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What the study 
provides 
• Technical 

information 
• Policy and legal 

analyses 
• Economic context 

and opportunity 
analyses 

• Recommended 
next steps 

• International 
roadmap 

• Conclusions and 
recommendations 

 

Chapter Outline 
Ch1  Introduction 
Ch 2  Mining of Space Resources 
Ch 3  Market Approach 
Ch 4 Roadmaps for SMR 
Development 
Ch 5 Quick Look at SMR Systems 
Ch 6  Modeling and Analysis 
Ch 7  SMR Policy, Legal and Other 
Considerations 
Ch 8  Findings, Conclusions & 
Recommendations 
Ch 9  Concept for the Future 
 



SMR Study Leadership 

Arthur M Dula 

• Space lawyer and patent 
attorney 

• Literary executor for 
Robert A. Heinlein 

• Chairman and founder of 
Excalibur Almaz 

Zhang Zhenjun 

• Secretary General, China 
Institute of Space Law  

• Founding Editor-in-Chief, 
China National Yearbook 
of Space Law Studies 

• Resident Director, Chinese 
Society of Astronautics 



31 Study Group IAA Members represent 17 countries: 
 

Oleg Alifanov, Russia; Haithem Altwaijry, Saudi Arabia; Bohdan I. 
Bejmuk, Ukraine, USA; Giovanni F Bignami, France; Andrea Boyd, 
Australia, Italy; Christophe Bonnal, France; Franklin Chang-Diaz, 
Costa Rica, USA; Catharine Conley, USA; Arthur M. Dula, USA; 
Russell E. Dula, USA; Anat Friedman, Israel, USA; Li Furong, China; 
Jose Gavira, Spain; Fernando G. Gonzalez, Spain; Hans E. W. 
Hoffmann, Germany; Shirazi Jaleel-Khan, Sri Lanka, USA; Roger 
Lenard, USA; Susan McKenna-Lawlor, Ireland; John Mankins, USA; 
Jacques Masson, France; George C. Nield, USA; Vladislav 
Shevchenko, Russia; Christopher Stott, Isle of Man, USA; Andrea 
Sommariva, Italy; Cathy Swan, USA; Peter Swan, USA; Tai Sik Lee, 
Korea; Rick Tumlinson, USA; Yang Junhua, China; Hiroshi Yoshida, 
Japan; Zhang Zhenjun, China 



Study Contributors 
11 organizations provided study content 
 
Heinlein Prize Trust 
U.S. National Space Society 
International Space Development 
Conference 
Texas A&M University – Aerospace 
Engineering Department 
European Space Conference – Turino 
Newspace Conference 
International Space University 
International Space Elevator Consortium 
Chinese Society of Astronautics 
Canadian Space Society 
Australian Space Society 
 

 
 
5 firms provided 
business road maps 
 
Moon Express 
Excalibur Exploration 
Limited 
Deep Space Industries 
Ad Astra Rocket 
Company 
Shackleton Energy 
Corporation 



SMR Ch 6  Modeling and Analysis 

Economic Assumptions 

• Water is the “propellant of choice” 

• Customers: Space propellant and consumables 

• Population forecast = 10,000 people on Mars 

• Estimated unit consumption per human 

• Estimated in-space logistics flows 

• Simple approximations are favored vs. high 
model fidelity (comprehensibility bias) 



Model Delta-V 
assumptions 



Mass and Consumption from Inspiration Mars 



Mars Surface Population Forecast 
basis: 10,000 people by 2070 (WAG) 

 





Population Flow (cumulative demand) 



Propellant Flow (quantity) 



Propellant Cost Model  
(approximated from prior economic studies) 



Flown Mission Unit Cost = Initial Price of Resources 



Price reduction as a function of  
time & competition 



Net Present Value ($B) 



Conclusions 

Why Space? 

• Unlimited Resources & 
Energy 

• Rapidly maturing 
Technologies 

• Private Capital is 
becoming available 

• Factors of Production 
are underutilized 

• It will be the next 
HUMAN FRONTIER 

 

 



Why Now? 
• Space provides solutions that avert global 

systemic collapse scenarios 
– Identifies and mitigates asteroid impact hazards 

– Redirects corporate and military aggression 

– Provides a way out of the financial crisis 

– Offers a feasible path for non-hydrocarbon energy 

 



What are the facts? Again and 
again and again — what are the 
facts? Shun wishful thinking, 
ignore divine revelation, forget 
what “the stars foretell,” avoid 
opinion, care not what the 
neighbors think, never mind the 
unguessable “verdict of history” 
— what are the facts, and to 
how many decimal places? You 
pilot always into an unknown 
future; facts are your single 
clue. Get the facts! 

 

R. A. Heinlein  

US Naval Academy Class of 1929 



Addendum: Space Mining Law 

US legislation on space mining aroused heated debate at 
the UN COPUOS Legal Subcommittee (4-15 April, 2016) 

• The Subcommittee agreed that a single issue for 
discussion entitled “General exchange of views on 
potential legal models for activities in exploration, 
exploitation and utilization of space resources” should 
be included on the agenda of the Subcommittee at its 
fifty-sixth session in 2017 (the intent is to provide an 
opportunity for a constructive, multilateral exchange of views 
on SMR activities, including economic aspects) 

• Vigorous debate on this subject is also expected during 
the Main Committee session of COPUOS in Vienna (8-17 
June 2016) 

http://www.unoosa.org/oosa/en/ourwork/copuos/schedule.html 



Mitigating SMR Legal Risk and Uncertainty 

• Space policy is built around ratified treaties, universally 
accepted principles, and internationally established 
customs 
– What is NOT in place is just a widely accepted legal framework 

to regulate relevant national and international activities 
– Both the commercial space industry and the academia of space 

law await the legal vacuum to be filled as soon as practicable 

• National legislation consistent with the principles of 
international law will be of paramount significance in 
protecting the legitimate rights of space miners 

• Important elements will include how to assert SMR rights, 
discharge obligations and avert legal risks in an 
internationally competitive sphere under the rule of law 



Our Voice Matters 

There is an urgent need to create a sound legal environment 
for SMR exploration and mining from both national and 
international perspectives 
• IAA SG3.17 (SMR) participants expect that commercial 

pioneers would contribute to the development of 
international space mining law for the benefit of all 
humankind 

• This legal framework should be developed with adequate 
participation of the SMR community itself 

• The study also predicts that non-state actors, especially 
when they are organized, stand the chance of becoming 
one of the most significant influencers if not creators of 
new Customary International Law in the field of commercial 
space, including the endeavor of SMR harvesting and 
utilization for the benefit and in the interest of all countries 


