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Mission Authority Biomass Production Habitat Structure 10 Communication
1 Vision 1 Farming 1 Protection Communication Relay Satellite
2 Mission 1 Hydroponics 1 Pressure GPS Constellation
3 Goals 2 Aeroponics 2 Meteoroid 11 Interplanetary Transportation
4 Objectives 3 Aquaponics 3 Thermal Protection Interplanetary Spacecraft
5 Constraints 4 Soil Culture 4 Radiation 1 Cruise Space Ship
6 Stakeholders/ Authority ) Seeds Storage ISRU 2 Heavy Cargo Ship
Driving Factors 2 Protein Resource 1 Resource Identification Propulsion System
1 Social Factors 1 Artificial Meet 1 Water (soil, Glacier) 1 SEP
1 Government (Political System, Law) 2 Fish (Aquaponics) 2 Mineral (Al, Silicon, 2 Chemical
2 Economy (Business Plan) 3 Insects 3 Potential Processable Material (Alloy Ascend/Land System
3 Finance 3 Food Management 2 Resource Extraction 1 Crew/Cargo Lander from/TO Mars Orbit
4 Occupation 1 Environment Monitoring 1 Resource Assessment 2 Exploration Hopper
5 Religion 2 Waste Water Circulation 2 Resource Acquisition 12 Mobility Systems
6 Culture 3 Air Circulation 3 Resource Benefication EVA Mobility
7 Population Composition (Age, Gender) 4 Water Quality Management 4 Site Management 1 MMSEV (Exploration, Large Bus type)
8 Population Growth Rate (Immigration rate, Birth rate) 5 Microbe Control 3 Material Handling & Transportation 2 EVA Suit
2 Mission Factors 6 Harvesting Robot 1 Fixed Site Transportation Surface Mobility
1 Mission Duration 7 Food Storage 2 Mobile Material Transportation 1 Multi Purpose Chariot
2 Concept of Operations 4 Food Processing 3 Payload Material Transportation 2 Athelete
3 Location 5 Resource Reutilization 4 Resource Processing 13 Robotics & Artificial Intelligence
4 Mars Climate/ Environment 1 Food Waste Decomposition 1 Mission Consumables (Life Support, Propellant, Energy Support Robots
5 Civilian Selection 2 Human Body Decomposition 2 Feedstock Production for ISRU Manufacturing 1 Advanced Robonaut
Urban Design Thermal Control 3 Feedstock Production for Surface Construction Artificial Intelligence
1 Infrastructure 1 Heat Source 4 Common Critical Components 1 Traffic Control
1 Government Facility (Parliament, Courthouse, Police) 2 Heat Insulation 5 Manufacturing with ISRU 14 Sustainability & Supportability
2 Research Institute 3 Heat Rejection 1 Additive Manufacturing Technologies Logistics Systems
3 School 4 Maintenance 2 Subtracting Manufacturing Technologies 1 Production system
4 Residence Environmental Control & Life Support 3 Formative Manufacturing Technologies 2 Recycle system
5 Religion (Church, Mosque, Temple, Shrine, 1 Environmental Monitoring 4 Locally Integrated Energy Systems 3 Storage
6 Hospital/Pharmacy 1 Atm. Pressure Control 5 Locally Integrated Systems & Components Maintenance System
7 Recreation/ Fitness 2 Temperature Control 6 Manufacturing Support Systems 1 Defect Detector
8 Food Production Facility 3 Humidity Control 6 Surface Construction 2 Spar Pars Production
9 Bio Reactor Facility 2 Atmosphere Management 1 Site Planning Repair System
10 Consumables Production Facility 1 Oxygen Production 2 Surface & Subsurface Preparation 1 Repair Parts Production
11 Shopping Mall 2 CO2 Removal 3 Structural/ Habitat Fabrication
12 Warehouse 3 Microbial Control 4 Radiation & Micro Meteoroid Debris Shielding
13 Airlock 4 Volatile Organic Gases Removal 5 Structure & Site Maintenance
2 Environment ) Air Distribution 6 Landing & Launch Site
1 Pond/River/Reservoir 3 Water Management 7 ISRU Product and Consumable Storage and Distribution
2 Garden Place 1 Processed Water Supply 1 Surface Cryogenic Fluid & Propellant Storage & Distribu
3 Park 2 Recycle Water 2 Chemical Reagent Storage & Distribution
4 Artificial Landscape 3 Water Storage 3 Gas Storage & Distribution
5 Road 4 Water Quality Management 4 Water & Earth Storable Fluid Storage & Distribution
3 Utility 4 Bioregenerative 5 Utility Connections & Interfaces
1 Water Supply & Sewage 1 Food Production 6 Hazard Detection
2 Electricity Distribution 2 Water Purification 7 Suppression
3 Air Circulation 3 Oxygen Regeneration Power
4 Lighting 5 Sound Management 1 Power Generation
4 Transportation 1 Control Artificial Sound (Time, Seasons) 2 Power Storage
1 Personal Vehicle 6 Artificial Weather 3 Power Distribution
2 Public Vehicle 1 Scheduled Rain 4 Maintenance
3 Emergency Vehicle 2 Wind Control
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IEH Phase 1a Phase 1b Phase 2
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K HE =, kg/person 10 30 100

eFIHE =1, kg/person 0.84 0.84 0.84

BR1 kg/person 2.51 2.51 2.51

BAX 0.9 0.99 0.99
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First Landing Site/Exploration Zone Workshop for Human Missions to the Surface of Mars,2015
Potential Exploration Zones for Human Missions to the Surface of Mars
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Top veiw
Dome Dome Dome Dome Dome Dome Dome Dome Waste
Dome No. 7 4 3 2 8 1 5 6
Radius, m 100 120 65 80 65 65 80 100
Population, person 140 200 100 100 100 100 120 140
BPS, mT 7.5 10.7 5.4 5.4 5.4 5.4 6.4 7.5
LED, mT 62.7 89.6 44.8 44.8 44.8 44.8 53.7 62.7
Air, mT 15.2 21.8 10.9 10.9 10.9 10.9 13.1 15.2
Thermal, mT 9.1 13.0 6.5 6.5 6.5 6.5 7.8 9.1
Water, mT 3.3 4.7 2.4 2.4 2.4 2.4 2.8 3.3
Waste, mT 57.9
Water for person, m®|  14.0 20.0 10.0 10.0 10.0 10.0 12.0 14.0
Water for roof, m® 660.0 346.0

15 Anderson, M. S., Ewert, M. K., Keener, J. F., and Wagner, S. A., Advanced Life Support Baseline Values and Assumptions Document, NASA, TP-2015-218570, 2015.
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=== |ce Layer CFSR
wvi> Radiation
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CNF

---->  Meteoroid

MEEE - TETHRE

(e} N N
ra—xF NS) . O — Rk R
PSS S 1 o~
w=p  Ice Weight (30cm thickness) Interior Atmospheric Pressure (101kPa) %E*E = 7F7J- =02 - SR)
- LY
Structure Weight * Atmospheric Pressure on Mars (0.6kPa) L
1,024N/m2

600N/m?2 " 'v +

y

CFSR: 80g/m?2 x 101,400m?2 = 8,112kg
CNS: 0.016kg/m?2 x 101,400m2 = 1,622kg
7K: 100,500kg for F — L1& 6D A
‘s NAFA Y2 b—L14
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TV ERTED
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D2, SAN

/\/

LZ & statlon D

2485FER (JRT )

ol Scre‘nce & resource RDIs ©

S0
)Landing si te: \ nd N 1 ke/hr
5°30'2 45.1} !IJM R Upt} rturityioverdil S CO7 and 2 9 g/

;395" 4134" ) Hesperian evaporites H)O 131 kg/hr
. -1574) n Wy Ramparts (- 0, 45  kg/hr
\ el 08
K‘Z; fvy 'Noachian &ﬂm |CH£l 11 kg/hr
!.ﬂ 1
‘ ISRUEX &
Mass, kg |Power, kW
co, 958 50
H,O 84,976 971
_ N, 958 23
V| ' 0 O, 2,088 158
Heiperlan coastal}edlments ‘3! |(:H4 1’200 37
% I‘ 5 Recurring glope Linea H,O
Atmosphere ——>| Y Water
Soil —> ISRU €——— Electrolysis
Trash/waste ——> H, (WE)
A
o]
CO,
Water Storage N; Gas Storage
(WS) (GS)
H,O l O2| CH, l 0,
\ 4
Donald Rapp, et al., Preliminary System Analysis of In Situ Resource Life Support Propulsion
Utilization for Mars Human Exploration, 2005 IEEE Aerospace Conference SYS"?E“VX-SS) System
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ARCHITECTURE

SHIP FLIES INTO
EARTH ORBIT

BOOSTER ACCELERATES
SHIP/TANKER & RETURNS
TO LAUNCH SITE

TANKERS REFILL
SHIP & RETURN
TO EARTH
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EARTH

N ERME 100 mT/shipdD 24 0 — K

SHIP PERFORMS MARS
ASCENT & DIRECT
RETURN TO EARTH

»

>
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RESOURCES
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TRAVELS TO MARS




Concept of Operation

Phase 0 (2034-2038) Phase 1a (2038-2040) Phase 1b (2040-2050)
PN ER TS JEAEXIHA JE{E T HA

FEHRhANEE ﬁ“«%@ ,Mi’c BRIAEE
E—EIZ (4125 m3) J2Z (6000 m2) 120 A

Phase 2 (2050-2070)
B ()

KR K — AT@EE(%TB) - BRIEFE (b LR

41



TiESF VA

7z F¥ FE AtE A0 BEEEE #HEEE, BE, BXE, B E5
—X & m?2 m?2 mT mT (0%), kW  (100%), kW
0 0 2034 O 0 0 0 165 165 1,284 1,284
2 2036 O 0 0 0 211 211 1,563 1,563
1a 4 2038 12 12 300 0 314 303 2,660 2,660
1b 6 2040 12 24 600 1,200 545 475 4,487 4,247
8 2042 24 48 1,200 2,400 977 836 8,334 7,853
10 2044 24 72 1,800 3,600 1,220 1,008 9,210 8,488
12 2046 48 120 3,000 6,000 2,265 1,252 10,916 9,713
14 2048 48 168 16,800 18,675 3,430 1,376 12,622 8,876
2a 16 2050 72 243 24,300 31,350 4,327 1,480 15,288 8,999
18 2052 72 319 31,900 31,350 4,714 1,569 18,009 11,720
20 2054 72 397 39,700 44,025 5,610 1,660 20,781 11,950
22 2056 72 476 47,600 56,700 6,511 1,752 23,589 12,215
24 2058 72 557 55,700 56,700 6,893 1,816 26,487 15,113
2b 26 2060 72 640 64,000 69,375 8,210 1,963 29,437 15,521
28 2062 72 724 72,400 82,050 9,132 2,057 32,423 15,963
30 2064 72 810 81,000 82,050 9,509 2,096 35,499 19,040
32 2066 72 898 89,800 94,725 10,502 2,244 38,627 19,625
34 2068 72 987 98,700 107,400 11,445 2,340 41,790 20,245
36 2070 72 1,006 100,600 107,400 11,526 2,347 42,465 20,921

® 5X
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

| Earth - Mars ™ on Mars W Earth- Mars ™ on Mars
s Coge e ette ™ Gy [ iRy | Al [ LT
Starship development 5.0.E+09 §$ 5.00E+09 1 5.00E+09 1 CO? 4 (+2) 2
Starship production 3.4.E+08 $/ship  4.69E+09 14 2 1o07e+10 32 |H,0 6 (+3) 3
Tanker production 3.4.E+08 $/ship  7.37E+09 22 \ 4.02E+09 12 N, 2 2
Crew launch cost Earth->Mars *1 7.0.E+06 $/launch 3.57E+08 51 — 3.57E+08 51 O, 5(+2) 3
Cargo launch cost Earth->Mars *2 7.0.E+06 $/launch 1.16E+09 165 \ 1.05E+09 150 CH4 5 5
Crew and cargo launch cost Mars -> Earth 7.0.E+06 $/launch 3.01E+08 43 N 1.05E+08 15 Power plant 5 (+1) 4
Total cost, $ 1.89E+10 / 2.13E+10
aYt BHH 13% fEWIET

*1 Starship (24 > 7 —LEOTIARHERR) 171N B2 ~Ebe
*2 Starship (4% > 1 —LEO THARHEFR) 31 or 30K N E~EfE
*3 N 2 EEENE TIEREHEEE L
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ISRU production, mT/2 years
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The $360bn global space economy
Global revenues, 2018 (Sbn)

&_/_ &b Non-satellite Satellite
space industry services

82.5 126.5

QL
/ 1

Ground

equipment
125.2

”

T
Satellite —T Launch

¢7%%ﬁ€ Bé]\ manufacturing  industry

Source: Satellite Industry Association

Large reduction in space launch cost
Launch cost to low Earth orbit in
$'000 per kg (current)

l,DDD—.

Delta E
Space

100 shuttle ——
O Falcon

. @
..___"‘ ‘_ ' Heaw\

-

!
Soyuz 5 @ . ®
on % o .
i Falcon‘?o

20

Saturn V
1

_mrmm
1960 70 80 90 2000 10 18
Date of first launch

Source: Jones, H. W. NASA Ames Research Center (2018)

- T=ft. BT

Lex., FT Weekend, US edition, Saturday 30 May/Sunday 31 May 2020, p. 18.

i

* Equivalent System Mass (ESM)

Maintainability, Risk Analysis, Technology Readiness
Level, Radiation Impacts, Manufacturing Costs,
* Life Cycle Cost (LCC) Reliability, Human Factors, and Un-Crewed Operations.

* Life Support Multi-Dimensional Assessment Criteria (LSMAC)
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