THIS TIME TO STAY:

HOW THE MOON WILL OPEN UP A CISLUNAR

ECONOMY AND HUMAN EXPLORATION OF
MARS

Tory Bruno
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RETURNING HUMANS TO THE MOON
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» Day and Night ECLS

* Radiation e Distribution/E
* Dust Attraction & Migration e Radiation

» Communication Lag e Lunar Night

Most Hostile Place We Have Ever Inhabited
Earthrise Image - Credit NASA







RADIATION EXPOSURE
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RADIATION EXPOSURE
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RADIATION EXPOSURE
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RADIATION EXPOSURE
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RADIATION EXPOSURE

360

340

320
% 300
= 280
> 260
@ 240
= 220
£ 200
S 180
= 160
= 140

Clear Increased Risk of Cancer

Annual
Cosmic
Radiation (Sea
Level)

US Annual
Average, All
Sources

325 mSv

Abdominal CT 6 Months on 180 Day

Scan

ISS (Average) Transit to Mars

237 mSv

1 Year on
Mars

Mars Mission
(1yr Transit,
1yr on Mars)

15



RADIATION EXPOSURE
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LEARNING ABOUT DEEP SPACE RADIATION & HOW TO SURVIVE

AJITEMIS
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SPACE RADIATION

o £ o)
5 Types Of Radiation = S
Quality Nature <z O=m

Factor

Alpha Helium Nucleus

Beta Electrons

Gamma Photons (higher frequency than xray)

Neutron Neutrons

Cosmic Rays Protons with Heavy Atomic Nuclei

Research and Development of New Materials is Essential



A COMPELLING REASON TO
STAY



aSLUNAR RESOURCES
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*Paul Spudis, Lunar Institute



IN-SPACE PROPELLANT

Harvesting H20 Making Propellant
1. Insitu Thermal Mining Power: Solar Panel, Nuclear
2. Dig and Process Electrolysis

3. Chemical Extraction
Liquefaction

m) LH2 & LO2

200 tons/yr current in r\

space propellant demand - N
" Netic
. H20 ='Eﬂ . o0
>100 million years =

@ current demand \/

Distribution of Surface Ice on the Moon
Credits: NASA



NEW MATERIALS AND MANUFACTURING

Zero -G Zero - G & Vacuum Vacuum
Human -1 |
Tisu HE@ Pure Vacuum Deposition
A ) Optic
Cable 3D Printing

Hazardous Materials

Blended Materials

Metal Foams

Crystals

Drugs



UBIQUITOUS ENERGY

Annual Energy Market: $8 Trillion

Hydrocarbons currently satisfy 87% of energy

sun emits 107 more energy than humans consume

GSO Solar Power Satellites
— 1,000X global energy consumption

— Environmental benefits



STRATEGIC SPACE PROPELLANT RESERVE AS STIMULUS

ULA Modeled Cislunar Economic Growth

3500 Propellant Storage Total
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* Merrill Lynch: Bank of America (2018), The Space industry will be worth nearly $3 Trillion in 30 Years

USG Investment of $20B Stimulates a $3T per Year Economy



CISLUNAR TIMELINE

1SS Expansion
Grants
= Axiom
= Free Flyer

2023

6 People
$330 Billion
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Production, Stem Cells,
Semiconductor Chips

2030

$500 Billion

On-Orbit Satellite
| Assembly

] Lunar Qutpost, Lunar
= | lce Mining, LEO Village,
Regenerative Medicine

T

Assisted Livin
Facilities, Orbital
Solar Array, Mars
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Solar Power
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Transport
L
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Second LEO

$715 Billion | ¢+ $900 Billion |,
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| Reserve LEOQ Settlement
Second L5 rewed Mars Missi
Sengmm, Crewed Mars Missions

Expanded
Lunar Village

2055and beyond

850 People
$1.9 Trillion

1,100 People
$2.7 Trillion

Settlement

L5 Mars Dutpast

Solar Power
Beaming Station
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