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An Amazing Half Century For  

Space and Planetary Science 

• Exploring the Solar System 

– Mariner, Pioneer, Voyager, Viking, Galileo, 
Cassini, New Horizons, Spirit, Opportunity, 
Curiosity, Clementine, Lunar Prospector, 
LRO,LCROSS, etc. 

• Exploring the heavens  

– IRAS, Hubble, Chandra, Spitzer, Herschel, 
Planck, Kepler, Webb, etc. 

• Amazing results but the price tag has 
grown astronomically (pun intended) 

• Curiosity ~$2.5 billion, Webb >$8.8 billion 

 



Paradigm Shift In Progress 

• Paradigms are rules for how to be successful 

– Thomas Kuhn, Structure of Scientific 
Revolutions, 1962 

– Joel Barker, Discovering the Future, 1985 

• New technologies and new capabilities offer 
new opportunities and challenges 

• Rules change and entrenched incumbents 
are suddenly at a severe disadvantage 

• What has worked in the past will no longer be 
as effective 

• Things that were deemed impossible can 
suddenly become mainstream 

 



NASA 2017 Authorization 

The long-term goals of the human space flight and 

exploration efforts of NASA shall be— 

(1) to expand permanent human presence beyond low-Earth  

orbit and to do so, where practical, in a manner involving  

international, academic, and industry partners; 

(2) crewed missions and progress toward achieving the goal 

in paragraph (1) to enable the potential for subsequent 

human exploration and the extension of human presence 

throughout the  solar system; and 

(3) To enable a capability to extend human presence, 

including potential human habitation on another celestial 

body and a thriving space economy in the 21st century. 

Century. 
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New Technologies 

How could Lunar science be advanced by:  

1. Reusable launch vehicles 

2. Lunar and asteroid mining 

3. Propellant and resource depots 

4. Additive manufacturing 

5. Machine learning and AI 

6. Teleoperations and telerobotics 

7. On orbit assembly and manufacturing 

8. Synthetic biology 

9. Advanced energy technology 

 

 



Paradigm Pioneers 
• Blue Origin, SpaceX 

• Deep Space Industries, Planetary Resources 

• Moon Express, Astrobotic 

• Made In Space, Tethers Unlimited, NanoRacks 

• Intel, IBM, nVidia, Frontier Development Lab 

 

 

 



Sustainable Space Exploration 

& Development 

• Deep space economic development 

can play a key role in providing a 

sustainable future for space science 

and space commerce 

– Economic rules apply 

• Supply, demand, capital, profit 

– Infrastructure & flight rate are critical 

– Public/Private Partnerships align 

business goals 

– Legal and regulatory framework 



Historical Analogy 
1869 

1926 

1936 

1957 

1969 

1914 



Also In 1969 
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Bigger, Broader, Bolder 

• Need to rethink how to advance lunar science 

• The next 50 years will not resemble the past 50 

• Think bigger;  campaigns instead of mission 

• Leverage commercial investments, capabilities 
and interests 

• What if within 5-10 years it was possible to:  

– Land 10-150 tons of payload on Lunar 
surface? 

– $100s-$1000s/kg? 

– Fights multiple times per month? 

– Able to return tons of payload back to Earth? 

– 100’s - 1000’s of kilowatts of surface power? 

• What kind of science and commerce would 
this enable?  
 



2069? 


