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A DECADES-OLD VIEW OF ASTEROID MINING:  
RELEVANT STEPS, SHORTER TIMELINE

Illustration by Charlie Shaw. Based on data in “America at the Threshold: Report of the 
Synthesis Group on America’s Space Exploration Initiative,” US Government Printing Office, 
Washington, D.C., 1991, p. A-37.

When your skeptical friends ask the question, “Why should we spend 
the money and technology to explore space when we have so much 
poverty and disease on earth?” you tell them the answer is in the 
question. We are going into space because there is poverty and disease 
on Earth. We are going into space because the imbalance of resources 
on Earth may end life as we know it if we don’t. We are going into 
space to meet acute needs in medicine—cures for incurable illnesses 
and new ways of fixing injured bodies.

Space exploration is really about the quality of life on Earth, at 
least for the foreseeable future.

Cosmic Careers_3P.indd   33 10/27/20   10:24 AM

P R O M I S E  W I T H I N  R E A C H 19

In Eustace’s words, “We designed something that would al-

low me to stay warm even in a really horrible environment that 

we simulated on the ground, but in truth, the stratosphere is 

actually a pretty nice and balanced place for a human body to 

live. It was a surprise to us. I actually turned off the heaters at 

70,000 feet and never needed them again. And was perfectly 

comfortable in the stratosphere.”13

The final point is that the suit was incredibly durable. After a 

dozen crash landings, Eustace and his team documented that 

the suit strengthened rather than degraded. The design and ex-

ecution enabled improvements in sealing connections and re-

inforcing durability.

Photo courtesy of Alan Eustace, taken by Volker Kern on the morning of the success-
ful completion of the highest-altitude skydive ever attempted. The combined weight 
of Eustace, the suit, chest pack, and parachutes was around 405 pounds.

Playtex/ILC Dover’s partner in technology, though not an actual 
corporate partner, was DuPont, which developed the science essen-
tial to the integrity of twenty of the twenty-one layers of the Apollo 
suits.14 The spacesuit related products the company featured in its 
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O N E
P R O M I S E  W I T H I N  R E AC H

A nother ordinary day begins. Mac grabs his gear and heads for 
the control room. Everyone shows up for the shift who should 

show up. Nobody sick, nobody injured—because “everyone” except 
Mac is a robot.

We could be talking about the start of a workday on an offshore 
drilling rig in the Gulf of Mexico or another day extracting water and 
precious metals from an asteroid. Regardless of where he is, Mac is 
making good money doing a somewhat-dangerous job in an alien 
environment. He and the rest of his team of five humans are away 
from their families for a month at a time, living in rather comfortable 
facilities tethered to the asteroid below. He loves the paradox of his 
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S I X
G O I N G  TO  WO R K  I N 
N E A R- E A RT H  S PAC E

W orking in space can mean being physically located in space or 
on a celestial body while doing a job, or it can mean working 

remotely from Earth. For example, researchers at BioServe Space 
Technologies, a research center within the University of Colorado, 
can monitor experiments on the ISS by seeing the live feed from their 
microscope in a control room in Boulder, Colorado.1 Another exam-
ple of remotely working in space is directing robotic repairs or man-
ufacturing from a facility on Earth.

The first part of this chapter looks at Earth-focused activities that 
could not occur without the ability to go to space. They involve re-
search and manufacturing intended primarily to improve life on 
Earth. After that, we look at the Earth-based activities needed to 
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This is how Ken Podwalski, director of Gateway for Canadian 
Space Agency describes CSA’s entry into a space partnership with the 
United States. For a while, Canada was treated like a junior partner 
in that NASA insisted on handling the remote operation of the ro-
botic arm. Ultimately that changed, with Canada assuming opera-
tional control, causing Podwalski to conclude: “They (NASA) 
elevated us and they helped us.”12

Canadarm 2 succeeded the original on the ISS. A 17-meter-long 
(56-foot) robotic arm, it was built to be reburbished in orbit and, in 
fact, had one of its wrist roll joints replaced in 2002 by a spacewalking 
astronaut. Canadarm 2 had a key role in the assembly of the orbiting 
laboratory, helped with station maintenance, moved supplies and 
equipment, and performed “cosmic catches” by grappling visiting ve-
hicles and berthing them to the space station.

Canadarm2, the International Space Station’s robotic arm, as seen by CSA astronaut 
David Saint-Jacques at sunset. (Photo courtesy of the Canadian Space Agency; credit 
CSA/NASA) © Canadian Space Agency.

Canada reinvigorated its partnership with the United States  
in 2019 by joining NASA’s Lunar Gateway Station Project with 
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CONTACT WITH ASTEROIDS

Space mining operations will rely on both the technology behind 
physically interacting with asteroids as well as stabilizing the posi-
tion of asteroids. Hayabusa2’s successful contact with Ryugu literally 
just scratched the surface of needs to happen to begin prospecting 
asteroids.

This image illustrates an initial contact with an asteroid to enable 
sustained interaction with the body. The tethered connection is an 
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INITIAL CONTACT WITH AN ASTEROID
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Dr. Angel Abbud-Madrid, Director of the Space Resources Center, Colorado School 
of Mines, holding water extracted from a simulated asteroid rock through the pro-
cess of optical mining.

Using a tether to move the asteroid to a more desirable location 
for mining and processing might mean towing it to a point where the 
body stabilizes in space. In theory, the way to do this is by using La-
Grange libration points, explained briefly in Chapter 1 as positions 
in our sky having specific properties related to the Moon’s oscillation 
patterns. Instead of mining asteroids in place, they might be moved 
via solar sail, space tug, or rockets to the Moon’s orbital path, 60 de-
grees from the Moon either way, at points known as L4 and L5.

The five LaGrange Libration Points are where the gravity fields of 
Earth and the Moon cancel each other out, producing a stable orbit. 
An object placed at these orbits would feel equal and opposite attrac-
tions from both Earth’s and Moon’s gravities, and stay fixed at that 
orbit. L4 and L5 are the most stable of these orbits.
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Figure 6.1: LaGrange Libration Points

HANGING OUT NEAR ASTEROIDS

Two nineteen-year-old entrepreneurs steer their spacecraft, 

owned by their father, into a near-Earth asteroid. They are tow-

ing an old, spent rocket.

Jake and Isaac Simms found a livelihood looking for space 

junk, otherwise defined as heavy debris, and either loading it 

into the ship’s compartment or towing it if it was too big—like 

old rocket stages, usually found in graveyard orbit, about 

23,000 miles above Earth. These stages and dead satellites 
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S E V E N
C O N ST R U C T I N G  H A B I TAT S

T he late Gerard O’Neill, who had been a physics professor at 
Princeton University, had a vision of settling space by using ex-

traterrestrial materials to build giant, revolving space habitats. The 
habitats could be built in different shapes and sizes, creating custom-
ized, enjoyable environments. These would be like miniature planets, 
where people would dwell inside them.

Before considering the construction and features of O’Neill’s 
spaces, it helps to know the optimistic thinking behind his work, 
which grew out of an assignment to his advanced, undergraduate 
physics students. He cited the research of sociologists related to two 
Arctic colonies,
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This picture taken at the Colorado School of Mines shows a 
roughly three-foot-by-three-foot section of a cave-like structure be-
ing created by an ICON 3D printer approximately ten feet high and 
ten feet wide. The PVC pipe protruding from the side suggests how 
material must be displaced to make room for doors, connections to 
the outside, interior wiring, and other requirements for negative 
space. The entire process is guided by computer-aided design deliver-
ing instructions to the 3D printer for where the nozzle should ex-
trude the building material.

Additive manufacturing, which is the official industry term for 
3D printing, offers enormous possibilities for using native materials 
for building. The opportunity (and the complication) on the Moon 
and on Mars involves basalt. It’s one of the desired building materials 
found in the regolith of both celestial bodies—but basalt is a “they” 
not an “it.” Generally speaking, basalt is a fine-grained volcanic rock 
rich in iron and magnesium and composed largely of the minerals 
plagioclase, olivine, and pyroxene.2 Not all basalt is created equal 
when it comes to building a shelter for human habitation, however.

Cosmic Careers_3P.indd   141 10/27/20   10:24 AM

COLORADO SCHOOL OF MINES PICTURE 
SHOWING CAVE-LIKE STRUCTURE CREATED  

BY AN ICON 3D PRINTER



A P P E N D I X  A
Sampling of Space-Related Jobs and Careers Referenced

Aerospace composite  
technician

Aerospace engineer
Archeologist
Astronaut
Avionics engineer
Avionics technician
Bear biologist
Chemical engineer
Civil engineer
Computer scientist
Conservationist
Cosmochemist
Curator
Energy manager
Ergonomic designer
Exhibit designer
Geneticist
Geologist
Heavy equipment operator
Horticulturist

Machine learning engineer
Mechanical engineer
Metallurgist
Microbiologist
Nanotechnology engineer
Nuclear physicist
Organic chemist
Pharmacologist
Physician
Pilot
Public service professional
Radiologist
Remote sensing scientist
Robotics designer
Robotics operator
Sewing professional
Software engineer
Social scientist
Space debris collector
Space suit assembler
Telemedicine coordinator

Thousands of current positions open in the space industries worldwide  
are listed on the Space Talent website: https://www.spacetalent.org/.

Cosmic Careers_3P.indd   207 10/27/20   10:24 AM


