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J. Pappalardo:

Thank you all very much for coming to our panel on competition in spaceflight.
We have a very distinguished panel and | would like to give them as much time
as possible to answer our questions. | was going to start the session by asking
each of the panellists to introduce themselves, talk a little about their company
and their role in the company. Then we will begin our conversation about what
has been called ‘the new space race’ by some — the competition in the
spaceflight industry to launch both satellites and human beings into space, lower
earth orbit, and orbit, and possibly even beyond.

| myself am an editor at Popular Mechanics magazine in the United States. |
have being covering spaceflight for a little over 15 years now. It is a fascinating
topic. Enemies become friends and allies become competitors, and sometimes
that changes week to week.

We will hear a little bit today about the trends that are changing spaceflight and
how the people on stage here today are dealing with those changes. They are
the brave souls who are getting human beings, and hardware, off the planet, as
space technology and space hardware become increasingly important in our
lives. So it is a very pressing topic.

We will go from right to the left. Sergey, if you could introduce yourself, we will
get started.

C. CaBenbes:

[ob6pbin geHb, yBaxaemble gambl 1 rocnoga! Mena 3oByT Cepren CaBenbes, S
SABNAIOCbL  3aMecTuTenem  pykoBogmtena  ®degepanbHOro  KOCMUYECKOro
areHTCTBa, OTBEeYal 3a MeXAyHapoLHY OeATerNbHOCTb.

Kak n3BecTHo, areHTCTBO — 3TO peeparnbHbIi OpraH UCNOMHUTENBHOM BNAcTw,
KOTOpbI OTBEYaeT 3a paspaboTKy, NoAroToBKy M obecneyeHve peanu3aumm
rocygapCTBeHHOM KOCMMYecKOM nonutuku B Poccuu, 4BNSsacb npu 3TOM

roc3akasymkoM, a TaKkKe KOOPOAMHUPYET MEXOYHApPOAHY [OeATernbHOCTb
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pakeTHO-KOCMUYEeCKOW oTpacnn Hawen cTpaHbl. IMeHHo rocygapcTtsBo, B
COOTBETCTBMU C MEXOYHApPOAHbIM 3aKOHOA4ATENLCTBOM MO KOCMUYECKOMY Npasy,
HeceT BCKH MNOSIHOTY OTBETCTBEHHOCTM 3a pe3ynbTaTbl HaLWOHaNbHOW

KocMuyeckon geatenbHocTn. Cnacunbo.

F. Auque:

| am Francois Auque, Executive Vice-President of the Defence and Space
Division, Airbus Group. We were formerly called Astria, for the space part. The
Airbus space programme has a turnover of EUR 6 billion. We are the second
largest global space company, and by far the largest in Europe. We are French,
German, British, Spanish, and Dutch. We are involved in space transportation,
such as the Ariane launcher. We run joint ventures with Soyuz. We are in charge
of the French ballistic missile systems, and we are in charge of a big part of the
European contribution to the space station.

We are a global leader in all types of satellites. We are also a global leader in
space services. We own and operate military communication satellites, and we
also own and operate earth observation satellites. So altogether, we have quite a

consistent business. | am pleased to be here with you today.

Dr. S. Mohanty:

Good afternoon, everyone. My name is Susmita Mohanty. | have been in the
aerospace industry for over 16 years now. | started my career with NASA
Johnson in Houston. | worked for Boeing in Southern California for the
International Space Station programme for about two and a half years. In 2000, |
decided to become an aerospace entrepreneur.

| started my first company in San Francisco, which was a small consulting firm
called MoonFront. We ran it for seven years. | then started my second company
in Vienna in Austria. It is called Liquifer and it will be ten years old this year. The

Vienna company primarily works on designing exploration systems, both for



human exploration and robotic exploration. This company bids for contracts, and
works on contracts funded by the European Space Agency and the European
Union.

| moved back to India in 2008, where | launched my third venture, which is called
Earth2Orbit. India, as some of you in the room might know, has a very
accomplished space programme. It started in the late 1960s, and now India finds
itself on the crossroads. We build our own satellites and we launch some of
them. What next for a nation of 1.25 billion? Planetary exploration is the obvious
answer.

In some ways, among the panellists here, | belong to what | would call the new
space generation. Each of my companies was co-founded with people roughly
my age, and all of these companies were bootstrapped by founder capital; we
slowly improvised and grew.

For Earth20rbit, our primary focus is to try and commercialize some of India’s
space assets, including trying to bring new international customers to launch on
the PSLV rocket. We are trying to commercialize some of the imagery from
India’s fleet of remote sensing satellites, since we have a pretty good fleet of
such satellites. We are targeting the Japanese market and the US market.
Earth20rbit is putting together a consortium of new space companies in India, to
try and build our first private constellation of LEO [low earth orbit] satellites.

| will now hand over the floor to the next panellist. Thank you.

. Komapos:

Hobpbin  geHb! MeHa 30ByT Wrope KomapoB, 4 reHeparnbHbli OUPEKTOP
Ob6beanHeHHOW pakeTHO-KOCMUYECKOW Koprnopaunu.

Kopnopauus cosgaHa ykasom lNpe3ngeHta Poccuinckon ®efepauum 2 gekabps um
JOIMKHa 06beagnHUTb OKOJI10 70 npeanpuaTuin pakeTHO-KOCMMYECKOM
NPOMBILLIIEHHOCTU, NPOM3BOAUTENEN KOCMUYECKON TEXHUKN. B MapTe komMnaHus

Obina 3aperncTpypoBaHa, COPMUPOBAHbI €€ WCMNOoNHUTENbHblIE opraHbl. K



CEHTABPIO cneayeT OUEHUTb akuMM akUMOHEPHbIX 0OLLecTB, KOTOpble BOMAYT B
cTpyktypy OO6beanHEeHHON paKeTHO-KOCMUYECKOM Koprnopauun, U KO BTOPOW
nonoBunHe 2015 roga OOMKHbI ObITb aKUMOHMPOBAHbI M BOWTU B KOpropauuio
deaepanbHbie rocygapCTBEHHbIE YHUTaAPHbIE NPeanpUATUs.

maBHaa 3agada kopnopaunn — pedopMUPOBaAHME HALIEN pPaKeTHO-
KOCMWUYECKOM MpoMbIlNeHHOCTN. HeobxogmmocTb pedopm BbipaxaeTcs B
HOBbIX TEHAEHUMSX, PasBMBAKOLLUNXCS B MPOM3BOACTBE KOCMWUYECKOM TEXHUKM.
Bce 3agayn B COBOKYMHOCTW, HA MOW B3rngan, AenATCS Ha ABa TUNa: CPOYHbIE,
KOTOpble KacarTcsl (PMHAHCOBOro 0340POBIIEHUS N CO34aHUS CUCTEM KavyecTBa B
COOTBETCTBMM C NYYLLMMN MUPOBBLIMKN 0BpasuamMn, 1 4ONrocpoYHbie, Tpebyowme
CUCTEMHBbIX npeobpasoBaHUM. 310 KacaeTcs pedopMmnpoBaHns
NPOU3BOLCTBEHHbLIX  MOLLUHOCTEN,  YHUUKaAUMM  NPOAYKTOB,  TEXHOSIOMMWN,
ynyJyweHna paboTbl C NpOeKkTamMu CTPYKTypbl, MOArOTOBKM CreunanvctoB B
oTpacnu. 3agadn cepbe3Hble, MacwTabHble, HO BMECTe C MNpPeanpuATUSIMU

oTpacnu, 9 yBepeH, Mbl Ux pewwmm. Cnacubo.

J.L. Galle:

Hello, everyone. | am Jean-Loic Galle, and the Chair and CEO of Thales Alenia
Space, a joint venture between two large defence and aerospace companies,
Thales and Finmeccanica.

We have a turnover of EUR 2.2 billion and are the European leader in satellite
manufacturing. We deal with all kinds of satellites — telecommunication but also
observation, meteorology and scientific satellites. Currently we also produce
more than 50% of the infrastructure of the International Space Station.

| am very happy to be here today in St. Petersburg at this economic forum,
because cooperation between Thales Aerospace and Russia has always been at
the heart of the strategy of my company. In fact, this partnership began more
than 30 years ago. We built a satellite called C-Sat in the 1990s with ISS of

Russia for a Thales customer. Since then, we have participated with the Russian



space industry, the ISS, and also with other companies such as Lavochkin,
Gazprom, and Energia. We have participated in the production of 35 Russian
satellites. The bulk of them for Russian needs, for RSCC and for Gazprom, but
also some for export. We are very happy to have exported some satellites jointly
with the Russian industry, to Kazakhstan, Indonesia, Israel, and many other
countries.

This partnership, with the Russian industry expanded, last year with the creation
of a joint company on Russian soil, in Krasnoyarsk in February 2013. It had the
blessings of the Presidents of Russia and France, Mr. Putin and Mr. Hollande,
respectively. | can tell you, whatever the current situation is, cooperation with
Russia will remain extremely strategic for my company, and we will strive to

expand it in the coming years.

C. Hepopocnes:

Hob6pbin aeHb. MeHsa 3oByT Cepren Hepopocnes, 9 ocHoBaTeflb M NPE3NOEHT
komnaHum KACKOIJ1. bonee 15 neT Mbl MHBECTUPOBANN B KOCMUYECKME OTpacnu
Poccun un 6binm  akumoHepamu  KPynHbIX NpeanpuaTnini - aBUakoCMUYeCKoro
komnnekca: PKK «3Heprusi» u ABYX MOTOPOCTPOUTESbHbLIX MNpeanpuatmn —
«KysHeuoBa» (bbiBwero «Motopoctpoutens») n «HMNO 3Hepromaw». PaboTas
B COBeTax AUPEKTOPOB 3TUX NPeanpusaTuin, 9 nonyyun onpeneneHHbIn onbiT U B
nocrnegHue asa roga paboTtan B Ka4yecTBe 9KCnepTa B OKCNEPTHOM COBETE Mpu
MpaButenbctee Poccunckon Pepepaumn, BO3rNaBnan rpynny no pedopme
CUCTEMBI YNpaBneHns KOCMUYECKON OEeATENbHOCTbIO.

[BeHaguaTb feT Ha3ad B COOTBETCTBUM C JOTOBOPEHHOCTAMMU, JOCTUTHYTBIMU Ha
BCTpeye npe3ngeHTos [lyTuHa n MuttepaHa, Mbl COBMECTHO ¢ KoMmnaHuen Airbus
co3Jann MHXEeHepHbIn LUEHTP, KOTopblid paboTaeT W cerogHs, WU Npe3ngeHT
®paHummn rocnoguH Onnang nocelan ero B npowom rogy. CerogHs aTo yxxe He
cTapTan, a [OCTaTOMHO pas3BuTasd CTpykTypa. Mbl Takke WHBECTUPYEM B

HebonbLune CTapTarnbl, CBA3aHHbIE C KOCMMYECKOom NPOMbILLUITEHHOCTbHO.



B. JlonorTa:

[obpbin aeHb. Butanuin JlonoTa, npe3anaeHT PakeTHO-KOCMUYECKON Koprnopaumm
«IHeprua» mmeHn Cepreqa [Masnosuya Koponesa, reHepanbHbI KOHCTPYKTOP
NMNOTUPYEMBIX NMporpamMm Hawewn cTpaHbl. O Koprnopauun, HaBepHOe, He HYXXHO
MHOrO roBOpuUTb. OTO N NMEPBbIA CNYTHUK, N NEPBbIA YENOBEK B KOCMOCE, U, NO
CYTW, BCA NpaKkTU4yeckass KOCMOHaBTMKa.

PKK «QHeprusi» — O0auH U3 KPYMHENLLUNX MHTErPATOPOB KOCMUYECKUX NPOEKTOB.
MexayHapogHasi KoCMUyeckasi CTaHuusi B OCHOBHOM MOCTPOEHa Ha MAeonornm
POCCUNCKON KOCMOHAaBTUKWN, 3TO MAEONOrMs O4HOM U3 KPYMNHEeULWnX Koonepawummn
no ganbHemy kocMmocy. Bcsa koonepaumsa no obcyxgaembiM B NocriegHue nsaTb
neT NpPoeKkTaM OCBOEHUS JanbHEero kocMoca nunoTUpyemMbiMn nporpammamMmm — C
Lockheed, Astrium, Airbus Defence and Space, Boeing, Mitsubishi — ocHoBaHa
Ha ngeonornmn «AHeprnx». igeonorns, KOTOpy Mbl 06Cyxganu Tpyu roga Hasag,
3[€ECb Xe, Ha NaHenbHOWN OUCKyCcCun, BMeCTe ¢ [])XKO, NOCTOAHHO pa3BMBaETCs, HO
0CobbIX n3MeHeHNn He npeTtepnena. o cytn, aTo BCé ambuumm 4yenoBeyecTBa,

Kakme OHO MOXET NposBUTb B garbHeM Kocmoce. Cnacnbo.

J. Pappalardo:

Thank you all very much. You can see that | could probably spend an hour and
15 minutes talking to each individual person, so | will try to get everyone involved
in the conversation. As you notice on the panel, there has been a lot of
international cooperation in space. It is such a daunting task, such an enormous
endeavour that it lends itself to that. However, there are pressures that are put on
it, both economic and political. Right now is one of those times that international
tensions are such that this cooperation is at risk.

| could pretty much ask anyone here on the panel, but | think | will start with
Jean-Loic. You have been involved in a lot of international cooperative

endeavours. Is there any advice that you can give in terms of what might be lost
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if that international cooperation is lost, if there is a retreat within Europe and in
the United States? And what are some of the clear advantages of sticking
together, and keeping this as an endeavour that many nations can cooperate on,

given the current economic and political environment?

J.L. Galle:

In answer to your question, obviously | am not a politician. | work in industry, and
| do not want to give a political answer to this. | am sure that space activities, the
space business, and space cooperation are above short-term political crises that
can arise around the world. If we can go back to the past then you may
remember that even during the Cold War, the US and Russia continued to
cooperate, and | think that this was a very good decision at that time.

| am completely convinced that, because space is related to mankind’s activities
and is above local interests, in a lot of fields, including space exploration,
obviously, we have to overcome those short-term political difficulties, and
different nations should maintain space cooperation.

| am convinced that the big space nations — the US, Europe, China, Russia and
also Japan and India — should continue to cooperate. As an industrial leader | will
encourage European and French politicians to continue cooperating with other

nations, including Russia.

J. Pappalardo:

There is a lesson in an engine called the RD-180, which is a fantastic engine
made in Russia. It powers the United States’ rockets and has become a political
football on both sides. The Americans say they were providing lots of money to
Russia to launch their military satellites, while the Russians say the Americans
are using the engines to launch military satellites that are perhaps used for

watching Russia or its allies.
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Sergey, | wanted to ask you a question. It is an uncomfortable topic, but how can
you make a business plan, and how can you partner with someone, when all of a
sudden the political situation can change so much that what was once regarded
as a fantastic partnership becomes a political liability almost in a couple of
months?

Is there anything you can do to speak to that, as an operating environment, as a

condition of your business?

C. Hepopocnes:

Mow konnera ckasan 3amevartesibHble CrioBa: Mbl MEHbLUE NONNUTUKN 1 BonbLue
cBs3aHbl C nNpou3BoAcTBOM. A A BooOule Obln akyuMOHEepOM 3TOW KOMMaHWUM,
€ONHCTBEHHBbIM  YacCTHbIM  akUMOHEPOM. A NOMHK, KaK  HayMHanocb
COTPYOHNYECTBO — elle OO0 TOoro, Kak s ctan akumoHepowm, B 90-e roabl. Torga
Obln peanu3oBaH ps OYEeHb WMHTEPECHbIX TEXHUYECKMX MPOEKTOB. Hanpumep,
«Mopckon ctapT», 3agyMaHHbI akagemukom CeMeHOBbIM M pearnM3oBaHHbIN
4yeTblpbMA cTpaHamu: YkpauHoun, Poccuen, Amepukon u Hopseruen. [MpoekT
aenancs B PKK «QHeprus» coBmecTHo ¢ Boeing.

Takue npoekTbl nNpuHagnexaTr He MNOoNuUTMKaMm, a 4yernoBeyvyecTBY. TexXHUYEecKui
npoekt, 6yab TO «MopcKOW CTapT» WK 3amMeyaTtesnbHbl ABuraTenb, 3TO
npoussBefeHne UCKycCTBa, KpacoTa M Mouwb. A Buaen BoOCXuLEHWE
aMepUKaHCKNX N POCCUNCKUX CMeuManucToB U He Aymaro, YTO B TOT MOMEHT,
o06beMHEHHbIE NpeXxae BCEro TEXHUYECKUM MbILUMEHNEM, OHU pa3dbupanucs,
KTO M3 KaKOW CTpaHbl. A, HanpumMmep, 3aKOHYUI (PU3MKO-MaTEMATUYECKYIO LLKOSY,
a notom dwuanyeckun dakynbTeT, acnupaHTypy W Tak panee, pabortan c
COBEpPLUEHHO pasHbiMK nogbMu. NocnegHee, 4YTO HAc MHTepecoBano, — KTO
oTKyAa.

MpoeKkTbl Takoro ypoBHS 1 Obl faxe He Ha3Ban KOMMEPYECKMU, U Mbl cenyac He

6y,qu NOACYMNTBLIBATb, KTO NOHeceT 6onbLunmn Kommepqecmﬂ YPOH OT OCTaHOBKU



coTpygHudecTtBa. A ybexaeH, 4to oH ByaeT HAcTOMNbKO MyNbTUMANLUMPOBAH, YTO
npekpawlaTb COTPYAHUYECTBO — MPECTynfneHne nepen YernoBe4yecTBoM.

3HaeTe, MHOrda npowe NoCcMOTPETb He Ha NATb NeT Bheped, a Ha NATbAecsAT.
Heyxenu Bbl AymaeTe, YTO Yepe3 NATbOAECAT UMM CTO feT 3TOT MONUTUYECKUI
nangwadgT COXPaHUTCHA: 3TUM CTpaHbl, UX rpaHuubl? KTo Mor npencraButb
COBpeEMEHHOE cocTosiHMe EBponbl ewe npu Benimkom MoHHe? [1oaTomMy He Hago
CINULLKOM pes3KOo pearnpoBaTb Ha CUOMWHYTHblE MONUTUMYECKNE BbI30Bbl. Kak
ckasan [Jgpyron Benukuu, BCe npoxogut. A  COTPYAHWYECTBO  [OOSMKHO

COXPaHATbCA. TAKOBO MO€ MHEHUE KaK MHBECTOpPa 1 KaK rpaxgaHunHa. Cnacubo.

B. JlonorTa:

Cnacubo. B nepuog xonogHom BOWHbI MMEHHO Mbl NPUAYMbIBANU YHUKasbHbIE
npoekTbl: «Coto3 — AnonnoHy», «Mup — LWattny, MexagyHapoaHasa KocMudeckas
ctraHumsa, «Mopckon cTapT». Bce npoektbl Onectawme, BenNUKONEnHo
peann3oBaHbl. S He 3Hal HU B OOHOW CTpaHe Mupa MHXEHEPOB KOCMWUYECKOWN
oTpacnu, kotopble 6bl Apyr gpyra He noHumanun. Mbl Bce B OOHOM nofke.
OcBoeHne kocMoca — 0COBeHHO fanbHero KocMoca — MexayHapogHoe aeno.
30eCb, MHE KaXeTcsl, MOSIMTUKM MOTYT Yy Hac Noy4mUTbCA.

OTO OEeNCTBUTENBbHO YHUKaNbHOE COCTOAHME. Mbl He CrnopuM, KTO [faBHbIN,
KOrda y Hac BO3HMKAKOT BHewTaTHble cuTyauuun. Mel genaem obuwee geno. Mol
co3faeM ApyxXecTBeHHble MHTepdencel. Hanpumep, 3a nocrnegHne HEeCKONbKO
netT Mbl caenanu BenWKOMEnHbIA NPOeKT nocewaemon opbutanbHon 6asbl
BOKpYr Touku JlarpaHxa L-2 3a JlyHon ana ocBoeHns JlyHbl Yepes3 aTy opbuTy.
PakeTbl ¢ rpy3onogbeMHOCTblO Bonee 75 TOHH B Grivkanwme ecaTb neT y Hac
He OyaeT, a C pakeTon MeHbLUEN rPY30N04BLEMHOCTU Mbl MOXXEM OCBOUTL TOSTbKO
opbuTbl BOKPYr TO4YkM JlarpaHxa M Cc HuX paboTaTb aBToMatamu Mo Jiobbim
opbutam JlyHbl.

Mocne 4ensbuHckOM KaTacTpobl Mbl Havanu ob6CyXaaTb MHTEpPecHenwwmne

NPOEeKTbl, CBSA3aHHbIE C METEOPUTHO-aCTEPONAHON ONacHOCTLID. YTOObLI OTpasnTb



OMNacHOCTb, Y HAaLUMX paKeT, Y HalUMX, TaK Cka3aTb, NOME3HbIX Harpy3oK LOJDKHbI
OblTb Takue ApyXeCTBEHHble WHTepdenchbl, YTOObl Mbl B KpaT4yanlne CpPOKu
caenanv eguHy pakeTHO-KOCMUYECKYHD cucTemy u obecnevnnun 6e3onacHoOCTb
B KOCMOCe U M3 Kocmoca. B aTom nnaHe KOCMOC M KOCMUYecKasi AesaTeNbHOCTb
— MeXHauuoHanbHas wuaes, SBNAWasca aApanBepoM BCeX TexXHOMOrnn,

KOTOpble NOTOM ByayT LWMPOKO UCNONb3oBaTbCA Ha 3emre.

J. Pappalardo:

There is a lot of room for cooperation, not just in asteroid defence but in space
junk mitigation and tracking. There are certainly a lot of opportunities if people
are willing to collaborate on them.

| wanted to ask Francois the following. In your view, what are some of the new
trends that are emerging in satellites, and human spaceflight, that you have to
consider while you are moving forward in planning? From your perspective, what
are some of the biggest and most disruptive things that are happening and how
are you preparing for them, in terms of hardware and the development of

technology?

F. Auque:

That is a very big question, of course. First, | think that the paradigms in
economics are changing a little bit. As we said previously, space was initially a
completely government-funded and government-led activity, with a very strong
political content. | believe this political content will remain.

| do not want to repeat what has been said already, about the strength of space
as a cooperation tool. If you look, for instance, at what has been happening in
Europe. In some ways, one of the key drivers of the unification of Europe has
been space and aeronautics. This is something which is very important.
Progressively, the paradigm is moving towards space being taken over by

industry, and by private corporations. We should not be misled by this.
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Government funding is still dominant, but if we look at what has been happening,
governments are giving increasing responsibility to industry.

| will give you one example. For me, a good example is SpaceX. Basically, the
money is coming from NASA, but the responsibility to design the launcher and
organize the industrial setup is being led by a private company; this is definitely a
trend. You can imagine how my company and | are pushing for this trend in
Europe. Giving more responsibility to industry is a clear trend.

The second trend is to capture more and more money from private investors.
This is probably easier for the use of space assets, such as images and all the
services derived from space assets, than the financing of those space assets.
Third, of course, is the trend towards the evolution of technology. We could
spend a week on that. This includes miniaturization, blending of software, the

introduction of biotechnologies. There clearly is a trend in technology.

J. Pappalardo:

So much is changing in the landscape, technology-wise, for example in small
satellites: nanosats and CubeSats. Igor, in the consolidation, is this an
opportunity for you to prepare the new company for this changing landscape? Is
that part of the reforms? How are you dealing with that aspect of it, in the

changing landscape? Are you involving smaller companies?

WN. Komapos:

Utobbl ycnewHo npoBecTM pedopMy W YyCrewHO pa3BuBaTb OTpachb,
HeobX0ANMO yuyuTbiBaTb Te€ TPeHAbl, O KOTOpbIX roBopunun Bbl n rocnogmH OKk.
[encTBntenbHO, NOsIBASAIOTCS HOBblE YaCTHble UHBECTOPbl. Cepbe3HbIn akLeHT
Aenaetcs Ha MNOBbILWEHUN KOHKYPEHTOCNOCOBHOCTN U ahekTUBHOCTU paboTbl
oTpacnen, Ha CTOMMOCTHU npegocTaBrieHns ycnyr KOCMWNYECKOU
NPOMbILLNEHHOCTN. BaxHbI BKNag BHeEC SpaceX, KOTopbin nNpusriek Bceobluee

BHMMAHNE K M3MEHEHUSIM B KOCMWYECKOWN NPOMbBbILLUNEHHOCTN C TOYKU 3PeHuAd
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3PPEeKTUBHOCTN BrnoXeHun kanutana. [lo-gpyromy crtana BOCNpUHUMATbLCA
BO3MOXHOCTb y4aCTUsl 4acCTHbIX MWMHBECTOPOB B pPa3BUTUM  KOCMUYECKOW
NPOMBILUMEHHOCTU — OYEeHb TEXHONMONOEMKOM W  NHBECTULMOHHOEMKOM
NPOMbILLNIEHHOCTU C ANUTENbHBIM LIMKNOM pa3paboTKu.

Ha mon B3rnsag, ropasgo 6onble nepcnektus B obnactn manbiX CNyTHUKOB. A
He Aymalo, YTO 3TOT TPEeHL rnaBHbiA, HO OH OYEHb CEPbLE3HO MOBMUSET Ha
nangwadT otpacnun. KomnaHum, KOTopble cenyac co3garnTca B 0b6nactu manbix
CMYTHMKOB, CTaHYT CEPbE3HbIMW KOHKYPEHTaMWM W MOTMBMPYIOT Hac Ha
noBbileHne 3PPEKTUBHOCTM MPedoCTaBeHnss KOCMUYEeCKux ycnyr. EcCTb
XopoLwine, ycnelHble NPUMepbI, B YHaCTHOCTM KoMnaHna «[aypusi», 1 9 HagecCh,
4YTO OHM BOyOYT MHOXUTbCA. Be3ycnoBHO, Mbl CTaHEM COTpyAHMYaTb. [ns Hac
BaXHO He nMponycTUTb W3MEHEeHUsl, npoucxogdline B OTpacnu, YTobbI

cnpaBnTbCsA C 3agavYamMun, KOTopble nepen HaMmy BCTatoT.

J. Pappalardo:

One of things that Earth2Orbit wants to do is take the Indian space industry —
and | quote from your website — “out of isolation”. Please tell us a little bit about
what that means. Given what we have been talking about here on the stage, how
does that fit into the trends? You are almost like a sunflower seed falling onto
disrupted soil. Maybe this is a good opportunity for a young company such as
yours to emerge and thrive. How does the landscape look from where you are

seated?

Dr. S. Mohanty:

When | said that the idea is to take the Indian space programme out of isolation,
let me explain what | meant by that. The Indian space programme, which is
hugely accomplished, began in the late sixties. After India became a republic, the

space policy pivoted around the idea of technological independence. The idea
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was for India to develop its own technologies, so that it could be self-reliant when
it came to satellite manufacturing, rockets, and the like.

Now we have reached a stage where, if you look at the space-faring nations in
the world, India is in the top six in terms of annual budget allocation, and also in
terms of technological capabilities.

The questions facing India, moving forward, are: how do we create the right kind
of business environment? How do we give the right kind of incentives to small
and medium-sized enterprises, and big companies, building parts and
subsystems for our rockets and our satellites? How to go out and compete
internationally?

The international civilian space market has an annual worth of about USD 300
billion. India, as of today, has a small marketing arm called Antrix, which, in a
good year, makes about USD 200 million.

If you look at USD 200 million versus a 300-billion-dollar industry, there is a huge
gap. What | am trying to say here is that we, as a space startup, want to push for
an overhaul of our economic policy, with which Indian industry can go out and
compete and get a share of this international market. That is what | meant when |
said that we would like to take India ‘out of isolation’ and become part of this

international marketplace. Over to you, Joe.

J. Pappalardo:

Thanks. | think all the panellists agree that there is no nation or company that is
going it alone, without partnerships. Where do you see the most fertile
partnerships forming in the future, and how do you position yourself to keep up

with shifting landscapes, be they political, economic or otherwise?

C. CaBenbesB:
Mpexpe Bcero 4 6bl xoTen OTMEeTUTb, 4YTO euwe Cosetckmn Coto3 Hauvan

COTPYAHMYECTBO C [AecATKkaMu 3apybekHbIX CTpaH B 06nacT KOCMUYECKOM
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aeatenbHocT, W Poccua npogorkaeT aTy paboTy. Y Hac cepbesHble
NapTHEPCKNE OTHOWEHUA C €eBPOMNENCKMMU CcTpaHamn, C EBponenckum
KOCMWUYECKMM areHTCTBOM, C aMepukaHCKumu naptHepamn. CerogHs yxe
ynoMmuHanocb 0 MexayHapogHOM KOCMUYECKOW CTaHLMWN: 3TO, HaBepHOE, caMbli
MaclITabHbI MeXayHapOAHbIN NPOEKT B 00NacTn KOCMUYECKON OEATENIbHOCTH.
Poccna Bepet aktuBHbI gmanor ¢ Kutaem. Mbl nnaHvpyem akTMBM3MpoBaTb
COTPYAHUYECTBO C MHAUNCKMUMU NapTHepamu. OYeHb BaXXHbIM OCTaeTcsa Ans Hac
B3anmogencrteamne co ctpaHamu CHI: benopyccuen, KazaxctaHom. Kocmogpom
bankoHyp npuHagnexut KasaxctaHy, Poccuss apeHayeT 3TOT YHWUKanbHbLIN
00beKT, 1 coTpyaHM4ecTBO ¢ KazaxctaHOM — O4YEeHb BaXKHbIN AN HAc acnekxT.
30eCb roBopunocb O TOM, YTO KOCMOC AOJSTKEH ObITb BHE NONUTUKN. OT4acTn aTo
Tak. HO Hago npu3HaTb, YTO Y KaXXOOW CTpaHbl €CTb CBOM HauWOHasbHble
MHTEpeCbl, B TOM 4ucne u B o0BNactTM WUCNONb30BaHUS KOCMUYECKOTO
NpOCTpaHCTBa. Y KaXOOW CTpaHbl €CTb CBOS CTpaTerusi, CBOA HauuoHasnbHas
nporpamma. B ogHux cTpaHax 9Ta oTpacnb ©Oonee npogBuHyTa B
TEXHOOrMYEeCKOM MnaHe, B ApYyrMx MeHee, HO UFPOKOB CTAaHOBUTCSH BCe DonbLue,
3TO YXKe AECATKM CTPaH.

Ectb Bonpockl, obwme Ana Bcex: coxpaHeHue 6e30MacHOCTU KOCMUYECKOW
cpenbl, nNpekpaweHne TrOHKWM BOOpyXeHun B kocMmoce. OT pelleHus 9Tux
BOMNPOCOB 3aBUCUT HE TOSMIbKO MWPHOE COTPYOAHMYECTBO B KOCMWYECKOM
NPOCTPaAHCTBE, HO N peanusaums HaunoHanNbHbIX KOCMUYECKNX MporpamMm.
Poccusa oTkpblTa gna  napTHepcTBa CO  BceMu CTpaHamu. W3BeCTHble
CaHKUWOHHbIE MEepPOonpUATUS MNOCNeaHMX MeCsUeB MNoKasblBalT, Kak Mbl
B3anmMo3aBuCUMbI. Ecnn 13-3a caHKUMW (PUHAHCOBbIE MoOKa3aTenu POCCUNCKUX
npeanpuaTnini - yxyawaTcsl, OHWM MOryT CTaTb HeCnocObHbIMW, Hanpumep,
BbIMONHATL MexayHapoaHble obszatensctBa no MKC. Ho noBToptoch:
Pockocmoc ¢ onTMMnaMom CMOTPUT B Oyayliee u HacTpOeH COTpyaHMYaTb CO

BCeEMU NoTeHuunarnbHbIM NapTHEPaAMMU. Cnacubo.



J. Pappalardo:

Thank you. One of the interesting things about even the name of this session is
the term ‘the new space race’. What drives nations and companies to undertake
something so audacious as to load up a rocket filled with explosive fuel and send
it into space? It is inherently an act of hubris. It is an amazing miracle every time
it happens.

| would like to put this question to the entire panel and ask, whether there is a
new space race, and if so, what is it? Is it a quest for profits, in terms of launching
satellites? Because people are now more bound to that technology, their cars
have GPS, and then there is the military. That is only going to increase as the
technology becomes more ubiquitous.

Or is it in human spaceflight? Is it national prestige? What is the race? Is there

one? | would love for someone to volunteer, but if not | will volunteer you.

F. Auque:

Just to launch the debate, if | may. In my view there are two races. There is still
clearly a race between nations, which can be cooperative, but it is still a race in
critical technologies, technologies of sovereignty, or technologies which allow
other industries to develop. It is a fact, that an increasing number of nations want
to develop space activities on their soil. So, we must face it.

For a company such as mine, there can only be one conclusion: to develop links
with those nations in order to do business with them.

There still is, and | hope there always will be, a good, legitimate race between
nations, because space is strategic.

Secondly, there is a business race between companies. In my view, the business
race today is a race to use space and to transform space assets into a business.
Look at what is happening, for instance, with Google. It is absolutely fascinating
how an exploration of all space tools is underway in terms of developing

business.
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That is why | am very positive about the space business. Space is going to enter

even more into our daily lives through applications.

Dr. S. Mohanty:

| shall respond to this question in two ways. | often travel, and people ask me if |
think there is a race between India and China. Here is the difference between the
race that we saw in the sixties and the imaginary race, in some ways, that we
see now.

This new race between nation states is not linear any more. It is not as if both are
relaying and landing on the moon one after the other. India, right now, is headed
to Mars, and China has just landed a rover on the moon. So the race between
nation states is not linear anymore. It is a race, but of a different kind, a more
complicated race, which is open to interpretation.

| spent 12 years in California working in the private sector, and | can tell you that
there is a race on between venture capitalists (VC) as to who is going to put the
money into the next small-sized company. A company in California, called
Skybox Imaging, raised almost USD 100 million in three rounds of fundraising.
There was a competition between well-known VC funds to put money into this
company. What are they going to do? They are going to launch a commercial
constellation of earth observation satellites, and there are rumours now that
Google might even buy them out. So ‘the new space race’ has, in the private
sector, seen a convergence of information technology, industry, data analytics,
and space.

We are looking at the emergence of a hybrid industry that is following some of
the trends Silicon Valley has seen over the years in its IT industry. There are two

kinds of races here, and | think Francois also referred to both of those races.

J. Pappalardo:
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It is good to be hybrid. There is something called ‘hybrid vigour’, where hybrids

tend to survive, especially in destructive environments.

J.L. Galle:

| would like to complement the two previous answers. | think there also will be
another kind of race, created from the technology and from the technological
evolutions in the different fields of space research.

If we look at the situation today, with telecommunication satellites, for example,
the picture is very monolithic. Probably 98% of satellite telecommunication today
Is provided by geostationary satellites.

With the evolution of technologies we will probably have different kinds of
satellites competing for the same services. There will be constellations of
satellites at lower altitude orbits in the telecommunications segment. My
company is working on a concept which is a kind of hybrid between a balloon
and a satellite that will fly at an altitude of 20 kilometres. There will be the
emergence of very small satellites that will also operate as telecommunication
satellites.

There will be a race between different technological solutions put on the market
by different companies — big companies, startups and new companies — to
provide the same service to the customer. Obviously, the competitiveness of the
different technologies will be key.

| have used telecommunication satellites to illustrate, yet | could do the same
analysis for ‘observation’ and for other segments of the satellite business.

We should also not forget that there is, and will continue to be, a race between
space technologies and other technologies. Here I am thinking about optical
fibores. We should not forget this, because if space technologies are not

competitive, we could be facing a serious problem very quickly.

J. Pappalardo:
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| would love to hear from our Russian panellists on their view on how the ‘space

race’ will proceed.

. Komapos:

A cornaceH C TeM, YTO KOCMWYECKYK TOHKY MOXHO paccmatpmBaTb C ABYX
CTOPOH. OTO COpPEBHOBaHME C CcaMnUMM COOOM B OCBOEHUN KOCMWYECKOrO
NPOCTPaAHCTBA, HOBbIX TEXHOMOIMM, YCNyr N BO3MOXHOCTEN. 34ecb rmaBHoe —
paboTaTb BMecTe, NOTOMY 4YTO 3a4ayu 3TO HagHaUMOHarbHble U CTOSAT BblLLE,
YyeM BU3HEC UM NONUTUYECKNE NHTEPECHI OTAESbHbIX FOCY4apCTB.

BTopon MOMEHT — 3TO pearibHOe COMepHUYeCcTBO, HO, Ha MOW B3rNgag, B
Onwxanwee BpemMs, yuyuTbiBas  rnobanmsaumio  TEXHOSNOIMWA,  3HAHWUMN,
nccneaoBaHUM U 3KOHOMMK, OHO TakXke CTaHeT 0TYacTU HagHaUNOHaNbHbIM.

C OoAHOW CTOPOHbI, HAAO COOTBETCTBOBATb OXMAAHUAM CBOMX rOCy4apcTB, a C
ApYyron — He NponycTuUTb Te TPeHabl, KOTopble Habn4alTCsa B MUPE U CBA3AHbI
C MOSIBIIEHMEM HOBbIX UIPOKOB M HOBbLIX NOAXOO0B K OpraHu3aumm KOCMUYeCKOn
oTpacnu, HoBbIX GU3HecoB B 06MnacTM ManbiX CNYTHUKOB, NPUOOPOCTPOEHUS U
Tak panee.

[ns Poccnn o4eHb BaXXHO NOHMMAaTb, YTO OQHOBPEMEHHO AO0JHKHA NPOUCXOANTb
CMeHa TEeXHOJSIOrM4YyecKkoro yknaga, fnockosibky MMEHHO B 3TOM Mbl OTCTaem OT
HaluX napTHeEpPOB. Takon Mbl BUAUM OAHY M3 rMaBHbIX 3ad4a4v U BCEW oTpacnu, u

Ob6beanHeHHOW pakeTHO-KOCMUYeckon kopnopaunun. Cnacmnbo.

J. Pappalardo:

| want to talk about human spaceflight now, because it is so inherently
interesting. Right now, worldwide, there is more human-rated spacecraft being
built, designed and tested than in any other time in human history. | wanted to
ask the panel if they thought, in their inestimable wisdom, that spaceflight could

ever become as routine as air travel. Is that at all possible?
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Dr. S. Mohanty:

| think it is inevitable, Joe. It is only a matter of time. There are two things that are
necessary.

First, the aviation authorities and the companies that are going to be offering
commercial spaceflights to paying customers — BlueOrigin, Virgin, Sierra
Nevada, Airbus, among others — and the space boards — the people who will be
running the space boards — have to put their heads together and figure out what
the rules of the game are, from a regulatory standpoint and from a safety
standpoint.

The second aspect necessary for a move towards an opening up of the space
frontiers for all of us, is that we as a species, all of us, need to invest more
resources into developing reusable rockets, greener, cleaner propulsion
technologies, and more advanced modes of transportation.

So, yes, | think it is inevitable, and it is just a matter of taking steps in the right

direction.

F. Auque:

| am always a bit shy when it comes to speaking about humans in space in
Russia, because honestly, if there is a place in the world where everything has
been invented, in terms of humans in space, it is here, and | really want to pay
tribute to this tremendous industry, these tremendous people.

In terms of humans in space, our company currently has several projects, and |
want to mention them because | think they are meaningful.

We have a project called SpacePlane. It is a sub-orbital plane, set to go to the
edge of the atmosphere. We have been working on this and have reached quite
an advanced stage. The technologies are there, and | completely agree with
what was said just now.

There is a lot of work to do regarding regulation, such as defining the authority in

charge of those regulations, if we want to transform that into a business model.



There is also a lot to do in terms of operating costs. You might remember, when
the shuttle was designed, the operating costs were supposed to be low, but in
the end they were tremendously high. There is the huge challenge of cost.

At my company, we have a lot of space technologies and a lot of aeronautic
technologies; we also have another project, which uses some of the space
technologies to develop a new type of commercial plane.

How will we evolve? Will it be in terms of sub-orbital flights? Or new, hypersonic
commercial flights? | do not know. What | do know is that we have to explore

both of these options.

B. JlonorTa:

Hoporue gpysbsa! O nepcrnekTMBax NUNOTUPYEMbIX KOCMUYECKUX MONETOB MOXHO
paccyxgaTb O4eHb MHOro. A ckaxy BOT O YyeM. Ha cerogHsWwWHUN LEeHb MMeeTcA
925 3aka3oB Ha cybopbuTanbHble nosneTbl. OTWM 3akasbl AenaT  4YeTblpe
aMepuKaHCKMe kKomnaHum. 1o nonetbl He 6onee yem Ha 100 kMNomMeTpoB, MO
BannucTuke, KOTopas, No KpanHen Mepe, 3amMblKaeTCa Ha NOBEPXHOCTb 3eMIu.
Ecnu roBopuTb 0 nonetax B rnybokunm KOCMOC Unu gaxe Ha opbuty, To Obino
HECKONbKO TYPUCTOB, Mbl Hadanu 9T0oT 6usHec. HO xenawwmx HEMHOro.
Cnetatb Ha opbuty Ha Hegeno (kK MexayHapoAHOW KOCMUYECKOW CTaHuun —
NPUMEPHO Ha ABe Heaenn) ctouT nopsgka 45-50 MunnuoHos gonnapos. [NoneThbl
ANUTEernbHOCTLIO Bonee ogHOro mecsua — And npodPeccuoHarnoB, He Y KaXaoro
YyerioBeka XBaTuUT 300poBbs. B HeBecoMoCTM Halla rorioBa 3actaBriseT cepgue
obcnyKmMBaTh TONbKO BEPXHIOK YacTb Tynosuwa, ato 6onbwasn npobnema.
MMepcnekTuBbl €CTb, HO daBanTe onpegenymca c uenamu. B nepByro oyvepenpb
370, HaBepHoe, KonoHumsauus. EcTb onacHoctb: ConHue npesBpawaeTca —
OTYacCTU yXe NpeBpaTUNOChL — B XENTOoro Kapsivka. ACTPO(PU3NKN CcYMTaIOT, YTO
Hale CBETUNO HayHeT pacwupaTbCa B Onwkanwme MUANMOHbLI  NeT.
PaclwmpeHune octaHoBUTCA rae-t1o mexay 3emnen n BeHepon, n 4yenoBeyecTBo

CMOXeT NpoannTb CBOK XXN3Hb, TOJNIbKO NepemMecTtnBLUNCb Ha Mapc. OTO OAWNH 13



Hanbonee peannCTUYHbLIX NMPOrHO30B Ha COTHW MWITIMOHOB — MuUMNuapg ner.
Ho HaunHaTbL-TO HAgO CeroaHs.

Hanbwe Mapca mbl He ynetum. Ytobbl yneteTb aanbwe Mapca un uccnegosatb
oCTasibHble 3Be3[bl HaleWn ranakTUKW, HYXHbl HOBbIE MPUHUUNLI OBWXKEHUS.
PeakTnBHOEe OBWXeHMe, KOTOPOE Mbl C BaMW UCMONb3yeM, He rogutcs. Mol
CerofHa faxe He MoxeM pasobpaTtbcs, kak Hawe ConHue, Hawa nnaHeTHas
cuctema OBuraetcs BOKPYr YepHOW Ablpbl B ranaktuke MneyHbin [yTb. Bbl
3HaeTe, YTO Mbl fleTUM CcO cKopocTbio 240 KMNOMETpPoB B cekyHay? A oauH
000pOoT, OAMH ranakTnyeckun rog, paseH 250 munnamMoHam ner.

Ham Hago HayunTbCA neTtaTb Ha HOBbIX MpUHUMNAX OBWXeHUS. KO o4YeHb
NpaBUSIbHO AenaeT, Korga 3afjaeT B CBOEM XXypHare camble ¢baHTacTuyeckue
BOMPOCHLI,  KOTOpble  3acTaBnsalT  AgymMatb. TemaTuka  NUNoTMpyeMown
KOCMOHaBTUKN ByadeT XuTb. OTO nnatdopma pasBuUTUS TEXHOMOrMKW, KoTopble
Yyenose4vyecTBO OydeT ucnonb3oBaTb C Uenbl obecneyvyeHus 6e3onacHoOCTU B
KOCMOCE M M3 KOCMOCa; 3TO MOUCK PecypcoB, NOUCK HanpaBfeHUs B OCBOEHUU
kocmoca. Mbl He MoXem co3gaTb pobOTOB, KOTOpble 3aMEHAT YernoBeka.

Cnacwubo.

J. Pappalardo:

| am content to go to Mars, but we are discovering exoplanets that are very
similar to Earth. So why stop there? If we are going to go, let's go as a species.
We almost have a biological mandate to follow: to spread and go to other places.
| entirely agree that, if we stay on Earth, we are done for. That is a fact, so | am
very appreciative of those comments.

People do not like to hear it but, although you can build a very big pyramid, it is
not going to be there when the planet is gone. The only thing that will be left will
be those things we put into space that are going really far, like Voyager and other
deep space probes. That will be our only legacy, unless we can pull together to

invent new technologies which will get us out.
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Having said this, the first step would be to make spaceflight cheaper. Open it up
to more people, open up the technologies to more people. Make the benefits of
spaceflight so ingrained in our daily lives that it is worth the cost and effort,
because none of this is easy. Everyone on this stage, including myself, who is
not actually involved and only watches them do it, knows that it is exceptionally
difficult. Anyone who is brave enough to jump into this as a field, as a business
person or as an engineer, should be applauded.

You can tell by the way the panel is talking that these discussion are larger than
just business, and larger than just politics. We tend to think in long-term trends.
There are panellists here who need to get on planes immediately. | would love to
leave things on such a cosmic note; it seems unfair to talk about consolidations
or budgets or anything like that now. However, in the short term, getting more
people to access space, what is the best way of doing that? Is it through space
tourism, which seems very narrow? Or is there another way to get people to
engage in it? Because without the support of various populations around the
world, none of these programmes, none of these thoughts will, literally, get off the
ground.

| open that up to the panel, as a parting shot.

F. Auque:

Let me try and start. | believe the attraction of space is a mixture of a lot of
things. Of course, there is the debate about exploration, about how to push the
limits. There is the attraction of discovering more about our origins; we should not
forget that, because that is, | think, very appealing to human beings.

But there is also a very important aspect of space, and that is: space is useful. It
is dramatically useful. It is so useful that we forget that we use space tools in our
daily lives.

| very much liked the proposal by Jean-Jacques Dordain, Director General of the

European Space Agency, who said that, “the only way to measure the usefulness



of space would be to shut down all the satellites for 24 hours, and see what the
results would be”.

| believe that we need to properly measure how tremendously useful space tools
are. The economic revolution which is ongoing, in my view, will dramatically

increase the practical use of space tools.

J.L. Galle:

Another aspect that will probably increase interest in space is the fact that the
planet’s environmental issues, and the problem of pollution, will become
increasingly crucial to us living on our planet, and to all nations.

We know that satellites, such as meteorological satellites monitoring the oceans
and the land, will play a key role in helping key decision makers take the right
decisions on environmental conditions and global pollution.

| am convinced that, in this regard, space will naturally play an increasingly

important role.

Dr. S. Mohanty:

| come from a country where almost half of the population is under the age of 25.
One of the challenges the Indian Space Agency was facing for many years, was
how to attract talent to come and work on space projects; in competition with
lucrative jobs in IT and banking.

The one thing that has captured the imagination of young people, in high schools
and universities, is the new revolution being ushered in by CubeSats. On the one
hand, you can think of a 10 centimetre square CubeSat as a toy. On the other
hand, you can put together a small satellite in your lab, or in your garage, and it
gives you this tremendous sense of empowerment and excitement.

| personally think that what the desktop did for computing many years ago,
nanosatellites and small satellites are doing for the space industry. They are

going to disrupt the space industry in ways that we could never have imagined.



Building little shoebox-sized satellites and pushing them off the space station and
creating a constellation. A company, called Planet Labs, which operates out of
San Francisco, has an office the size of a family home. The number of
employees is probably, at this point, less than the number of satellites in orbit —
the economics of building small satellites and applying them viably is changing
rapidly. To me, the future of space, and engaging young people in space, has a

lot to do with hands-on things such as nanosatellites.

J. Pappalardo:

It is a really good point that the more people interact with space in their daily
lives, the greater the understanding will be of how important it is as an aspect of
their reality. It will make it more tangible, even if they are not launching them. It
may be, as GPS has done for driving, that you expand that to your own personal
satellite constellation, or to wearable electronics. If it starts intersecting with other
technological trends it really brings space to the fore.

| would like to extend my thanks to the panel. We are out of time. | am deeply
appreciative of the time and the opportunity to speak with you all.

In closing, | would like to remind you that Earth is the cradle of life, but it is time
that we grow up and get out of the cradle. | think that a wiser person than myself
said that much better.

A round of applause, please. Thank you all so much for coming. It is greatly

appreciated.
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