that tend to
invest primarily in equity of varying size.

0 Banks,private or governmentbacked banks primarily investing in company debt.

0 Private Equity Companiesjnvestment firms that focus on equity in the private market and established

companies.

To date, over 300 VC firms have invested in the private space sector with new investors recorded every
year. In 2018, VC firms still represented the largest share of investment in space companies with
approximately 46% ofthe total amount. These firms combined with angel investors comprised two thirds
of all investments. 2019 followed the same pattern with VC firms representing $4b of the $5.7b invested.
The second source of funding, seed investment, involves primarily the large investments made by industry
tycoons such as Jeff Bezos, Richard Branson or Robert Bigelow.

An interesting change is the (limited) development of more risk averse sources such asdebt financing
and private equity, even though these forms of investment remain secondary with comparison to VC Debt
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financing (banks) were almost negligible ($5 million) in 2017 but grew to $254 million in 2018 and then
decreased slightly in 2019 by 9%Private equity firms invested $85m in the space sectorin 2018.

. . m 2017 m 2018 m2019
Debt Financing 1N
Bl $242.3 M
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B $106.0 M

Private Equity N
WY Benom

Venture Capital
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$1,308.8 M
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Figure 39: Global space investment by typeof investment in 2017/2018/2019 (Source: Bryce)

Geographical distribution of investments and recipients

With the investment in space seeing a sustained compound annual growth rate, and with 2018 and 2019
shattering all past records, perhaps the mostnoteworthy changes are the increase of investment and
investors from outside the United States. However, theUSAstill represents an overwhelming force in the
investment landscape. With a total of $2.6billion of investment received in 2018 and almost $5billion in
2019, the USA tallied over total investments made for the rest of the World which were only at $61illion
in 2018 and $900million in 2019.The figure below compares the investment made in the U& to the rest
of the world between 2016 and 2019.
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Figure 40: Comparison of investment in the USA andest of the World 2016-2018 (Source: Bryce)

The outcome is an overwhelming dominance of the American market with a compared CAGR between
2016 and 2019 of 30.8% for the U% and only 0.6% for the rest of the World. However, the numbers from
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the figure above bring ar incomplete perspective, as SpaceX, Blue Origin, Virgin Galactic and OneWeb
account for a vast majority of U.S. investment. Leaving aside these companies, investment inJ.S.
companies actually compares to investment in the rest of the World,at around $900 million.

Another way to look at investments geographically is to consider the number of investors and the
localization of investments made. The figure belowshows the variation of the private space investment
landscape since 2017.

250
200

150

100
. B II i I ll

Number of Number of Number of Number of Number of Number of
recipients investors recipients investors recipients investors

(@]

o

2017 2018 2019
m USA mRest of the World

Figure41: Comparison of investment statistics between USA and Rest of the WorldSource: Bryce)

In 2017, we saw 97 American investors versus 95 for the rest of the wrld. In 2018 we saw 106 American
investors and 119 coming from either Europe or China. 2019 saw 123 American investors versus 2015
investors from the rest of the World. As such, the total number of investors increased by 17% between
2017 and 2019. The number of European investors increased by 36% over the same time period and
American investors increased by 9%In terms of investments received, there is also a slight increase. In
2017, Europe and China were the recipients of 39 investments and in 2018 of 47nvestments, all while
the US saw its number of recipients increase by only 3, from 51 to 542019 accelerated this remarkable
trend and saw the amount of non-US startups receiving financing grow by almost 70%79 in 2019
compared to 47 in 2018.This also represents the first time we see more noRUS companies receiving
investments than US firms (79 vs 56).

As such, the most noticeable trend is that both the number of recipients and inestors for the rest of the
World have been steadily approaching those of the US until 2018 and in 2019 there were both more
investors and investments made for the rest of the World than for the US. This is important not only
because it points out a strong shift in investp s Wwiltingness to look at European and Chinese markets but
also because it paints a different picture from the one we see when looking at the quantity of investments
made geographically.
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3.3.2 Private investment and entrepreneurship in the Boean space sector

Jo!312: -1 FTQJ!jojujbufe! b! of x* proviglipgsndotmatiors gbdutptivdd q b d f | Wf
investment and entrepreneurship trends in the European space sector on the basis of two complementary
tools:

0 The ESPI investment datalase recording available data on private investment in European space
start-ups for the period 2014-2019

0 The ESPI space entrepreneurship survey collecting the views of European space statps on their

business and situation, on the European ecosystem and @ their expectations for the future

This section provides an extract of Space Venture Europe 2018 and 2019. More detailed information is
available in the reports, on ESPI website.

Overviewand evolution

Private investment in European space start-ups has dramatically developed over the past few yearsOver

the period 2014-2019, ESPI recorded175 private investment deals concerning European space starups

gps! b!upubm! bnpvou! pg! U877/ 5! nj mmj pmatute dpagetvéntarésmv f | e p f
such as the acquisition of Hispasat by Red Eléctrica de Espafia, of M7 Group SA by Canal+ or of Newtec

by ST Engineering in 2019. Involving megadeals in the tens or hundreds of millions of euros, the total

value of private investment in European spacewf ouvsft-!jodmvejoh! nbuvsf! poft-
million during the period.

The period 20142019 has been marked by a steady growth of private investments in European space
start-ups. Although the overall value of deals decreased in 20190 2 9 8 / 9rl, -h4j4%)nhje number of

deals actually went from 43 in 2018 to 56 in 2019.This is a conservative estimation as the value of some

transactions was not disclosed.
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Figure 42: Private investment in the European space secto(Source: ESPI)

437 European Space Policy Institute.Space Venture Europe 2018February 2019) and upcomingSpace Venture Europe 2019
Available at:https://espi.or.at/publications/espi -public-reports
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Types of Investment

During the period 2014-2019, 66% ofthe investment came from VC firms. This accounted for a total of

75 deals and a volume of investment worthU 5 9niillion. Seed/Prize/Grants and Acquisition correspond,

each to 9% of thevalue. This was followed by private equity, public offering and debt financing making up
for the final 16%. While this may mark thet f d udepehdence on VC firms, it also points out that other
sources are not uncommon in the private space landscape

= Acquisition
Debt Financing

ﬂ = Private Equity

= Public Offering

= Seed/Prize/Grant
= Venture Capital

Figure 43: Share of total investment by category 20142019 (Source: ESPI)

When comparing on a yearly basisthe types of investment are highly variable. While VC firms consistently
(apart from 2014) prove to be themain source of financing, the respective shares of seed, debt financing,
acquisition and public offering vary significantly on a year to year basis. In 2017or example, acquisition
was the second highest source of financing before practically disappearing forthe years 2018 and 2019.
Public offering is another example, while being significant in 2017, it decreased in 2018 before
disappearing altogether in 2019. However, the VC trend was confirmed in 2019 where the share of VC
firms for the total private European space landscape was 70%.
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Figure 44: Value of investment by category and year $ource: ESPI)
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Distribution of investment across of Europe

In 2019, 37% of the total investment value was concentrated in the 5 top deals, corresponding toU 8 2
million. These deals concerned different company profiles located in the UK, Germany and Switzerland.

A EEE':—'CC??%E.'E%/
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Investment in debt financing
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of (15M led by Earlybird

Scottish Entreprise. Ve CEpiE
I

L t . .

::E: Isotropic myndaric
Venture capital investment Post-IPO Equity of 011M.
of (12.23M led by Boeing
HorizonX Ventures

Swisstol12*

Venture capital investment
of (IL6.63M led by Swisscom
Ventures.

Figure 45: Five majorEuropeanprivate space deals in 2019 Source: ESPI).

Interestingly, the dstribution of investment by country is not always proportional to national space
budgets. Countries like France and Germany which are the highestontributors in Europe are not
necessarily the ones that receive the most private investments. Over 2018 and®019, countries like the
United-Kingdom, Ireland and Finland,with a much smaller budget, received much higher volumes of
private investment than the bigger EU donors.

Many factors are at play here and each country presents a different profile.The United Kingdom
specifically stands out as a leader for space entrepreneurship in EuropeThe country counts a large
number of start-ups addressing different space markets and with many investors active in the space
sector. Over the period2014-2019, a total of 60 deals accounting for U 20 million were recorded in the
United Kingdom. In 2019, out of the five major deals two were UK based.

Overall, major investment deals were recorded in most European countries. Most of the investment value
comes from European investors although European space startups also attracted private funds from
Asia, the United States and other countries.
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Entrepreneurship ecosystem in Europe

The results of the ESPI space entrepreneurship survey 20& showed that:

Space start-ups are radically
more innovation- and
global-oriented than other
European startups

The space sector offers a
fertile ground for
entrepreneurship

As compared to other
sectors, space startups
perceive their business
environment as rather
hostile but are confident in
their growth perspectives

Space start-ups expect
financial and non-financial
support, in particular from
public sources

Space start-ups highly value
networking and mentoring

Full Report

Space startups pursue innovation at a global level for each
business component: Product (71%), Technology (60%), Processe:!
(41%), Business model (47%)In comparison, onlz ! 6 3 &! p
t g bdf Ldpstofiebaspuoduct that is a global innovation.
63% of space startups address global markets. In comparison,
pomz! 35 &!qgpbgd fdEdpstaddbessglobal markets.

Start-ups consider the space sector rich in opportunities both for
innovation (62%) and commercialization (60%).

Most ventures structure their value proposition around New Space
trends (e.g. CubeSats and system miniaturization, new launche
concepts, big data and digitization, analytics, etc.).

Space start-ups are more concerned by theirbusiness environment
than other start-ups (e.g. threats of new entrants or substitute
products, bargaining power of customers and suppliers, intensity of
competition).

This contrasts very much with the positive evaluation of their
business situation (83% wnsider to be in a satisfactory or good
situation) and with their optimistic outlook on the future (73%
foresee an even better situation in the future).

This suggests that European space startups consider to be well
equipped (or backed) to succeed, evenn a difficult business
environment.

Should European investors share the opinion that the space sector
is a difficult business environment, this could represent a major
barrier to access to finance.

89% of startups benefited at least from one type of external
backing and 38% benefited from both financial and nonrfinancial
instruments.

78% of space startups are actively seeking financial support,
including governmental support for 45% of them, confirming the
prominent role of public funding in the sector.

Among non-financial support instruments, space start-ups are
most interested in networking events (3%%), independent expertise
(36%) and competitions (25%) due to a very positive opinion of the
benefits of these instruments.

This highlights the great importance granted by European space
start-ups to networking to meet and exchange with potential
mentors, partners, investors or customers.

This finding supports the recommendation by the European
Investment Bank to organise a dedicated annual event for space
start-ups.
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For space start-ups gaining
customers and securing
sales is a greater challenge
than raising capital

Space start-ups have higher
expectations from politics
than other start-ups
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Key challenges for European space starups:

Gain customers and secure sales (27%)

Raise capital (15%)

Manage liquidity and/or cash flow (14%)

Customer acquisition, also the top challenge for other startups
(20%), is a more significant concernfor space ventures.

This challenge mirrors the start-ups perception of a very strong
bargaining power of customers in the space sector.

Space ventures expect (or need) moresupport from governments

than other start-ups for the conduct of their business and for

access to finance:

For example, 53% of space ventures count on public support to

raise capital, while only 33% of norspace start-ups do.

Space start-ups desire a much more entrepreneurship-friendly

environment featuring:

3 Improved exchanges between politics, startups and
established companies;

3 Better cultural acceptance for entrepreneurship and
understanding of the need of start-ups.

Space ventures also call for a redution of administrative burden

(60%) and tax (57%) but not more than other starups.
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3.4 Europearspace economy statistics

3.4.1 European spacmanufacturingindustry

Main indicators

ASDEurospace, the trade association of the European space industry, provides tmst and detailed
insights on the state of the industry in its authoritative Facts & Figuresannual report*3

In 2018, the final sales of the European space manufacturing industry decreased by 3.1% to stand around
U9 - 5: 1! n jimfaci the dirst tindewsihce 2005 that Eurospace records such slowdown of European
activity, raising some concerns over the health of the sector. This decrease is a consequence of a strong
decline of commercial and export sales 0f18.1%, which the 7.3% growth of institutional sales on the same
period did not offset. Space industry employment, on the other hand, continued to increase to reach
43,454 permanent staff (in FulkTime Equivalent - FTE) and 46,369 total staff when including other
personnel, not directly enployed by the companies.

Direct industry employment (FTE) 41,302 42,831 43,454 +1.5%
Other personnel working on site (FTE) 3,025 2,633 2,915 +10,7%
Total space industry employment (FTE) 44,327 45,465 46,369 +2,0%
Gj obm!t bmft!) NU!Idvssfc 8,169 8,761 8,490 -3,1%

Table 16: Main industry facts
(Copyright by Eurospace- all right reserved, used with permission, reproduction forbidden

European spac@dustry results in 2018 raise concerns

In a changing global space context, the figures issued by Eurospace seem to convey an alarming
signal regarding the leading role played by the European industry on global commercial space
markets.

2018 has beens f nbsl becmf ! xjui ! tgbdf! cvehfut! gf bl j oh
bridged the gap generated by the contraction of commercial orders in particular on the GEO satcom
market. Historically, the European space strategy has been very successful tasupporting the
competitiveness of the space industry and allowing it to gain market shares for the benefits of the
space sector at large. As a result, commercial markets played a major role in the development of a
capable and cost-effective space industry while European institutions were offered access to space
at the best conditions. This strategy supposes the existence of sizable, open and accessible
commercial markets and such shrinking of the commercial demand was certainly not envisioned.

A key quesion to be addressed by policy makersnow is to decide how the European space policy
should be adapted to thenew reality of global markets, with profound implications for the European
approach to procurement and for public mechanisms supporting industry competitiveness.

438 ASD-Eurospace. Facts and figuresp The European Space industry in 2018June 2019)

Full Report 152



ESPI Yearbook 2019 Space policies, issues and trends

Industry sales byustomersegments

The distribution of industry sales by customer segment shows that the European space industry
addresses primarily domestic markets: in 2018, public and private European customers accounted for
83% of industry sales. The European public sector (ESA, EUMETSAT, European Commission, national
space agencies and other civil and military institutions) remains the principal source of revenues for the
European space manufacturing industry, corresponding to 64%of final sales in 2018.

The importance of European public programmes for the industry increased over the last decade as public
sales grew faster than commercial sales and export. From this standpoint 2018 deepened this gap with
an increase of 7.3% of sals to European public customers and a decrease of 17.1% and 19.2% of
commercial and export sales respectively. Actually, 2018 marks the # consecutive year of decline for
export revenues (28% since 2015), a blow for an industry relying more than its comp#tors on export
markets. Despite a massive decrease between 2017 and 2018, sales to European private customers on
the other hand, are still higher than in 2014, 2015 and 2016. 2017 was actually an exceptionally good year
for the European industry on the @mmercial market.
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Figure 46: Sales by main marketsegmentFvs pqf bo! gvcmjd! foujujft! ®t! Dpnnfs

(Copyright by Eurospace- all right reserved, used with permission, reproduction forbidden

Final salesbymaind vt upnf s! t f hn 2016 2017 2018

European public customers 4808 5060 5430 +7.3%
European private customers 1325 1821 1510 -17.1%
Other European customers 77 90 104 + 14.8%
Public customers RoW 736 808 593 -26,6%
Private customers RoW 1166 901 795 -11.8%
Other customers RoW 56 80 57 -28.2%

Tablel7; ' Gj obm! t bmft!cz!nbjo!dvtupnfs!tfhnfou

(Copyright by Eurospace- all right reserved, used with permission, reproduction forbidden

439 Commercial and export sales include the sales to: Privately owned satellite operators worldwide (e.g. Eutelsat, Intelsat), plic
satellite operators outside Europe (e.g. Arabsat, BCC, Chinasat), privately owned launch services operators worldwide (e.g.
Arianespace), public space agencies outside Europe (e.g. NASA, KARI), military institutions outside Europe, space manufaatgri
companies outside Europe.
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Industry sales by producsegments

The distribution of industry sales by product segment shows that satellite application systems, including
the development and production of telecommunication, Earth observation and navigation systems, is the
main market of the European space indugry. This segment has been steadily growing since 2005, until
2018. Indeed, the reported decrease on commercial and export markets mainly concers operational

systems (mostly satcom).

Launcher systems are the second source of revenue. This market concernsmostly the design,
development and production of European launchers of the Ariane and Vega families. Eurospace reports
that a small share of revenues is associated to the export of launcher subsystems and equipment for
foreign launchers.

Scientific systems, including human spaceflight, exploration, Earth and space science programmes is the
third industry market; and ground systems and services, including electric and mechanical ground
segment equipment (EGSE & MGSE) as well as engineering and othepscialised servicesis the fourth

market.
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Figure 47: Sales by main market segmentu z qf ! pg! t zt uf n! ) NU*

(Copyright: Eurospace- all rights reserved, used with permission, reproduction forbidden

Final sales by main productt f hnf ou! ) 2016 2017 2018

Launcher systems 1,737 1,709 1,677 -1.9%
Satellite applications systems 3,664 4,158 3,792 -8.8%
Scientific systems 1,255 1,215 1,288 +6.1%
Ground systems and services 1,339 1,390 1,493 +7.4%
Other & Unknown 174 290 239 -17.3%

Tablel18; ' Gj obm! t bmft!cz!nbjo!qgspevdu!tfhnfou!

(Copyright: Eurospace- all rights reserved, used with permission, reproduction forbidden
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Industry employment

Employment in the European space industryhas been steadily growing since 2005. A total of 904 jobs
(FTE)were created in 2018 (+2%), including 623 direct jobs (4.5%). The sector now employs a total of
46,369 workers (FTE). The space sector is a maledominated industry where women count for only 22%
of employment. The average age is 44with a majority of employees in the 4958 age range.The industrial
space workforce is also highly qualified with 74% of employees having attained a tertiary level of
education. The geographic distribution of industry employment within the European space sector is highly
concentrated and grossly proportional to national space budgets, with some exceptions in countries with
smaller budgets and workforce. Comparably to public budgets, almost 90% of the direct space industry
employment is located in 6 countries: France, Germany, ltaly, the United Kingdom, Spain and Belgium.

]
— Austria
I I Belgium 1,767 1,752 1,554
h Czech Republic 176 187 187
= = Denmark 228 238 257
- Estonia 39 39 39
F Finland 173 186 168
“ France 14,555 14,949 15,593
- Germany 7,288 7,825 8,426
= Hungary 97 97 97
“ Ireland 61 61 61
“ Italy 5,019 4,963 5,307
= Luxembourg 26 30 36
= Netherlands 968 965 1,166
EIE Norway 334 364 419
; Poland 60 213 213
Portugal 173 175 165
i Spain 3,143 3,329 3,783
: . Sweden 914 954 976
n Switzerland 878 831 836
S LT . .
ahs United Kingdom 3,535 3,722 3,750

Figure 48: European space industry employment by country, 2018

(Copyright by Eurospace- all right reserved, used with permission, reproduction forbidden
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3.4.2 European remote sensing industry insights

Every 2 yearsEARSC, the European Association of Remote Sensing Companies, conducts an assessment

study on companies whose core business islinked to remote sensing. The ventures participating in the

survey were 515 throughout Europeand 96% of them either small or medium enterprises.According to

the report, the number of companies active in the field of Earth Observatiorbased services grew at a rate

of 5.8% per annum from 2016 to 2018. The total annual turnovein 2018wasb gqgqs pyj nbuf mz! U2/ 36
marking a growth of 10.6% over 201744° The overall EO sectorhas been growing at a stable CAGR of

about 10% over the last 5 years.

The respondents employ about 8400 staff and 77% of the companies are planning to have a slight or
significant increase in the personnel in the next year. Considering the European EO workforce by gender
only 30% of employees are female.The sector workforce is characterized by a high level of education:
90% of employees hold University degree with 60% having also post graduate degree. Considering the
business model of the respondent companies, the highest share of revenue comes from Value adding
services (26%), followed by Dataeception and distribution, which has increased by 9% from 12 to 21% in

2018.
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Figure 49: Split of activities based on 2018 revenues Source: EARSC)

With regard to the geographic distribution of the companies within the European torders, a handful of
countries namely UK, France, Germany, Italy and Netherlands host the vast majority of the companies.
Europe remains the biggest market for European providers, however thehare of revenues from sales in
North America have grown from 10% in 2016 to 15% in 2018. On the other hand, the Asian market declined
as share of total sales from 12% to 7% in 2018.

Public authorities still are the main customers with 66% of share (+4% from 2016), while local authorities
declined from 9% to 7% outperformed by Research and development sponsors (from 9% in 2016 to 15%
in 2018). The sector that has gathered the most customers in 2018 is defence and security, marking an
increase of 10% over the last two years. Notwithstanding a decrease of 6% of salesampared to 2016,
the agriculture segment is the second in terms of sales, generating 12% of turnover in 2018.

440 EARSCA Survey into theState & Health of the European EO Services Indus(®019). Available at:
http://earsc.org/library/survey -into-the-state-health-of-the-european-eo-services-industry-2019
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3.4.3 European GN3gctor

The European Global Navigation Satellite Systems Agency GSA released the 6th edition of its GNSS
Market Report in October 2019.44' According to the report, the global installed base of GNSS devices
included over 6.4 billion units worldwide and the global GNSS market was worthU 2 6 illidh in 2019.
The GSA expects this value to double over the next decade with annuaévenues reaching U 4 3b#lion by
2029 for an installed base of 9.5 billion units. Furthermore, added value services will increase to reach
51% of the GNSS salesu p u b m m jpikiom by2@9. While mid receivers are set to lead the GNSS growth,
high end receiversare expected to contribute to 10% of all revenue while only representing less than 1%
of shipments. From a physical standpoint, the majority of GNSS devices are receivers that cost less than
5 euros and smartphones are the category that incorporates the nost chipsets worldwide followed by
smart wearables and drones. From a geographical standpoint, the AsigPacific region represents 30.5%
of the GNSS market while the Wited States and Europe represent 26.Poand 25,5% respectively.

The European market has casolidated its position as one of the World leaders in terms of GNSS market
share. In 2019, the European industry accounted for 26.7% of the global GNSS marketvith revenues in
ui f! psefs! pg2pdint9dsinge!2@l}).nThej main market segments are Critical Infrastructures,
Road, Maritime Technologies, Drones, Surveying and Emergency rescue. In all of these segments the EU
owns an above average share of the market. Beyond the overall market segments, Europe holds a
significant market share in Rail (51%), Agriculture (43%), Road (33%) and Aviation (34%) where it remains
a market leader.

While the United States continues to lead the global GNSS market (at 28% of total industry revenues),

thanks to key components & receivermanufacturers, system integrators and service providers, Europe is

closing the gap. Currently accounting for 26.7% of total industry revenues, the total revenues estimated

bsf! fygfdufe! up! kvng! cz! bmnptu! 211&! upi shbwsdhe! U76/ 4!
development excepted for the European Union market between 2019 and 2029. With an expected device

per capita of 2.1 in 2029 and with the development and implementation of Galileo across most European
tfdupst-tuif!FVIt!jagssgmvfifodf!jt!fyqfdufe!up! m

EU28 Share of World EU28 Share of World
Installed Base 700 million 15.9% 1 billion 11%
Sfwfovfl!l) U 4 9uilien 26.7% U 7 6willidn 20.1%
Device per capita 1.4 n/a 2.1 n/a

Table 19: ELR8 GNSSmarket in 2019 and forecast in 2029 (Source: GSA)

Many other key statistics are publicly available in the GNSS Market Report.

441 GSA. GNSS Market Report 2019. Available dtttps://www.gsa.europa.eu/market/market -report
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4 |AUNCHE& SATELLITES

4.1 Global space activity evolution 2002019
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Figure 50: Evolution of launch activity overtime (2000-2019)

With 103 launches worldwide, the number of launches decreased by 10.5% in 2019 as compared to the
114 launches in 2018, a record year. The number of spacecraft launched increased to reach 489 in 2019,
2.5% more than the previous record setin 2018 with 477 payloads put in orbit. The total mass launched
remained stable with 385.2 tons put in orbit, just 0.6% more than last year.

Overall, the space activity in 2019 shows a comparable profile to the ong observed since 2017.

The total number of spacecraft launched per year has been multiplied by more than 3 in less than a
decade. This massive growth did not translate into a comparable increase of the total mass launched
which has been rather stable over the decade, ranging between 360 and 400ns put in orbit every year
since 2012. This highlights the explosive growth of small spacecraft (below 500kg) since 2013 and in
particular over the last 3 years. While small satellites accounted for only 30% of satellites launched in
2010 (42 satellites),the category corresponded to more than 80% of all spacecraft launched in 2019 (392
satellites).

_ 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Number of launches
Spacecraft launched 133 142 138 213 298 266 223 471 477 490

Mass launched (tons) 349.8 420.4 359.8 3483 3626 360.1 359.2 400.8 389.4 3852

Table 20: Key space activity statistics (2010-2019)

Analysts foresee asteady growth of the number of satellites to be launched over the next years, driven,
among other factors, by broadband megaconstellation projects. Involving heavier satellites thanCubeSat

Full Report 158



ESPI Yearbook 2019 Space policies, issues and trends

constellations, these projects would also lead to an increase of the mas launched every year and
consequently of the number of launches.

4.1.1 Launch activity evolution by country and orbit
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Figure 51: Evolution of the numberof launches per country (2000-2019) with trendline
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Figure 52: Evolution of the total mass launched (in tons) per country (20062019) with trendline
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The evolution of the activity of World leading launch countries (United StatesRussia, Europe,China)
shows very different profiles:

0 United States:after a decrease related to the retirement of the space shuttle and other factors, the
U.S. activity is now experiencing a new growth, largely driven by new launch service providers such
as SpaceX and the recovering of the capacity to service the ISS, deast for cargo delivery at the
moment.

0 Russia:along the rest of its space sector, the launch activity of the historical leader experienced a
sharp decrease both in number of launches and mass launched. Reliability issues of the Proton rocket
also contributed to this decrease. Today, the servicing of the ISS corresponds to a significant share
of the Russian launch activity in terms ofnumber of launches (30% of Russian launchesin 2019) and
of mass launched (60% of the total mass put in orbit in 2019.

0 Europe: the launch activity remained rather stable around 10 launches and 50 tons put in orbit per
year. The introduction of new launchers Vega and Soyuz contributed to expanding European launch
capabilities.

0 China:the Chinese launch activity skyrocketed sirte 2000 and China has now become the most active

launch country in terms of number of launches (39 launches in 2018, a record). This is not yet the

case in terms of mass launched. The strong growth in institutional demand from Chinese authorities

remains the main driver,as almost all payloads launched by China are domestic and more than 80%

are governmental (civil and military).

Despite a strong domestic space sector, other countries such as India and Japan still have a
comparatively limited launch activity.
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4.1.2 Spacecraft orbit and mass
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Figure 53: Evolution of the number of spacecraft launched per orbit (20062019)

Over the past ten years, the number of satellites launched to GEO remained rather stable, between 30 and

40, with a maximum of 45 in 2014 and a minimum of 29 in 2019. The vast majority of satellites is now

launched to LEO (88% of all satellites launched ithe period 2017-2019), mainly due to the launch of small

spacecraft and CubeSats. The number of launches to MEO also increased but to a much lesser extent (5

in 2009, 16 in 2019, with a peak at 31 in 2018), due to the growing number of countries deployintheir
HOTT!tztufnt!)Dijob!t! Cfjepv-! Fvspqs$atcam sizstermgimMEP™* - | bt ! x
(e.g. the O3b constellation and its 20 satellites that were launched between 2013 and 2019).

While LEO is the dominating orbit in terms of the numbe of spacecraft launched (in particular since 2013),

it is not the case in terms of mass launched. Between 2017 and 2019, spacecraft launched to LEO
accounted for 88% of all spacecraft but only 39% of the total mass (half of which concerned human
spaceflight, mostly ISS servicing). On the same period, spacecraft launched to GEO accounted for only
7% of all spacecraft launched but also 50% of the total mass (mostly telecommunication satellites).

Number of satellites launched Total mass launched (in tons)
54 (MEO) 20 (Others) 10.7 tons (Others)
“ 63.5 tons ‘
(MEO)
1265 (LEO) 335.4 tons

(LEO)

Figure 54: Number of satellites and total mass launched by orbit (20172019)

The total mass launched to GEO has increased over time (+34% between 2009 and 2017), with the
exception of the last two years, where the mass drastically decreased due to difficulties in thesatcom
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market (only 21 and 23 GEO satcoms launched in 2018 and 209, as compared to 30 in 2017). The
average mass of GEO satcoms also increased to reach 5 tons in 2019 (it was around 3 tons in the 2000s).
The total mass launched to LEO is now around 200 tons per year, comparable to the 2000s when the ISS
was under construction. Telecommunication and Earth Observation satellites are the two main drivers of
this growth.
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Figure 55: Evolution of the number of spacecraft launched per mass category (2002019)

Small spacecraft, including CubeSats became the dominant category of payloads launched to orbit since
2013. In 2019, the number of small spacecraft launched reached an aitime high: they were four times
more numerous than large spacecraft (80% of all spacecraft launched). Beyondthe launch of 171
CubeSats(a lower number than in 2017 and 2018), this record is due to the 120 Starlink satellites launched
by SpaceX (almost one third of all small spacecraft launchedin 2019).

Despite the very high share of small spacecraft launched, drger spacecraft still account for the vast
majority of the mass put in orbit every year. In 2019 almost 90% of the mass launched concerned larger
spacecraft, despite the launch of multiple Starlink satellites. Even excluding human spaceflightwhich
involves very heavy spacecraft, large satellites still account for 85% of the total mass launched in 2019.
Since 2000, the number and mass of large spacecraft hae been highly variable ranging between 53 and
145 spacecraft for 180 to 420 tons. Since 2012 the total mass of large spacecraft stabilized around 360
tons per year.

Number of satellites launched Total mass launched (in tons)

71.5 tons
1071 (small) 366 (large) ‘ 1108.4 tons

(small) (large)

Figure 56: Number of satellites and total mass launched per mass category (20172019)
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4.1.3 Space missions and markets
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Figure 57: Evolution of the number of spacecraft launched, per mission (200e2019)

A majority of spacecraft are now launched for telecommunication, remote sensing and
technology/demonstration missions. This includes a large share of CubeSats but not exclusively.
Telecommunication and remote sensing satellites also concern large satellites accounting respectively
for 38% and 14% of the total mass launched in 2019. Representing a smaller share of spacecraft launched
but involving heavy spacecraft, human spaceflight and navigation make uprespectively 26% and 8% of
the mass put in orbit last year.
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Figure 58: Evolution of the total mass launched (in tons) per mission (20062019) with trendline
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The high number of telecommunication and remote sensing satellites launched during recent years is
mostly due to the launch of constellations, including CubeSatconstellations of Planet and Spire but also
Starlink, OneWeb or Iridium-NEXT. The number of technology/demonstration satellites also increased
substantially in 2018 and 2019 to reach a third of all spacecraft. This increase can be correlated to the
rise of the CubeSatstandard, as well as other factors contributing to the reduction of the cost of access
to space and therefore of conducting tests and experiments directly in orbit. However, the mass of
technology/demonstration satellites remains rather low. For instance, in 2018, the 148 spacecraft in this
category represented only 2.5% of the total mass launched. Technlmgy/demo nstration missions mostly
involve small spacecraft and in particular CubeSats, but the test of specific systems such as U.S. crew
capsules (e.g. Crew Dragon, Starliner) can sometime@volve much heavier spacecraft.

The number of human spaceflight missions, mostly comprising the servicing of the ISS, remained rather
steady with 15 to 20 missions per year (with the exception of the period following the Columbia disaster
in 2003). Regarding the mass launched, telecommunications andhuman spaceflight spacecraft are the
two main types of missions contributing to the total mass. Even though the mass related to human
spaceflight missions decreased slightly since 2010, more than 100 tons are still launched every year to
service the ISS. On the same periogthe total mass launched for telecommunications missions increased
and 130 to 150 tons are launched every year now, with a record high of 190 tons in 2017 due to the launch
of Iridium-NEXT satellites.
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Figure 59: Evolution of the number of spacecraft launched per market (20062019)

Data show a steep increase of the number of commercial satellites over the last three years. More than
200 commercial satellites are now launched each year to provide commercial servics, representing
between 40% and 60% of the total number of satellites launched.Again, the launch of CubeSat
constellations plays an important role in this trend but is not the only factor. The total mass of commercial
satellites also grew, although to a Esser extent.

Full Report Y:!



ESPI Yearbook 2019 Space policies, issues and trends

Large spacecraft (>500kg) Small spacecraft (<500kg)
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Figure 60: Evolution of the number of spacecraft launched per market and mass category (2002019)

While being less numerous than commercial spacecraft, spacecraft used for institutional purposes
continue to make up a great share of the total mass launched, representing between two thirds and three
quarters of the total mass between 2015 and 2019. The number and nass of military satellites also grew,
slightly but steadily, since 2000. Various factors contribute to this growth which concerns a variety of
missions, both operational and experimental. Governmental civil missions, which still represent the
largest share of spacecraft in terms of mass launched, in particular because of human spaceflight
missions, show a more hectic evolution profile since 2000 with several ups and downs.

The significant increase of satellites launched for educational purposes stems from the popularisation of

the CubeSatstandard, which allows universities to build and launch their own spacecraft more easily. In
2019, over the 82 spacecraft launched for an educational purpose, 60 wer€ubeSats, explaining why the
mass launched for this market remains negligible.
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Figure 61: Evolution of total mass launched (in tons) per market (20002019) with trendline
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4.1.4 Spacecraft manufacturingnd procurement by country
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Figure 62: Evolution of the number of spacecraft per manufacturing country (20002019)

The manufacturing activity of the United States experienced an increase over the last decade. Over the
last 3 years, 50% of spacecraft launched worldwide have been integrated in this country, corresponding
to 38% of the total mass. As for the launch activity, spacecraft manufacturing in China also experienced
a massive growth. Between 2017 and 2019, China produced 15% of spacecraft that were launched (17%
of the total mass). The activity of Russia remained stable with a vast majority of its output concernirg
human spaceflight vehicles (Soyuz, Progress) and satellites for various domestic public programmes. The
output of Europe has been irregular and does not allow to draw a clear trend. Over the last 3 years, Europe
manufactured 18% of all spacecraft put inorbit for about 17% of the mass launched.
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Figure 63: Evolution of spacecraft mass (in tons) per manufacturing country (20062019) with trendline
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The spacecraft manufacturing activity is highly concentrated in a few countries but also a few companies
and organisations.

Over the last 5 years, the top 10 most active organisations produced 80% of the total mass put in orbit.
Yet, with the popularisation of the CubeSatstandard, a growing number of countries and organisations
are able to develop a spacecraft, even though very simple for most of them. Since 2015, more than 350
organisations have produced a satellite, including industries, agencies, governmental bodies, universities,
research institutes and others.

This concentration is even more visible on the commercial market (mostly telecom):
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Figure 64: Evolution of the mass launched for the commercial market per year per manufacturer

A few companies and organisations compete on the international commercial satellite market and
capture the vast majority of the related activity. U.S. companies, including Boeing, Lockheed Martin, Orbital
ATK (now Northrop Grumman Innovation Systems), Space Systems Loral (now part of MXAR
Technologies) and SpaceX, together capture the majority of the market. European companies Airbus and
Thales Alenia Space also perform very well and maintain a leading position on the market. Over the last 3
years, the two European companies delivered.50 tons of commercial satellites, corresponding to 40% of
the total mass.

The commercial activity of the China Aerospace Science and Technology Corporation (CASC/CAST)
remains rather limited because of difficulties to enter a large share of the market, fo example due to ITAR
restrictions. SpaceX put into orbit 120 Starlink satellites for commercial purpose in 2019, giving way to
the first full vertically integrated activity: SpaceX is the manufacturer, operator and launch service provider
of its constellation.
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Figure 65: Evolution of the number of spacecraft per procuring country (20062019)

A vast majority of spacecraft are procured domestically, mostly because of procurement rulesand market

constrains. For this reason, the distribution of spacecraft per manufacturing and procuring country are

almost identical, with a slight variation related to import/export of commercial satellites. This is the case

both for the number of spacecraft and the corresponding mass. As a result, most of the spacecraft are

also procured by U.S. organisations and companies. Over the last 3 years, 55% of spacecraft launched

worldwide were procured by the United States, corresponding to 36% of the total massAs a vast majority
pgluif!Dijoftfl!ltgbdf!bdujwjuz!tfswft!b!epnftujd!offe-
increase of the national investment in the space sector. The number of satellites ordered by Chinese
organisations and operators multiplied by 10 since 2000 and the mass of these satellites by 7.

USA China
«» 200 » 200
c c
o o
= 150 = 150
100 100
50 50
0 0
2000 2019 2000 2019
Russia Europe
«» 200 » 200
& S
= 150 =150
100 e0v®000000000 100
50 50
0 0
2000 2019 2000 2019

Figure 66: Evolution of total mass launched (in tons) per customer country (20062019) with trendline
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Interestingly, Europe is the only region where the manufacturing output is higher than the domestic
demand. The demand of European organisations is usually below 50 tons per year while the industry
output is regularly above this threshold. Procurement statstics in Russia are somewhat biased by the

human spaceflight activity, as Progress and Soyuz capsules are attributed to Russia although they may
be paid for, at least partially, by other countries.

On the commercial market, leading satellite operators andcustomers are more diverse and include
European, American, Russian, Chinese, Japanese, Canadian and Arab companies. Over the last 5 years,
these satcom operators were responsible, together, for 67% of the commercial satellite market, including
non-telecom markets such as remote sensing which remains, comparatively, very limited Of course, the
procurement of these operators is highly irregular, involving a few orders of large satellites.
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Figure 67: Evolution of themass launched for the commercial market per year per customer (selected
companies)
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4.2 Global space activity in 2019

4.2.1 Launch activity in 2019

Number of launches per Mass launched (in tons) per Number of spacecraft launched
country in 2019 country in 2019 per country in 2019
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EUSA mChina mEurope mRussia mJapan ®India m Others
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Launches: 102 Mass launched: 391.6 tons Spacecraft: 489

Figure 68: Number of launches, spacecraft and mass launched in 2019 per launch country

In 2019, eight countries (United States, China, Europ&ussia, Japan, India, New Zealand, Iran) launched
489 spacecraft belonging to 39 nations. Ethiopia, Sudan and Rwanda had their first satellite launched in
2019, joining the long list of 80+ countries involved in outer space activities.

For the second consecutive year, China conducted the most launches (34), below its record high of 39
launches in 2018. This number is still 50% higher than the United States and Russia who conducted 21
and 22 launches respectively. However, in terms of mass launched, China reains behind these two
countries, in part because of their intense launch activity related to human spaceflight missions and
involving very heavy spacecraft. Still, even excluding ISS servicing from the equation, the United States
launched almost 50% moremass than China. Heavy military satellites (Keyhole, WGS, AEHF), commercial
GEO satcom satellites and constellations (IridiumNEXT, Starlink) make up most of this mass. SpaceX
accounts for more than half of the U.S. launch activity.

With only 9 launches, Eirope conducted the lowest number of launches since 2013. Only 46 tons were
launched from Kourou, the lowest level since 2010. Nevertheless, Europe remains ahead of Japan and
India, that launched respectively only 2 and 6 times.

The most active spaceport for the year 2019 is Cape Canaveral, both in terms of number of launches and
total mass launched. This is especially due to the high number of launches performed by SpaceX (10).
With 13 launches Baikonour remains very active but far from the 20+ launches tht used to be conducted

a decade ago. In China Xichang, Taiyuan and Jiuquan are all very dynamic with respectively 13, 10 and 9
launches.

With the rise of Rocket Lab, the spaceport of Onenui in New Zealand is becoming quite active mking a
continuous growth: 1 launch in 2017, 3 launches in 2018 and 6 launches in 2019.
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Figure 69: Number of launches per spaceport in 2019
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i Rui Barge: 488 kg
al,ng 15 479 kg

éKagoshima: 375 kg
Tanegashima: 16 517 kg

Vandenberg: 28 140 kg

}enui: 543.35kg

Figure 70: Total mass launched per spaceport in 2019
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4.2.2 Spacecraft launched in 2019: customers and manufacturers

Spacecraft per procuring country in 2019 Mass (in tons) per procuring country in 2019
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Figure 71: Number and mass of spacecraft perprocuring country in 2019

The United States led the year with 277 satellites and almost 150 tons. That is three times more satellites

than China, in second place, and five times more than Europe, in third place. These numbers also amount

to twice the mass of Russian and Chinese spacecraft. This record number of U.S. satellites is due to the

launch of U.S. constellations of CubeSats(Planet, Spire) and satcoms (IridiumNEXT, Starlink) but also to

educational and experimentalCubeSatsand an overall very active year across all space missions (military,
sciencehvnbo! t gbdf gmj hi uA*/ I Eftqj uf ! 6ubéSpaty, Eurapehactafrasherp g ! t b u f
quiet year in terms of procurement with only 21 tons put in orbit for European operators and organisatios,

for the first time less than Japan, because of the launch of the extraheavy HTV to the ISS.

The U.S. leadership in 2019 is even more pronounced from a manufacturing perspective: the country
produced 271 spacecraft for a total of 170 tons. That is 55%o0f all spacecraft launched in 2019 and 44%

of the total mass launched. With a space activity mostly domestic, the output of Chinese and Russian

satellite industries compares well to the level of procurement. On the contrary, the mass produced by the
European industry in 2019 was twice more important with 71 satellites and almost 43 tons.

Japan and India produced respectively 17.5 and 10.4 tons. Other countries have a very limited industrial
activity.

Spacecraft per manufacturing country in 2019  Mass (in tons) per manufacturing country in 2019
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Figure 72: Number and mass of spacecraft per manufacturing country in 2019
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4.2.3 Spacecraft launched in 2019: missions and markets

Number of spacecraft per mission in 2019 Spacecraft mass (in tons) per mission in 2019

9 (other) 3.2 (other)
\

6 (military) A\ "

2.7 (military)@
11 (science) /(” @@
13 (navigation) 8.7 (science)

® Telecommunication m Remote sensing

® Navigation B Science

B Technology / Demonstration = Military-specific
Human spaceflight m Other

Figure 73: Number and mass of spacecraft per mission in 2019

Three types of missions accounted for almost 90% of the spacecraft launched in 2019:
telecommunication  (35%), technology/demonstration (31%) and remote sensing (23%)

Telecommunication satellites also correspond to more than a third of the mass launched. Remote
sensing and technology/demonstration represent a more modest share of this mass, although Earth
Observation spacecraft still account for 14% of it. The launch of 120 Starlink satellites (30 tons)
contributed substantially to satcom statistics in 2019. Human spaceflight activities (mainly cargo and

crew transfer) still represent more than 25% of the nass launched. Navigation satellites also account for
a significant share of the activity with only 13 spacecraft but 8% of the mass. Beidou satellites made up
most of this activity. 2019 was also marked by the launch of the first in-orbit servicing mission.

While commercial satellites account for more than half of the satellites launched in 2019, most of the
space activity remains public, with 47% of the mass launched for governmental civil purpose (55% of
which for human spaceflight) and 19% for military purpose. Commercial satellites still account for almost

a third of the mass and way more than half of the satellites.

Number of spacecraft per market in 2019 Spacecraft mass (in tons) per market in 2019

2 (amateur) 13.8 (dual) 0.7 (education)

P “' 0.005 (amateur)
8 (dual) N )

m Commercial ® Governmental Civil = Military = Dual ® Education m Amateur ® Unknown

Figure 74: Numberand mass of spacecraft per market in 2019
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4.3 Launch log and activity highlights

4.3.1 ESPI launch log 2019

Launch Launch
Launcher Outcome Spacecraft Customer Manufacturer | Mass at launch (kg) Mission Market
date country
10/01/2019 China CZ-3B/G3 Success ZhongXing 2D China China 5000 GEO Telecommunication Military
11/01/2019 USA Falcon-9 v1.2 (Block 5) Success Iridium-NEXT (10 satellites) USA France 860 (each) LEO Telecommunication Commercial
15/01/2019 Iran Simorgh Failure Amir-Kabir 1 Iran Iran 100 LEO Earth Observation Education
18/01/2019 Japan Epsilon-2 CLPS Success RAPIS1 Japan Japan 200 LEO Techno/Demo Governmental
ALE 1 Japan Japan 68 LEO Techno/Demo Commercial
MicroDragon Vietnam Vietnam 50 LEO Earth Observation Governmental
Hodoyoshi 2 Japan Japan 50 LEO Techno/Demo Education
Origamisat 1 Japan Japan 4 LEO Techno/Demo Education
AOBA VELOX 4 Singapore Singapore 2 LEO Techno/Demo Education
NEXUS Japan Japan 1 LEO Techno/Demo Amateur
19/01/2019 USA Delta-4H Success KH-11 17 USA USA 15250 LEO Earth Observation Military
21/01/2019 China Cz11 Success Jilin-1 Hyperspectral01 China China 450 LEO Earth Observation Governmental
Jilin-1 Hyperspectral02 China China 450 LEO Earth Observation Governmental
Lingque 1A China China 8 LEO Techno/Demo Commercial
Xiaoxiang-1 03 China China 8 LEO Techno/Demo Commercial
24/01/2019 India PSLV DL Success Microsat-R India India 740 LEO Techno/Demo Military
Kalamsat v2 India India 1 LEO Techno/Demo Education
05/02/2019 France Ariane-5ECA Success HellasSat 4 / SaudiGeoSat 1 Saudi Arabia USA 6495 GEO Telecommunication Commercial
GSAT-31 India India 2536 GEO Telecommunication Governmental
05/02/2019 Iran Safir-1B Failure Dousti 1 Iran Iran 52 LEO Earth Observation Education
21/02/2019 Russia Soyuz-2-1b FregatM ;&;Ltlrzl EgyptSat A Egypt Russia 1000 LEO Earth Observation Governmental
22/02/2019 USA Falcon-9 v1.2 (Block 5) Success PSN 6 Indonesia USA 4100 GEO Telecommunication Commercial
Beresheet Israel Israel 582 Escape Techno/Demo Commercial
S5 USA USA 60 GEO SSA Military
27/02/2019 France Soyuz-ST-B FregatM Success OneWeb (6 satellites) UK France 147 (each) LEO Telecommunication Commercial
02/03/2019 USA Falcon-9 v1.2 (Block 5) Success Crew Dragon 1 USA USA 12055 LEO Techno/Demo Governmental
09/03/2019 China CZ-3B/G2 Success ZhongXing 06C China China 4500 GEO Telecommunication Commercial
14/03/2019 Russia Soyuz-FG Success Soyuz-MS 12 Russia Russia 7080 LEO Crew Transfer Governmental
15/03/2019 USA Delta-4M+(5,4) (upg.) Success WGS 10 USA USA 5987 GEO Telecommunication Military
22/03/2019 France Vega Success PRISMA Italy Italy 879 LEO Earth Observation Governmental
27/03/2019 China OosM1 Failure Lingque 1B China China 8 LEO Techno/Demo Commercial
28/03/2019 gg:llan d Electron Success R3D2 USA USA 150 LEO Techno/Demo Military
31/03/2019 China CZ-3B/G3 Success TianLian 2A China China 4000 GEO Telecommunication Governmental
01/04/2019 India PSLVQL Success EMISAT India India 436 LEO Earth Observation Governmental
BlueWalker 1 Lithuania Lithuania 8 LEO Techno/Demo Commercial
M6P Lithuania Lithuania 8 LEO Techno/Demo Commercial
Flock-4a (20 satellites) USA USA 5 (each) LEO Earth Observation Commercial
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Lemur-2 (4 satellites) USA USA 4 (each) LEO Earth Observation Commercial
Astrocast 0.2 Switzerland Switzerland 4 LEO Techno/Demo Commercial
AISTECHSAT 3 Spain Denmark 8 LEO Techno/Demo Commercial
04/04/2019 Russia Soyuz-2-la Success Progress-MS 11 Russia Russia 7400 LEO Cargo Transfer Governmental
04/04/2019 France Soyuz-ST-B FregatMT Success 0O3b FM (4 satellites) Luxembourg France 700 MEO Telecommunication Commercial
11/04/2019 USA Falcon Heavy Success Arabsat 6A Saudi Arabia USA 6465 GEO Telecommunication Commercial
17/04/2019 USA Antares-230 Success Cygnus CRS11 USA USA 7492 LEO Cargo Transfer Governmental
Kenobi USA USA 8 LEO Techno/Demo Governmental
Seeker USA USA 8 LEO Techno/Demo Governmental
EntrySat France France 4 LEO Techno/Demo Governmental
IODGEMS UK UK 4 LEO Techno/Demo Governmental
SASSI2 USA USA 4 LEO Techno/Demo Education
AeroCube (10A & 10B) USA USA 2 (each) LEO Techno/Demo Commercial
Swiatowid Poland Poland 2 LEO Techno/Demo Commercial
ThinSat (9 satellites) USA USA 2 (each) LEO Techno/Demo Education
Bird (JPN, LKA, NPL) Japan Japan 1 (each) LEO Techno/Demo Education
KrakSat Poland Poland 1 LEO Techno/Demo Education
ThinSat (1B, 1G, 1K) USA USA 1 (each) LEO Techno/Demo Education
VCC (A,B&C) USA USA 1 (each) LEO Techno/Demo Education
20/04/2019 China CZ-3B/G3 Success Beidou 3 11 China China 4200 MEO Navigation Military
29/04/2019 China CZ-4B Success Tianhui 2-01(A & B) China China 1500 (each) LEO Earth Observation Governmental
04/05/2019 USA Falcon-9 v1.2 (Block 5) Success Dragon CRS17 USA USA 6650 LEO Cargo Transfer Governmental
OCO 3 USA USA 500 LEO Earth Observation Governmental
STP-H6 USA USA 300 LEO Earth Observation Military
05/05/2019 gg;\llan d Electron Success Harbinger USA USA 150 LEO Techno/Demo Commercial
SPARC 1 USA USA 8 LEO Techno/Demo Military
Falcon-ODE USA USA 1 LEO Techno/Demo Military
17/05/2019 China CZ-3C/G2 Success BeiDou 2 G8 China China 4600 GEO Navigation Military
22/05/2019 China CzZ-4C Failure Yaogan 33 China China 1040 LEO Earth Observation Military
22/05/2019 India PSL\-:CA Success RISAT 2B India India 615 LEO Earth Observation Governmental
24/05/2019 USA Falcon-9 v1.2 (Block 5) Success Starlink v0.9 (60 satellites) USA USA 227 (each) LEO Telecommunication Commercial
27/05/2019 Russia Soyuz-2-1b Fregat-M Success Kosmos 2534 Russia Russia 1415 MEO Navigation Dual
30/05/2019 Russia Proton-M Briz-M (Ph.3) Success Yamal 601 Russia France 5700 GEO Telecommunication Commercial
05/06/2019 China Cz-11 Success Bufeng (1A & 1B) China China 150 (each) LEO Earth Observation Governmental
Tianxiang (1 & 2) China China 65 (each) LEO Techno/Demo Commercial
Jilin-1 03A China China 42 LEO Earth Observation Commercial
Tianqi 3 China China 8 LEO Earth Observation Commercial
Xiaoxiang 1-04 China China 8 LEO Earth Observation Commercial
12/06/2019 USA Falcon-9 v1.2 (Block 5) Success RCM (1,2 & 3) Canada Canada 1430 (each) LEO Earth Observation Dual
20/06/2019 France Ariane-5ECA Success AT&T T-16 USA France 6350 GEO Telecommunication Commercial
Eutelsat 7C France USA 3400 GEO Telecommunication Commercial
24/06/2019 China CZ-3B/G3 Success Beidou 3 12 China China 4200 MEO Navigation Military
25/06/2019 USA Falcon Heavy Success DSX USA USA 600 MEO Techno/Demo Military
FORMOSAT 7 (six satellites)  Taiwan UK 278 LEO Earth Observation Governmental
GPIM USA USA 180 LEO Techno/Demo Governmental
OTB 1 USA UK 138 LEO Techno/Demo Governmental
NPSat 1 USA USA 86 LEO Techno/Demo Education
Nanosat 7 USA USA 71 LEO Techno/Demo Education
Nanosat 6 USA USA 70 LEO Techno/Demo Education
FalconSat 7 USA USA 5 LEO Techno/Demo Education
LightSail B USA USA 5 LEO Techno/Demo Education
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ARMADILLO USA USA 4 LEO Techno/Demo Education
E-TBEx (A & B) USA USA 4 (each) LEO Techno/Demo Governmental
CP9 USA USA 2 LEO Techno/Demo Education
Prometheus 2 05 USA USA 2 LEO Techno/Demo Education
PSat 2 USA USA 2 LEO Techno/Demo Education
TEPCE (1 & 2) USA USA 2 (each) LEO Techno/Demo Governmental
BRICSat 2 USA USA 1 LEO Techno/Demo Education
StangSat USA USA 1 LEO Techno/Demo Education
28/06/2019 gg;\llan o Electron KS Success BlackSky Global 3 USA USA 56 LEO Earth Observation Commercial
Prometheus 2 (06 & 07) USA USA 2 (each) LEO Telecommunication Military
ACRUX 1 Australia Australia 1,00 LEO Techno/Demo Education
SpaceBEE (8 & 9) USA USA 1 (each) LEO Techno/Demo Commercial
05/07/2019 Russia Soyuz-2-1b Fregat-M Success Meteor-M 2-2 Russia Russia 2700 LEO Earth Observation Governmental
ICEYE (X4 & X5) Finland Finland 80 (each) LEO Techno/Demo Commercial
CarboNIX Germany Germany 30 LEO Techno/Demo Commercial
Momentus X1 USA USA 22 LEO Techno/Demo Commercial
DoT 1 UK UK 20 LEO Techno/Demo Commercial
NSLSat 1 Israel UK 8 LEO Techno/Demo Commercial
AmGU 1 Russia Russia 4 LEO Space Science Education
D-Star One EXOCONNECT Germany Germany 4 LEO Techno/Demo Commercial
D-Star One LightSat Germany Germany 4 LEO Techno/Demo Commercial
JAISAT 1 Thailand Thailand 4 LEO Radio Amateur Amateur
Lemur-2 (8 satellites) USA USA 4 (each) LEO Earth Observation Commercial
SEAM 2.0 Sweden Sweden 4 LEO Earth Science Education
Sokrat Russia Russia 4 LEO Space Science Education
UTEEcuador Ecuador Ecuador 4 LEO Space Science Education
VDNH-80 Russia Russia 4 LEO Telecommunication Education
SONATE Germany Germany 4 LEO Techno/Demo Education
BeeSat (5 satellites) Germany Germany 1 (each) LEO Techno/Demo Education
Lucky-7 Czech Rep. Czech Rep. 1 LEO Techno/Demo Commercial
MOVE 2b Germany Germany 1 LEO Techno/Demo Education
ROBUSTA 1C France France 1 LEO Techno/Demo Governmental
TTU101 Estonia Estonia 1 LEO Techno/Demo Education
10/07/2019 Russia Soyuz-2-1v Volga Success g;);g)]os (25551258C RS Russia Russia 200 (each) LEO Unknown Military
11/07/2019 France Vega Failure Falcon Eye 1 UAE UAE 1197 LEO Earth Observation Military
12/07/2019 Russia Proton-M Blok-DM-3 Success Spektr-RG Russia Russia 2647 Escape Astronomy Governmental
20/07/2019 Russia Soyuz-FG Success Soyuz-MS 13 Russia Russia 7080 LEO Crew Transfer Governmental
22/07/2019 India GSLV Mk.3 Success Chandrayaan 2 India India 3850 Escape Planetary Science Governmental
25/07/2019 USA Falcon-9 v1.2 (Block 5) Success Dragon CRS18 USA USA 6650 LEO Cargo Transfer Governmental
IDAO3 USA USA 526 LEO Space Station Governmental
ORCA USA USA 8 LEO Techno/Demo Military
RFTSat 1 USA USA 4 LEO Techno/Demo Education
SEOPS Quantum Radar 3 USA USA 4 LEO Techno/Demo Education
NARSScube 2 Egypt Egypt 1 LEO Techno/Demo Education
25/07/2019 China Hyperbola-1 Success Hangtian KKG Fazhang sat China China 50 LEO Techno/Demo Commercial
CAST7B China China 3 LEO Radio Amateur Education
26/07/2019 China CZ-2C(3) Success Yaogan (30:05-01,-02 &-03) China China 300 (each) LEO Signal Intelligence Military
30/07/2019 Russia Soyuz-2-1a FregatM Success Meridian-M 8 Russia Russia 2000 HEO Telecommunication Military
31/07/2019 Russia Soyuz-2-la Success Progress-MS 12 Russia Russia 7280 LEO Cargo Transfer Governmental
06/08/2019 France Ariane-5ECA Success Intelsat 39 USA USA 6600 GEO Telecommunication Commercial
EDRS C/HYLAS 3 Europe France 3186 GEO Telecommunication Commercial
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06/08/2019 USA Falcon-9 v1.2 Success AMOS 17 Israel USA 6500 GEO Telecommunication Commercial
06/08/2019 Russia Proton-M Briz-M (Ph.3) Success Blagovest 14L Russia Russia 3227 GEO Telecommunication Military
08/08/2019 USA Atlas-5(551) Success AEHF 05 USA USA 6168 GEO Telecommunication Military
TDO USA USA 20 GEO Techno/Demo Military
17/08/2019 China Jielong-1 Success Qiancheng 01 China China 65 LEO Earth Observation Commercial
Xingshidai 5 China China 10 LEO Earth Observation Commercial
Tianqi 2 China China 8 LEO Techno/Demo Commercial
19/08/2019 China CZ-3B/G2 Success ZX 18 (ChinaSat 18) China China 5200 GEO Telecommunication Commercial
19/08/2019 g:;\llan d Electron KS Success BlackSky Global 4 USA USA 56 LEO Earth Observation Commercial
BRO 1 France Denmark 6 LEO Earth Observation Commercial
Pearl White (1 & 2) USA USA 6 (each) LEO Techno/Demo Military
22/08/2019 USA Delta-4M+(4,2) (upg.) Success GPS32 USA USA 4400 MEO Navigation Dual
22/08/2019 Russia Soyuz-2-1a Success Soyuz-MS 14 Russia Russia 7080 LEO Cargo Transfer Governmental
30/08/2019 China Kuaizhou-1A Success Taizhi 1 (KX 09) China China 200 LEO Earth Science Governmental
Xiaoxiang 1-:07 (TY 1-07) China China 8 LEO Techno/Demo Commercial
30/08/2019 Russia Rokot-KM Success GeolK 2 03 Russia Russia 1400 LEO Earth Science Dual
12/09/2019 China CzZ-4B Success ZY-102D China China 2100 LEO Earth Observation Governmental
BNU 1 China China 16 LEO Earth Observation Education
Taurus 1 China China 5 LEO Radio Amateur Education
19/09/2019 China Cz11 Success OHS (3A, 3B, 3C &D) China China 90 (each) LEO Earth Observation Commercial
OVS 3A China China 90 LEO Earth Observation Commercial
22/09/2019 China CZ-3B/G3Z Success Beidou 3 (M23 & M24) China China 1014 (each) MEO Navigation Military
24/09/2019 Japan H-2B-304 Success HTV 08 Japan Japan 16500 LEO Cargo Transfer Governmental
AQT-D Japan Japan 8 LEO Techno/Demo Education
RWASAT 1 Rwanda Rwanda 8 LEO Techno/Demo Education
NARSScube 1 Egypt Egypt 1 LEO Techno/Demo Education
25/09/2019 China CZ-2D(2) Success Yunhai1 02 China China 750 LEO Earth Observation Governmental
25/09/2019 Russia Soyuz-FG Success Soyuz-MS 15 Russia Russia 7080 LEO Crew Transfer Governmental
26/09/2019 Russia Soyuz-2-1b Fregat-M Success Tundra 03 Russia Russia 1500 HEO Early Warning Military
04/10/2019 China CzZ-4C Success Gaofen 10R China China 805 LEO Earth Observation Governmental
09/10/2019 Russia Proton-M Briz-M (Ph.4) Success Eutelsat 5 West B France USA 3000 GEO Telecommunication Commercial
MEV-1 USA USA 2326 GEO In-Orbit Servicing Commercial
11/10/2019 USA Pegasus-XL Success ICON USA USA 288 LEO Earth Science Governmental
17/10/2019 China CZ-3B/G2 Success Tongxin Jishu Shiyan 4 China China 2700 GEO Techno/Demo Military
17/10/2019 ;l:;\llan i Electron KS Success Palisade USA USA 20 LEO Techno/Demo Commercial
02/11/2019 USA Antares-230+ Success Cygnus CRS12 USA USA 7492 LEO Cargo Transfer Governmental
STPSat 4 USA USA 100 LEO Techno/Demo Military
HARP USA USA 5 LEO Techno/Demo Education
HuskySat-1 USA USA 5 LEO Techno/Demo Education
SwampSat 2 USA USA 5 LEO Techno/Demo Education
SOCRATES USA USA 4,2 LEO Techno/Demo Education
Phoenix USA USA 4 LEO Techno/Demo Education
RadSatu USA USA 4 LEO Techno/Demo Education
AeroCube(15A & 15B) USA USA 3,7 (each) LEO Techno/Demo Governmental
AeroCube (14A & 14B) USA USA 3,5 (each) LEO Techno/Demo Governmental
Argus-02 USA USA 1 LEO Techno/Demo Education
Orbital Factory 2 USA USA 1 LEO Techno/Demo Education
03/11/2019 China CzZ-4B Success Gaofen 7 China China 2400 LEO Earth Observation Governmental
SRSS1 Sudan China 75 LEO Earth Observation Dual
Huangpu 1 China China 75 LEO Techno/Demo Education
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Xiaoxiang 1-08 China China 8 LEO Techno/Demo Commercial
04/11/2019 China CZ-3B/G3 Success Beidou 3 13 China China 4200 GEO Navigation Military
11/11/2019 USA Falcon-9 v1.2 (Block 5) Success Starlink 1 (60 satellites) USA USA 260 (each) LEO Telecommunication Commercial
13/11/2019 China CZ-6 Success Ningxia-1 (5 satellites) China China 180 (each) LEO Earth Observation Commercial
13/11/2019 China Kuaizhou-1A Success Jilin-1 Gaofen02A China China 230 LEO Earth Observation Commercial
17/11/2019 China Kuaizhou-1A Success KL-Alpha B Germany China 90 LEO Techno/Demo Commercial
KL-Alpha A Germany China 70 LEO Techno/Demo Commercial
23/11/2019 China CZ-3B/G3Z Success Beidou 3 (M21 & M22) China China 1060 (each) MEO Navigation Military
25/11/2019 Russia Soyuz-2-1v Volga Success Kosmos 2542 Russia Russia 250 LEO SSA Military
26/11/2019 France Ariane-5ECA Success TIBA1 Egypt France 5640 GEO Telecommunication Governmental
Inmarsat-5 F5 UK France 4007 GEO Telecommunication Commercial
27/11/2019 China CzZ-4C Success Gaofen 12 China China 2400 LEO Earth Observation Governmental
27/11/2019 India PSLWXL Success Cartosat 3 India India 1625 LEO Earth Observation Governmental
Flock-4p (12 satellites) USA USA 5 (each) LEO Earth Observation Commercial
Meshbed USA USA 3 LEO Techno/Demo Commercial
05/12/2019 USA Falcon-9 v1.2 (Block 5) Success Dragon CRS19 USA USA 6650 LEO Cargo Transfer Governmental
HISUI Japan Japan 500 LEO Earth Observation Governmental
CIRiS USA USA 6 LEO Techno/Demo Education
SORTIE USA USA 6 LEO Earth Science Education
CryoCube 1 USA USA 4 LEO Techno/Demo Education
QARMAN Belgium Belgium 4 LEO Techno/Demo Education
AztechSat 1 Mexico Mexico 1 LEO Techno/Demo Education
EdgeCube USA USA 1 LEO Techno/Demo Education
MakerSat 1 USA USA 1 LEO Techno/Demo Education
06/12/2019 ;lgz\llan d Electron KS Success ALE 2 Japan Japan 75 LEO Techno/Demo Commercial
NOOR 1A USA UK 0,75 LEO Techno/Demo Commercial
NOOR 1B USA UK 0,75 LEO Techno/Demo Commercial
ATL 1 Hungary Hungary 0,25 LEO Techno/Demo Commercial
FossaSat 1 Spain Spain 0,2 LEO Techno/Demo Education
SMOGP Hungary Hungary 0,2 LEO Techno/Demo Education
TRSISat USA USA 0,2 LEO Techno/Demo Commercial
06/12/2019 Russia Soyuz-2-la Success Progress-MS 13 Russia Russia 7280 LEO Cargo Transfer Governmental
07/12/2019 China Kuaizhou-1A Success Jilin-1 Gaofen-02B China China 230 LEO Earth Observation Commercial
07/12/2019 China Kuaizhou-1A Success HEAD (2A & 2B) China China 45 (each) LEO AIS Commercial
Tianqi (4A & 4B) China China 8 (each) LEO Techno/Demo Commercial
Tianyi (-16 &-17) China China 8 (each) LEO Earth Observation Commercial
11/12/2019 India PSL\-QL Success RISAT-2BR1 India India 628 LEO Earth Observation Governmental
QPSSAR 1 Japan Japan 100 LEO Earth Observation Commercial
1HOPSat TD USA USA 22 LEO Techno/Demo Commercial
Pathfinder Risk Reduction USA USA 11 LEO Techno/Demo Governmental
COMMTRAIL Unknown USA 4 LEO Techno/Demo Commercial
Duchifat-3 Israel Israel 4 LEO Techno/Demo Education
Lemur-2 (4 satellites) USA USA 4 (each) LEO Earth Observation Commercial
11/12/2019 Russia Soyuz-2-1b Fregat-M Success Glonass-M 50 Russia Russia 1415 MEO Navigation Military
16/12/2019 China CZ-3B/YZ1 Success Beidou 3 (M19 & M20) China China 1014 (each) MEO Navigation Military
16/12/2019 USA Falcon-9 v1.2 (Block 5) Success JCSat 18/Kacific 1 Japan USA 6956 GEO Telecommunication Commercial
18/12/2019 France Soyuz-ST-A FregatM Success CSG1 Italy France 2205 LEO Earth Observation Dual
CHEOPS Europe France 273 LEO Astronomy Governmental
ANGELS (CNES) France France 27 LEO Techno/Demo Governmental
EyeSat France France 7 LEO Techno/Demo Education
OPSSAT Europe Denmark 7 LEO Techno/Demo Governmental
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Partial

20/12/2019 USA Atlas-5(N22) Failure Starliner 1 USA USA 13000 LEO Techno/Demo Governmental

20/12/2019 China Cz-4B Success CBERS 4A China China 1980 LEO Earth Observation Governmental
Tianyan 01 China China 72 LEO Earth Observation Commercial
ETRSS 1 Ethiopia China 70 LEO Earth Observation Governmental
Weilai 1R China China 65 LEO Techno/Demo Commercial
Shuntian China China 85 LEO Techno/Demo Military
Tiangin 1/CAS 6 China China 35 LEO Radio Amateur Education
Yuheng China China 35! LEO Techno/Demo Military
Tianyan 02 China China 10 LEO Earth Observation Commercial
FloripaSat 1 Brazil Brazil 1 LEO Techno/Demo Education

24/12/2019 Russia Proton-M Blok-DM-3 Success ElektroL 3 Russia Russia 2094 GEO Meteorology Governmental

26/12/2019 Russia Rokot-KM Success Gonets-M (14, 15 & 16) Russia Russia 280 (each) LEO Telecommunication Governmental
BLITSM 1 Russia Russia 16,7 LEO Techno/Demo Governmental

27/12/2019 China Cz5 Success ShiJian 20 China China 8000 GEO Techno/Demo Governmental

Full Report 180



4.3.2 ESPI Database definitions

Launch outcome

Success:launch attempt performed nominally, all spacecraft injected in the intended orbit.
Failure:launch attempt led to the total loss of the payloads (destruction, unrecoverable orbit)
Partial failure:launch attempt led to a recoverable harm for the payloads (damage, orbit).

O« O¢ O¢

System categories

0  Satellite: standard spacecraft designed to orbit the Earth and comprised of a bus/platform
and one o more payloads.

0  Cubesat: spacecraft designed according to the cubesat standard and comprised of one o
more units (U) of 10x10x10cm.

0  Space Station Module: element of a space station including habitats, nodes, structure
external platforms and other permanent or temporary parts.

6  Transfer Vehicle:spacecraft designed to transfer cargo or humans to a space station.

0  Space Exploration System:specific spacecraft designed for space exploration purposes
including probes, landers, rovers and other systems with a nission outside Earth orbit.

0  Space Plane:reusable spacecraft with advanced manoeuvring capabilities including the
capacity to land autonomously.

0  Servicing Vehicle: spacecraft with advanced Rendezvous and Proximity Operation
capabilities, designed to provie services to other satellites (e.g. life extension, refuelling
inspection).

0 Dummypayloadigbtt j wf ! pckfdu! xjuipvu! pgfsbujpot

0  Attached package:system remaining attached to the launcher upper stage.

Mass categories
0  Large spacecraft (>500kg)
3  Extra heavyclass More than 8,000kg
3  Heavy-class Between 2,000 and 8,000kg
3 Medium-lass Between 500 and 2,000kg
0  Small spacecraft (<500kg)
3 Mini-class Between 100 and 500kg
3 Micro-class Between 10 and 100kg
3 Nano-<class Less than 10kg

Orbits

0  GEO:an orbit at an altitude of approximately 36 000 km from Earth.

0  MEO:an orbit at an altitude between 2000 and 36 000 km from Earth.
0  LEO:an orbit at an altitude between 100 and 2000 km from Earth.

0  HEO:highly elliptical orbit, an ellipticd orbit with a high eccentricity.

0  Escape:an orbit beyond Earth orbit with an eccentricity higher than 1.
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Missions
0  Telecommunication
3  Telecommunication services by satellites
3 Automatic Identification System: detection and tracking of ships
3  Satellite DataRelay:telecommunication relay for other satellites
0 Remote sensing
3  Earth Observation: observation of the Earth for an operational purpose (not scientific)
3  Meteorology: study of the Earth atmosphere with a focus on weather forecast (no
scientific)
0  Navigation
3 Navigation: Global Navigation Space Systems (GNSS) and Satelli®ased Augmentatior
Systems
0  Human spaceflight
3  Cargo Transfer: transfer of supplies to a space station
3  Crew Transfer: transfer of astronauts to a space station
3 Space Station Infrastructure: sy qgmz ! pg! b! t gbdf ! tubuj po!t
0  Science
3 Astronomy: remote study of celestial bodies and phenomena
Biology: study of life and living organisms
Earth Science: study of the Earth
Planetary Science: study of planets, moons, asteroids, comets
Space Science:study of the space environment and of the functioning of the Universe
litary-specific
Early Warning: detection of missile launches through infrared observation
Signal Intelligence: interception of electronic signals
Space Situational Awareness: detectionand tracking of objects in orbit

g
g
g
S
6 M
S
S
E
T

0 echnology / Demonstration

3 Technology / Demonstration: testing of new systems or technologies
0  Other

3 In-Orbit Servicing: provision of services to another spacecraft

3 Radio Amateur: radiocommunication for amateur purpose

3 Other/Unknown: missions not falling in the above definitions
Markets

0  Governmental civil:the spacecraft is primarily intended to serve the mission of an organisatior
providing a public service or having scientific research objectives.

0  Military: the spacecraft is primarily intended to serve armed forces operational needs.

0  Commercial: the spacecratft is primarily intended to serve a commercial market and to make
profit.

0  Education: the spacecraft is primarily intended to serve an academic or training pupose from
system design to operation.

0  Dual:the spacecraft is intended to serve both military and civil purposes.

0  Amateur: the spacecraft is operated for private, nonfor-profit actors, and usually conducts a

rather basic mission (e.g. radio).
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4.3.3 Space activity highlights in 2019

Finalisation of Iridium+ N¢ 6 * 5 L nUBGKDn dDz

Iridium Communications finalised the deployment of its next-generation
satellite constellation. In January, a total of 10 satellites were put in LEO on &
Falcon 9, from the Vandenberg Space Launch Complex 4. This was the eightt
boe! gj obm! mbsvcantpaign ogebldcs ifs erjgimahconstellation. The
new constellation is made up of 75 satellites (66 operational and 9 spares). The
gsphsbnnf!ibt!dptu! U3/8!cjmmjpo! pwf

(Credit: Iridium)
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Developed by the Indian military Defence Research and Development

Organisation (DRDO), this 740 kg satellite was launched to LEO on a Polar

Satellite Launch Vehicle at the end of January. It was later destroyed on purpose
evsjoh! diNjU ! po!! TTBWIUyf t u! dp & Marath usfngad c z! ESE |
Ballistic Missile Defence Interceptor launched from the Odisha coastal test

range.

(Credit: IndianAir Force)
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At the end of February, Arianespace performed the first of the planned 21
mbvodi ft!up!qgvu!jo! MFEP! Pof Xfc!t!ag
satellites were put into orbit on a Soyuz, from the Guiana Space Centre.
The dispenser (purposebuilt by the Swedish factory of RUAG Space and
installed on the Fregat upper stage) released the first two satellites 63
minutes after liftoff, the last four remaining satellites 29 minutes later.
Signal acquisition was confirmed for all satellites shortly after. The
satellites are manufactured by OneWeb Satellites, a joint venture between
OneWeb and AirbusDS. More than 600 OneWeb satelliteswere planned
to be manufactured and launched in order to provide global coverage. oo
OneWeb aimed at launching 60 satellites per launh every month, and to
that end multiplied launch agreements with various providers, including [
Blue Origin and Virgin Orbit. However, the company filed for bankruptcy in
March 2020.

(Credit: OneWeb)
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The United States one step closer to independent access to ISS

T g b d fCreW Driagon is a transfer vehicle designed to dock to the ISS, under
the Commercial Crew Integrated Capability (CCiCap) initiative. The Lfon
unmanned capsule was launched on 2¢ March on a Falcon 9 from Cape
Canaveral, docked to the IS the following day, and splashed down on Earth
on 8" March. This marked a decisive step for the United States to recover its
independent capacity to send crews to the space station. The last U.S. crewed
launch dates back to the 133" and last Space Shutte mission (Atlantis), in
July 2011.

(Credit: SpaceX)

First launch of SpaceX meganstellation Starlink

On May 24", SpaceX successfully launched and deployed 60 test satellites
(227 kg each) for its planned 12 000 satellites constituting the Starlnk
constellation. It is to be noted that the ion thrusters of the Starlink satellites
use krypton-gas as a cheaper alternative to xenonp the first commercial
satellites to do so. The Starlink launch was highly debated by the
btuspopnfst! ! dpnressel arrcérnx abodt How ghese
reflective spacecraft would affect observations but also by the space
sustainability community who also expressed concernsabout the impact of
mega-constellations after three Starlink satellites (i.e. 5% of the first launcled
satellites) were declared derelict soon after launch.

(Credit: SpaceX)

First ever failure of the European Vega launcher

After 14 successful launches in a row, the European launcher Vega
suffered its first failure in July during the mission VV15. The launcher was
supposed to put in orbit FalconEyel, the first military optical imagery
satellite of the United Arab Emirates. Tke anomaly occurred two minutes

after the launch, which resulted in the loss of both the rocket and the
satellite.

An independent inquiry commission appointed by ESA and Arianespace
soon after the event revealed that the failure of the rocket was likely cased
by a problem with the vehicle's secondstage motor, which failed 14
tfdpoet!bgufs!jut! cvstoysowhd wvdbm!tdgdijj
error is verified and corrective actions taken, Vega will be able to launch
again. This was expected tooccur at the beginning of 2020,but will finally
take place in summer 2020.

(Credit: ESA)
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Launch of the first commercial korbit servicing mission

The Mission Extension Vehicle 1 (MEWL), developed by
Northrop Grumman and operated by SpacelLogistics, one of its
subsidiaries, was launched at the start of October by the only
mission of ILS in 2019. This is the firstever commercial
servicing satellite spacecraft to be launched. Once launched,
MEV-1 used its electric propulsion system to go to
geostationary orbit, a process that took three and a half
months. In February 2020, it managed to rendezvous there with
(Credit: Nathan Koga/SpaceFlight  the Intelsat-901 (the first-ever attempt at a docking near
Insider) geostationary orbit), in order to extend its lifetime for five years.
After this period, the MEV1 will be available for other satellites.

lzkiuDZBb dbust Dz én5Dz G§ =Gnuds*' 5 abD&zbudnz

The first uncrewed orbital flight of the Boeing CSF100 Starliner
took place on December20™, after having beendelayed for a few
days because of technical issues with the launching pad. The
test was a first for the capsule and the rocket: it was the first
gmj hiu! pg! b! V MB lehgin®Qenthut uppaii stageu i ! b! ev
and without a payload fairing. While the laurch performed
successfully, the capsule did not act as planned. Indeed,
because of an error in the mission elapsed timing system, the
attitude control thrusters on Starliner did not burn as
boujdjgbufe/! Uifl tgbdfdsbgu! nbobhf e
thanks to electrical power but not the one that was planned.

(Credit: Boeing) Moreover, this manoeuvre used too much propellant, preventing
ui f!' Tubsmjofs!up!epdl !up!ui f!JITT-"! xi jseverdlathertsysiernst ! pg! ui f
were tested and approved (spaceto-t qbdf ! dpnnvoj dbuj pot-!obwjhbujpo!tztu

(instead of eight), the capsuleperformed a successful de-orbit and re-entry and landed safely on Earth.

Return to flight for the Long March 5

In the last days of December, Chindaunched a Long March 5 rocket to send
a demonstration satellite to geostationary orbit which will allow the
development of very high throughput satellites. This was the third launch of
the rocket, and the fird launch of a Long March 5 since 2017, when it
suffered technical problems and failed during its travel to space. The Long
March 5 is capable of delivering 14 metric tons to geostationary transfer
orbit and 8.2 tons to translunar injection, while the deriative Long March
5B will be able to deliver 25 tons to low Earth orbitThe success of the
launch was important for China, as the rocket is a crucial element for its
space programme. Indeed, Long March 5 will be used to launch and
assemble modules of the upcoming Chinese space station, but also to
conduct missions beyond Earth orbit, especially to launch a probe to Mars
(Tianwen-l)boe! b! mvobs! tbngmf!sfuvso!njttjpo!)Diboh!fle*!]j
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(Credit: CASC)
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