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MISSION STATEMl‘;NT_*_‘-’_ e -. N

“The proposed concept of the ,o/otform shall
- enob/e scientific operatlons ond local ‘sorties -
- for human and robotlc exploration. The
' conducted sc1ent/f/c o,oerot/ons shall o//ow for
‘the enhancement of our un,derstond/ng of the
evolution of the universe and /n particular
~ the Solar System. In-Situ Resource
\_ Utlllzatlon (ISRU) shall be /ntegroted /n the
) concept as much as pOSSIb/e
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" Ambitious timeliné

Long-term sol ution for a long-termgoal

Innovative d.eSi'gn- e_'na«bl-ihg-sophisticated

~ capabilities for human and robotic -

exploration
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 IMPORTANCE OF THEMOON

e Further in:situ e_xolor‘ati_ohn‘ needed to uhderstan‘.d'the‘SoIar_SyStém ;

e Technology demonstrations for future missions to Mars and beyond =~

e Technology developmeht,to sustain life beyond Earth



'MISSION OBJECTIVES =

OBJ-00: Settle a permanently inhabited platfofm'oh'thé_ I-uﬁ_ar.-SUrfaée_.



'MISSION OBJECTIVES =

OBJ-00:  Settle a permanently inhabited platfofm'oh'thé_ I-uﬁ_ar.-SUrfaée_.
OBJ-01:  Enhance our u‘nde'rstahvding»of"’_the. evolution of the universe and

in particular the Solar System. |



OBJ-'OVO:
OBJ-01:

' OBJ-02:

'MISSION OBJECTIVES =

‘Settle a permanently inhabited platfofm'oh'thé_ I-uh_ar:stjr_fa,ce_.
‘Enhance our understanding of the evolution of the universe and

in particular the Solar System. |

The platform shall enable exp_l.Oratioh of'th'e,loc'a'lh_'lunar'

‘environment.



OBJ-'OVO:
OBJ-01:

' OBJ-02:

OBJ-03:

MISSION OBJECTIVES e .

‘Settle a permanently inhabited platfofm'oh'thé_ I-uh_ar:stjr_fa,ce_.
‘Enhance our understanding of the evolution of the universe and

in particular the Solar System. |

The platform shall enable exp_l.Oratioh of'th'e,loc'a'lh_'lunar'

‘environment.

The mission shall demonstrate self-sustainable human presence
on other bodies.
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'MISSION OBJECTIVES

OBJ-04: The platform shaIIb_ecome_increasi'ng‘ly'fihancial,lyf -

‘self-sustainable.

M.



OBJ-04:

OBJ-05:

MISSION OBJECTNES s

‘The platform shaII become mcreasmgly fmanually
self—sustalnable

The m|55|on shall serve to heIp verlfy Iow TRL technologles

12



OBJ-04:

OBJ-05:
' OBJ-06:

MISSION OB:J'ECT|VES‘ ..

‘The platform shaII become mcreasmgly fmanually
| self—sustalnable

: The m|55|on shall serve to heIp verlfy Iow TRL technologles

The mission shall engage in m.ternat_lonal _co,oper.atlon.

13



OBJ-04:

OBJ-05:
' OBJ-06:
 OBJ-07:

MISSION OB:J'ECT|VES‘ ..

‘The platform shaII become mcreasmgly fmanually
| self—sustalnable

: The m|55|on shall serve to heIp verlfy Iow TRL technologles

The mission shall engage in mternatlonal cooperatlon

The mission shall prowde the opportunlty for publlc prlvate +

partnershlps.

1.



MISSION REQUIREMENTS

MR-00:  The mission operations shall start by 2030.

16,



MISSION REQUIREMENTS

MR-00:  The mission operations shall start by 2030.

MR-01:  The platform shall be o_per‘éble‘_fqr a minimum of 15 years. -
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MISSION REQUIREMENTS

MR-00:  The mission operations shall start by 2030.

MR-01:  The platform shall be o_peréble;_fqr a minimum of 15 years. -

MR-02: The platform shall sustain:a minimum of four'aé.trona'UtS- e 5 7

17



MR-00:

MR-01:

MR-02:

' MR-03:

MISSION REQUIREMENTS =~ =

‘'The mission operations shall start by 2030.
‘The platform shall be o_per‘éble‘_fqr a minimum of 15 years. -

‘The platform shall sustain a minimum of four astronauts. -

The platform shall gupport a ka‘diO‘a'stro'homyffalcli.lity.__'.\ _

18



MRE00
MR-01:
MR-02:
MR-03:
 MR-04:

MISSION REQUIREMENTS =~ =

‘The mission operations shall start by 2030.
‘The platform shall be o_per‘éble‘_fo'r a minimum of 15 years.

The platform shall sustain:a minimu‘m of four'aé.trona'uts e

The platform shall support a radlo astronomy fac:lllty

'The mission shall enable dlrect human exploratlon of the Iunar

enV|ronment A
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MRE00
MR-01:
MR-02:
MR-03:
 MR-04:

MR-05:

| eproratlon

MISSION REQUIREMENTS =~ =

‘The mission operations shall start by 2030.
‘The platform shall be o_perable_for a minimum of 15 years.

The platform shall sustain:a minimu‘m of four'as.trona'uts e

The pIatform shall support a radlo astronomy facrllty

'The mission shaII enable drrec:t human eproratlon of the Iunar

enV|ronment

Autonomous robotlcs shall supplement Iunar surface

20



MISSION REQUIREMENTS =~ =

MR-06: ‘The platform shall provide landing and Iaunchingji"c;apa'biliti'es.

1.



MR-06:
MR-07:

MISSION REOU‘IREMENTS_; oo

‘The platform shaII provide landing and Iaunchlng capab|l|t4es

‘The platform shall achleve TBD self—sustalnablllty usmg ISRU

22



MR-06:
MR-07:
MR-08:

MISSION REOU‘IREMENTS_; oo

‘The platform shaII provide landing and Iaunchlng capab|l|t4es
‘The platform shall achleve TBD self—sustalnablllty usmg ISRU

The platform shall provrde contlnuous life- support

23



MR-06:
MR-07:
MR-08:
' MR-09:

MISSION REQUIREMENTS =~ =

The platform shallprovide landing and I'aUnohing;"capa-biliti'es-
‘The pIatform shall achleve TBD self—sustalnablllty usmg ISRU

- The pIatform shall prov1de contlnuous Ilfe support

The pIatform shaII mtegrate measures that promote astronaut

'psychology

24



MR-06:
MR-07:
MR-08:
' MR-09:

MR-10: _

MISSION REQUIREMENTS =~ =

The platform shallprovide landing and I'aUnohing;"capa-biliti'es-
‘The pIatform shall achleve TBD self—sustalnablllty usmg ISRU

- The pIatform shall prov1de contlnuous Ilfe support

The pIatform shaII mtegrate measures that promote astronaut

'psychology

The platform shall contlnually mcrease in flnanC|aI
self—sustamablllty

25



- MISSION ANALYSIS & PROPULSION



| MA-CARGOTRANSPORT

PHASE1  PHASE2a . PHASE2b




 MA-CARGOTRANSPORT @

PHASE 1

Earth to LEO

Falcon 9 Heavy LEO to Lunar Gateway

m_, = 63,800 kg Bi-Elliptic Transfer - 109 days / m, =16,851kg

LEO to Moon Base (Descent to surface)

Bi-Elliptic Transfer - 109 days / m, =6,994 kg

28



~ MA-CREWTRANSPORT

PHASE1 ~ PHASE2 = PHASE3




MA - CREW TRANSPORT

PHASE 1

Earth to LEO

Falcon Heavy LEO to Lunar Gateway

m,, = 63,800 kg Direct Transfer in 5 Lunar Gateway to Base

days with modified
Crew Dragon Transfer to lower LLO
Descent with Lunar
m,, = 14,954 kg Lander

m,, = 9,000 kg
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MA - CREW TRANSPORT = o

PHASE 4

Base to Lunar Gateway

Ascent with Lunar Lander Lunar Gateway to Earth

m,, = 3,000 kg Direct Transfer back to Earth (with

refuelled capsule)

M., eo = 15,259 kg

Ky



MA - LAUNCHES REQUIRED

Crew-4
Station Supplies astronauts Landers Wine cellar

34 1/year 2 L

(1 redundant)

33



'MA - CREW TRANSPORT VEHICLES = -~ 2“4

CREWDRAGON ~  LUNAR LANDER e

P Tranap.ort to tne Lunar Transport to Lunar Surface.
: Gat_eway and backtoEarth - - . and start ._

Chemrcal Propulsion wrth - Chemrcal Propulsron with
LH,/lOX Thruster-. @B & . CP/LOX Thruster

(Refuel LOX on Lunar )
| Surface A
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‘MA - TRANSPORT VEHICLE THRUSTERS @

T »°«,

CREW DRAGON/ CARGO |
'VEHICLE

| _LuNAR‘LAN‘DE'R -
| RL-10 FE R | i._:Rapto-r-(rihﬁ"Odifi‘ed)' -

LHox - - NI CH,jLOX
Thrust MOKN e o Thrust 90.5 kN
Mass: 301kg . [N = Mass: 300 kg .

‘Isp: 465.3 -- R wa - | 3785 A
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MA-DELTAV BUDGET (2w

Cargo to Gateway / 16,851 kg i : ' L Cargo to MoonBase / 6,994 kg

: = Delta V (m/s
Phase Delia invs) Route covered ' : - Phase ( . Route covered
Marzins Margins

1 | 94 [EarthlEO e DN . | 94 |[EarthiiEO
EEEETECTT 0000000 0 QR
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Crew

DeltaV (m/s
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LOCATION
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LUNAR SOUTH POLE

The south polar region
is a heavily cratered
terrain with dramatic
topography

Its craters have been
untouched by sunlight
for billions of years -
offering an undis-
turbed record of the
solar system's origins

Its permanently shad-
owed craters are esti-
mated to hold nearly
100 million tons of water

Its regolith has traces of
hydrogen, ammonia,
methane, sodium, mer-
cury, and silver -
making it an untapped
source of essential re-
sources

Even though the Moon
tempereture goes from
-173 to +127 C, the
south pole tempera-
ture averages at ap-
proximately - 13 °C

ST

FAUSTINI

180°
SCALE 16078683 {1mm = 6 0786683 km) AT -90° LATITUDE
POLAR STEREOGRAPHIC PROJECTION

1000 500 0 500 1000 ke
{ i -90°

-70° L\ -70°

. i 39




0°E

LUNAR SOUTH POLE

00w | o 90 €

© Location Candidates:
¢ De Gerlache crater
ﬂ#gk ridge

+ dlready investigated as a
lunar station site by ESA P

180°E

TOPOGRAPHY AND PERMANENTLY SHADED REGIONS

90°E

180°E 180°E

LUNAR SOUTH POLE AVERAGE SOLAR ILLUMINATION ANNUAL ILLUMINATION AND TOPOGRAPHIC SLOPE

TOPOGRAPHY AND PERMANENTLY SHADED REGIONS

90°W

180°E

PERMANENTRLY SHADED REGIONS

40



LAT 88.71S. LON 68.77 W

Min: 64% light per lunar
day

Max: 98% light per
lunar day

~6 days darkness fol-
lowed by ~7 days of
intermittent light and
darkness periods

41



MISSION PROFILE

OUTLINE

LUNAR BASE

PROJECT ENVELOPE

ow

- SPEAKERS:
ALMA KUGIC
LEON TEICHROB

42.



 OVERVIEW OF SUBSYSTEMS =~
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©  ARCHITECTURE AND INNERDESIGN
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D.ILA.N.A

Dedicated Infrastructure and
Architecture for Near-Earth
Astronautucs ——
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TIMELINE 2027 2029 2030 2045

N

(@]
>>> &g >>>

> >

INFRASTRUCTURE CREW ARRIVAL EXPANSION 1 EXPANSION 2
DEPLOYMENT 1ST PHASE 2ND PHASE SRD PHASE

Initial habitat components have 4 astronauts armiving to the Expanding the setftlement for Expanding the Lunar base by
been launched to the Moon and Moon and connecting the future astronauts by adding more constructing a sustainable
are robotically assembled before habitat with life support inflatable modules; sleeping quar- settlement by using enhanced

the arival of astronauts systems and power supply ters, science labs and additional in-situ 3D printing methods using
greenhouse regolith as material

FIRST PROGRAM LAUNCH ASTRONAUTS LAUNCH TO

TO THE MOON: THE MOON WITH:
+ Telerobotics & autonomous + Relevant scientific payload
/j_&\ systems for the initial infra-
structure of the lunar base * EVArobotics

* Inflatable modules for science ¢ Higher capacity construction
and living shielded using robotics for a more sustainable
in-situ regolith infrastructure

* Prepare the lunar base for
arrival of astronauts




HABITAT CONCEPT

ST PHASE

preparing the site for the arrival
of the first 4 people on the Moon

=

Initial infrastructure com-
ponents of the settlement
have landed on the Moon

G Co

Placing a prefabricated Contour crafting
airlock and inflating the above the inflatable
modules modules as a radiation
protection

Excavating the regolith
from the lunar surface

T e R
BIORIIZACTOR "{‘ LIFE SUPPORT

SYSTEM

WORK AREA  STORAGE ™,/

Kg \ ™)
PERSONAL & \\ RGENCY
SOCIAL AREA 1= sifreiG RLOCK
7~ NQUARTER1
fwasH-"\ / SLEEPING
SEMI-PERSONAL \ROOM—""K QUARTER 2

AREA F

X\ SLEEPING
\\\ QUARTER 3

o \
GOMMON ROOMY

+ SLEEPING /| sieerive

\ QUARTERS '/ ausTes
by ~ \ //

/" DINING
. ROOM

\\ “‘ )

| SCIENCE
“MED. LAB

47



MULTIPURPOSE
LAB MODULE
SCIENCE LAB +
COMM . ROOM +
ROBOTICS

AIRLOCK
+SLIITRPOR
+connection to
LUNAR VEHICLE

_GREENHOUSE

PLANT CULTIVATION +

GYM + STORAGE
COMMON ROOM
KITCHEN + DINING
ROOM + BAR

_above ground

EMERGENCY

SLEEPING  AIRLOCK
QUARTERS * SUITPORT

underground

"WINDOW

MODULE
+ DINING ROOM




MULTIPURPOSE
LAB MODULE
SCIENCE LAB +
COMM ROOM +
ROBOTICS

AIRLOCK
+SUITPORT
+connection to
LUNAR VEHICLE

 WINDOW

- GREENHOUSE

PLANT CULTIVATION +

GYM + STORAGE
COMMON ROOM
KITCHEN + DINING
ROOM + BAR

above ground

EMERGENCY

SLEEPING  AIRLOCK
QUARTERS * SUITPORT

underground

MODULE
+ DINING ROOM




ST PHASE

All modules connected
and inflated

GREENHOUSE MODULE:
i} PLANT CULTIVATION +
§ GYM + STORAGE

COMMON ROOM MODULE:
B KITCHEN + LIVING
ROOM + LOUNGE

multipurpose module
and greenhouse 4
tunnel

MULTIPURPOSE
LAB MODULE:
SCIENCE

+ MED. LAB

AIRLOCK
+SUITPORT
+LUNAR VEHICLE

WINDOW MODULE:
DINING ROOM

GROUND FLOOR =

MULTIPURPOSE
COMMON ROOM MODULE:

LAB MODULE:
ROBOTICS &0 ~ 4SLEEPING QUARTERS
i !+ BATHROOM + WC

+ COMM. ROOM 4 X

-1 FLOOR — e

50



ST PHASE

Conftour crafting above
the inflatable modules
as a radiation
protection

GREENHOUSE MODULE:
S} PLANT CULTIVATION +
§ GYM + STORAGE

COMMON ROOM MODULE:
KITCHEN + LIVING
ROOM + LOUNGE

multipurpose module
and greenhouse 4
tunnel

MULTIPURPOSE 4
LAB MODULE: §
SCIENCE

+ MED. LAB

AIRLOCK
+SUITPORT
+LUNAR VEHICLE

i WiNDOW MODULE:
¥ DINING ROOM

GROUND FLOOR =

MULTIPURPOSE

LAB MODULE: \
ROBOTICS / ¢ \ 4 SLEEPING QUARTERS
5 + BATHROOM + WC

+ COMM. ROOM 4

-1 FLOOR — e

COMMON ROOM MODULE:

51



ND PHASE

Adding additional modules to
expand the habitat for 8 people

As‘hophyslcs
« Receivet’ 2

Habitat
d Phase

g
Landing ')

+ Science Laboratory
+ Greenhouse

+ Sleeping quarters

+ Storage

52



RD PHASE

expanding the habitat under the
supervision of 8 crew members

3D printed habitat that
offers better living conditions

Adding sleeping quarters +
better social activities

Expanding Science lab +
Robotics + adding more
modules for storage

Phase 7

Expanding the Greenhouse

53














https://docs.google.com/file/d/1lPACzCty_LfdVez0ME0RpNmwy6uJLTv-/preview

- -—\‘ R~ £ X
D.I}NA
=

STRUCTURES -~ = - b

Material type Thickness (¢m)

Outer layer  Carbon

Upper foam Vinyl  Polymer
Foam

Middle layer Carbon

Lower foam Vinyl  Polymer

Foam

Kevlar

Base layer

58



Habﬁation
Communication
External modules
ECLSS

Radiation

" Robotics

Science

TCS

EPS

STRUCTURESJ o }*A

33,777
189

16,941

6,584

o S‘té‘tioh, MéSs B\ud,'ge_-t
47,723 AR T e
in [kg]

63,752
4,391 ‘
8,250

45,395

Summary

227,003 kg
, 59



ELECTRICAL POWER SYSTEM L

- Solar Panels -
|

s(\' | | | | PCD'U i - * Consumers.

4\ ~ = ~ = ) >
I =i

A=920m? B —— Bt SRR ——

m=35950kg - m=70kg

R 4

Regeneratlve FueI Cell (RFC) . ‘ ARG e

Tank- 'Tank ; ’mH20=7,84'0kg.
Hif 0, |- HQ T my,,=1000kg

60




Solar Panels
s('\t
' = 5 .
Up to 260 kW (BOL) -

 A=920m?
m= 35,950 kg

Re‘genérative Fuel Cell (RFC) .

-Tank
Hz/oz e -HZO.

mHZO$ 7840 kg
'r_nTank= 1000 kg -

" ELECTRICAL POWER SYSTEM (o

i ..

PCDU . ° _Consumers

-

n e >
m=70kg - Daytime o

i - 13% & &

_ 18%

60%
= Habitation . - ; —.éommUniéation - o External Modules -
© m ECLSS L . @ Robotics -  mScience S



_ Solar Panels

o1,

-(\- :

R

Regenératfve Fuel Cell (RFC)

y/ .
2

~

A R R BN D

[TITIT

-m= 490 kg

>

Tank : Tank

33kwW .

M= 7840 kg
M= 1000 kg -

- ELECTRICAL POWER SYSTEM ~  ova

PCDU

—
K

m=70kg Nighf'TimQ% :

@ Habitation -

.. - Consumers

: 3% 7% E%
5 -1%__\_:! !

\

s

S e

*  ’m External Modules * = °
m.Science

i -_ICon_‘:ﬁ'\unicatio_n
m ECLSS - m Robotics

62. °



- ELECTRICAL POWER SYSTEM

~ System Power Consumption Budget in [

32,841

ECLSS
| External Modules
(ISRU) 10,000 :
Science 7200
Communications 1,250
~ Robotics 375 -
Summary

51,666 W. -

1
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i ..

 THERMAL CONTROLSYSTEM  oowa

‘ A : Ins’ulatingv , . Interior remains insensitive
é' ) < ‘ —_»‘. - - S -
Regolith ~ - " properties . - to external environment

- Only 2% of needed heat di_sslipa_ti,On-_ ~ Coldest internal -
ESs S s 2A0PC

~ :

e TCS musf be éble_‘,to dissipate at Ie_aét 60 kW Qf »_hea‘t

~
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i ..

THERMAL CONTROL SYSTEM

(W= ,

Internal environment temperature will
‘sustain its uniformity with cold plates in
each.module transportlng the heat of the

eprment \ y e : :

Secondary dual phase ammonia T : DuaI phase Water loop connectlng
loop connects the heat exchange - — 7 ——— the cold plates to a central heat
bus to heat pipe radiators : e exchange bus

_ Radiators are covered with
Optical Solar Reflective tiles so
that even at their EoL Al
“conditions, they sustain their - Ty
“radiative capacity e e e e
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Comms

X-band: 9,3 - 9,8 GHz
Ka-band: 29,1 - 30 GHz
Data rate: 621 Mbps

Earth
GS: ESTRACK
Commes: Ka-band

| Data generation

TTC 1 Mbits
Manned mission support 40 Mbits
| scientific data 580 Mbits

i ..

nl]

COMMUNICATIONS >
! | T IERTiee cons-tellation

— \ | Comms: Ka-band, optical link,

\X—band

# | Radio Telescope

| Comms: Optical fiber
~*1 Moon-Base

Comms: Ka-band, X-band

Gateway
Comms: S-band, Ka-band, optical link
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@~ naWwN -

9

Poker Flat
Goldstone
Madrid
Weilheim
Esrange
Hartebeesthoek
Malindi
Kerguelen
Usuda

10 Masuda
11 Canberra

ek O | COMMUNICATIONS

' GROUND STATIONS

1 Kourou

2 Kiruna

3 Redu

4 Cebreros (Deep Space)
5

6

7

AUGMENTED NETWORK
1 South Point
Santiago

New Norcia (Deep Space)
Santa Maria
Malargiie (Deep Space)

~ LINK BUDGET

Symbol Parameter Best case value
Py Transmitter power 17,78
Gr Transmit antenna gain 51,0
Lg Free space loss -175,70
La Channel loss -0,1

Receiving antenna gain 50.8
Boltzmann constant J38E-23
Data rate 621
Energy per bit to Noise-density 59,76
Margin 54,51

17,78
479
-178,63
-3,0
47,7
621
49,74
41,99

Worst case value  Unit
dBW

dBi
dB
dB
dBi
J/K

Mbps

dB
dB




Detected Star Positions:
Quaternions that define inertial attitude

of sensors, actuators and software.

The selected sensors and actuators:
. Star';traCk\Aers | .
5 Sun sensors-

° GPS receiver
° Reactlon wheels

e Thrusters (22 N)



g ROBOTICS&EVA
gr o | ‘SpaCééuﬁs:<
. Lunar Base A
~ Construction -

~

Human




'ROBOTICS & EVA

70



A

= -
]

«&

RADIATION \
° Shleldlng by Mass ISRU Overall Base shleldlng ‘ ° ,EVA ; SPE => about 20.min
'Regolith 200g/cm? TR e => HDPE Blankets
e Safe Haven: Regollth 150g/cm and Polyethylene o /Pressurlzed Carf EVA swt
30g/cm? outer surface + Ponetherne Floor ZOg/cm = : e

° Secondary Approaches
. - o Pharmaceutical
o Infrastruc{uraIApproaches
e VMISSIOI’] Schedulmg i
.o Crew Selectlon (Gender
.. and Age)
~ Monitoring.(Active & |
Passive Dosimeter)

Regolith
150g/cm3 ~~_

Sleeping Module / °""V'"¢ N
Safe Haven" SEAEE

T



.~ Water Advanced
-Recovery ‘Closed Loop
_Systems _

-~ System

Physico-ChemicaI_’ |

- LSS
Photobioreactor

Figure 6.7: NASA: Water Recovery Sys
tem. Credit: NASA

ov

End of 2029

TRL 9

7o



~ Water
- Recovery
_Systems

Physico-Chemical
| LSS

Photobioreactor

Advanced
‘Closed Loop
-~ System

~

‘Greenhouse

The Prototype Lunar
se from the outside [Credits: §

End of 2029

TRL 9

2030 .

TRL7
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Water
~Recovery
_Systems

Advanced
‘Closed Loop
- System

Physico-Chemical
= L LSS T

A SN SEISRUMEEE G e
Photobioreactor  Greenhouse (02, HZQ). S R R G L

Endof2020 2030. - 2035 T PR
TRLO .. TRLY . TRL4

W



Water Advanced

-Recovery ‘Closed Loop
: _$ystems - System
Physico-ChemicaI_ | | 0
LSS et ~ ISRU  MELiSSA
Photobioreathr ‘Greenhouse (02, H20) . _COncept :
Endof2029 2030 2035 2037 =
ERLS RN TRL 4 TRL5 =

75



. S 3 : : e '\"O.s,
ECLSS - sh
i e R

Water
- Recovery
_Systems

Closed Loop R "esu : e self-sustainability
-~ System FiEE ) S ' Bl : :

Physico-ChemicaI_

- LSS B . ISRU  MELiSSA
Photobioreactor  Greenhouse (02, H20)

Further
~ development *
. concept - ‘& expansion

Endof2029 2030. +2035 . . 2037 . . ¢ o 20d5e i

~

TRLO . TRLT TRL 4 TRL5 - °
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HUMANFACTORS

, ‘gcrew perfbrmanée
| PR balance

Optlm_lze_ % § well-being = el A A e
: S o K - workoutput 7 - == holistic”
gl Y - &productivity || astronaut health

R mission success o 3 -=‘_=_—L- S

" Key Pr.in'ciplAes_,‘: sustainability, véri_atio;h, adé\ﬁt_abi‘li"cyf

77 -



Interior Configuration & Design
| |
zﬁs _natural cues & privacy

Ig%% * zoning & windows
o ) | | , |
: . personalization & flexibility

~

" Crew Dynamics.

: , meaningful work

J&

surprises & celebrations
® @ 2 .

>

[ §] : ‘trainir-1g

HUMAN -
FACTORS |

Key Principles
SUSTAINABILITY

VARIATION
ADAPTABILITY

' vyater & food & trash _{%,°,°

~ Habitability .~ (P
Sy e

0Q
0

°UH:HU°' :

~

- exercise

individual control

~

-schedul_ed'recreation f

‘freedom of scheduling\ 1|

~ Activities & Schedule’

No

entertainment choices

i

|minm
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'HUMAN FACTORS

Safe Haven

»

.

~ Emergency Plans

Emergency Lighting S PathwaYs La}gé'Enough‘

for Suited Crew Members.

3 “Physician

| Medical Strategy <

~

~ Crew Medical Training Equipment - Shé’fing,Strategy

~

Bzl
L]

Telemedicine
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RADIO ASTRONOMY

Sciehtific\Dri\/ers for Radio Observatiohs

e red- shlfted spectral lines
— research on evolutlon of the Unlverse

e planetary & solar radio em|SS|on
Iearn about magnetlc fields, |onospheres

»
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RADIO ASTRONOMY

Sciehtific\Dri\/ers for Radio Observatiohs

e red- shlfted spectral lines
— research on evolutlon of the Unlverse

e planetary & solar radio em|SS|on
Iearn about magnetlc fields, |onospheres

~
®

Sci_éntifi‘c Drivers to go to the Moon

e astronomical radio signals are very faint .
3 — far side of moon = low noise envircnment

e radio signals have long wavelengths
— lots of space for large apertures or baselines

>
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RADIO ASTRONOMY

Sciehtific\Driyers for Radio Observations

e red- shlfted spectral lines
— research on evqutlon of the Unlverse

e planetary & solar radio em|SS|on
Iearn about magnetlc fields, |onospheres

~
®

Sci_entifi'c Drivers to go to the Moon

o astronomlcal radio S|gnals are very fa|nt . B
] — far side of moon = Iow n0|se enwrdnment

e radiosignals have Iong wavelength_s
— lots of space for large apertures or baselines

>

| I'rhpllem.entation -

. e Very Long Basellne Interferometry

— high resolution, - with 500 km baseline
_aIready better than ALMA on earth -

e Phased Array Antennas
— autonomous deployment by unfoldlng
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S RADIO ASTRONOMY = praw
. - | hased Arrayntenna Radiolnterferometer

al X &

Receiver Relay Phased Array
Station Station Antenna

Laser Optical Communication
- science data transfer

~ Very Long Baseiiné.lnterferorhé'try_
with Sup_er_ Computer at Base

=4 modular design- .
e easi-ly expandable

—+ encourages international collaboration - sizes not to scale [N



MISSION PROFILE

OUTLINE

LUNAR BASE

PROJECT ENVELOPE

ow

. SPEAKER:

' TIM LUKAS KIRSCH ~
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Probabﬂny

RISK MANAGEMENT

Slees s 2 ]
' ' Severity
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RISK MANAGEMENT

Failure Situations Mitigation

53 Unstable Requirements Regular communication =
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~ 27 . X . S i - = : SOSEDE -

Failure Situations Mitigation

53 Unstable Requirements Regular communication =

Regular data collection and evaluations of current |

59 Cost overrun ’ 5 g
spending, other time costing methods
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© RISKMANAGEMENT

N %"

Failure Situations Mitigation

53 Unstable Requirements Regular communication =

Regular data collection and evaluations of current |
spending, other time costing methods

Regular process analysis
comparable time mananagement methods

~
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COST BREAKDOWN ESTIMATION

Cost Estimation over Time
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15.000,00

M Station Construction
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Estimated Cost in M€

20.000,00

15.000,00

10.000,00

5.000,00

COST BREAKDOWN ESTIMATION

Cost Estimation over Time

Transportation Non-recurrent
M Station Construction
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Estimated Cost in M€

20.000,00

15.000,00

10.000,00

5.000,00

COST BREAKDOWN ESTIMATION

Cost Estimation over Time

Transportation Non-recurrent

2021

2022

2023

M Station Construction

<t N O N 00 OO O W N M < 1N W NN 0 OO O 4 &N M <
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Estimated Cost in M€

20.000,00

15.000,00

10.000,00

5.000,00

COST BREAKDOWN ESTIMATION

Cost Estimation over Time

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030
2031

2032

2033
2034
2035

Year

2036

2037

2038

2039

2040
2041

2042

2043
2044
2045

Transportation Non-recurrent
@ Station Construction
B Crew Transport
B Ground Segment

I Transportation Recurrent (Resupply)
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Estimated Cost in M€

20.000,00

15.000,00

10.000,00

5.000,00

COST BREAKDOWN ESTIMATION

Cost Estimation over Time

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030
2031

2032

2033
2034
2035

Year

2036

2037

2038

2039

pA0Z0)
2041

2042
2043
2044
2045

Transportation Non-recurrent
@ Station Construction
B Crew Transport
B Ground Segment

I Transportation Recurrent (Resupply)

94



Estimated Cost in M€

20.000,00

15.000,00

10.000,00

5.000,00

COST BREAKDOWN ESTIMATION

Cost Estimation over Time

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030
2031

2032

2033

Year

2034
2035

2036

2037

2038

2039

pA0Z0)
2041

2042

2043
2044
2045

O Tourism & Closeout
Transportation Non-recurrent

@ Station Construction

M Crew Transport

B Ground Segment

I Transportation Recurrent (Resupply)
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Estimated Cost in M€

25.000,00

20.000,00

15.000,00

10.000,00

5.000,00

COST BREAKDOWN ESTIMATION

Cost Estimation over Time

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030
2031

2032

2033

Year

2034
2035

2036

2037

2038

2039

2040
2041

2042

2043
2044
2045

O Tourism & Closeout
Transportation Non-recurrent

M Station Construction

B Crew Transport

B Ground Segment

I Transportation Recurrent (Resupply)
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COST BREAKDOWN ESTIMATION

Cost Overview [M€]:

Station Construction W  48.549

Transportation Non-recurrent 42.561
CrewTransport W 17.968

Transportation Recurrent (Resupply) 4.807
Ground Segment § 1.953



COST BREAKDOWN ESTIMATION

Cost Overview [M€]:

Station Construction W  48.549 4% 2%

Transportation Non-recurrent 42.561 12% “

CrewTransport W 17.968

42%

Transportation Recurrent (Resupply) 4.807
Ground Segment m 1.953 37%.)
Total Mission Cost without earnings 115.838
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COST BREAKDOWN ESTIMATION

Cost Overview [M€]:

Station Construction W  48.549 4% 2%

Transportation Non-recurrent 42.561 2% “

CrewTransport W 17.968

_42%

Transportation Recurrent (Resupply) 4.807 -13%
Ground Segment m 1.953 37%.
Total Mission Cost without earnings 115.838
Tourism & Closeout -14.959

Total MissionCost m 100.879
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COST BREAKDOWN ESTIMATION

Cost Overview [M€]:

Station Construction
Transportation Non-recurrent
Crew Transport

~~+ (Resupply)

/]l’

B 48.549
42.561

m  17.968
4.807

] 1.953
115.838
-14.959

m 100.879

4% 2%

15%. ‘

37%_|

_42%

-13%
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COST BREAKDOWN ESTIMATION

Starting in 2033:

One week on the moon

590M€
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COST BREAKDOWN ESTIMATION
“\6
90

$6T
$295 BILLION
140 BILLIONAIRES

1987

$3T

COMBINED NET WORTH
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COST BREAKDOWN ESTIMATION
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$13.1 TRILLION
2,755 BILLIONAIRES

' 3000

$6T
$295 BILLION
140 BILLIONAIRES

$3T II I
.....mllllullll“l I
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 OUTREACH STRATEGY - SOCIAL MEDIA! =t

A(x‘ —,ii?%‘ﬁ' <

106



'SUMMARY

A S|gn|f|cant step for humanklnd towards the settlement of celestlal :

bodles beyond the Earth

~
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suMMARY TR

A S|gn|f|cant step for humanklnd towards the settlement of celestlal :
bodles beyond the Earth

~

“An international effort that extends the boundarres of current .
space technology :
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- SUM'MARY G o e
AS|gn|f|cant step for humanklnd towards the settlement ofoelestlal ; ,'

bodles beyond the Earth

“An international effort that extends the boundanes of current .
space technology :

A strategic resource outpost to support the Lunar Gateway and
future endeavours -
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'SPECIAL THANKS! ~ © [oAwa

To the organlzers Iecturers

and-experts, as well as

- everyone involved in this

- workshop for this fabulous
Iearnlng opportunlty and for

- all the new knowledge, -

_techmques and frlendshlps

‘we’ve gained .aAIong the way.
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-~ ELECTRICAL POWER SYSTEM = oiwa

Performance (power density)
Environmental requirements
availabilty
political constrains
Weighting factor [%]
Solarpanels +RFC
Nuclear Reactor
Solarpaneldynamic

»
]
=
(7]
L
£
©
@
5]
@
v
4
2
]
c
©
aQ
=
=
o
V)
0

P.
e ormanc_e(power 16,7% 2 1o
density)
16,7%

| eremems | 2% 0]

TRL

density)
Costs

low risk

Environmental

Criteria
Criteria

[0,44]

Total number of "+"
weighting of one "+" [%]

[
NN NN

~
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e

with orbital stage
Refuel on Lunar Surface
Low Thrust Transfer to
Moon/Lunar Gateway
Bi-Elliptical Transfer

s

(] &

> 8 e @]
= e = 3]
= © B S
0 E ; G
gt = Q2 o0
© @] %) c
Y c =

> [ = o)
<< v © £
= = Q0

=

Weighting factor [%]
Direct to moon and back
Direct to moon and back
Refuel in Space at the Lunar [
Rendesvous L1 or L2 -> WSB

Availability Availability

Performance

Performance

0190
P IO N
o|o|o

Costs
Risk
Transfer Time

Costs -

Risk - -

Transfer Time - + +

~AIOIOINION

Max perecntage

Total number of "+"

Sum

weighting of one "+" [%)] Rang




Availability
Performance

X
| .
@]
4+
O
©

Y
Qo
c
=

e
20
=

e

Weighting factor [%]

Rendesvous L1 or L2 ([

Direct Transfer to
moon/Lunar Gateway

Low Thrust Transfer

to Moon/Lunar

Availability

20.0%

Availability

20.0%

Performance

10.0%

Performance

10.0%

Costs

-

40.0%

Costs

40.0%

Risk

- + -

20.0%

Risk

20.0%

Time

= + = =

10.0%

Time

10.0%

Total number of "+"

weighting of one "+" [%]

Max percentage

100%

PO IRLIO|IN

A IOIOIN|ION

Sum

max. 2,00

Rang




- PROPULSION

(Payload Mass)
Costs/Seat

TRL - Availability
Performance
Designed Life Time

Weighting factor [%]

e

(Payload Mass)
Costs/Seat

TRL - Availability
Performance
Designed Life Time

Weighting factor [%)]

TRL - Availability

TRL - Availability

Performance (Payload Mass)

Performance (Payload Mass)

Costs/Seat

+ |+ |+

Costs/Seat

+ |+ |+

Risk

+

Risk

+

Designed Life Time

- - |+

Designed Life Time

- - |+

Total number of "+"

weighting of one "+" [%]

Total number of "+"

weighting of one "+" [%]




___ PROPULSION-launcher . oA

L
*
qM.scov

X
5 =
i =
= e}
o) 3]
© ©
6 Y-
2 &
> =
0, [
o ‘0

" Crew i

»

Starship

X

- 2
O ©
S Q
(@]

q_r‘i 1=
0 (o)}
c c
= o
= S
o) ©

Weighting factor [%]
Falcon 9 Heavy
Ariane 64
Long March 5
Starship

14.3% 0.2
| 143% [2]029)

| Performance | 42.9% |0]0.00|
Costs 14.3%
| Maxpercentage | 100% |4]0.71 086 :
B sum  [max200] 071 | 114 | s

(o}
Risk/ Reliability 33.3%
| Max perecntage | 100%




~ AOCS - Trade Off

weighting factor
performance safety | accuracy| sum [%]

. lowRisk | 3 37.50%
I 12.50%
!

et | [ | 1 | 1250% |
| o | 2 | as00% |

| o [ 1 | 12s0% |

Total number of "+" “
weighting of one "+" [%] 12.50%

actuator concepts

weighting Reaction
factor Wheels Magnetorquer thruster

| towRisk | 3750% [2] o075 [1] o038 [1] o038
1] o013
| et | 1mso% [2] o025 [1] o013 |

| safety -

safety 1
1

max.
percentage 100.00% 1.88 1.13

0.25
0.13

0.88

:
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Distance to touchdown over time Distance to touchdown over time

200000

100000

o

-400

Horizontal Distance -100000

Horizontal Distance

Distance / m
Distance / m

Vertical Distance 200000 Vertical Distance

-300000
-400000

-500000 . . <
Time /s Time /s
Acceleration
Acceleration

Total deceleration
Total deceleration

acceleration / m/s?

~
b
<
£
~
c
o
£
©
o
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o
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©

Velocity over time .
Velocity,

Total Velocity
Vertical Velocity

. Horizontal Velocity
Total Velocity

Vertical Velocity

Velocity / m/s
Velocity / m/s

Horizontal Velocity

-300 ¢ : > -150
Time /s : Time /s




Robotics & EVA 5

e Shall enable lunar base construction
e Shall assist in human exploration & EVAs

» Shall enable resource prospecting & surface level research

(o O
Iniitial Infrastructure Astronaut launch to
Deployment Lunar Base
O O (o

/e,
|\

2

~

~

A

SSDW LOVE

O
Expansion

19
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Science——— 2 —  Centaur

S

Sl W[

K10 Scout Robots

Contour Crafting Contour Crafting robot

/Construction ATHLET.E )
Chosen Robotic Concepts

ot B
oo e 00 1S ovor) Y excavating — i

3 clamshell —0
3 drill

REG-X (pneumatic)
Charivot (2)

Human Assistance / EVA\

=

\Lu nar Electric Rover

()

\ASSLE




3D Printing concept:
Contour Crafting Robot
+ REG-X

'ROBOTICS&EVA ~ [oww

i ..

Volatiles Investigating
Polar Exploration Rover
(VIPER)

\ 4 N

121



Group I: Science

Concepts

weighting factor

SCARAB

Perserverance Lunar Concept

Lunokhod 2

Pragyan

VIPER (NASA)

K10 Scout (NASA)

low risk

15,38%

3

0,46

performance

30,77%

0,92

cost

0,00%

0,00

power

15,38%

0,31

mass

7,69%

0,15

level of autonomy

30,77%

0,92

max. percentage

100,00%

2,77

sum

max. 3,00

Group lla: Construction

weighting factor %

Concepts

%:50—45423“6_5’ i

REG-X (Pneumatic Excavation)

low risk

38,46%

0,38

ateiee N V328 20«
2

0,77

0,38

performance

23,08%

0,69

0,46

0,69

cost

0,00%

0,00

0,00

0,00

power

15,38%

0,15

0,31

0,46

mass

7,69%

0,08

0,15

0,15

level of autonomy

15,38%

0,46

0,46

0,46

max. percentage

100,00%

1,77

2,15

2,15

sum

max. 3,00

2,15

rank

1

Group lib: 3D-Printing

Concepts

owC OAZID,

weighting factor

Contour Crafting Robot on ATHLETE Rover

D-Shape Technology (ESA)

ESA 3D printin,

g rover Concept

Solar 3D Printing + support vehicle for laying down regolith

Building Blocks 3D Printing + support vehicle for laying down regolith

low risk

38,46%

2

0,77

0,38 0

0,00

0,77

0,38

performance

23,08%

0,69

0,46

0,23

0,46

0,46

cost

0,00%

0,00

0,00

0,00

0,00

0,00

power

15,38%

0,46

0,31

0,15

0,31

0,31

mass

7,69%

0,08

0,15

0,23

0,08

0,08

level of autonomy

15,38%

0,46

0,46

0,46

0,31

0,46

max. percentage

100,00%

2,46

1,77

1,08

1,92

1,69

sum

max. 3,00

rank




e

Group IlI: Human Assistance & EVA (unpressurised) Concepts
weighting factor Lunar Roving Vehicle (LRV) Chariot (NASA)
low risk 15,38% 3 0,46
performance 38,46% 0,38
cost 0,00% 0,00
power 23,08% 0,46
mass 7,69% 0,23
level of autonomy 15,38% 0,00
max. percentage 100,00% 1,54
sum max. 3,00

rank

Group llI: Human Assistance & EVA (pressurised) Concepts

weighting factor PRC + ATHLETE JAXA Lunar Cruiser Lunar Electric Rover (NASA)

low risk 38,46% 1 0,38 2 0,77

performance 23,08% 3 0,69 0,69

cost 0,00% 0,00 0,00

power 15,38% 0,46 0,31

mass 7,69% 0,15 0,23

level of autonomy 15,38% 0,46 0,31

max. percentage 100,00% 2,15 2,31
sum max. 3,00

rank




e

' ROBOTICS & EVA

Group IV: Space Suits performance mobility weighting factor [%]
low risk - + 40,00%
performance - 30,00%
cost - 0,00%
mass - - 10,00%
mobility - 20,00%
Total number of "+"
weighting of one "+" [%] 10,00%

Group IV: Space Suits Concepts
weighting factor Planetary Space Suit

low risk 40,00% 0 0,00
performance 30,00% 0,90
cost 0,00% 0,00
mass 10,00% 0,30
mobility 20,00% 0,60
max. percentage 100,00% 1,80
sum max. 3,00

rank




Power System TradeOffs - Robotics

Criteria

low risk

Environmental requirements

lifetime

Reliability

“n
=
3

weighting factor [%]

low risk

performance (power density)

+

availability political constrains

+

12,90%

performance (power density)

T

0

12,90%

cost

0,00%

Environmental requirements

16,13%

availability

19,35%

political constrains

12,90%

lifetime

12,90%

Safety

6,45%

Reliability

(SN ISR O (-0 I [T I Y

6,45%

Total number of "+"

weighting of one "+" [%]

o |w
w (=

Power System TradeOffs - Robotics

concepts

weighting factor [%]

Solarpanels

Solarpanels + Secondary batteries

RTG + Secondary batteries

low risk

12,90%

3 0,39

3 0,39

performance (power density)

12,50%

0,26

0,26

cost

0,00%

0,00

0,00

Environmental requirements

16,13%

0,16

0,48

availability

19,35%

0,58

0,39

political constrains

12,90%

0,39

0,26

lifetime

12,90%

0,26

0,39

Safety

6,45%

0,19

0,13

Reliahility

6,45%

N(wino o w e | w

(Sl CSH LS [FV0 [0 [ [N ) [ N

0,06

(35 [ SN (V0 [0 LNE [N [P) [TP) [3V]

(350 [ SN (V0 [ SN IR [Te) P8 [ N

0,19

max. percentage

87,10%

2,29

2,48

sum

max. 3,00

rank




ROBOTICS&EVA  [ohwa

Facts.
- TRLs-
- Science Paonad : s
- Height/reach ofATHLETE 2nd gen: 15, 5 m/ payload mass: 14 5 i o

; Assumptlons : ~ :
- Power Systems: RTG, Sec. Batterles Solar Arrays Fuel CeIIs
- Nozzle width of 3D-printing extruder: 28 mm :
- . Extruder velocity: 0,6 m/s’

- - "Velocity of rovers:.1-5 m/s

- Temperatures to be covered

- Assumptiohs on regolith.

CaIcuIatlons include 30 % margin F . ok
- Duration for 3D printing of habitat: ~6 months : e
- Mass of regolith needed: ~ 800 t :
- Mass of regolith excavatable/transportable W|th|n 2 yrs for 10 REG X: 1200 t

- _ Max. coverable distance for rovers ‘ ; s ;
L . 126



Name of the component

VIPER

K-10

Centaur 2 + Robonaut 2

REG-X Pneumatic Traverse Mining Rover

Chariot

Hauling Module (Chariot)

Robotic arm integrating drill, clamshell, excavating, gripping hand
ATHLETE 2nd gen

Contour crafting robot
Lunar Electric Rover
ASSLE Space Suit
SUMMARY

~

w margin Class

1118
416
1300
26000
2600
520
3900
15210
1820
10400
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RADIATION

TABLE 43: Eq. dose for different Durations

per Year/

per Day

mission
0,3-0.,4 mSv [30] 144mSv

per "

No Shielding
Thickness [-]

GCR 1977 1,15 mSv/day
SPE 1972 8.2e5 mSv

Regolith Shielding
200g /¢ m?

0,6 mSv/day
41,68 mSv

Daily Limit: 8,5 mSvid -
30-Day Limit: 250 mSv- =~
Annual Dose: 500'mSv.

Career L|m|t 1-4.Sv (Age Vand Gender

Specmc)

Bi-Layer Shielding
Regolith 150¢ ‘,."vm:
Polyethylene 30g/cm” &

Polyethylene 20g /cm?

(,2835 mSv/day
2,61mSyv
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Photobioreactor (PBR)

2> ADVANCED CLOSED LOOP SYSTEM

Advanced Closed Loop System produces water
from carbon dioxide. The water then is used

to produce oxygen for astronauts.

oxygen @
L]
o °
. e AIR
> L]
‘o.cooco%{)-. H, -.-)9&7;
H0 ° hydrogen
L]
electrolyser L] €0, concentration assembly
.

H,0 C e 0,
AIR RECYCLING STEP BY STEP water carbon dioxide

€0, reduction assembly - Sabatier reactor

The

is an electrolyser that separates water into

oxygen and hydrogen. CH,
methane

The

removes and concentrates
carbon dioxide from the air.

ACLS can generate about 50%
of the water needed for oxygen
production on the Space Station.

The Carbon dioxide Reprocessing
Assembly (CRA) is a Sabatier reactor
mixing hydrogen and carbon dioxide to
form water and methane. The methane
is vented into space.

#LIVEbetter European Space Agency

= plashja pyro‘lysis production PPA .

2CH, —A—) C,H, +3H,
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-> Greenhouse TRL 7

ECLSS - .-t

LSS essentlal and I|fe cntrcal

-> Water Recovery System (WRS) and Advanced CIosed Loop System both TRL 9.

Improvmg the recychng process regardlng resource effrcrency wrth a tested system :

_ Further development of a concept to close the resource crrcly evenmore .

f--> MELISSA pro;ect TRL 5in development but already partly tested

130



oV @

" | L - A : L o . "«—ﬁ%‘,’\«*
. . . = ks S “ M. scO
Greenhouse '
' Open Greenhouse S T A A el Closed Greenhouse i
the same atmospherlc condltlons as for s e i ¢  different atmospherlc conditions than for
humans S © 2 humans
psychological advantage of have time - : " e higher CO2 partlal pressure :
next to plants (alse strawberrles ‘maybe - e = lower O2 partial pressure .
and greenery/colors) ’ ‘. specral light and temperature
not as eff|0|ent as the closed concept -.® - special mask needed for-humans to in there
) ..~ and work on the plants (maintenance?) o
| - e_ high complexity of the system -
\‘ il . & high efficiency ' :
- humidity/water vap'or->cleanwater‘ Se ,
food production = - i : el 3
psychologlcal aspect (plants colors zen : : e S
garden") - ' R e c
‘CO2removal - .- . - . $7 : ‘ R '

'02production : ’ " 131



2. Classification

Physico-chemical
+ Well understood
+ Compact

Type of technology

+ Low maintenance
+ Quick response
- No food production

Storage Biological

+ Allows food production |}

)
-

Physico-chemical

- Less well understood

nerative

Hybrid

- |

|
b=

- Large volume

REg

- Maintenance intensive
- Slow response




RADIO ASTRONOMY »

.
'-
Crater Antenna Array Crater Antenna VLBI VLBI
_
03 [0
o o]
| 14 [0

1.44

2

N
2 |

Phased Array Antennas: computer-controlled antenna array — can be electronlcally
steered to p0|nt in different dlrectlons without moving the antennas |

>
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RADIO ASTRONOMY' Nase |

Mission Development e
e starting with 3 - 6 PAA sites, from there every year up to 8 additional sites — gradual
\ increase of sensitivity & baseline distances, therefore resolution . :
~ @ As soon as there’s enough crew capacrty, astronomers can join . and work from the
statlon dlrectly : :

Performance Estlmatlons for a 500 km Baseline

- e
e 110-4GHz:  43-38mas Fo hgrrn Comparison;

e 14GHz: ©  110.mas i e arcs an eye has 4¢
°. --200 -1 MHz: . 0.8 arcsec - 115 arcsec S €c resolution

Possible survey topics for the telescope: :
e investigation of the 21cm Hl line in a radio noise free envrronment
e investigation of the red-shifted 21cm HlI line for re-ionization perlod research
e investigation of the solar system planets radio emission ~ «
e investigation of the suns radio emission '
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Lo RISKMATRIXG S

Failure situations Probality Severity Loss of power in communication center

Fail of autonomous system Destruction of antenna due to micrometeorites

Malfunction of 3D printer on rover Conununication
Robotics & EVA Robot falls over {
Failure of secondary batteries

Damage com system: manuf., transp., and depl. errors
destruction of com satellites due to micro meteorites
Loss of com. with Earth due to failure of sat. const.
Loss of com. with Earth due to failing Grd. Station
Conflict within the crew
Human Factor Eng Error in data reporting impacts the mission

Manual takeover mistake

Blocking of mechanisms due to lunar dust
A solar panel does not unfold
Solar panels severely damaged by meteorites

EPS
Solar panels partially damaged by meteorites z
K S Rocket explosion - crew
Unknown illumination factors . -
= - - - y Propulsion & Rocket explosion - cargo
Orbital maneuver failure :__: : 2 B-Ss Transport Thrusters malfunction - cargo vehicle 3
Mission Analysys Launcher failure ) Thrusters malfunction - crew vehicle 2 4
Cargo delivery delay Destruction of electronics due to radiation 2 5
Hard landing with cargo . Radiation Overdose of radiation during EVA due to solar activity 3 3
Hard landing with crew 3 ) : jation i 3 3
AOCS& EDL e /14 _ Total annual dose of radiation is over exceeded I 3
Take off - ignition problems (cargo vehicle) Losing a telescope due to deploy mech. failure 2
Take off - ignition problems (with crew) Micrometeorites damage the telescope
Moon base depressurization . Astronomy Losing a telescope due to power failure 3
Water tank leak i Failure of components due to galactic radiation 2
o Losses in food production outage Failure of components due to solar energetic part. 3
LSS malfunction
Power outage 54 Ambitious performance requirements
s e conmination . Syskean Engtnnceing 55 Reliance on advances in low TLR technology 4
Design and Inner Design concept does not work : .
2 57 Underestimation of the problem scale 4
Architecture n overdose due to windows y
58 Wrong data from one subsystem impacts the rest 4
Mechanical failure of louver radiator
TCs Heater malfunction
Flute pumps stop working . Loss of international support
Structural damage due to debris impact Project Docimentation mictake
Management

Structure& Structural damage due to seismic loading
Mechanism Structural damage of 3D printed construction
Structural damage: manuf., transp., and depl. errors

Economic crisis - project discontinuation
Supplier or subcontractor failure
Marks ups due to economic situation
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..

Cost per System

System Cost Overview [M€]
St Per }Jnit
Price

Space Station 6,944.33

Robotic Systems -
Crew Lander 2,239.97

N Cargo Transfer & Lander not

reusable 165.43

* Reusable Crew Transfer -
Crew Dragon Modified 730.71
Falcon Heavy 125.00

Ground Station 30.00

Development
Cost
39,156.85
8,950.78
17,324.63

9,161.01
10,510.13
1,559.07
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Assumption/ j
Reference Number

Value Description Source Calculation

i 6 - 8 Staff members per Position, at Houston 15 Positions in Control
Number of Ground Operation Staff for

1SS =300

Prof. Ewald Room. And 80 Staff members in Back rooms. Columbus Labis 2- 3
Positions. = -

"Cargo Transfer & Lander not Dr. Eilingsfeld Agreement to set the Non reusable Cargo Lander Specification to 2. e = :

reusable" und "Reusable Crew ... Reusable Crew Transfer was choosen by Cost & Risk team to be set
Transfer" und tr Milin at 2,3 instead of 2,39 for a planetary transport vehicle.

Upgrade to Crew Dragon taken as a 1000kg Addition which was
calculated, Crew Dragon price added, but not adjusted for included -
falcon 9 cost. Will be taken as an estimation of surplus cost of falcon
heavy human rated certification with SpaceX
Cebreros 35 Meter Dish Ground Station CEB (DSA 2), here build over
three years

1000 kg "Modified Crew Dragon" Assumption

Cost of Ground Station

Cost of launchers for refueling crew Subsystem i
; 7 We need three extra Launches to fuel the transfer vehicle - i
transfer vehicle Information = -

roughly in the order of one crew dragon, minus a launcher for a
refueling spacecraft ; %

375M€

Cost of refueling Spacecraft Assumption

Cost of Astronaut Training for four i} i . i )
Assumption five staff support per Astronaut, 2 years training + one year in orbit
Astronauts per year

X ) Roughly 8 tons of ressuplies, mostly some food, water, clothes,
Cost of Resupplies Assumption
meds etc.
Reduction Launcher and Refueling esimption ISRU on moon surface up and running, only one refueling needed in
Spacecraft3to 1 LEO, instead of three
Minimum Value for selling 2nd station for residual value. Resources

-4340M€ Selling 2nd Station Assumption of 1st station + residual usability surpasing planned operational
lifetime not even taken into account.
Luxury good, higher price can actually have positive influence on

100% Margin Toursim Assumption i o -
demand due to anormal price elasticity. ; =

Dy o Per Unit Price based et j .
calculation P not be adjusted wi but stay as fixed
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Cost - -

Expected

Cargo Cost per Year
Launcher
Transfer & Lander
Cargo itself®
Launches per Year

Crew Cost per Year before ISRU

Launcher®!
Crew Dragon with Launcher

Crew Teaching and paym

Refueling Spacecraft[61
Crew Cost per Year before ISRU !
Launcher
Crew Dragon with Launcher
Crew Teaching and pay
Refueling Spacecraft

Ground Segment
Staff Cost per Year

Ground Segment Constr.”!

Tourism per Year
Contribution margin for one tripp 884.89

Total Cost per year: 2,162.10

D

PN

[ V3

LANA

4,0% &

* oA
M.sco £
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. Station  Transportation
Construction Non-recurrent

Cost - -

Tourism &
Closeout

Total

23.17
92.68
675.76
675.76
5,255.77
12,576.47
12,651.94
6,845.77
2,369.98

857.32
2,115.08
2,279.52
1,403.98

288.44

19.17
76.70
559.26
559.26
3,363.58
8,361.50
10,331.72
6,913.67
5,279.66
784.38

3,982.53
1,742.56

T rtati
Crew s Ground
Transport heamen Segment
po (Resupply) :

6.21
12.42
18.63

1,758.17
1,758.17
1,758.17
1,758.17
908.17
908.17
908.17
908.17
908.17
908.17
908.17
908.17
908.17
908.17
908.17
908.17

4,806.82 1,953.00

42.34
169.37
1,235.02
1,235.02
8,619.35
20,967.97
23,019.87
13,905.36
7,771.77
2,946.48
2,162.10

2,162.10 |
3,382.00 ||
884.89 427.21 |

884.89 427.21
884.89 427.21
884.89 1,284.53
884.89 2,542.29
884.89 2,706.73
884.89 5,813.72
884.89 2,458.21
884.89 427.21
884.89 427.21
884.89 427.21
5,225.09 - 3,912.99

- 14,958.84 101,074.54

~
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“Cost: vl T

One week on the moon

" Launcher and Transport for one Person
Supplies roughly for one Person negligible
Training for one Person (2 month)

100% Margin = partial contribution margin[n]

. Total Price per Person:

Just three at a time + pilot

Comments:
Only starting after 2033 and ISRU

140



OUTREACH STRATEGY - EDUCATION! ~  oiAwa

Science to the

Moon!

Draw the D.ILA.N.A
moon base!

Design a lunar
module!
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