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The development of Space Industrialization and large-scale human tourism, habitation 
in orbit and in space, is hampered by the high cost of launching materials into low Earth 
orbit (LEO) using existing launch vehicles (@ ~ $10,000 per kg). Even using the next 
generation of launch vehicles from Space X, Boeing, and Sierra Nevada, we still look at 
~ $5,000 per kg. Consider that payloads are only about 5% of the entire mass of a 
rocket on the launch pad and that 80% of the propellant in that rocket is expanded 
during the first 80 seconds of flight, just to extract the 5% of that initial mass out of 
Earth’s gravity well into LEO! At that cost, putting a pioneer family into orbit with a ton of 
supplies would cost more than $7 million each, many orders of magnitude higher than 
the pioneers paid two centuries ago to come to America or to go “conquer” the West. 
 
Although the Moon appears to be the logical first goal for space mining, basic 
thermodynamics tells us that it is actually more difficult and more costly to go in and 
exploit Moon-based materials than asteroids. In space, all that really matters is energy 
expenditures from a limited source (no re-fueling stations in space yet…): that is called 
changes in velocity (Delta-V or ∆V), and the Moon, even though it is only 1/6th of 
Earth’s gravity (1/6th g), still exerts a significant gravitational pull that is large enough to 
require fuel and specialized motors and equipment to land and take off. For most Near-
Earth Orbit asteroids (NEOs), that adds up to more ∆V than is needed for asteroid 
exploitation, which makes asteroids a better choice, particularly because we already 
have all the technology to do so now, vs. the necessary huge new technology 
development efforts needed to do the same from the Moon. 
 
The solar system’s asteroid belt is essentially an inexhaustible source of all the metals, 
minerals, water, gasses and organic compounds we need to support life in large human 
colonies in outer space within the solar system. 

 
 

Figure 1: Earth Sits At the Center of a Vast Ocean Of Resources 
  



At present, there are three companies dedicated to asteroid mining and to jump-start 
the 21st-Century industrialization of space: 
 
1. Planetary Resources, is headed by an ex-JPL engineer and is supported by 
several multi-billionaires including a Google founder, Microsoft founder, and Warren 

Buffett. Their business model is to send 
thousands of small, inexpensive 
reconnaissance Arkyds Cubesats (Figure 2) 
and land them on the asteroids they deem 
the most valuable, hence claiming sole 
mining rights to these asteroids for their 
exclusive billionaire funders “club”. They 
estimated the Wall Street value of a 1 km-
wide metal-rich asteroid at approximately 
$1trillion. 
 
Planetary Resources then plans to tow 
these most valuable asteroids and place 
them in orbit around the moon for later 
exploitation. This will also require extensive 
new space-tug and propulsion technologies 
development to achieve, and mandates a 
return to manned expeditions to the Moon, 
with manned space stations in orbit around 
the Moon, ~400,000 km away from Earth, 
way outside the Earth’s protective Van Allen 
magnetic belts, fully exposed to deadly 
cosmic radiations and solar flares. 

 

2. Deep Space Industries is headed by a very 
knowledgeable Australian mining and radioactive materials 
industry expert and PhD in Asteroid Mining, Mr. Marc 
Sonter. DSI is supported by Australian mining concerns and 
private funding: They plans to do essentially the same thing 
as Planetary Resources. 
 
3. Kepler Energy and Space Engineering (KESE) is headed by several veterans of 

the Aerospace Industry, which aims to return ~ 40 metric 
tons of raw asteroid regolith to LEO (250 km from Earth, the 
same as the ISS) by the end of the decade using the “keep it 
simple” principle: KESE plans to make full use of existing 
proven space technologies and hardware from the Dawn, 
Hyabusa, and Rosetta Missions, which can be very easily 
adapted to Cornucopia. 
 



The KESE spacecraft system architecture and proposed hardware components will 
result in a complete robotic asteroid mining system (AMS) that is named “Cornucopia,” 
for the mythic Horn of Plenty. Cornucopia is specifically designed to return large 
amounts of marketable materials from near-Earth asteroids into LEO as quickly as 
possible. The goal is to energize the Space Industrialization right here in LEO by 
providing enough raw materials for the development of in-space manufacturing, 
producing building materials, 
propellants, radiation shielding, etc. The 
goal is also to extract valuable minerals 
like rare earths, gold and platinum group 
metals (PGMs) for Earth consumption. 
Based upon our very large analytical 
database from meteorites, which are 
pieces of asteroids that landed on Earth, 
all these valuable basic compounds are 
found in abundance in asteroids and will 
provide the significant revenue stream 
needed to support the entire enterprise.1 
 
Several technology developments in many different fields have all come together to 
make it possible now to begin the development of asteroid resources for space 
development. The Japanese Hayabusa spacecraft mission2 to the Apollo asteroid 
Itokawa demonstrated the basic capabilities needed for asteroid mining. The NASA 
Dawn mission demonstrated long-term space operation of advanced ion rockets. 
Advances in solar cells driven by terrestrial applications have greatly increased the 
efficiency of using solar power. And asteroid regolith has been transformed into useful 
forms needed for space manufacturing, using solar power and additive manufacturing. 
 
Recent additive manufacturing/3D printing experiments have already demonstrated the 
capability of generating structural material directly from unrefined regolith, as shown in 
Figure 6. Therefore, it may not even be necessary to refine the raw regolith material to 
create the basic building blocks of space structures in space. A simple interlocking 
building block design may be all we need to create a massive basic habitat with a 
radiation protective shell, made of raw regolith in orbit. 
 

                                                
1 Brad Blair, “The Role of Near-Earth Asteroids in Long-Term Platinum Supply,” EB535 Metals 
Economics, Colorado School of Mines, May 5, 2000. 
2 Hitoshi Kuninaka et al., “Hayabusa Asteroid Explorer Powered by Ion Engines on the way to Earth,” 
IEPC-2009-267, 31st International Electric Propulsion Conference, Ann Arbor, MI, 20-24 Sep 2009. 



   

  
 

Figure 6. 3D-Printed Tubes Directly from Raw Lunar Regolith Simulant + 3D 
Printers 

 
The Cornucopia mission plan has the goal of returning several tons of marketable 
asteroid regolith by the end of the decade, at a projected cost of less than $400M. An 
unexpected potential application is that the in-orbit ore-processing system can also be 
used to recycle the thousand tons of high-grade aluminum in upper stage debris in 
LEO.3 This material is worth at least the current launch cost of $5,000 per kg, or $5 
billion. 
 
During the 1970s, NASA supported many studies4 on space colonies and organizations 
such as the L5 Society (a precursor to the National Space Society), which developed 
plans for large space colonies at the Earth-Moon L5 Lagrangian point. But building 
colonies for 10,000 people using Earth and even lunar materials would be prohibitively 
expensive and is not within the technical capabilities of NASA or the private industry, 
even to this day, unless we first start bringing raw materials to LEO to build those space 
structures and spacecraft from space-based materials. 
 
The methods for utilizing those materials “in-situ” were not as advanced as they are 
now: Today, we have at our disposal modern carbon fiber composites and in particular, 
additive manufacturing/3D printing. Using advanced propulsion, solar power, 
miniaturized and highly reliable electronics, and simple mining techniques, we believe 

                                                
3 J.	  Pearson,	  E.	  Levin,	  and	  J.	  Carroll,	  Affordable	  Debris	  Removal	  and	  Collection	  in	  LEO,	  IAC-‐12-‐A6.6.7,	  
63rd	  International	  Astronautical	  Congress,	  Naples,	  Italy,	  2012. 
http://www.star-‐tech-‐inc.com/papers/Affordable_Debris_Removal_IAC_2012.pdf 
4 John Billingham, William Gilbreath, and Brian O’Leary, editors, “Space Resources and Space 
Settlements,” NASA SP-428, technical papers from the Ames 1977 summer study (Washington, DC: 
NASA, 1979). 



that it is now possible to retrieve asteroid materials at a low enough net cost to make 
possible the large-scale space industrialization in Earth orbit. 
 
We must start building in space for space from space-based materials if we are to 
start colonizing space. 
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