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Modeling Habitation Demand [z
» Lunar living demand is driven by: Architecture

» Mission architecture
» Habitat design

» And quantified through:

» Known consumable rates

» Captured in NASA documentation

» Demand IntltEEEEs
» Mass impacts
» Costimpacts
» Breakeven analysis

Habitat Design

Raw Demand (kg)

‘---

ESM =M+ (V-Vo)+(P-Pey)+(C-Cey) +(CT-D-CT,,)

Equivalent Mass

Impact (kg)

- 1
System Cost = aQPM? 65 ¢ Toc=1900’ B%yP

Cost Impact (SM)
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Early Habitation Concepts & Assumptions

JAXA Pressurized Rover (PR) ASI Multi-Purpose Habitat (MPH)
@ TOYOTA ThaIesA'lJ/%
el o7 [

Consumable Rates Mission Architecture Habitat Design

» NASA Human Integrated Design » 2 crew per element » Airlock (MPH)
Handboo il 1 mission per year with 7 to 28- » Cabin Depress (PR)
» NASA Baseline Values and day mission durations 1
Assumptions Document (BVAD) ; i O
» 3 Extravehicular Activities e
» Logistics Rates and Assumptions for (EVAs) per 7-days P e 2
Future Human Spaceflight Missions : sl
Beyond LEO (Lynch et al., 2023) » Early 2030’s, 10-year lifetime
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Early Habitation Raw Demand

Mission Architecture
Habitat Design

Consumable Rates Raw Demand

MISSION PARAMETERS

Hm Medical + Sample H20

EVA Cooling H20
Flush Water

N
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Mass (kg)
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Number of Modules

225
] m Hygiene Water
169 = Food Prep H20
123 113 m Drinking H20
E— Module Leakage 02
57 m EVA Repress 02
' 50 - . m Metabolic 02
? . .
02 H20 02 H20 02 H20 02

H20

0, Concenration | 500w
7-days 14-days 21-days 28-days

4 crew (PR+MPH)

: O Lifetime Totals (PR + MPH):
H.O 62-68% of H,0 driven by 26630 >58% of O, based upon . 4,640 kg H,O
2 drinking & EVA cooling os”o EVA architecture . 2,250 kg O,
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Equivalent Mass Impacts MINES
Earth-based resupply
ESM =M+ (V-Vyy)+ (P-Pey)+(C-Ceq) + (CT-D-CT,,)

Equivalent :
System == Item mass Volume Power Thermal Crew Time
‘ 1

Mass (ESM) |
X Mass Equivalency Factor, X.q= kg/X
» Delivered mass = raw consumable mass
+ container mass + packaging rmeiss

» Pressurized volume and crew fime are
major factors in Earth-based resupply

HzO ‘ ~18% mass increase for transport 168
123 112
o lI | l

02 g@o ~160% mass increase for fransport
- O

7-days 14-days 21-days

Lifetime (PR + MPH) mass impacts: ~12,000 kg 4 crew (PR+MPH)

m mRawDemand m Packaged ESM
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Equivalent Mass Impacts MINES
Regener ative LSS Alternatives mOpen-loop =WPA+UPA mOGA mWPA+UPA+OGA

3,226

3,157

» Major factors in regenerative LSS analysis 3086 @ cecsecapeccscscce
» Pressurized volume ) ,
» Power 1,695 2301092
1,462 2,174
» Thermal 1,978
» Reliability & maintenance not modelled
» OGA assumes recurring H;O demicing o83
» WPA+UPA assumes recurring O, demand 705
» WPA+UPA+OGA has limited recurring H,O 3
demand

7-days
Mass (kg) | Power (W) | Volume (m?3)

Oxygen Generation Assy. (OGA) 676 3573

Water Processor Assy. (WPA) e 343 Regenerative systems reduce

Urine Processor Assy. (UPA) 424 ' consumable resupply mass by ~26-48%

14-days 21-days

4 crew (PR+MPH)

TOTAL 2,061 4,340
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Equivalent Mass Impacts MINES
ISRU Alternatives

» Polar Water ISRU

pBIloI-scale production (~1,125 kg/yr HO)
provides all needed water and oxygen

» Carbothermal (O, from Regolith) ISRU
» Recurring water delivery assumed

» Molten Regolith Elecitrolysis (MRE) ISRU
» Recurring water delivery assumed

1,585 1,714 1,843
1,787 1,787 1,787

1,33
I 983 I

14-days 21-days 28-days

1,456
1,787

357I I
[l

7-days

705

Mass (kg) | Power (W)
m Open-Loop m Waterice mCarbothermal m MRE Polar Water (Linne et O|.)* 9219 4880

ISRU pilof Concepfs average ~60% =333 OQ from Regoll’rh (Sonders et Ol)* 906 2340
mass than regenerative LSS with O, Molten Regolith Electrolysis (Schriener et al.) 518 18420

production > 4x demand *Mass & power adjusted for deferment of liquefaction
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Regression Coefficients

Cost Impacts ol G MINES
; 1
Assessing Benefits System Cost = aQPME 55 Toc=1900 g%y P

Unit Quantity (Q) Mass (M) Specification (§) Year (IOC) leYed ()] Difficulty (D)

» Advanced Mission Cost Model $2,000.00
(AMCM) is sensitive to difficulty $1,800.00
(D) determination $1,600.00

» All regenerative LSS shows cost $1,400.00
benefit <37 Eeis $1,200.00

» Polar water ISRU begins showing $1$f:gg'gg
benefit over WPA+UPA :

. . $600.00
architectures in 49 days $400.00

» ISRU cost advantages arise I ==
within 49-217 days $-
T Ah 9% 95 25 42 49 o6 &> 10 1 @b o B 40®
Cost breakeven with Earth-based resupply MISSION DAYS
Regenerative LSS <ISRU

-
-
-

Te]
N
S-
L.
=
R4
=
(72}
o
&

----0pen-Loop ——O0GA ——WPA+UPA
...bout mass breakeven suggests ——WPA+UPA+OGA ——WaterlceISRU ~ ——Carbothermal ISRU
ISRU < Regenerative LSS... ——MRE ISRU
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Conclusion & Forward Work

Key Takeaways:

» Early habitation concepts under development exhibit
local, small-scale demand ...may be addressed by ISRU

» Impacts of habitation demand have non-trivial
equivalent mass and cost impacts ...mitigated by ISRU

» ISRU & regenerative LSS both provide opportunity to
minimize iImpact ...but only ISRU is extensible to
significant lunar economic development

Earth-based resupply may approach >$1.5B USD
(est.) within three 28-day missions & warrants
transition to ISRU and/or regenerative solutions

Forward Work:
» Capture driving model sensitivities

» Include mass and cost impacts of reliability, spares, and
maintenance

» Conduct model-based systems engineering (MBSE)
trade space assessment
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