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If not, why not?
Might lose your money?

Might take too long to realize a return?

Might make more money investing in other
things?




Problem Statement ) q

Current estimates of space mining viability do not (‘: ' '

adequately factor risk into their analysis. By doing !ﬂm
assessment of the variables that impact the finandial *
analysis of space mining ventures, this study seek%,‘;g
determine the impact of risk to arrive at a more reali(;s','t"ivé ,

assessment of space mining viability. £}
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Research Questions s §

 How important are terrestrial production dynamlcsit )
viability of a space mining enterprise? ( s

« Can current technology support a business model thi\ S
would deliver financial viability? =

« What externalities are important to the financial model?



« Mostly, you'll know it when you see it....

* Henderson and Hooper (2006) point out that a gojq_(fjl'f" 4
working definition is simply the chance of a bad ¢ (448
outcome. | ‘( g
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Research Design 4

Develop a statistical model for a space mining venture.& €

Start with an established business case

Develop a list of variables upon which the outcome aep

Check variables against the literature u ‘
b ‘( :; 3
Validate and scale the variable values with a panel of €;

Load the model and use Monte Carlo simulations to comptit
range of outcomes

Determine the risk of the business case by comparing the
model outcomes to the desired outcomes



Business Case : '

« Based on a commercial asteroid mining architecture develqpﬁd o 3
the Senior Space Design Class at the University of Wash?g‘o £l
during the Winter and Spring quarters of 2013. (Andrews tal. AT
2015) 7 IR

« Focus on technology development 3

Ay
* 20 year project that involves the development of ground-p 1Sed;é
well as space- -based mfrastructure to locate and mine meta [ '-,:. ‘

commodity markets as well as water for utilization by space: d
industry .

« Estimated positive net Present Value (NPV) of $14 billion over a
twenty year investment and mining period



Business Case (schematic)
MINING ARCHITECTURE
SCHEMATIC

SURCULUS INOT TO SCALE)
ASTRUM

CAMPr on-site

-Can mine and distill up to

10 mT of raw ore per hour
-Additional mines are placed to

L5 Space Ops Center (SOC): improve mass throughput

-Water propellant depot
-Manufacturing Center
-Product Return Capsule creation

ReNET with Payload

, -Returns nominally 300mT
-150 mT water
-150 mT product

ETO: Falcon Heavy
(SSTO in development)

LEO Space Ops Center (SOC)
-ReNET & CAMPr Assembly
-Tourism and Research Hub

-Product Return Capsule drop ReNET with CAMPr

-Up to 150 mT outbound mass
-CAMPr carried in one trip

Andrews et al. 2015




Data Collection

 Use Business Case to define Variables




Decision Model T

A decision model is a diagram that shows a particular outcomga)nf %

9 ¢

relation to various input variables. I O




Decision Model .
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Sensitivity Analysis

Final PGM Delivery

SSTO Launch Rate

PGM Price

Cost of Money

ReNET Costs Per Unit

Space Manufacturing Facility Costs
SSTO Launch Costs

Water Price

SSTO Development Costs
Manufacturing Launch Cadence
Mining Equipment Development Costs
Manufacturing Module Launch Costs
ReNET R&D Costs

Final Water Delivery

Mining Spacecraft Cadence
Prospector Developmenty Costs
Prospector Launch Costs

Prospector Launch Rate

Space Manufacturing Facility Duration
SSTO Development Duration

Mining Equipment Development Duration
Manufacturing Profits

Hawaii Launch Facility Development
Mining Spacecraft Cost Per Unit
ReNET R&D Duration

ReNET Development Duration

Hawaii Launch Facility Development Duration
Prospector Development Duration
ReNET Development Costs

Personnel Cost Final

Initial PGM Delivery

Initial Water Delivery

Personnel Cost Initial

Base Case Tornado
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Sensitivity Analysis

Base Case Tornado

Final PGM Delivery £
SSTO Launch Rate
PGM Price

Cost of Money
ReNET Costs Per Unit

Space Manufacturing Facility Costs

SSTO Launch Costs

lost Significant Vatiables-Assumi
Linear Distribution

Manufacturing Launch Cadence
Mining Equipment Development Costs
Manufacturing Module Launch Costs
ReNET R&D Costs

Final Water Delivery

Mining Spacecraft Cadence

Prospector Developmenty Costs

Prospector Launch Costs

Prospector Launch Rate

ReNET Development Costs
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Monte Carlo Simulation .
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Monte Carlo simply allows each variable to range between(i 52
4 p g
maximum and minimum along some probability dlstrlbu’aon&‘ A
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-$110 Billion -$1.98 Billion $70 Billion




Monte Carlo Simulation
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Monte Carlo Simulation

Probabilisti ornado

Final PGM Delivery

SSTO Launch Rate
ReNET Costs Per Unit (8
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Space Manufacturing Facility Costs , (i

SSTO Launch Costs

Combining Monte Carlo with.Sensitivity.Analysis Rev:'; Is
sethreMost Influential Variablesforthe"Expected NPV '

Cost of Money

Manufacturing Launch Cadence
Mining Equipment Development Costs
Manufacturing Module Launch Costs
Final Water Delivery

ReNET R&D Costs

Mining Spacecraft Cadence
Prospector Launch Costs

Prospector Developmenty Costs
Prospector Launch Rate

ReNET Development Costs
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Risk Assessment

Required for a positive outcome:

370 metric tons

88 per year

S350 million

$1000 an ounce

370 metric tons

88 per year

S350 million

$1000 an ounce




Risk Assessment ® i

Or looking at it another way:

f(x) A

H

-$110 Billion -$16 Billion -51.98 Billion $6 Billion $70 Billion



Conclusions R

The University of Washington study suggested a nearly $¢I4f- Hol
NPV over 20 years, however this analysis shows a prob ‘Ie’
negative $1.98 billion over the same period. S
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Recommendations for Further Research il e

The purpose of this analysis was not to prove or dlsprove 14he
University of Washington business case, but to suggesta ﬁ]éf
assessing the risk associated with pursuing it '

A more substantial evaluation of each of the variables mgight w )
different conclusions )

It is suggested that the approach used in this study be re
refined using a conventional survey involving more partl&ua



Now: If You Could Invest In Asteroid Mining....







