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INTRODUCTION

- Summer of 1982, | had the privilege to work as
an intern on the Conestoga 1 rocket, The first
privately funded rocket to reach space.

 In autumn of 1983, the Conestoga was the
rocket used for studying if it was possible to
launch satellites from Esrange?

* And yes it was (and is) but the market was not
ready, and also the development of the s
Conestoga rocket failed — = e

https://www.youtube.com/wat
ch?v=AGCFWOQOVeSS4



https://www.youtube.com/watch?v=AGCFWOVeSS4

INTRODUCTION @

* S0 Is there a market today?

YES | Small l[aunch vehicles emerging context

m Emergence of small satellites market e
Mano payload = 10 kg

m Forecasts: growth for the future years
10 = Micro payload =< 100 kg

» A formidable explosion 100 g < i paioad < 500 kg
] NUMBER OF SATELLITES LAUNCHED DURING THE PAST YEARS 500 i < Small payload <2 D00 ke
IN the number Of Sma” - 2 000 kg < Medium payload < 4 000 kg

satellites < 500kg that - I s mmomi <3000
have been launched.

And are predicted to - I l e
be built and launched - B B
In the coming years. B l I l I I i

2
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Source |IAC-19, D2.7-9
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NORTHEN SKY RESEACH -

* NSR forecasts the market to yield close to $42 billion in cumulative revenues from smallsat
manufacturing and launch services by 2028.

Global Small Satellite Launches by Application Global Small Satellite Launches by Mass Category
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201420152016 2077 20182019202020212022202320242025202620272028 2014 2016 2018 2020 2022 2024 2026 2028
® Tech Dev ®EO » Sdence SA Comms ®Other: ®1-10 kg ®10-50 kg * 50-100 kg 100-500 kg
Sowrce: NSKR Sowce NSR

 Forecasted growth in number of s/c, and in $ also in segments outside the telecom sector.
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KEY QUESTION FOR MICRO LAUNCHERS...

* WIll customers choose a Bus or Taxi ?

 Piggy-back  Dedicated launch
+ PRICE / kg - Price / kg
- shared ride + Prime
- wait. .. + when you want
- wrong orbit + to where you want
+ from Europe...
? Reliability

(rocket lab 100%
after test flights)

Image ESA, Ariane 6 °



KEY QUESTION FOR MICRO LAUNCHERS...

* Bus or Taxi ?

* Piggy-back  Dedicated launch
* Falcon 9 * Pegasus (US)
- PSLV * Minotaur (US)
* Soyus » Shauvit (Israel)
- VEGA - Safir (Iran)
* Ariane
e H-2 / H-3 Falcon1
¢ * Electron

- LM 6, LM11... (China)
o Source ESA, Ariane 6 *



BIG PICTURE

- NUMBER OF MICRO LAUNCHER PROJECTS IDENTIFIED BY NORTHRUP GRUMMAN @

* Able to launch
up to 1000 kg
to LEO

» Active online
or In conference
In last 2 years

IAC-19 B4.5-1 =



BIG PICTURE

Of 148,

8 are operational
of which 5 are

Chinese + Pegasus
Minotaur & Electron

41 are under
"development”

58 are on the
"watch list”

41 are in limbo

&

Forty-One Under Development

Equatorial Space Industries

Isar
Gloyer-Taylor Space One Orbex
OHB cubeCab Launcher Rocketcrafters
Bellatrix HbELd
A Celestia
evum i
_ PLDSpace SpinLaunch
Astra Space ¥-bow NSIL Bagaveev
_ Virgin Orbit Linkspace LEOQ Aerospace
Interorbital Systems B2Space
Gilmour Space ESA Firefly bluShift Space Ops
CONAE InterStellar
Phoenix Launch Systems Space Ops
. Pangea
DCTA Brazil VALT Enterprises

IAC-19 B4.5-1 12



BIG PICTURE

- UNDER DEVELOPMENT

« USA and China
dominate.

* Entrepreneurs,
Gov. support
and Funding is
a discriminator.

Country of Origin

Country Count
— LISA

o China

Spain

United Kingdom
Germany

India

lapan

Argentina

Australia
Australia/Singapore
Brazil

Europe

Singapore
UK/Ukraine
USA/New Zealand
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BIG PICTURE — FUNDING

« ESA estimate is that
it takes ~150 M$ to

frat | h Funding Sources woRTHRR GrUmAN
get to Tirst launch. Partial List for Nlustration Purposes
* Private investors are :
i Guvemn'mnt Angel Investors / Seed Venture Capital
expected to invest NASA 500 Startups Seraphim
« USAF «  StartupXseed Khosla
most of that amount. - DARPA « SpaceAngels Huaxing Growth Capital
. : ESA » RedSeed Lauder Partners
The Micro launcher « EU/Horizon 2020 « Y Combinator Starlight Ventures
eco Systems needs » UK Space Agency » High-Tech Grinderfonds Sequoia Capital
«  JAXA « Sand Hill Angels Chun Xiao Capital

Invstors to thrive.
Government Development ﬂther

* Investors |OV€S « Development Bank of Japan Crowd-funding
assured customers 1 i s
) = Aabar Investments =  Sergei Burkatovsky
and not competing + Maine Space Grant «  Paul Allen
» (Gobierno de Aragon « Gonzalo de la Pefa

with governments.

Saudi Arabia « Deepika Radukone

12
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BIG PICTURE

» Different market
segments sought.

How Small is Small? e ememuy

LAUNCH PERFORMANCE TO LEO

Small Class > 500 kg
5

CubeSat Class <20 kg
5

Micro Class 20-200 kg
18

CTooergre® 2045 Normag Dremmew Conporgme

IAC-19 B4.5-1 15



BIG PICTURE

* Different launch Varied Launch Methods T ——
methods.
£ Launch Method
carapue B I
Balloon [ : @ 55% :
Air I i3
Sea [N
Land

0 5 10 15 20 25 30 35 40
hole! A numbaer of vehicies have mulliple launch methods

10

Cremereerll AN S e Creporgme=

IAC-19 B4.5-1 16



MICRO LAUNCHERS - METHOD

AIR LAUNCH

» Altitude and speed to
reduce rockets Delta-V

Bloostar is a three-stage all composite
pressure fed liquid cryogenically propelled
balloon launched vehicle with toroidal tanks
with 75 kg capabilities from Zero2Infinity.

LauncherOne is a two stage
RP-1 fueled 747 air launched
vehicle with LOx as an oxidizer
with 500 kg capabilities from
Virgin Orbit.

Sagitarius utilizes the Archer
MiG29UB as the airborne
platform to launch the three
stage solid motor Space Arrow
rocket. This system developed
by Celestia Aerospace can loft
up to 16 kg to LEO.

17



MICRO LAUNCHERS - SIZE

-_

| g -

LauncherOne is a two stage
RP-1 fueled 747 air launched
vehicle with LOx as an oxidizer
with 500 kg capabilities from

Virgin Orbit.
Blue Whale 1 is a two-stage Electron is a two-stage LOx/kerosene Alpha is a two-stage liquid ground
ground launched vehicle with ground launched vehicle using 3D printed launched vehicle utilizing “well-
advanced engines running on engines with electric fuel pumps with 200 kg established technology” with 1000 kg
LOX/LNG . ~60 kg to LEO from

\ capabilities from Rocket Lab.
Perigee aerospace

capabilities from Firefly.

18



BIG PICTURE

* Space X piggy- Launch Costs
back =5 k$/kg “ Py

° FOr 500 kg' 5 ® Estimated Cost per kg (USSk)

20-30 k$/kg
(10-15 M%/launch)

» For 200 kg:
20-30 k$/kg
(4-6 M$/launch)

» For 50 kg: PP I
30-50 k$/kg S e
(1,5-2,5 M$%/launch)

IAC-19 B4.5-1



BIG PICTURE @

 Ever increasing:

- Operatlonal Worldwide Small Launch Vehicles (<1000 kg to LEO)
- in "development” 70
@
- unknown 60 140
- defunCt 50 P 0 B Operational
40 100 m Development
@ 80 ™ Watch
30 B Unknown
0 L ° B Defunct
40 ® Total
<Al _N_s «fiun «ARHN O
2015 2016 2017 2018 2019

IAC-19 B4.5-1 20



BIG PICTURE

How to succeed ?

* Find market segment .
- Size ~6U, 65 kg, ~150 kg ~350 kg, 500 kg [third launch pad ..."
- Customer (private, government) e ——
- Constellation replacement

* Develop a concept that enables you to build
and operate at price point that is profitable.
- reusability
- simplicity
- high production and launch volume
 Raise 150 M$ .... from Investors.

- Sell, MAI&T, launch, ... repeat often

"Rocket lab to open its

21



BIG PICTURE

How to succeed ?

"Rocket lab to open its
third launch pad ...”

And Yes, If you select land launch,

YOU NEED ONE OR MORE SPACE PORTS!

o’
‘‘‘‘

il
yyyyy
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MICRO LAUNCHERS — SPACE PORTS

GROUND LAUNCH

Some Selection criteria
Low Cost, Low Cost, Low cost

Orbits achieved

Market accessed (Europe, Rapid response )
_ocation

_ogistics

_aunch rate

Operational Synergies
- engine testing
- nearby MAIT

&

SPACEPORT CONCEPT
AND TECHNOLOGY
ROADMAPPING

INVESTMENT STEPS TO ROUTINE,
LOW COST SPACEPORT SYSTEMS

::::::

Lockheed Martin Space Systems

_VISTON

B SPACEPORIT

23



MICRO LAUNCHERS — SPACE PORTS @

LAND LAUNCH

“If you think developing a rocket is difficult, try building a space port!
| know...” (Peter Beck at SmallSat in Utah,2017)

Existing, Government
(tallored to big rocket, often expensive,
are launch slots available ?) csc

New, Private
(green field, often high NR, lead time,
experience, location) sunderland, AZ, ASC...

Esrange, SSC

(tallored to Micro Launchers and extended
from sounding rockets, commercially driven,
available in 2020...)




CONCLUSIONS

* YES, there is a market

* YES, there is VC avallable

- ESA and EU are coming around
* The business model is key

* Vertical integration anc
collaboration between launch = & 2 -
site and vehicle developer is key st

* Low Cost, Low Cost, Low cost
* Time to market

* Welcome to Esrange Space
Center!

Strictly Company Confidential 25



WE HELP EARTH
BENEFIT FROM SPACE

Www.Sscspace.com
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BIG PICTURE

« Summer of

...And Plenty of Heartbreak as Well
Not a Complete List

ALV + Spatecab

=G0 Launcher 2 + Athena 1

=ALASA + MaLibfing 1

= Spyder + Rainbow Smalsal Exprass
shL=1 + Sratolaunch Pegasus

Company folded

=EHarey Space Corporation (incorporated into Vector)
-Swiss Space Sylems

=\anguard Advanced Systems

=HCOR

=50AR

IAC-19 B4.5-1
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BIG PICTURE

« Summer of

Fifty-Eight Additional Vehicles On the Watch List

Acmx Space Tachnokigas - Indapandenca-X Aarospace E [Rokatsan

Arrojpt Rockaldyna

Agnicul JAA Skyrooh Aarcepace

AnanaGroup JivEhon Yonpan ] SmalSpark Spaca Syslems
ARRC JP Apmspaca S-Mobar

E e — e — oer,
Beryond Earth LI& Aarcepsce Spaca Transportalion
Black Ammow Space Masslema Spaca Spaca Walkar
Technologies MT Aarospace ] Spacelarts mlr:eﬁ
e

iRockat — Rase Galach

Blsa Cirigin NDW Company SpaceRyde
I * I Ch Launch Systems & e Ascant StretaBonshar
Diewm Asraspaca Haw Raockat Technokgias '*-* Swala Aarcspece
Dieap Blsa Aarceppce Mawtan Leunch Systems L N Thar Lawnch Systems

Delta Spaca Syshams Odyne Space TiSpace
- Dienwass Ona I I Qpara 1 TLON Space 5.
Eclipse Orbal Paripes Aaroepsce UP Asfaspace
Exgs Aarospace prosimiE [ § ] Velodyne Lidar
Firehawk Asrospacs Pythom gL ABTaspEce

Gream Lavinsh Reactan D’yl"ﬁl’l'llﬂ‘ﬁ '.I"-I'EI;I’IE'I' Indieskries
I I Hylmgudse . ' Minghe Powar Bl

Not enough information to qualify for the survey. Some are hearsay/rumors

IAC-19 B4.5-1 29



BIG PICTURE

« Summer of

Since IAC 2018 New Players and Progress ...

New Players
Include ...

« Bellatrix

* Phoenix Launch
Systems

+ X-Bow

* And many more on
“‘watch list’

New Orbital
Launches
» iSpace

» China Rocket
Company

Suborbital Flight
Tests

* Onera

* InterStesar
Space
Transportation

« And many more
engine tests

IAC-19 B4.5-1
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Fifty-Eight Additional Vehicles On the Watch List T —

I
& Scmy Space Tachmalogeas - indapandenca-X Aarmspace E Rokatsan
| #emplﬂﬁu:haldyr-a iFI:-:I#I‘:E{H::I —_— . Rose Elact-:
naboul J kynont Aaroepace
AmamaGroup Jivghou Yomjpan ] SmalSpark Space Systems
ARAT JP dpraspaca S-hinhar -
E Bano Spd, - KE Yuzrhnoyve L Spaca Alpha
Beyond Earth LI& Aarmspace Spaca Transportaticn
Black Amow Space Masstema Spaca - Spaca Waloar
Tezhnoicgies MT Aamepace Specelarts |
Bisa Cirigin T D, Company SpaceRyde o
* CH Launch Sysiems _ klew Ascank StrefoBocshar || |
Diesm Asrospaca Maw Rockeat Tachnakogeas *-“' Swela Aarcspace
Deap Bl Aarcspace fawfon Leunch Systems o Thar Lamch Sysiems
DEHE Spaca EE]:.r'stsn'rs- E'-:lyga Spece TLEI-IEFI;B
Eywiass Cina mara BoE
- Ecliose Orbikal I I Paripes Seroapase . UP Asraspace I
Exds Aarospace proximicE | § | Velodyme Lidar
Firahawh Asfaspace Pyinom ViU MBS pace

Gresn Launch Reaction Dynamica Wapner Industres
I I Hylmpuse . Minghe Pawer =

MNot enough information to qualify for the survey. Some are hearsay/rumors
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