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Who Am I?

Since 2017: University of 
Arizona. Founder, Arizona 
Space Business Roundtable. 
Earlier: Georgia Tech, 
venture capitalist, telecom 
executive, and lifetime 
space enthusiast. 
Angel investor in 
multiple space 
startups since 2000.
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Who Am I?
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Stephen Fleming 
1990
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Artemis 1 on the Pad for Launch
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Didn’t We Do This Fifty Years Ago?
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We Went to the Moon Too Early
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...in the wrong way... 

...for the wrong reasons... 
…and we never went back!
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What Happened to Human Flight?
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1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 …

Wright Flyer

Junkers J-1 
First all-metal airplane

DC-3

Me 262 
First jet airplane

First supersonic flight

Sputnik I

Apollo 11

Yuri Gagarin

Last 
Apollo 
Mission

First 
Shuttle 
Launch

ISS Continuously Occupied

First private 
cargo flight to ISS

Crew Dragon 
test flight
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What Happened to Human Flight?
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1910 1920 1930 1950 1960 1980 1990 2000 2020 …

Wright Flyer First supersonic flight

44 years 
From first flight to 

breaking the 
sound barrier.

50 years 
From the last Moon 
landing to… going 
around in circles.

Now

Last Apollo Mission

1900 1940 1970 2010
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Earth-Moon System (to scale)
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240,000 Miles

At this scale, the Sun is 2.4 screens wide and 250 screenwidths away. 
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ISS Orbit (to scale) 
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8000 Miles

250 Miles
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No Humans Past LEO since 1972
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We’ve been going 
around in circles 
in Low Earth Orbit 
for 50 years.
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Even Moses Only Wandered 40 Years!
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What 
happened?
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Where Did We Go Wrong?

“First, I believe that this nation 
should commit itself to 
achieving the goal, before this 
decade is out, of landing a 
man on the Moon and 
returning him safely to the 
Earth. No single space project 
in this period will be more 
impressive to mankind, or 
more important for the  
long-range exploration of 
space; and none will be so 
difficult or expensive to  
accomplish.” 

—Pres. Kennedy, May 1961
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Decision Made: Flags and Footprints

18

From Day One—not a model which could get 
traction on Wall Street!

Fifty years later, what 
remains of the Moon 
missions? 

Zero presence. 
Zero industry. 
Zero infrastructure. 
Zero economic value. 
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What if we tried 
something 
different this time?
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What We Can Learn There

21

Understanding the 
formation of the 
Solar System
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What We Can Learn There

22

Understanding 
how the Moon 
split off from 
the Earth.
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What We Can Learn There

23

Farside  
Observatory:  
Best location 
in the Solar System  
for radio astronomy
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What We Can Learn There
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Science!
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What We Can Learn How to Do There
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ISS

Unhealthy

How can generations of 
humans be healthy in 
low gravity environments?
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ISS: Gravity and Physiology
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Gravity and Physiology
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Gravity
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Earth: 1.0 G
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Gravity
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Free Fall: “Zero Gravity”
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Gravity
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Contradicting predictions of 
mid-20th century science 
fiction…  

Zero-G is bad for you.
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The Reality

31
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Muscular Atrophy
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Bone Loss
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Vision Changes

34
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Lowered Blood Pressure

35
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T-Cell Immunodeficiency

36
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Moon: 0.17 G
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Gravity
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Very limited data at lunar gravity. 
We just don’t know!
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Mars: 0.38 G

38

Gravity
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? Zero data.
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We Only Have Two Data Points!
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Gravity
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Straight Line Interpolation?

40

Gravity

1.0Zero 0.60.40.2 0.8 1.2
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Simple interpolation. 

But nature usually doesn’t like 
straight lines.

The Moon and Mars 
are not healthy. 
Outposts, but not 
human worlds,
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What If We Need Earth Gravity?

41

Gravity
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Humans need gravity. We’re trapped on Earth.  

(Or rotating orbital habitats.)  
(Or the clouds of Venus.)

The Moon and Mars 
are hostile to human 
wellbeing.  

Flags and footprints 
missions only. 
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The Target Shifts from Mars to Venus

42
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What If We Need Earth Gravity?
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Gravity
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2
Anyone in 2019 
who states that 
this scenario is 
false is guilty of 
wishful thinking.   
(At the very least.)
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What If A Little G Goes a Long Way?

44

Gravity
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1/3 G is enough to thrive 
and reproduce.

Mars is the next 
human world. 

Fire up the Mars 
Colonial Transporter!
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What If A Little G Goes a Long Way?
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Gravity
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But 1/6 G isn’t enough. 

Bye bye, Luna, Jovian 
moons, Titan, etc.  

And the Moon 
remains a temporary 
hardship post.
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The Martian Superman Scenario
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Gravity
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Low-but-not-zero-G turns out to be good 
for joints, circulatory system, etc.

Mars IS the kind of 
place to raise your 
kid!  

Or to retire… 

Fire up the Space 
Winnebagos!
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The Human Solar System
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Gravity
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And there are a 
dozen worlds with 
0.1 G or greater…
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The Moon becomes 
the most valuable 
real estate in the 
system.

4
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The Lunar Superman Scenario
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Gravity

1.0Zero 0.60.40.2 0.8 1.2
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g Possibly, 1/6 G is 

enough to support 
health and well-being, 
perhaps even beyond 
Earth standards!
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51/6 G is enough to thrive
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We Only Have Two Data Points!
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Gravity

1.0Zero 0.60.40.2 0.8 1.2

W
el

lb
ei

n
g Which of these curves 

accurately represents 
human physiology? 

We just don’t know.

A
da

pt
ed

 f
ro

m
 h

tt
p:

//
se

le
ni

an
bo

on
do

ck
s.

co
m

/2
00

5/
11

/i
f-

yo
ur

e-
go

in
g-

to
-b

e-
sn

ar
ky

/

?Which Moon do we get?
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G-Lab: Orbital Centrifuge Lab
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Free-flying crew-
tended station 
near ISS 

5m dia. x 15m long 
Approx. cost: $100M
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Centrifugal Tethers
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What We Can Learn How to Do 

53

Water-only 
recycling: 
93% efficient

Closing the loop on life support
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Space is Radioactive!
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(Too much) radiation is not 
good for children and other 
living things…
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What We Can Learn How to Do There
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Buried habitats for  
radiation shielding
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What We Can Learn How to Do There
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Truly isolated operations 
(but only 3 days from Earth)
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Dr. Jerri Nielsen, 1999
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What We Can Do There

59

A new world to 
explore…
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The Moon is Earth’s Eighth Continent!
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Landmass Area (sq km)

Asia 43,820,000

Moon 37,900,000

Africa 30,370,000

North America 24,490,000

South America 17,840,000

Antarctica 13,720,000

Europe 10,180,000

Australia 9,008,500
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Total of Six Apollo Landing Sites
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Six football fields, 
in a land bigger 

than Africa.

Apollo: 
Equatorial  
orbits, easy  
∆V for  
rendezvous,  
nothing on  
Farside at all.
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Voyages of Columbus

62



8/21/2022 Commercial Space and the Cislunar Economy

What We Can Do There
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Glory!
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What We Can Do There

64

Mining!
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International Treaties

Outer Space Treaty 
(1967) 
“The exploration and use 
of outer space shall be… 
the province of all 
mankind.” 
The Moon and other 
celestial bodies [are] “not 
subject to national 
appropriation.” 
Military bases are 
forbidden. 

Moon Agreement 
(1979) 
“The moon and its 
natural resources are the 
common heritage of 
mankind.” 
Bans private ownership 
of any lunar resources by 
any company or 
individual. 
Requires international 
regime for sharing 
benefits.
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The Artemis Accords
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https://www.nasa.gov/specials/artemis-accords/index.html
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What We Can Do There

67

Planet-hopping 
gets cheaper with 

lunar mining!

Primary goal isn’t science or  
“flags and footprints”… it’s 
spreading humanity through 
the solar system. 
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What We Can Do There

68

Lunar mining: 

In Situ Resource Utilization 
Effective teleoperations 

Vacuum chemistry 
Dust control
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What We Can Do There

69

Beresheet-1 launched 2019 
Privately funded! 

Resource prospecting
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What We Can Do There

70

They came so close! 
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What We Can Do There

71

Ice!
Water to drink and 
    irrigate crops 
Hydrogen for fuel 
Oxygen to breathe 
Chemical feedstock
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The Lunar South Pole is Unique
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Permanently Shadowed Craters
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Permanently Shadowed Craters
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The Moon Gets Hit… A Lot!
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All those craters came 
from somewhere!
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Comet Shoemaker-Levy, 1994
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Remember?
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Comets are Dirty Snowballs
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Shadowed Craters Act as “Cold Traps”
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NASA Just Announced Landing Targets
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Lunar “Geology” is Complex
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Distribution of iron oxide
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Lunar “Geology” is Complex
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Distribution of titanium oxide
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What Can You Mine/Make on the Moon?
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Iron 
Aluminum 

Titanium 
Silicon 

Glass 

Oxygen 
Hydrogen 

Regolith 
…and more
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What We Can Do There

83

Send lunar materials to build 
space-based solar power satellites
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We’ve Gotten Good at Orbital Assembly
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…but at $10,000/pound 
from Earth, it doesn’t matter.
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What We Can Do There
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Platinum- 
group metals 

(maybe)
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Extract Helium-3 (double maybe!)

86



8/21/2022 Commercial Space and the Cislunar Economy

Agenda

87

Who Am I?

Back to the Moon

Why Return to the Moon?

What we can learn there

What we can learn how to do there

What we can do there

Where we can go next from there

How Are We Going to Get There?

What About Something Closer to Home?

Questions & Answers



8/21/2022 Commercial Space and the Cislunar Economy

Earth-Moon System (to scale)
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240,000 Miles

At this scale, the Sun is 2.4 screens wide and 250 screenwidths away. 



8/21/2022 Commercial Space and the Cislunar Economy

Earth-Moon System (to scale)
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EML1 EML2

Moon

Geosync

GPS

LEO➔
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Rubber Sheet Model of Gravity
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In space, transport costs 
are measured in energy, 

not time or distance. 

(Unless you have passengers.)
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Lagrange Points (to scale)
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EML1    EML2

Moon

Geosync➔

EML4

EML5

EML3 60°

60°

Gravitationally 
semi-stable for 

small bodies 
(like space stations)
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Earth-Moon System (to scale)
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EML1 “Halo” Orbit

Van Allen Belts

Lunar  
Distant 
Retrograde 
Orbit (DRO)

Interesting places for 
the cislunar economy

➔
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Cislunar Trade Routes
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Geosync

EML-1 to Lunar Surface 
EML-1 to DRO 
EML-1 to NEOs, elsewhere… 

EML1

Moon

Very low energy trajectories to Lunar 
destinations, Near-Earth Objects, and even 
asteroids.
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Cislunar Trade Routes
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Geosync

LEO to EML-1 
GEO to EML-1

EML1

Moon

Servicing GEO from EML1 requires 4% of the 
energy as reaching GEO from Earth’s surface!
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Cislunar Trade Routes
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Geosync

LEO to EML-1 
GEO to EML-1

EML-1 to Lunar Surface 
EML-1 to DRO 
EML-1 to NEOs, elsewhere… 

EML1

Moon
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Rubber Sheet Model of Gravity
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Halfway to Anywhere
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“Reach low orbit, 
and you’re 
halfway to 
anywhere in the 
Solar System.”  
 
—R.A. Heinlein
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Orbital Energy Requirements: ∆V2
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The First Step is a Doozy!
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The Flat Spot is the Sweet Spot! 
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Martian SurfaceEML1 can become the hub of 
a thriving cislunar economy.
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Why Mars Landings Should Wait…
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EML1 Station: Access to Deep Space 
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EML1: Geosync Satellite Servicing
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EML1: Midpoint for Lunar Elevator
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EML1: Staging Point for Asteroids
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EML1: Three Days from Home!
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Agenda
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Who Am I?

Back to the Moon

Why Return to the Moon?

What we can learn there

What we can learn how to do there

What we can do there

Where we can go next from there

How Are We Going to Get There?

What About Something Closer to Home?

Questions & Answers
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NASA Space Launch System (SLS)

109

Between $2-5 billion 
per launch 

Hopefully  
launching  
next week! 
(Aug 2022)
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NASA Altair Lander (cancelled)
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NASA Lunar Gateway
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Purpose: to give SLS 
someplace to go



8/21/2022 Commercial Space and the Cislunar Economy

Falcon Heavy (first launched 2018)
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Approx. $90 million 
per launch
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Falcon Heavy (first launched 2018)
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SpaceX Starship
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New Glenn (first launch in 2023?)
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Blue Moon
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Assemble Missions in Orbit
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Crew, equipment, and 
propellant may all be 
launched separately.
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We Need to Go Back to the Moon!
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If God wanted 
man to become 

a spacefaring 
species, He 
would have 

given Earth a 
moon. 

—Krafft Ehricke
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Agenda
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Who Am I?

Back to the Moon

Why Return to the Moon?

What we can learn there

What we can learn how to do there

What we can do there

Where we can go next from there

How Are We Going to Get There?

What About Something Closer to Home?

Questions & Answers
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Virgin Galactic 12 July 2021
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Richard Branson
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Blue Origin 20 July 2021
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Jeff Bezos
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Did They Go to Space?
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Virgin Galactic 86 kilometers

Blue Origin 107 kilometers 
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Did They Go to Orbit?
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Virgin Galactic 86 kilometers

Blue Origin 107 kilometers 
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Comparison of Velocities
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International Space 
Station 

Alan Shepard,  
suborbital flight, 1961 

Orbital Velocity: 17,500 mph

Suborbital max velocity:  
2,485 mph

Suborbital max velocity:  
2,217 mphBlue Origin 

“New Shepard” 

Only ~14% of orbital velocity 

Suborbital max velocity 
5,134 mph

Virgin Galactic 
“Spaceship Two” 
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But… what about Kinetic Energy?

KE = ½ mv²
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Kinetic energy grows as the square of the velocity! 
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Comparison of Kinetic Energies
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Alan Shepard,  
suborbital flight, 1961 

Only ~2% of orbital energy 

0.5 MJ/kg

0.6 MJ/kg

2.6 MJ/kg

KE: 28.9 megajoules/kg

Virgin Galactic 
“Spaceship Two” 

Blue Origin 
“New Shepard” 

International Space 
Station 
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Inspiration 4: First private crew to orbit
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Inspiration 4
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Inspiration 4 Crew
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Dr. Sian Proctor Hayley Arceneaux

Jared Isaacman Chris Sembroski
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Axiom Space: First Private Visit to ISS
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SpaceX Makes it Look Routine
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173 flights, now flying 
about 1/week  

Demonstrated 12x reuse 
on  three different 

boosters
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Starship Launch…
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Starship Returning…
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…and Starship Landing
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Booster Stacked and… Ready to Fly?
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Starship
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Sierra Space DreamChaser
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Axiom Station
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Nanoracks Starlab
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Northrop Grumman Commercial Station
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Orbital Reef
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Back to the Moon

Why Return to the Moon?

What we can learn there

What we can learn how to do there

What we can do there

Where we can go next from there

How Are We Going to Get There?

What About Something Closer to Home?

Questions & Answers
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