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The Boston Tech Hub Faculty Working Group, hosted by former Secretary of Defense and Harvard Kennedy School 
Belfer Center Director Ash Carter and Harvard SEAS Dean Frank Doyle, will convene its second session of the fall 
semester on the topic of asteroid mining and in-space manufacturing. This session will examine current applications, 
capabilities, limitations, and ongoing debates regarding acceptable use, regulation, and governance of the two 
technologies.

Context

• Asteroid mining1 is the process of harvesting natural resources—including water (as ice), metals, and 
minerals—from near-earth asteroids. Asteroid mining is a subset of a obtaining resources from space 
generally, which includes, among other things: asteroids, Earth’s Moon, and other planets and their moons.

• Applications. Resources obtained from asteroids (or space generally) could either be pro-
cessed on a lunar base or space station or brought back to earth to be processed. Importantly, 
asteroid ice could be used as a propellant (either as steam or as combustible fuel), substantial-
ly reducing the fuel required for rockets launching from earth. Vast quantities of iron, nickel, 
platinum, and palladium would have many uses in space and on Earth. Taken together, some 
researchers argue that asteroid mining applications could lower greenhouse gas emissions 
from spacecraft launches, spacecraft re-entries, and terrestrial mining operations.2

• Concerns. There are three broad concerns with asteroid mining: feasibility/cost, sovereignty, 
and equity.

Feasibility/Cost. The two most notable asteroid mining companies, Planetary Resources and 
Deep Space Industries, could not maintain investor funding, and were acquired by other 
companies in 2018, as business model concerns mounted. Once thought of as a near-term 
possibility, asteroid mining now appears to be a longer- term enterprise, with existing com-
panies developing enabling tools and technologies, such as asteroid databases and propulsion 
systems.3

Sovereignty. Like past discussions on who is able to use Earth’s international waters, there are sov-
ereignty concerns about space and who can use it. A patchwork of international, regional, and na-
tional treaties, laws, and regulations has started, but not finished, answering sovereignty concerns.4  

1 Because this is the popular term for obtaining resources from asteroids, we use it here. Some argue that the term is misleading, as ‘mining’ is a term 
that may not apply for obtaining resources from asteroids or, more broadly, from space.

2 There is disagreement as to whether obtaining space resources would have benefits for Earth’s environment. For more, see Hein, Saidani, and Tollu: 
https://arxiv.org/ftp/arxiv/papers/1810/1810.04749.pdf

3 Abrahamian, Atossa Araxia. “How the Asteroid-Mining Bubble Burst.” MIT Technology Review. June 26
th

, 2019. https://www.technologyreview.
com/s/613758/asteroid-mining- bubble-burst-history/

4 Christensen, Ian et al. “New Policies Needed to Advance Space Mining.” Issues in Space and Technology. Winter 2019. https://issues.org/
new-policies-needed-to-advance-space-mining/

https://arxiv.org/ftp/arxiv/papers/1810/1810.04749.pdf
https://www.technologyreview.com/s/613758/asteroid-mining-bubble-burst-history/
https://www.technologyreview.com/s/613758/asteroid-mining-bubble-burst-history/
https://www.technologyreview.com/s/613758/asteroid-mining-bubble-burst-history/
https://issues.org/new-policies-needed-to-advance-space-mining/
https://issues.org/new-policies-needed-to-advance-space-mining/
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Equity. Few countries and companies have the resources and expertise to build space pro-
grams, creating concerns that the benefits of space resources will not be available to all. As 
with other industries, what is fair is an ongoing discussion.

• Regulatory Proposals. The Outer Space Treaty, which entered into force in 1967 and is 
ratified by 109 nations, stipulates that, among other things: (1) states cannot claim sovereignty 
over outer space, (2) the Moon and other celestial bodies can only be used for peaceful pur-
poses, (3) states are responsible for all national space activities regardless if they are conducted 
by non-governmental entities and shall be held liable for damages, and (4) states “shall avoid 
harmful contamination of space and celestial bodies.”5 

In 2015, the US Congress passed the SPACE Act, which gave American companies the 
rights to everything extracted from asteroids, despite not having property rights to them.6 
Luxembourg created a similar legal framework in 2017.7

• In-Space Manufacturing is the process of creating products outside of earth, whether with items 
brought from earth or with items mined created from materials mined and processed outside of 
earth. In-space manufacturing encompasses everything from 3D printing parts on the International 
Space Station to creating living environments for humans on a moon or planet.

• Applications. Manufacturing in space can take advantage of microgravity, the vacuum of 
space, and other properties of non-earth environments to create objects that would be in-
feasible or impossible to manufacture on earth. It can also substantially reduce the weight of 
materials flown off earth, which has practical and environmental benefits.8 vi

• Concerns. Given its nascency, in-space manufacturing carries with it a host of practical 
unknowns (e.g., failure modes, process parameter unknowns) that will need to be further 
studied. Additionally, there is little governance of the field, creating legal and regulatory risk.

• Regulatory Proposals. The regulatory proposals described on page 1 apply to in-space man-
ufacturing as well. Aside from those broad regulations, there is little regulation of in-space 
manufacturing so far.

5 “Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies.” 
United Nations Office for Outer Space Affairs. http://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/introouterspacetreaty.html

6 H.R.2262 - U.S. Commercial Space Launch Competitiveness Act. November 25
th

, 2015. https://www.congress.gov/bill/114th-congress/
house-bill/2262

7 “A Legal Framework for Space Exploration.” The Grand Duchy of Luxembourg. July 13
th

, 2017. http://luxembourg.public.lu/en/actu-
alites/2017/07/21-spaceresources/index.html

8 O’Connell, Cathal. “The Future of In-Space Manufacturing.” Cosmos. February 1
st
, 2019. https://cosmosmagazine.com/space/

the-future-of-in-space-manufacturing

http://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/introouterspacetreaty.html
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Discussion Questions

• What is/are the proper governance mechanism(s) to regulate the use of space for commercial 
purposes?

• Is the Outer Space Treaty enough to properly regulate asteroid mining, in-space manufacturing, and 
other pursuits? What other global governance frameworks are needed?

• How much should governments spend on space-related technological development versus the private 
sector? What are the upsides and downsides of a private sector-led model?

• Should global governance mechanisms consider equity when crafting future legal and regulatory 
frameworks? Why or why not?

Readings

Atossa Araxia Abrahamian. “How the Asteroid-Mining Bubble Burst.” MIT Technology Review. June 26th, 
2019.

Ian Christensen et al. “New Policies Needed to Advance Space Mining.” Issues in Science and Technology, 
Winter 2019.

Cathal O’Connell. “The Future of In-Space Manufacturing.” Cosmos Magazine, February 2019.




