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RAeS Hamburg in cooperation with the DGLR, VDI, ZAL & HAW invites you to a lecture

The Moon: The Next Step towards Sustainable
Expansion into Space?

Silvio Sandrone, Vice President Advanced Projects and
Products, In- Orbit Services and Exploration, Space
Systems, Airbus Defence & Space

Date: Thursday 07 November 2019, 18:00
Location: HAW Hamburg Berliner Tor 5, (Neubau), Horsaal 01.11

Lecture followed by discussion
No registration required !
Entry free !

Although humans have not travelled beyond the Moon (or even back
to the Moon, yet), global space business (excluding the downstream
services) exceeds nowadays €80bn a year. This figure depends on a
business model in which every kilogram of required hardware or
resource is brought from Earth, which raises questions about its
sustainability and growth potential.

It is in this context that all major space powers are heading back to
the Moon. The possibility of extracting raw materials, resources and
— above all — rocket propellant, is what drives the US, Russia, China
and others to prospect and settle around the lunar south pole.

The presentation will outline the lunar programme of NASA and ESA,
and introduce a few thoughts about Europe’s options for projecting
influence and protecting its stake in a quest shaped by both co- ;
operation and competition. AIRBUS

Silvio leads the Advanced Projects and Products business, creating programmes and technologies to make
human expansion into space possible and sustainable. Until 2017 he was in charge of strategic industrial
partnerships at Ariane Group (Paris area). Between 2009 and 2014 he led the development of new launch
vehicles programmes and business for Airbus Defence and Space — among which Ariane 6, ADELINE and
Liberty. He joined the Airbus Group in 2005 to manage Astrium Space Transportation relations with the
European Space Agency. He also spent three years in Arianespace Launch Operations Team in French
Guiana, participating in 28 consecutive Ariane 4 successful launches during that period.
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DEFENCE AND SPACE

The worldwide space economy
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A AV transit map of our neighbourhood P
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A few notable approximate AV

Earth to GEO: 14.9 km/s

Moon to GEO: 5.2 km/s

Earth to LEO: 9.4-11 km/s

Moon to LEO: 6.8 km/s

Each figure is AV between two points in km/s
Diagram roughly to scale
Sources

Earth to GTO: 13.4 km/s

Moon to GTO: 4.4 km/s

» Wikipedia (en)
* TU Delft website

Earth to LLO: 15 km/s

Moon to LLO: 2.8 km/s

« Stackexchange.com
» Aerospace America, September 2016
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DEFENCE AND SPACE

Implemented lunar missions ®us  ORussia OChina @Israel
OJapan  OEurope @India
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DEFENCE AND SPACE

Lunar Reconnaissance Orbiter — LRO (2009)

Diviner Lunar Radiometer Exp. LAMP Lunar Exploration Neutron Detector
Identify cold traps Surface ice and frost Hydrogen distribution

Lunar Orbiter Laser Altimeter
Determine illuminated/shaded areas

Source: NASA
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DEFENCE AND SPACE

LCROSS - digging for water (2009)
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https://www.nasa.gov/sites/default/files/thumbnails/image/402247main_lcross_results1_full.jpg
https://www.nasa.gov/sites/default/files/thumbnails/image/1171_226580main_2007-08-02_on_way_in.jpg

Cabeus

Fegs a / Cabeus

Amundsen

N\ /

¥ i

\ f,f




DEFENCE AND SPACE

The South Pole example

South Pole
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H concentration > 150ppm
Average T < 110K

Slope < 10°

Within 1km of a PSR
lllumination available
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DEFENCE AND SPACE

Beyond water: rare earths?

Medium Term (5-15 years)
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‘ FIRST HIGH POWER . FIRST PRESSURIZED & .
N =2 SOLAR ELECTRIC CREW MODULE ARTEMIS 3: CREWED
@ ARTEMIS 2: FIRST HUMANS TO  poooiy sioN (SEP) DELIVERED TO MISSION TO GATEWAY
\ THE MOON IN THE 21t CENTURY - cvetem GATEWAY AND LUNAR SURFACE
ARTEMIS 1: FIRST HUMAN SPACECRAFT
TO THE MOON IN THE 21st CENTURY
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e_-  Commercial Lunar Payload Services' 3 <\ ~ A ik
— - CLPS delivered science and technology payloads m- e “ !
g Descent Element Test . et
- First large-scale lander on the Moon doniec

Early South Pole Crater Rim Mission(s)
- First robotic landing on eventual human lunar return and ISRU site
- First ground truth of polar crater volatiles

Humans on the Moon - 21st Century
First crew leverages infrastructure
left behind by previous missions

LUNAR SOUTH POLE CRATER TARGET SITE =
2019 2024



Artemis Phase 2:.Bui|ding Capab'ilities For Mars Missions ‘

Reusable human lander .
elements refueled I

. Artemis Vi

Artemis Support Mission |
Lunar surface asset deployment

SﬂsﬂﬂMﬂﬂﬂlEl!Wﬁmﬂl”ﬂﬁ"ﬁSﬁmﬁMﬂfﬂﬂmﬂmﬂﬁ'_ﬂumﬂiﬂﬂﬂqﬂﬂfixﬁlﬂﬂﬁﬂﬁﬂv
MULTIPLE SCIENCE AND CARGO PAYLOADS INTERNATIONAL PARTNERSHIP OPPORTUNITES ~ TECHNOLOGY AND OPERATIONS DEMONSTRATIONS FOR MARS

2025 2029



6 Activities; 4 Cornerstone campaigns; 1 Programme
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TO THE MOON EUROPEAN SERVICE MODULE ESM
AND BEYOND
WITH THE - BUILT BY AIRBUS

Crew Module

Crew Module Adapter

© Armus, Nass and E5A - 2018
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DEFENCE AND SPACE

Lunar Logistics — Moon Shuttle and Moon Cruiser

Utilization of Lunar Resources by a Cis-Lunar Economy

MoonCruiser & Orion Logistics Direct Lunar Surface Science and Sample Return
MoonShuttle Logistics s Cargo Delivery

Lunar Resource Supply L
Interplanetary Mission ]

Dedicated Recurring
Landing - Roundtrip
Mission "~ Missions

In-Situ Resource Utilization
Prospecting

e
\
\ Lunar Resource
Supply and Storage

Lunar Ibrbit
Crew+Gargo —
Delivery

Crew+Cargo
Transport

\\:‘\ /
Lunar Gateway — ‘*’?\ . e

Earth Launch & LEO Lunar Orbit Access Lunar Surface Access Lunar Surface Infrastructure
Crew - human-rated heavy lift launcher (SLS) Transfer Shuttles - astronauts, cargo, resources Lunar Lander - pre-curscr, astronauts, cargo Production plants and storage facilities
Cargo - Ariane 64, Falcon Heavy, ... Outpost - Lunar Gateway Lunar Ascender - samples, astronauts, resources Habitation and mobility elements
QOutpost - International Space Station
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DEFENCE AND SPACE

CLTV

Europe’s own Earth-Moon transport and contribution to Gateway logistics

Missions linked to the Gateway

GTO/LTO to
LLO tugging
of EL3 lander

Cargo delivery Module delivery

NRHO to
LLO tugging

Orbital propellant
depot

Missions compatible with Ariane 6

16

FEATURES

« Enabler for EL3 extended
missions

» Participates in Gateway logistics

» Valuable contribution for
international co-operation

» Designed for Ariane 6, but in
principle compatible with others

AIRBUS



DEFENCE AND SPACE

EL3

And Airbus’ concept for the world's first reusable lander/ascender

Single Shot Mission
Moon Shuttle on Ariane 64

17

Round Trip Mission
Moon Shuttle and Moon Cruiser

First Round Trip Recurring Round Trip

Successive Payload\
«— First Payload

— EL3

Large Propellant Tank

<4— Small Propellant Tank

— CLTV —

AUTONOMOUS MISSIONS

« Goal EL3: >1.5t cargo to the
lunar surface on Ariane 64

* Independent of Gateway and
US capabilities

« Significantly extends first US
crewed surface missions

SYNERGIES WITH CLTV

« Same vehicle returns to orbit
(no debris left on Moon)

* Return payload from surface

* Refueling in LLO and
resupply by CLTV

« Recurring cargo capacity

depending on launcher
GTO/TLI performance
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Artist‘s impression of a human landing mission in 2024



THANK YOU
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