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Reserves/ResourcesReserves/Resources

• Ore deposits result from 
over-exuberant or fortuitous 
geochemical processes 

• Reserves and Resources on 
Earth are limited

• Remaining years production
– Varies with commodity

• ‘Reserves’ are a moving 
target depending on:





EarthEarth--Moon Trade?Moon Trade?

• Except for exotics like 3He, nothing on the 
moon is economically worth bringing back 
to Earth

• Obviously must send processed materials to 
moon for a period of time to get started

• The variables that control the definition of 
‘reserves’ on Earth will apply in different 
degrees on Moon and Mars



Efficient Solar-System Travel Requires
High-Exhaust-Velocity Propulsion

Earth-Mars 260-day, one-way trip:
∆v~5.6 km/s (Hohmann)
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Use Earth as reference:

T2 = 1  year; a2 = 1 AU

Hohmann Transfer
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Plasma Thrusters Give High Exhaust Velocity

Electrostatic thrusterElectrostatic thruster Electrodynamic thrusterElectrodynamic thruster

From University of Stuttgart’s web page:
www.irs.uni-stuttgart.de/RESEARCH/

EL_PROP/e_el_prop.html

Electrothermal thrusterElectrothermal thruster

From Robert Jahn,
Physics of Electric Propulsion (1968)

JFS   2004 Fusion Technology Institute
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D-3He Fusion Will Provide Capabilities
Not Available from Other Propulsion Options

Earth

Mars
Sun

Low-thrust trajectories 
differ fundamentally 
from high-thrust ones.

JFS   2004 Fusion Technology Institute



What Resources from the Moon Can Have a 
Major Impact on Future Generations?

• Volatiles (H2, N2, O2, CO2, etc.)
•  Al, Fe, Ti, etc.
• Regolith

• 3He
• Solar Power
• H2-O2 fuel cells

• Volatiles (H2, N2, O2, CO2, etc.)
•  Al, Fe, Ti, etc.
• Regolith

• 3He
• Microwaves from 
Solar Power
• H2-O2 fuel cells

Probably None
• 3He
• Microwaves from 
Solar Power

On the
Moon

In Space

On Earth

Volatiles, Metals, and 
Minerals

Energy



“Net” Environmental Considerations for Energy from Space

Environmental
Effects

Impact on 
The Moon

Benefits
To the
Earth

“Atmospheric”
Effects

Visual 
Effects

Solid &Liquid
Wastes from
Mining base

Greatly Reduced 
Greenhouse Gas

Emissions
(CO2, SOx, NOx)

Lower Thermal 
Emissions

Greatly Reduced 
Terrestrial

Mining

Dramatically
Reduced Radioactive

Wastes





Points to Remember!
• Expand Your Time Horizons

– Serious worldwide energy problems will be encountered when you 
are 45-50 (when your children are in college or starting their 
careers)

• “There’s Gold in Them Thar Hills!”
– The existence of 1 million tonnes of 3He on the Moon has been 

established (and we know how to get it!)
• Solar Wind Volatiles Will Be Enabling Resources for 

Future Space Exploration
• It is Possible to Think About Nuclear Energy Without 

Nuclear Waste!
• Consider the “Net” Environmental Impact of Your Actions

– Will the use of a resource produce more benefits than the 
environmental cost of obtaining it?



IMPLICATIONS
• RETURNING TO THE MOON TO STAY

– COMPARABLE TO THE FIRST MOVEMENT 
OF HUMANS OUT OF AFRICA ~150,000 
YEARS AGO

• OR TO THE FIRST MIGRATION OF 
HUMANS TO NORTH AMERICA IN 
SEARCH OF FREEDOM ~400 YEARS AGO

• A LOT RESTS ON YOUR SHOULDERS TO 
MAKE THIS HAPPEN………



NEBULAR DYNAMICS AT T0 ±50,000 YEARS

•CAI / CHONDRITE
CYCLE ?

X-WIND
• DUST/GAS FLOW
• BI-POLAR JETS
• MOMENTUM LOSS
• SPIRAL MOMENTUM

LOSS
• ECLIPTIC METAL

SHOCK FRONTS

SUN @
>0.3M

MOLECULAR 
CLOUD

MOLECULAR
CLOUD

CI  MATRIX
CONDENSATION

~1800K~1800K~50K

~50K



CRATERING HISTORY CORRELATION

CORE FORMATION DIFFERENCE
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COMPARISON OF LUNAR AND MARTIAN EVOLUTION
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NASA PHOTO

>1/2 THE MASS
>4 TIMES THE MOBILITY

HAND DEXTERITY = NORMAL
ASSISTED GRIP GLOVES

>100 CYCLES BEFORE REFURBISHMENT
VACUUM CONNECT / DISCONNECT

BASE ACTIVATION SCENARIOS
FUTURE SUIT 
DESIGN GOALS:



“PURE” MANAGEMENT CONTROL COMPONENTS:
LARGE ENTERPRISES

PRIVATE

NATIONAL INTERNATIONAL

o TRANS-ALASKA PIPELINE
o SATCOM COMPANIES

o EAST INDIA CO.
o HUDSON BAY CO.

o TRANSCONTINENTAL 
RAILROADS

MIRCORP

o ORIGINAL COMSAT CORP.

o UNITED SPACE ALLIANCE
(SPACE SHUTTLE)

“SANTA MARIA” INC.

INTERSTATE
HIGHWAYS

EUROTUNNEL

INTERNATIONAL
SPACE STATION

X X             X

INTERLUNE* INMARSAT*       INTELSAT*

?

?X

o INTERLUNE-INTERMARS, INC.
o SPACE DEVELOPMENT CORP.

o LUNA CORP., ETC.

LAW OF THE
SEA REGIME

MOON AGM’T

BLUE = SPACE ENTERPRISE

GREEN = COMPARABLE 
MODERN 
FINANCIAL 
CHALLENGE

ITALICS = PROPOSED OR NOT
YET STABLE SPACE
ENTERPRISES

* = PROPORTIONATE USE VOTE

PRIVATE+
GOV’T R&D

(ORIGINAL
AIRCRAFT
INDUSTRY)

APOLLO   SKYLAB

ANTARCTIC 
REGIME



CHRONOLOGY OF INTERNATIONAL 
AGREEMENTS RELEVANT TO SPACE

ANTARCTIC TREATY

LAW OF THE SEA
CONVENTION

ANTARCTIC MINERAL 
RESOURCES CONVENTION

ANTARCTIC ENVIRONMENT
PROTOCOL

RIO ENVIRONMENTAL
AGREEMENTS

LAW OF THE SEA  RE-NEGOTIATED
“AGREEMENT”

KYOTO AGREEMENT

INTELSAT AGREEMENT

OUTER SPACE TREATY

RESCUE/RETURN OF ASTRONAUTS, ETC. 

LIABILITY FOR DAMAGE IN SPACE

REGISTRATION OF OBJECTS LAUNCHED

IMMARSAT AGREEMENT

MOON AGREEMENT

SPACE STATION AGREEMENT

1997

1994

1991

1988       1988

1982
1979

1976

1967

1964
1959

ITALICS - NOT RADIFIED BY U.S.

RED - ONLY SPACE TREATY
DIRECTLY RELEVANT TO
RESOURCES TO WHICH THE 
U.S. IS A PARTY

EARTH SPACE

1992

1968

1972

1975

SENATE RATIFICATION “LAW OF THE SEA” ?
2004

COMMERCIAL SPACE ACT OF 1997
COMMERCIAL SPACE ACT OF 1998
COMMERCIAL SPACE ACT OF 2003

1997

2003



SPACE LAW:
GENERAL STATUS

THE CURRENT INTERNATIONAL TREATY ENVIRONMENT 

FOR A PRIVATE, GOVERNMENT, GOVERNMENT / PRIVATE, 

MULTILATERAL, OR AN INTERNATIONAL INITIATIVE 

TO DEVELOP AND UTILIZE LUNAR RESOURCES 

IS CURRENTLY PERMISSIVE

IF THE U.S. GOVERNMENT IS SUPPORTIVE

*  THAT IS, NO TREATIES TO WHICH THE UNITED STATES IS A PARTY 
WOULD, ON THEIR FACE, PREVENT SUCH AN INITIATIVE. 

*  POLITICAL PRESSURES, HOWEVER, MIGHT BE FELT, DEPENDING ON 
THE NATURE OF THE INITIATIVE. 



NEW SATURN ROCKET
“FACTOR OF 19 COST REDUCTION?”

1. DESIGN SPECS ARE CLEAR DUE TO APOLLO SUCCESS
2. NEW, PROVEN TECHNOLOGIES 
3. LONG-TERM PRODUCTION CONTRACTS
4. COMPUTER-BASED DESIGN, MANUFACTURING, AND 

MANAGEMENT SYSTEMS
5. DESIGN TO MINIMUM COST AS WELL AS MAX RELIABILITY 

AND LONGEVITY
6. EARTH RETURN CAPABILITY TIED TO TOURISM
7. DOUBLING OF PAYLOAD OVER APOLLO SATURN V

• AVERAGE FACTOR OF <1.5 REDUCTION FROM 
EACH SUFFICIENT TO MEET TARGET OF 19 TOTAL

PRIVATE INITIATIVE

FUSION POWER DEMO A MUST!



DEVELOPMENT PLAN AND 
MILESTONES

BASED ON ~18* YEARS FROM 
INITIAL FINANCING TO DELIVERY 

OF FIRST 100 KG HE-3 TO FIRST 
OPERATING 

1000 MEGAWATT (e) FUSION PLANT

* INCREASED RATE AND AMOUNT OF FINANCING COULD MAKE
THIS TIME AS SHORT AS 10 YEARS BUT NOT MUCH LESS.

© HARRISON H. SCHMITT
INTERLUNE-INTERMARS INITIATIVE INC

PRIVATE INITIATIVE



COMPARISON OF TWO PATHS - 1

• HUMAN TENDED BASE
• POLICY DRIVEN 

IMPLEMENTATION
• OVERSIGHT BY PRESIDENTIAL 

COMMISSION ?
• HEADQUARTERS PROGRAM & 

PROJECT MANAGEMENT
• HIGH OVERHEAD, DIVERSE 

FUNCTION POLITICAL 
“CENTERS”

• MID-CAREER TO RETIREMENT 
WORKFORCE

• CURRENT STABLE OF ELVs
– 25-30 TONNES TO LE0
– 5-6 TONNES TO MOON

• PERMANENT SETTLEMENT
• RETURN ON INVESTMENT DRIVEN 

IMPLEMENTATION
• OVERSIGHT BY INDEPENDENT 

BOARD OF DIRECTORS
• CENTRALIZED PROGRAM / 

DELEGATED PROJECT MGT.
• FOCUSED CENTERS OF 

EXCELLENCE
• YOUNG WORKFORCE / MID-

CAREER MANAGERS
• NEW HEAVY LIFT ROCKET

– 250-500 TONNES TO LEO
– 50-100 TONNES TO MOON

GOVERNMENT PRIVATE

RETURN TO THE MOON



NASA PHOTO

“…THIS VALLEY OF HISTORY HAS SEEN MANKIND COMPLETE 
ITS FIRST EVOLUTIONARY STEPS INTO THE UNIVERSE…” 

HARRISON H. SCHMITT
VALLEY OF TAURUS LITTROW
169:49:53 MET / 1:29:53 CDT
DECEMBER 14, 1972

DON’T MAKE ME A FAILED PROPHET!





The Crew: Resources 
from Space, Spring-2004


