 Adelaide
University

Future Lunar Systems, System Dynamics,
and /In-Situ Resource Utilisation

T. Cernev'’, D. J. Harvey', and W. S. P. Robertson’ i
TAdelaide UniverSity (SA 5005, AUStralia) | Average Base Base Operations

In-situ Resource au water use rate
"thomas.cernev@adelaide.edu.au Utilisation (ISRU) Water processing
ngh + In-situ resource rate /’\ e e
Permanent and Enduring extraction ’ -'
Q \Z/ ._ Water storage X '
S . A.long.-ter‘m h.uman lunarprggen-{:e has beenac‘hieved " L‘ ; Q Figure 4. System
m m r ZTTET (;I;;s:u ;zso;;f:nutlusatmn and extensive lunar _ + Water available aterused .
u a y . ISIE{JLI sutpportsda ra:lge oflljnar activities and capabilities Ir_'t'jSltli_fS[;Jr[E In-situ resource ~ i dynam|CS mOdel
across: agriculture, transport, energy, and infrastructure laentricaaon i Average Agriculture E I
System dynamics modelling of lunar resources e oo achivd o st tamasirs T, v j wadere | | oo B WA
for a long-term human lunar presence provides countries and private companies /
insight to the resources that are important for Lunar In-situ resource
. el Exploration High utilisation ~-
future lunar systems, the role of sustainability, , , _
and resilience Soloration . * Forthe duration of the simulation, resource can only be
Figure 2. One of four possible | activities — used if the storage level is above a minimum value
future human lunar exploration + s +_ | Agricuiture I . :
o5 devel P q r * Thisis one way to develop resilience in the system
Scenarios develope Eneray . _ . .
1 Background * Lunar water-ice use in transportation (as a fuel) is not
. . . . . . .
iIncluded, which significantly increases resource demand
° Successfully establishing a long-term human lunar ﬁ I « Initial delays for storage are caused by time taken for
: A - ; ; Scientific ] ]
pﬁ.ser;.(:e vzlllélF:leJ(;uwe Implementation of in-situ resource e L Lfﬂﬁgtf;l?;:::n resource extraction and processing
utilisation , v .
Figure 3. ’ +
* Whatlunarresources and where they can be used can be Exploring 4. DiSCUSSiOn
explored using Systems Engineering (SE) and system causality for
dynamics methods future human Transportation  Lunarresource processing rate is a leverage point.

lunar operations Delays here impact overall usage

* Results can provide insight to the role of sustainability

and resilience  Storage needs to facilitate periods of increased demand,
3. ReSU '.tS whilst .not resulting in exc?ssive infrast.ructure
2. MethOdS | N | * Water is a key resource, with consumption closely
* Flow of resources through identified lunar systems is associated with human lunar exploration and
« A Systems Engineering (SE) and system dynamics explored using system dynamics software tool Vensim transportation requirements
method was used (Figure 1) * The initial systems dynamics model, illustrating the » Resource processing and transportation delays can be
 Aliterature informed scenario analysis (Figure 2) and representation for water is illustrated in Figure 4 addressed through appropriate lunar site selection
causal loop diagram (Figure 3) were developed to scope * Formulas for resource flows are developed using e Circularity and sustainability can reduce the need for-
possible human lunar activity and ISRU parameters from the literature ever increasing resource extraction and introduction into
* [nitial results for water for a 200-day period from the the overall system
N system dynamics simulation are illustrated in Figure 5 * Atrade-off study can help guide resource site selection for
Analysis o Staleholder * The cyclical behaviourin Figure 5 is what is expected as optimising resource extraction and processing rates
%Isalysis o Dfﬁenei‘t‘fon o S;;‘;anﬁs =l oiouTee storage infrastrgctu re fills to a minimum level before any
ausa T Process resource is use
D(;I;;gg:n 5. Future Work

* Further development of the system dynamics model to

Figure 1. Systems Engineering and system dynamics . :
- y g g Y y 5 | iInclude more variables and flows to better reflect

approach to understand lunar ISRU flows

| AT A ] A1 A R complexity within and between critical lunar systems
| f ' | | f f ' ,'I I | | f , II ' I o .
o . ,f il | ,.'“ | f i f ..“ f AT f * Development of a trade-off study that helps with site
* Considering possible lunar futures, systems that are I an At A A AR RRE RS AR A R : .
, , L P O selection and planning for lunar ISRU
important to long-term human lunar operations are HIY i l“f FI Hf U I I CA | ol - tainabilit J ” y
: c: : : £ 200 | L ! AL _, 1L L L LA * Explore how sustainability and resilience can be
identified using tailored SE processes [1]: 'd ﬂ 'N Bl i N 'm | | J | p. , y
A . f l l 4 —"‘ 1 i ‘ ‘ {1 1 (11 ‘ A achieved in the lunar systems
riculture — growing of agricultural produce G i i Vi 1 il : . . .
g & & & P | ‘ H ‘ | ‘ | | * Consideration of more scenarios, e.g., stress testing and
Energy — development of a lunar grid “| | | | il | | sensitivity analysis
Engineering — developing lunar infrastructure ool i il i il i
Base Operations - life support and lunar base References
. T T S e T T T T T T [1] INCOSE (2023) Systems Engineering Hanbook. Wiley, 5th Ed. [2] Crawford, I.
ISRU - lunar resource chain Time D) A. et. al. (2023) Lunar Resources, Reviews in Minerology and Geochemistry, 89.
T t . ] f t t Water storage : Initial Results Water available : Initial Results Water used : Initial Results [3] Crawford, |. A. (201 5) Lunar resources: a rev|ew, Progress |n PhyS|Cal
ransport —provision ot transpor Geography, 39(2). [4] NASA (2014) Human Integration Design Handbook.

Figure 5. Initial results for lunar water-ice resource flow from the
* Lunarresources are mapped tq these systems [2-4], system considering water storage, water available (post-processing)
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