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Background	
  	
  

•  UNSW	
  and	
  JPL	
  responded	
  (in	
  2015)	
  to	
  a	
  NASA	
  Research	
  
Announcement	
  on	
  the	
  potenEal	
  commercial	
  profitability	
  of	
  
“mining”	
  water	
  on	
  Mars	
  in	
  support	
  of	
  a	
  growing	
  Mars	
  Colony	
  

Orion ETF-1 Establishment 
Of A Mars Colony 

First Human Landing 
On Mars 

Economic Viability 

Scope of This Research 

2014	
   2050’s	
  -­‐	
  ?	
  2030’s-­‐2040’s	
   2040’s-­‐2050’s	
  



End-­‐to-­‐End	
  Model	
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  Flow	
  	
  	
  	
  

HabNet	
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Process	
  Model	
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Model	
  

20-­‐Year	
  Forecasts	
  for	
  
Revenues	
  ,	
  Costs,	
  and	
  

A\er-­‐Tax	
  Profits	
  

E[NPV],	
  Std	
  Dev[NPV],	
  
IRR,	
  and	
  Prob{NPV>0}	
  

Net	
  H20	
  demand	
  
(litres/week)	
  	
  

UE	
  mass,	
  power,	
  DDT&E	
  and	
  unit	
  cost,	
  design	
  life,	
  H2O	
  iniRal	
  
price,	
  price	
  driY	
  and	
  volaRlity,	
  tax	
  rate,	
  etc.	
  	
  

Number	
  of	
  UE,	
  
Total	
  H20	
  delivered	
  	
  

Number	
  of	
  colonists,	
  acRviRes,	
  
and	
  physiological	
  requirements,	
  

by	
  person	
  type	
  and	
  gender	
  

Technical	
  
parameters,	
  
e.g.,	
  drill	
  rate	
  

UE	
  =	
  Unit	
  Equipment;	
  	
  NPV	
  =	
  Net	
  Present	
  Value;	
  	
  IRR	
  =	
  Internal	
  Rate	
  of	
  Return	
  



Mars	
  Colony	
  Architecture	
  Model	
  (MCAM)	
  

•  Data	
  model	
  based	
  on	
  DoDAF	
  2.02	
  with	
  “for-­‐purpose”	
  extensions	
  
•  MCAM	
  Key	
  Constructs	
  

–  OperaRonal	
  Nodes	
  (Surface	
  LocaRons,	
  Orbits,	
  Lagrange	
  Points)	
  
–  Systems	
  (Transport,	
  Mining,	
  HabitaRon,	
  etc.)	
  
–  OperaRonal	
  AcRviRes/FuncRons	
  
–  Resources	
  (People,	
  Material,	
  InformaRon,	
  etc.)	
  
–  Milestones	
  
–  Needlines	
  
–  OperaRonal	
  Resource	
  Flows	
  
–  System	
  Resource	
  Flows	
  
–  Measures	
  (Mass,	
  Capacity,	
  Reliability,	
  etc.)	
  
–  Performer	
  Classes	
  
–  Rules	
  (Standards)	
  

•  “For-­‐purpose”	
  extensions	
  permit	
  quanRtaRve	
  analyses	
  
•  Key	
  quanRtaRve	
  relaRonships	
  are	
  needed	
  for	
  ISRU	
  (i.e.,	
  extracRon	
  output	
  

(kg)	
  of	
  mining	
  operaRons	
  based	
  on	
  technology,	
  number	
  of	
  mining	
  systems	
  
deployed,	
  number	
  of	
  persons	
  by	
  personnel	
  type,	
  etc.)	
  

Types	
  and	
  
Subtypes	
  
Permeate	
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Mars	
  Colony	
  Architecture	
  Model	
  (MCAM)	
  
EnRty-­‐RelaRonship	
  Diagram	
  (System	
  Resource	
  Focus)	
  



Mars	
  Colony	
  Architecture	
  Model	
  (MCAM)	
  
EnRty-­‐RelaRonship	
  Diagram	
  (OperaRons	
  Focus)	
  



Mars	
  Colony	
  Architecture	
  Model	
  (MCAM)	
  
EnRty-­‐RelaRonship	
  Diagram	
  (Human	
  AcRviRes	
  Focus)	
  



ExtracEon	
  Process	
  Model	
  
•  ISRU	
  (water)	
  mining	
  process	
  descripRon,	
  systems	
  to	
  be	
  used,	
  environmental	
  

and	
  system	
  technical	
  parameters	
  
•  OpRmizaRon	
  of	
  the	
  number	
  of	
  systems	
  of	
  each	
  type	
  needed	
  to	
  meet	
  demand	
  

	
  



HabNet	
  

•  Mid-­‐fidelity	
  Rme-­‐based	
  ECLS	
  system	
  simulator	
  based	
  on	
  
BioSim	
  

•  Computes	
  the	
  external	
  demand	
  for	
  ISRU	
  water	
  based	
  on	
  ECLS	
  
system	
  closure,	
  number,	
  type,	
  acRviRes,	
  and	
  gender	
  of	
  Mars	
  
Colony	
  inhabitants	
  	
  



Economics	
  IntegraEon	
  Model	
  
	
  

	
  



ModelCenter©	
  Provides	
  the	
  IntegraEon	
  “Glue”	
  



Profitability	
  S-­‐Curve	
  Changes	
  In	
  Response	
  To	
  

Parameter	
  Shi\s	
  (𝛁𝒇(𝒙))	
  

σ=0.5%	
   σ=2.5%	
  

Even	
  with	
  the	
  current	
  simple	
  set-­‐up,	
  	
  a	
  user	
  can	
  control	
  >50	
  scenario	
  parameters	
  and	
  
technical	
  aMributes	
  through	
  MCAM.	
  	
  

σ	
  =	
  weekly	
  water	
  price	
  volaRlity	
  at	
  Mars	
  Colony	
  	
  



Major	
  Findings	
  To	
  Date	
  
•  A	
  Mars	
  Colony	
  architecture	
  is	
  largely	
  driven	
  by:	
  

–  Orbital	
  mechanics	
  
–  Human	
  physiology	
  
–  System	
  technologies	
  
–  Mars	
  environments	
  
–  Economic	
  and	
  social	
  constraints	
  

•  Commercial	
  viability	
  of	
  mining	
  water	
  on	
  Mars	
  is	
  far	
  from	
  
guaranteed,	
  but	
  could	
  be	
  met	
  by	
  several	
  combinaRons	
  of	
  
technical	
  and	
  economic	
  agributes.	
  

•  Local	
  logisRcs	
  (water	
  locaRon	
  and	
  availability)	
  on	
  Mars	
  affects	
  
the	
  Colony’s	
  opRmal	
  surface	
  architecture	
  (includes	
  locaRon),	
  
which	
  in	
  turn,	
  affects	
  the	
  required	
  interplanetary	
  supply	
  chain	
  
infrastructure.	
  

•  IdenRfying	
  what	
  design	
  choices	
  and	
  technology	
  investments	
  
have	
  the	
  highest	
  payoff	
  will	
  require	
  further	
  refinements	
  in	
  
each	
  of	
  these	
  models.	
  


